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Item 8.01 Other Events

Arrowhead Pharmaceuticals, Inc. (the “Company”) was notified that on September 11, 2025, Ionis Pharmaceuticals, Inc. (“Ionis”) filed a Complaint for Patent Infringement against the Company in
the United States District Court for the Central District of California alleging patent infringement of United States Patent No. 9,593,333 (“the *333 patent”). As the Company previously reported, on
September 10, 2025, the Company filed a Complaint for Declaratory Judgment in the United States District Court for the District of Delaware against Ionis to declare that the *333 patent is invalid and
not infringed by the Company’s planned commercialization of investigational plozasiran. A copy of lonis’s complaint is attached hereto as Exhibit 99.1 (the “Complaint”).

Forward-Looking Statements

This Current Report on Form 8-K contains forward-looking statements within the meaning of the "safe harbor" provisions of the Private Securities Litigation Reform Act of 1995. Any statements
contained in this report except for historical information may be deemed to be forward-looking statements. Without limiting the generality of the foregoing, words such as “may,” “will,” “expect,”
“believe,” “anticipate,” “hope,” “intend,” “plan,” “project,” “could,” “estimate,” “continue,” “target,” “forecast” or “continue” or the negative of these words or other variations thereof or
comparable terminology are intended to identify such forward-looking statements. These forward-looking statements include, but are not limited to, statements about our planned commercialization of
investigational plozasiran and beliefs and expectations regarding the Company's claims and lawsuits against Ionis and the validity and enforceability of the ‘333 Patent. These statements are based
upon our current expectations and speak only as of the date hereof. Our actual results or outcomes may differ materially and adversely from those expressed in any forward-looking statements as a
result of numerous factors and uncertainties, including the risks and uncertainties described in our most recent Annual Report on Form 10-K, subsequent Quarterly Reports on Form 10-Q and other
documents filed with the Securities and Exchange Commission from time to time. We assume no obligation to update or revise forward-looking statements to reflect new events or circumstances.

Item 9.01. Financial Statements and Exhibits.

(d) Exhibits

Exhibit No. Description

104 Cover Page Interactive Data File (the cover page tags are embedded within the Inline XBRL document).



SIGNATURES

Pursuant to the requirements of the Securities Exchange Act of 1934, the registrant has duly caused this report to be signed on its behalf by the undersigned thereunto duly authorized.

Date: September 12, 2025

ARROWHEAD PHARMACEUTICALS, INC.

By: /s/ Daniel Apel
Daniel Apel
Chief Financial Officer
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IN THE UNITED STATES DISTRICT COURT
CENTRAL DISTRICT OF CALIFORNIA

IONIS PHARMACEUTICALS, INC., | Case No. 2:25-cv-3609

a Delaware Corporation,

Plaintiff, COMPLAINT FOR PATENT
INFRINGEMENT
V.
ARROWHEAD DEMAND FOR JURY TRIAL

PHARMACEUTICALS, INC., a
Delaware corporation,

Defendant.

COMPLAINT
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COMPLAINT

Plaintiff Ionis Pharmaceuticals, Inc. (“lonis™) brings this Complaint against
Defendant Arrowhead Pharmaceuticals, Inc. (“Arrowhead”) to address Arrowhead’s
infringement of U.S. Patent No. 9,593,333 (the *“’333 patent™).

INTRODUCTION

1. Scientists at lonis spent many years searching for a way to treat people with
hypertriglyceridemia, a serious condition marked by elevated triglyceride levels in the
blood. People with high triglyceride levels face a range of negative health outcomes,
including cardiovascular problems and potentially life-threatening acute pancreatitis, a
painful inflammation of the pancreas.

2, Over the course of many years, Ionis created and tested a series of candidate
medicines designed to reduce the amount of a particular protein, called apolipoprotein
C-III (“ApoCIII”’). ApoClII inhibits the function of a second protein, called lipoprotein
lipase (“LPL”), which is responsible for breaking down triglycerides. Ionis hoped that
by reducing the amount of ApoCIII available to interfere with LPL, the LPL would be
free to break down triglycerides more effectively and thereby reduce triglyceride levels.
But no one knew whether this idea would work in practice to help patients.

3. Instead of targeting the ApoCIII protein directly, lonis took a different
route. Ionis used specially designed molecules called antisense oligonucleotides to
target ApoCIII messenger RNA (“mRNA™), which is the genetic material that encodes
the ApoClIIl protein. Doing so prevents the ApoClIII protein from being made in the first
place. After years of research, Ionis created many different molecules that bind to
ApoCIIl mRNA and thereby inhibit the synthesis of the ApoCIIl protein. Ionis
ultimately selected one of these oligonucleotides to develop into a clinical drug
candidate, called volanesorsen.

4. The lonis team started by testing volanesorsen in the general
hypertriglyceridemia population—i.e., people with high triglyceride levels, but who

were expected to have functional LPL protein. The hope was that for these people,

]

COMPLAINT




L . B o+

10
11
12
13
14

16
17
18
19
20
21
22
23
24
25
26
27
28

Case 2:25-cv-08609 Documentl Filed 09/11/25 Page 3of17 Page ID #:3

lowering ApoCIII would allow their LPL to break down harmful triglycerides. Ionis
was the first company to demonstrate that an ApoCIII inhibitor would in fact work to
treat people with hypertriglyceridemia. And it did work—unexpectedly well. Ionis
received early, promising study readouts.

5. Meanwhile, the Ionis team had another extraordinary idea: what if
inhibiting ApoCIII also could treat people who lacked functional LPL? At the time, this
seemed far-fetched. Why would reducing the amount of a protein that inhibits LPL treat
people who do not have meaningful levels of functional LPL in the first place? But lonis
decided to move forward with clinical testing on this patient population nonetheless and
added three people with genetic mutations causing LPL deficiency to its clinical trial.

6. The results were nothing short of spectacular, defying both conventional
thinking and the expectations of those in the field. Treatment with volanesorsen led to
remarkable reductions of triglyceride levels—even in people without meaningful levels
of functional LPL. In recognition of its invention of the very first treatment for LPL-
deficient people, the U.S. Patent and Trademark Office granted lonis the 333 patent at
issue here.

7. Volanesorsen went on to be approved in Europe for the treatment of certain
people with familial chylomicronemia syndrome (“FCS”). LPL deficiency is also
known as FCS.

8. Meanwhile, Ionis developed a next-generation ApoClIII inhibitor, called
olezarsen. In December 2024, the United States Food and Drug Administration (“FDA”)
approved Tryngolza® (olezarsen), Ionis’s next-generation product, for the treatment of
adults living with FCS. Ionis launched Tryngolza® in the United States in December
2024. The FCS community was “overjoyed” by this news, recognizing Tryngolza® as

a “major milestone” in the treatment of FCS.!?

' The FCS Foundation, LinkedIn, https://www.link_cdin.comfgosts/thc—fcs—
%flfriﬁl?tlon_breakmg-news-were-thrllled-to-share-we-act1v1ty-72?6 07907954720768-

? First FDA Approved FCS Treatment, Mission-Cure, https://mission-
cure.org/fcs-treatment-ionis/
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9. When Ionis began to see success in its trials of ApoCIIl inhibitors,
Defendant Arrowhead Pharmaceuticals saw an opportunity. Instead of carving its own
path, it simply copied Ionis’s, wrongfully capitalizing on Ionis’s many years of research
and development by selecting an antisense ApoCIII inhibitor (plozasiran) and applying
for FDA approval to use it to treat people with FCS. Arrowhead’s application was filed
with FDA in January 2025, and FDA is slated to act on that application by November of
this year. If plozasiran receives approval, Arrowhead intends to market its copycat
product for use in patients with FCS, in blatant disregard for lonis’s patent rights—years
ahead of when it is lawfully permitted to do so.

10.  Ionis brings this lawsuit to enforce its duly-issued patent rights in the *333
patent.

PLAINTIFF

11.  Plaintiff Ionis is a corporation organized and existing under the laws of the
State of Delaware with its principal place of business located at 2855 Gazelle Court,
Carlsbad, California 92010.

DEFENDANT

12.  Defendant Arrowhead is a corporation organized and existing under the
laws of the State of Delaware, with its principal place of business at 177 East Colorado
Boulevard, Ste 700, Pasadena, CA 92205.

JURISDICTION AND VENUE

13.  This action arises under the Patent Laws of the United States, Title 35 of

the United States Code. This Court has subject matter jurisdiction pursuant to 28 U.S.C.
§§ 1331 and 1338.

14.  The Court has jurisdiction over Arrowhead in this action.

15.  Arrowhead is a corporate entity currently doing business in the State of
California and having a regular established place of business within the forum.
Arrowhead’s office and principal place of business located at 177 East Colorado

Boulevard, Ste 700, Pasadena, CA 92205 is a regular and established place of business

3
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within the forum. Arrowhead is listed with the Office of the California Secretary of
State as an entity that is currently doing business in the State of California, and the Office
of the California Secretary of State has assigned Arrowhead the following business
entity number: 2288610.

16.  Arrowhead purposefully engaged in activities that are directed at the forum,
this action arises out of or relates to those activities, and the assertion of personal
jurisdiction in the forum comports with traditional notions of fair play and substantial
justice.

17.  Venue is proper in the Central District of California under 28 U.S.C.
§§ 1391(b)(1) and 1400(b) because Arrowhead resides in the Central District of
California and a substantial part of the events and injury giving rise to Plaintiff’s claims
has and continues to occur in the Central District of California.

FACTUAL ALLEGATIONS

Ionis’s Novel Idea Led to a New Treatment Paradigm for FCS

18.  About 30% of Americans suffer from hypertriglyceridemia—i.e., high
levels of triglyceride (fat) in their blood. Triglyceride levels over 150 mg/dL are
considered abnormal, but for certain people with genetic defects in fat processing,
triglyceride levels can exceed 1,000 mg/dL. The results can be dangerous. Severely
elevated triglyceride levels are often associated with a build-up of “‘chylomicrons™ (fatty
particles) in the blood, and lead to a host of symptoms, including severe inflammation
of the pancreas (called acute pancreatitis), which can lead to debilitating abdominal pain,
hospitalization, and even death. Other symptoms of high triglyceride levels include
xanthomas (a raised, waxy, yellowish skin condition caused by fats building up under
the surface of the skin), loss of appetite, nausea and vomiting, and muscle and bone pain.

19. Ionis set out to change the lives of these people. lonis specializes in
oligonucleotide medicines that target and destroy molecules called mRNAs that the body
uses to make proteins. Proteins are the workhorses of the body and are responsible for

almost every bodily function. Sometimes, causing a person to make less of a protein
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can be helpful—for example, because the protein does something the person needs to
happen less, or because the protein inhibits a process that the person needs to happen
more. Each protein corresponds to a specific mRNA. lonis’s RNA-targeting medicines
can be used to target and destroy the precursor mRNA molecule specific to the harmful
protein at issue, thereby causing the person’s body to make less of that harmful protein.

20.  To help people suffering from hypertriglyceridemia, lonis focused its work
on targeting mRNA for a protein called ApoCIIl. ApoCIII was understood to inhibit the
function of LPL, a protein with a critical role in breaking down triglycerides in the blood.
lonis hoped that by reducing the amount of ApoCIII in people with high triglycerides,
those people’s existing LPL would be available to break down the triglycerides more
effectively. Neither Ionis nor anyone else in the field knew whether this approach would
work—and 1f so, whether it would reduce triglyceride levels sufficiently to make a
meaningful difference to patient health.

21. Ionis took a chance and put a medicine called volanesorsen into clinical
trials. Volanesorsen 1s an oligonucleotide designed to trigger the degradation of mRNA
that encodes the ApoCIIl protein. By down-regulating the body’s production of
ApoClll, Ionis was hoping to take the brakes off the body’s natural LPL fat-metabolizing
machinery.

22.  But what about the sickest patients—those whose bodies do not make LPL
at all, or whose bodies make only very small amounts or defective versions of LPL? For
people who suffer from “LPL deficiency” or “LPLD,” triglycerides can reach 100 times
normal levels—i.e., more than 15,000 mg/dL—and treatment options were virtually
nonexistent. With no approved drugs available, doctors could recommend only that such
patients severely restrict their diet, which was socially isolating and largely ineffective.

23.  For people without meaningful levels of functioning LPL, the prevailing
scientific consensus was that suppressing ApoCIII would be ineffective. But the lonis
team thought differently and charted their own path—one that would change the lives of
people living with LPLD around the world. Ionis added three individuals with FCS to

S
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an ongoing volanesorsen clinical trial; each had genetic mutations known to result in
less than 5% of normal LPL activity. To the complete surprise of those in the field, the
results were astounding. As the lonis team explained in a paper published in the New
England Journal of Medicine, “[a]fter 13 weeks of study-drug administration, plasma
APOC3 levels were reduced by 71 to 90% and triglyceride levels by 56 to 86%.™ The
study reported that all three participants with FCS achieved triglyceride levels below
500 mg/dL at some point during the study.* Thanks to years of research and remarkable
scientific insight from the Ionis team, hope for the hardest-to-treat patients had arrived
at last. Since its publication, this research has been cited over 190 times and counting.
Ultimately, Ionis brought volanesorsen to market in Europe.

24.  In connection with publishing this groundbreaking article, Ionis disclosed
that they had filed a patent application, PCT/US2014/016546, covering their invention.?
The United States Patent and Trademark Office subsequently granted lonis the *333
patent based upon this application.

25.  In 2024, lonis sought FDA approval for a new ApoCllIl-inhibitor, called
olezarsen, to treat people with FCS in the United States. Inrecognition of the importance
of olezarsen to treat people with FCS, the FDA granted olezarsen both Fast Track
designation and Breakthrough Therapy designation, and also expedited review of its
New Drug Application. The FDA granted olezarsen approval in December 2024. As
the FDA explained, “[t]his is a first-in-class approval, meaning [olezarsen] uses a new
mechanism of action, or works differently in the body, than other therapies currently

used to treat FCS.”®

3 Daniel Gaudet et al., Targeting APOC3 in the Familial Cthlom icronemia
Synd*’?ﬂ}ﬁa 371 New England Journal of Medicine 2200, 2200 (2014) (“NEJM 20147)

> Supplemental Disclosure Form, NEJM 2014, available at
https:/fwww.neim.pr%/dm/suppl/l 0.1056/NEJMoal400284/suppl_file/
nejmoal400284 disclosures.pdf

% FDA Approves Drug to Reduce Triglycerides in Adult Patients with Familial
Chylomicronemia Syndrome, FDA, https://www.fda.gov/drugs/news-events-human-
drugs/fda-approves-drug-reduce-triglycerides-adult-patients-familial-
chylomicronemia-syndrome
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26. Olezarsen is now marketed as Tryngolza™ and is changing the lives of
people with FCS on a daily basis, including by relieving what was previously an ever-
present worry of developing devastating pancreatitis attacks. As one doctor who treats
FCS observed, “[t]he FDA approval of Tryngolza is an important moment for people
living with FCS, their families and physicians who now, for the first time, have
a treatment that significantly lowers triglycerides and decreases the risk of potentially
life-threatening acute pancreatitis events, as an adjunct to a low-fat diet.”” The FCS
Foundation, a patient advocacy foundation, announced they were “overjoyed with the
news that the FDA has approved the first treatment for patients with Familial
Chylomicronemia Syndrome,” emphasizing that they “are so happy that our patients will

38

finally get the treatment they deserve.” A non-profit patient advocacy organization for

individuals with pancreatitis described Tryngolza™’s approval as “a major milestone—
not just for people with FCS, but for the entire pancreatitis community.”

27. A literature review published in the Annals of Pharmacotherapy also
recently lauded the product as “represent[ing] a significant advancement in the treatment
of FCS, offering a targeted and effective option for managing this rare genetic disorder,”
explaining that by “significantly reducing triglyceride levels, olezarsen addresses the
[imitations of traditional treatments and provides a much-needed therapeutic alternative”
and that the medicine’s “integration into clinical practice has the potential to transform
the management of FCS.”""

28.  In addition to being the first-ever treatment for FCS approved in the United

States, olezarsen’s commercial launch also represented “a pivotal moment for Ionis,”

T Tryngolza Approved for Familial Chylomicronemia Syndrome, Endocrinology
Advisor, https://www.endocrinologyadvisor.com/news/tryngolza-approved-for-
familial-chylomicronemia-syndrome/

® The FCS Foundation, LinkedIn, https://www.linkedin.com/posts/the-fcs-
%Jflfrllvcil?tlon_breakmg-news-were-thrllled-to-share-we-act1v1ty-7276 07907954720768-

? First FDA Approved FCS Treatment, Mission-Cure, https://mission-
cure.or%f'fcs-treatme_nt_-lonlsf _ _

' Bradley Phillips et al., Olezarsen for the Treatment of Familial
Chylomicronemia Syndrome,

https://journals.sagepub.com/doi/10.1177/10600280251332500 (April 15, 2025)
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reflecting its “evolution into a fully integrated commercial-stage biotechnology
company.”"! It is the first medicine Ionis has ever commercialized entirely on its own,
without the help of a commercial partner.

Arrowhead Copies lonis’s Patented Technology

29.  After lonis began to realize extraordinary clinical results and disclosed its
invention to the world in the New England Journal of Medicine (“NEJM”), Arrowhead
saw an opportunity to ride lonis’s coattails. In December 2018, Arrowhead announced
it was entering clinical trials for an ApoCIII inhibitor for use in people with FCS.

30. Arrowhead proceeded on this path, despite knowing that lonis already
patented the use of ApoClIII inhibitors to treat people with LPLD in the *333 patent. For
example, Ionis’s NEJM publication disclosure form discloses that Ionis’s research is
covered by a patent application that issued as the *333 patent.'> Arrowhead cited lonis’s
NEJM publication in their own paper on ApoCIII inhibition."? In reviewing Ionis’s
NEJM publication, Arrowhead would have learned of Ionis’s patent application
covering the use of ApoClIIl inhibitors to treat people with LPLD and—given
Arrowhead’s decision to develop a drug for the same indication—would have monitored
this application until it issued as the 333 patent. At a minimum, Arrowhead was
willfully blind to the existence of the 333 patent.

31. Arrowhead also knew about, or was willfully blind to, the ’333 patent
because it was listed in the FDA’s Approved Drug Products with Therapeutic
Equivalence Evaluation (known as the “Orange Book™) in connection with Tryngolza®.

The Orange Book identifies drugs that are approved by the FDA and lists the patents

" TRYNGOLZA™ (olezarsen) approved in U.S. as first-ever treatment for
adults living with familial chylomicronemia syndrome as an adjunct to diet,
https://ir.ionis,com/news-releases/news-release-details/tryngolzatm-olezarsen-
approved-us-first-ever-treatment-adults

12 Supplemental Disclosure Form, NEJM 2014, available at
https://www.neim.pr%fdmfsuppl/1 0.1056/NEJMoal400284/suppl_file/
nejmoal400284 disclosures.pdf .

'SDaniel Gaudet et al., RNA Interference Therapy Targeting Apolipoprotein C-
I in Hypertriglyceridemia, NEJM Evidence (Nov. 17, 2023), available at
https://evidence.nejm.org/doi/pdf/10.1056/EV D0a2200325?download=true
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that cover each drug. For any patents that claim a method of use, the FDA also publishes
an associated “use code” that describes the patented method. For Tryngolza®, the
Orange Book identifies the *333 patent and provides the use code: “U-4050: Use in
Reducing Triglyceride Levels in Adults with Familial Chylomicronemia Syndrome
(FCS).” As a pharmaceutical company, Arrowhead would have been familiar with the
Orange Book listings, as Arrowhead acknowledged in its securities filings: “NDA
sponsors are required to list with the FDA each patent with claims that cover the
applicant’s product or a method of using the product. Each of the patents listed by the
NDA sponsor is published in the Orange Book.”'* Because Arrowhead was developing
a drug to compete directly with Tryngolza®, Arrowhead would have known about the
patents listed for Tryngolza® in the Orange Book and would have further known that
the *333 patent covers a method of reducing triglyceride levels in adults with FCS.

32.  Furthermore, in its November 26, 2024 securities filing, Arrowhead stated
that “if granted marketing approval, we are currently aware of certain patent rights held
by third parties that, if found to be valid and enforceable, could be alleged to render one
or more of our drug candidates infringing.”'”

33.  Oninformation and belief, Arrowhead’s reference to potentially infringing
drug candidates in its November 26, 2024 securities filing included Plozasiran—its most
advanced clinical candidate.

34. Moreover, on information and belief, Arrowhead’s reference to “certain
patent rights held by third parties” in its November 26, 2024 securities filing included
the 333 patent.

35. Despite acknowledging “freedom to operate” issues in its securities
filings,'® Arrowhead chose to ignore Ionis’s patent rights and flagrantly copy its path to

success. The result is plozasiran, the ApoClIIl inhibitor that Arrowhead submitted to

'* Form 10-K, https://ir.arrowheadpharma.com/node/17611/html
:; ilfc?nn 10-K, https://ir.arrowheadpharma.com/node/19771/html
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FDA 1n January 2025. The FDA 1is set to act upon Arrowhead’s submission by

14

November—Iess than one year after lonis’s Tryngolza® reached the market.'”

36. Arrowhead already is planning for the imminent launch of its product. In
April 2025, it announced that “Arrowhead’s first commercial launch of plozasiran in
familial chylomicronemia [is] planned for Q4 2025 (PDUFA 11/18/25).”"® Similarly, in
its quarterly earnings call on August 7, 2025, Arrowhead reported no indications that
plozasiran would face delays in regulatory approval, stating: “the cadence of our
interactions with US and global regulators has not changed, nor have our expectations
of adhering to established timelines.”" Arrowhead told its investors that “U.S. launch
preparations are now [in] full swing for plozasiran in FCS and we intend to be launch
ready even before our PDUFA date.””

37. Inlight of the aforementioned NEJM publications, the listing in the Orange
Book, and the warnings made in Arrowhead’s securities filings, among other things,
lonis has every reason to believe that Arrowhead has been aware of the *333 patent for
quite some time. Nonetheless, on September 3, 2025, to ensure that Arrowhead has had
every opportunity to comply with the United States patent laws, lonis sent Arrowhead’s
general counsel a letter emphasizing that “the manufacture, importation, offer for sale,
sale, use, or promotion of use of plozasiran would contribute to and induce infringement
of the 333 patent.” (Exhibit 2). Ionis offered to engage in constructive dialogue
regarding its intellectual property rights. lonis also stated that if Arrowhead was not
prepared to have a dialogue, lonis would file suit on September 11, 2025, in

Arrowhead’s home forum, the Central District of California. On September 5th,

"7 Arrowhead Pharmaceuticals Announces Acceptance of New Drug ziigpplicarion
by U.S. FDA of Plozasiran for the Treatment of Familial Chylomicronemia Syndrome,
https://ir.arrowheadpharma.com/news-releases/news-release-details/arrowhead-
pharmaceuticals-announces-acceptance-new-drug (Jan. 17, 2025)

'8 Corporate Overview, Arrowhead Pharmaceuticals
https://ir.arrowhead harma.com/static-files/25007351-232f-400a-bcOe-0fd4e2906fe8

" Fiscal 2025 Third Quarter Conference Call — Prepared Remarks at 9,
Arrowhead Pharmaceuticals, https://ir.arrowheadpharma.com/static-files/30338961-
193 8-4}%’%—8 1%0-4 1a85d47f80b

“ Id. at ».
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Arrowhead responded that it was evaluating lonis’s letter. (Exhibit 3). Arrowhead did
not further respond to lonis. Instead, on September 10th, the day before Ionis had
indicated it was planning to file this action in the Central District of California,
Arrowhead filed an improper anticipatory Declaratory Judgment action against lonis in
the District of Delaware.

38.  Arrowhead’s shortcut to market will infringe Ionis’s patent rights. As
described in further detail below, the use of plozasiran to treat people with LPLD will
infringe several claims of Ionis’s *333 patent.

CLAIM FOR RELIEF
COUNT 1: INFRINGEMENT OF
U.S. PATENT NO. 9,593,333 UNDER 35 U.S.C. §§ 271 (b) and (c¢)

39. lonis incorporates by reference the allegations set forth above as if fully set
forth herein.

40. On March 14, 2017, the U.S. Patent and Trademark Office duly and legally
1ssued the ’333 patent, entitled “Modulation of apolipoprotein C-III (ApoCIII)
expression in lipoprotein lipase deficient (LPLD) populations.” The patent is attached
as Exhibit 1.

41. Ionis is the owner of all right, title, and interest in the *333 patent.

42. The 333 patent has not yet expired.

43.  On information and belief, Arrowhead filed a New Drug Application
(“NDA”) seeking to market plozasiran (25mg) for the treatment of FCS, and FDA
accepted that application on January 17, 2025.%

44.  On information and belief, Arrowhead submitted its NDA seeking FDA

approval to market plozasiran with the intention to engage in the commercial

*! Arrowhead Pharmaceuticals Announces Acceptance of New Drug ?plﬁcarion
by U.S. FDA of Plozasiran for the Treatment of Familial Chylomicronemia Syndrome,
https://ir.arrowheadpharma.com/news-releases/news-release-details/arrowhead-
pharmaceuticals-announces-acceptance-new-drug (Jan. 17, 2025)
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manufacture, use, offer for sale, and/or sale in the United States, or import into the
United States, of plozasiran before the expiration of the 333 patent.

45. FDA expects to make a decision as to whether to approve Arrowhead’s
plozasiran NDA no later than November 18, 2025.%2

46. On information and belief, following FDA approval, Arrowhead intends to
and will immediately infringe the *333 patent under 35 U.S.C. § 271(b) and/or (c) as a
result of its activities relating to the manufacture, importation, offer for sale, sale, use,
or promotion of use of plozasiran.

47.  On information and belief, such conduct will contribute to and induce
infringement of multiple claims of the *333 patent. For example, such conduct will
contribute to and induce infringement of at least claims 1-7, 9, 10, 14, 15, 18, 20-23 of
the *333 patent, literally and/or under the doctrine of equivalents.

48. For example, claims 1-3 of the 333 Patent recite:

1. A method of treating or ameliorating lipoprotein lipase deficiency
(LPLD) in an animal comprising administering a therapeutically
effective amount of a compound comprising an ApoCIII specific
inhibitor to the animal, wherein:
administering the compound reduces a triglyceride level by at
least 10%, thereby treating or ameliorating LPLD.

2. The method of claim 1, wherein the ApoCIII specific inhibitor
comprises a nucleic acid capable of inhibiting the expression or
activity of ApoCIIL.

3. The method of claim 1, wherein the ApoCIIl specific inhibitor
comprises an antisense compound targeting ApoCIII.

49.  Arrowhead has stated that it intends to market plozasiran in a manner that

will induce or contribute to infringement of the *333 patent.

2.1d

12

COMPLAINT




L . B o+

10
11
12
13
14

16
17
18
19
20
21
22
23
24
25
26
27
28

Case 2:25-cv-08609 Documentl Filed 09/11/25 Page 14 of 17 Page ID #:14

50. Arrowhead has stated that it intends to market plozasiran as a method of
treating or ameliorating LPLD in patients. For example, on January 17, 2025,
Arrowhead issued a press release stating that “Arrowhead Pharmaceuticals, Inc.
(NASDAQ: ARWR) today announced that the U.S. Food and Drug Administration
(FDA) has accepted the New Drug Application (NDA) for investigational plozasiran for
the treatment of familial chylomicronemia syndrome (FCS), a severe and rare genetic
disease.”” Arrowhead also has stated that “[t]he clinical basis of the NDA submission
is comprised of the positive findings in the Phase 3 PALISADE study.” Arrowhead
further described “the PALISADE study (NCT05089084)” as “a Phase 3 placebo
controlled study to evaluate the efficacy and safety of plozasiran in adults with
genetically confirmed or clinically diagnosed FCS.”* LPLD is also known as FCS.

51. On information and belief, the prescribing information for plozasiran, once
approved, will instruct physicians to administer plozasiran for the treatment of patients
who have LPLD.

52. Plozasiran 1s an ApoClIII specific inhibitor. Arrowhead has stated that
plozasiran is an “investigational RNA interference (RNAi) therapeutic designed to
reduce production of apolipoprotein C-I111 (APOC3).”%

53. On information and belief, Arrowhead intends to market plozasiran with
labeling/prescribing information that directs administration of a therapeutically effective
amount of plozasiran to patients. On information and belief, the prescribing information
for plozasiran, once approved, will instruct physicians to administer a therapeutically
effective amount of plozasiran to patients.

54.  On information and belief, Arrowhead intends to market plozasiran as a

method of reducing a triglyceride level by at least 10%, thereby treating or ameliorating

2 Arrowhead Pharmaceuticals Announces Acceptance of New Drug Application
by U.S. FDA of Plozasiran for the Treatment of Familial Chylomicronemia .Sg;ndmme,
https://ir.arrowheadpharma.com/news-releases/news-release-details/arrowhead-
phanngtf%ltlcals-announces—acceptance—new—drug (Jan. 17, 2025)

5 1d.
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FCS. For example, Arrowhead has stated that in its phase [II PALISADE trial,
“plozasiran achieved deep and durable reductions in triglycerides with a median change
from baseline of 80% in the plozasiran 25 mg group.””® On information and belief,
administering plozasiran in accordance with Arrowhead’s label will reduce triglyceride
levels by at least 10%, thereby treating or ameliorating LPLD.

55. Plozasiran is an ApoCIII specific inhibitor that comprises a nucleic acid
capable of inhibiting the expression or activity of ApoCIIl. In particular, Plozasiran is
a type of nucleic acid called small-interfering RNA (“siRNA”) and Arrowhead has
described plozasiran as an “investigational RNA interference (RNAi) therapeutic
designed to reduce production of apolipoprotein C-111 (APOC3).”*’

56. Plozasiran is an ApoCIII specific inhibitor that comprises an antisense
compound targeting ApoCIII.

57.  On information and belief, Arrowhead has had knowledge of the 333
patent for years.

58.  There 1s no question that Arrowhead presently has knowledge of the *333
patent which was identified in Ionis’s letter of September 3, 2025. Arrowhead
acknowledged receipt of that letter on September 5, 2025. Furthermore, Arrowhead has
knowledge of the *333 patent by virtue of the filing of this Complaint.

59.  Arrowhead knows (or at the very least is willfully blind to the fact) that use
of plozasiran will infringe the *333 patent.

60. Arrowhead has an affirmative intent to actively induce infringement by
others of one or more claims of the *333 patent. On information and belief, Arrowhead’s
proposed labeling for plozasiran will instruct medical practitioners and/or patients to
administer and/or use plozasiran in a manner that infringes one or more claims of the

’333 patent.

26 Id.
THd.
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61.  On information and belief, Arrowhead has not, in its current application to
the FDA, sought approval of plozasiran for any use other than one that infringes the 333
patent, and plozasiran therefore has no substantial non-infringing use.

62. On information and belief, Arrowhead knows or should know that it will
aid and abet another’s direct infringement of at least one of the claims of the 333 patent
at least by recommending such infringing acts in its labeling for plozasiran.

63. In view of Arrowhead’s submission of its NDA and the FDA’s response
date of November 18, 2025, an actual controversy has arisen and now exists between
the parties concerning whether Arrowhead will infringe by actively inducing and/or
contributing to the infringement of one or more claims of the 333 patent.

64. Ionis is entitled to a declaration that commercial marketing of plozasiran
before the expiration of the ’333 patent would actively induce or contribute to the
infringement of one or more claims of the 333 patent, making Arrowhead liable for
infringement under 35 U.S.C. § 271(b) and/or (c).

65.  Upon launch of plozasiran, as a consequence of Arrowhead’s infringement
of the *333 patent, Ionis will suffer monetary damages in an amount not yet determined,
but that includes lost profits from foregone sales of Tryngolza®, and/or a reasonable
royalty.

PRAYER FOR RELIEF

WHEREFORE, lonis requests the following relief:

(a) A declaration that the commercial manufacture, use, offer for sale, and/or
sale in the United States, or import into the United States, of plozasiran before the
expiration of the ’333 patent Arrowhead will induce and/or contribute to the
infringement of the 333 patent;

(b)  If Arrowhead markets plozasiran, that judgment be entered that Arrowhead
has infringed one or more of claims of the 333 patent through the offer for sale and/or
sale in the United States, or import into the United States of plozasiran before the

expiration of the "333 patent.
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(c) If Arrowhead markets plozasiran, that lonis be awarded damages in an
amount sufficient to compensate them for Arrowhead’s infringement of the 333 patent,
together with prejudgment and post-judgment interest and costs under 35 U.S.C. § 284.

(d) If Arrowhead markets plozasiran, that lonis be awarded enhanced damages
pursuant to 35 U.S.C. § 284 for Arrowhead’s willful infringement of the 333 patent;

(e) A declaration that this is an exceptional case and an award of attorneys’
fees, pursuant to 35 U.S.C. § 285;

(f)  Anaward of lonis’s costs and expenses in this action; and

(g)  Such further relief as this Court may deem just and proper.

JURY TRIAL DEMANDED
Plaintiff hereby demands a trial by jury.

Dated: September 11, 2025 Respectfully submitted,

/s/ Matthew Donald Umhofer

UMHOFER, MITCHELL & KING LLP
Matthew Donald Umhofer
Margaret E. Dayton

Attorneys for Plaintiff lonis
Pharmaceuticals

Of Counsel:

WILLIAMS & CONNOLLY LLP )
Jessamyn Berniker (pro hac vice forthcoming)
Thomas S. Fletcher (SBN 262693)

Kathryn S. Kayali (pro hac vice forthcoming)
Michael X. Liu (pro hac vice forthcoming)
680 Maine Avenue, SW

Washington, DC 20024

(%02)‘4 4-5000

jberniker@wc.com

tﬂetchq:x;%g@;wc.com

kkayali@wc.com

mliu@wc.com
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MODULATION OF APOLIPOPROTEIN C-III
(APOCIIT) EXPRESSION IN LIPOPROTEIN
LIPASE DEFICIENT (LPLD) POPULATIONS

CROSS REFERENCED TO RELATED
APPLICATIONS

This application is a LS. National Phase filing under 35
US.C. §371 claiming priority to International Serial No.
PCT/US2014/016546 filed Feb. 14, 2014, which claims
priority to LS. Provisional Application No. 61/880,779,
filed Sep. 20, 2013, and U.S. Provisional Application No.
61/764,969, filed Feb, 14, 2013, each of which is incorpo-

rated herein by reference in its entirety.
SEQUENCE LISTING

The present application is being filed along with a
Sequence Listing in electronic format. The Sequence Listing
is provided as a file entitled BIOLOZ1ZUSASEQ_ST25.1x1,
created on Aug. 13, 2015 which is 16 Kb in size. The
information in the electronic format of the sequence listing
is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

Provided herein are methods, compounds, and composi-
tions for reducing expression of Apolipoprotein C-II1
{ApoCIII) mRNA and protein, reducing triglyceride levels
and increasing high density lipoprotein (HDL) levels or
HDL activity in Fredrickson Type I dyslipidemia patients.
Also, provided herein are compounds and compositions for
use in treating Fredrickson Type | dyslipidemia or associated
disorders thereof.

BACKGROUND

Lipoproteins are globular, micelle-like particles that con-
sist of a non-polar core of acylglycerols and cholesteryl
esters surrounded by an amphiphilic coating of protein,
phospholipid and cholesterol. Lipoproteins have been clas-
sified into five broad categories on the basis of their func-
tional and physical properties: chylomicrons, very low den-
sity lipoproteins (VLDL), intermediate density lipoproteins
{(IDL), low density lipoproteins (LDL). and high density
lipoproteins (HDL). Chylomicrons transport dietary lipids
from intestine to tissues. VL.DLs, IDLs and L.DLs all trans-
port triacylglycerols and cholesterol from the liver to tissues.
HDLs transport endogenous cholesterol from tissues to the
liver

Apolipoprotein C-T11 (also called APOC3, APOC-III,
ApoCIIT, and APO C-III) is a constituent of HDIL and of
triglyceride (TG)-rich lipoproteins. Elevated ApoCIII is
associated with elevated TG levels and diseases such as

cardiovascular disease. metabolic syndrome, obesity and s

diabetes (Chan et al., fnt J Clin Pract, 2008, 62:799-809;
Onat et at.. Atherosclerosis, 2003, 168:81-89; Mendivil et
al., Circulation, 2011, 124:2065-2072; Mauger et al., J.
Lipid Res, 2006. 47: 1212-1218; Chan et al., Clin. Chem,
2002. 278-283; Ooi et al., Clin. Sei, 2008, 114: 611-624;
Davidsson et al., /. Lipid Res. 2005, 46: 1999-2006; Sacks
et al., Circulation, 2000. 102: 1886-1892: Lee et al., Arte-
rioscler Thromb Vase Biol, 2003, 23: 853-858). ApoCIIT
slows clearance of TG-rich lipoproteins by inhibiting lipoly-
sis, both through inhibition of lipoprotein lipase (LPL) and
by interfering with lipoprotein binding to cell-surface gly-
cosaminoglycan matrix (Shachter, Curr: Opin. Lipidol,
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2001, 12, 297-304). As ApoCIII inhibits LPL leading to a
decrease in lipolysis of TGs, it would be unexpected that
inhibition of ApoCIII would have a beneficial effect in LPL
deficient (LPLID) subjects.

LPLD is characterized by the inability of affected indi-
viduals to produce functionally active LPL. LPL is mainly
produced in skeletal muscle, fat tissue, and heart muscle and
has multiple key functions, among which is the catabolism
of TG-rich lipoproteins (e.g. VLDL) and chylomicrons
(CM). Off-loading TG from CM (and VLDL) normally
protects against excessive postprandial rise in CM mass and
TG. In LPLD, LPL is dysfunctional and more than 12 hours
after meals hyperTG and chylomicronaemia are still present
and visible as lipemia.

The Fredrickson system is used to classify primary (ge-
netic) causes of dyslipidemia such as hypertriglyceridemia
in patients. Fredrickson Type I (also known as LPLD or
Familial Chylomicronemia Syndrome (FCS)) is usually
caused by mutations of either the LPL gene. or of the gene’s
cofactor ApoC-IL, resulting in the inability of affected indi-
viduals to produce functionally active LPL (i.e. LPLD).
Patients have mutations that are either homozygous (having
the same mutation on each allele) or compound heterozy-
gous (having different mutations on each allele). The preva-
lence is approximately 1 in 1,000,000 in the general popu-
lation and much higher in South Africa and Eastern Quebec
as a result of a founder effect.

Currently, Fredrickson Type I, FCS, LPLD. patients
respond minimally, or not at all, to TG-lowering drugs such
as statins, fibrates and nicotinic acid (Tremblay et al., J Clin
Lipidol, 2011, 5:37-44; Brisson et al., Pharmacogenet
Genom, 2010, 20:742-747). Clinical management of Fre-
drickson Type 1. FCS, LPLD, patients generally consist of
severe reduction in all dietary fat to much less than 20% of
caloric intake and the use of medium-chain TG, which are
absorbed via the portal system and therefore do not directly
enter into plasma. Such a life-long dietary regimen presents
significant compliance isswes for patients. Even when
patients are compliant to the diet and are tightly followed in
a lipid clinic by a dietician and a medical team, TGs ofien
do not decrease below the threshold of increased pancreatitis
risk. Recently, a gene therapy product (Glybera®) has been
approved in Europe for treating adult LPLD patients suffer-
ing from severe or multiple pancreatitis attacks despite
dietary fat restrictions. Patients treated with Glybera®
require administration of an immunosuppressive drug prior
to and following Glybera® treatment. Glybera® will only be
offered through dedicated centers with expertise in treating
LPLD and by specially trained doctors 1o ensure ongoing
safety of the treatment (http://www.unigqure.com/products/
glybera/).

Accordingly, there is still a need to provide patients with
Fredrickson Type I dyslipidemia, FCS, LPLD, novel treat-
ment options. Antisense technology is emerging as an effec-
tive means for reducing the expression of certain gene
products and may prove to be uniquely useful in a number
of therapeutic, diagnostic, and research applications for the
modulation of ApoCII1. We have previously disclosed com-
positions and method for inhibiting ApoCIIl by antisense
compounds in US 20040208856 (U.S. Pat. No. 7,598.227),
US 20060264395 (U8, Pat. No. 7.750,141), WO 2004/
093783 and WO 2012/149495, all incorporated-by-refer-
ence herein. An antisense oligonucleotide targeting ApoCIT1
has been tested in a Phase [ clinical trial and was shown to
be safe. Currently, an antisense oligonucleotide targeting
ApoClIl is in Phase 11 clinical trials to assess its effective-
ness in the treatment of diabetes or hypertriglyceridemia.
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SUMMARY OF THE INVENTION

Certain embodiments provide a method of treating, pre-
venting, delaying or ameliorating Fredrickson Type | dys-
lipidemia, FCS, LPLD, comprising administering a thera-
peutically effective amount of a compound comprising an
ApoCIIT specific inhibitor to the animal. Certain embodi-
ments provide an ApoCIIl specific nhibitor for use in
treating. preventing, delaying or ameliorating Fredrickson
Type 1 dyslipidemia. FCS, LPLD.

Certain embodiments provide a method of reducing tri-
glyceride levels in an animal with Fredrickson Type 1
dyslipidemia, FCS, LPLD, comprising adminisiering a
therapeutically effective amount of a compound comprising
an ApoClIl specific inhibitor to the animal.

Certain embodiments provide a method of increasing
HDL levels and/or improving the ratio of TG to HDL in an
amimal with Fredrickson Type I dyshipidemia, FCS. LPLD,
comprising administering a therapeutically effective amount
of a compound comprising an ApoCIIl specific inhibitor to
the animal.

Certain embodiments provide a method of preventing,
delaying or ameliorating a cardiovascular and/or metabolic
disease, disorder, condition, or symptom thereof, in an
animal with Fredrickson Type 1 dyslipidemia, FCS, LPLD,
camprising administering a therapeutically effective amount
of a compound comprising an ApoCIII specific inhibitor to
the animal.

Certain embodiments provide a method of preventing,
delaying or ameliorating pancreatitis, or symptom thereof, in
an animal with Fredrickson Type | dyslipidemia, FCS,
LPLD, comprising administering a therapeutically effective
amount of a compound comprising an ApoCIIl specific
inhibitor to the animal.

In certain embodiments, the ApoCIIl specific inhibitor 1s
a nucleic acid, peptide. antibody, small molecule or other
agent capable of inhibiting the expression of ApoCIIL. In
certain embodiments, the nucleic acid is an antisense com-
pound. In certain embodiments, the antisense compound is
an oligonucleotide targeting ApoCIIL In certain embodi-
ments, the oligonucleotide is a modified oligonucleotide
targeting ApoCIIL In certain embodiments, the modified
oligonuclectide has a nucleobase sequence comprising at
least 8 contiguous nucleobases of a nucleobase sequence of
SEQ ID NO: 3. In certain embodiments, the modified
oligonucleotide consists of the nucleobase sequence of SEQ
1D NO: 3.

Certain embodiments provide a method of reducing tri-
glyceride levels in an animal with Fredrickson Type 1

dyslipidemia, FCS, LPLD. comprising administering to the 5

animal a therapeutically effective amount of a compound
comprising a modified oligonucleotide having the sequence
of SEQ 1D NO: 3 wherein the modified oligonucleotide
comprises: a gap segmeni consisting of 10 linked deoxy-

nucleosides, a 5 wing segment consisting of 5 linked 3

nucleosides, and a 3' wing segment consisting 5 linked
nucleosides; wherein the gap segment is positioned imme-
diately adjacent to and between the 5' wing segment and the
3' wing segment, wherein each nucleoside of each wing
segment comprises a 2'-O-methoxyethyl sugar, wherein
each cytosine is a S-methylceytosine, and wherein each
internucleoside linkage is a phosphorothioate linkage.
Certain embodiments provide a method of increasing
HDL levels and/or improving the ratio of TG to HDL in an
animal with Fredrickson Type | dyslipidemia, FCS, LPLD,
by administering to the animal a therapeutically effective
amount of a compound comprising a modified oligonucle-
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otide having the sequence of SEQ ID NO: 3 wherein the
modified oligonucleotide comprises: a gap segment consist-
ing of 10 linked deoxynucleosides, a 5' wing segment
consisting of 5 linked nucleosides, and a 3' wing segment
consisting 5 linked nucleosides; wherein the gap segment 1s
positioned immediately adjacent to and between the 5' wing
segment and the 3' wing segment, wherein each nucleoside
of each wing segment comprises a 2'-O-methoxvethyl sugar,
wherein each cytosine is a 5-methyleyiosine, and wherein
each internucleoside linkage is a phosphorothioate linkage,

Certain embodiments provide a method of preventing,
delaying or ameliorating a cardiovascular and/or metabolic
disease, disorder. condition. or symptom thereof, in an
animal with Fredrickson Type I dyslipidemia, FCS, LPLD.
by administering to the animal a therapeutically effective
amount of a compound comprising a modified oligonucle-
otide having the sequence of SEQ 11> NO: 3 wherein the
modified cligonucleotide comprises: a gap segment consist-
ing of 10 linked deoxynucleosides, a §' wing segment
consisting of 5 linked nucleosides, and a 3' wing segment
consisting 5 linked nucleosides; wherein the gap segment is
positioned immediately adjacent to and between the 5' wing
segment and the 3' wing segment, wherein each nucleoside
of each wing segment compnises a 2'-0O-methoxyethyl sugar,
wherein each cytosine is a S-methyleytosine, and wherein
each internucleoside linkage is a phosphorothioate linkage.

Certain embodiments provide a method of preventing,
delaying or ameliorating pancreatitis or symptom thereof, in
an animal with Fredrickson Type I dyslipidemia, FCS,
LPLD, by administering to the animal a therapeutically
effective amount of a compound comprising a modified
oligonucleotide having the sequence of SEQ ID NO: 3
wherein the modified oligonucleotide comprises: a gap
segiment consisting of 10 linked deoxynucleosides, a §' wing
segment consisting of 5 linked nucleosides, and a 3' wing
segment consisting 5 linked nucleosides; wherein the gap
segment is positioned immediately adjacent to and between
the 5" wing segment and the 3" wing segment, wherein each
nucleoside of each wing segment comprises a 2'-0-
methoxyethyl sugar, wherein each cytosine is a 5-methyl-
cytosine, and wherein each intermucleoside linkage is a
phosphorothioate linkage.

In eertain embodiments, the ApoCIII specific inhibitor is
a nucleic acid, peptide, antibody, small molecule or other
agent capable of inhibiting the expression of ApoCIIL In
certain embodiments, the nucleic acid is an antisense com-
pound targeting ApoCIIL In certain embodiments, the anti-
sense compound is an antisense oligonucleotide. In certain
embodiments, the antisense oligonucleotide is a modified
oligonucleotide. In certain embodiments, the modified oli-
gonucleotide has a nucleobase sequence comprising at least
8 contiguous nucleobases of ISIS 304801, AGCTTCTT-
GTCCAGCTTTAT (SEQ ID NO: 3). In certain embodi-
ments, the modified oligonucleotide is at least 70%, at least
75%. at least 80%, at least 85%, at least 90%, at least 95%.,
at least 98% or at least 100% complementary to SEQ ID NO:
1. SEQ ID NO: 2 or SEQ ID NO: 4.

DETAILED DESCRIPTION OF THE
INVENTION

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed. Herein, the use of the singular
includes the plural unless specifically stated otherwise. As

used herein, the use of “or™ means “and/or” unless stated
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otherwise. Furthermore, the use of the term “including™ as
well as other forms, such as “includes™ and “included”, is
not limiting. Also. terms such as “element” or “component™
encompass both elements and components comprising one
unit and elements and components that comprise more than
one subunit, unless specifically stated otherwise.

The section headings used herein are for organizational
purposes only and are not to be construed as limiting the
subject matter described. All documents, or porlions of
documents, cited in this application, including, but not
limited to. patents, patent applications, articles, books, and
treatises, are hereby expressly incorporated by reference for
the portions of the document discussed herein, as well as in
their entirety.

DEFINITIONS

Unless specific definitions are provided, the nomenclature
utilized in connection with, and the procedures and tech-
niques of, analytical chemistry, synthetic organic chemistry,
and medicinal and pharmaceutical chemistry described
herein are those well known and commonly used in the art.
Standard techniques may be used for chemical synthesis,
and chemical analysis. Where permitted. all patents. appli-
cations, published applications and other publications,
GENBANK Accession Numbers and associated sequence
information obtainable through databases such as National
Center for Biotechnology Information (NCBI) and other
data referred to throughout in the disclosure herein are
incorporated by reference for the portions of the document
discussed herein, as well as in their entirety.

Unless otherwise indicated, the following terms have the
following meanings:

“2'-0-methoxyethyl” (also 2-MOE, 2'-O(CH,),—OCH,
and 2'-0-(2-methoxyethyl)) refers to an O-methoxy-ethyl
modification of the 2' position of a furosyl ring. A 2-0-
methoxyethyl modified sugar is a modified sugar.

“2'-0-methoxyethy] nucleotide™ means a nucleotide com-
prising a 2'-O-methoxyethyl modified sugar moiety.

“3' target site” refers to the nucleotide of a targel nucleic
acid which is complementary to the 3'-most nucleotide of a
particular antisense compound.

“5" target site” refers to the nucleotide of a target nucleic
acid which is complementary to the 5'-most nucleotide of a
particular antisense compound.

“S-methylcytosine™ means a cytosine modified with a
methyl group attached to the 5 position. A 5-methylcytosine
is a modified nucleobase.

“About” means within £10% of a value, For example, if

it is stated, “a marker may be increased by about 50%", itis s

implied that the marker may be increased between 45%-
55%.

“Active pharmaceutical agent™ means the substance or
substances in a pharmaceutical composition that provide a

therapeutic benefit when administered to an individual. For 3

example, in certain embodiments an antisense oligonucle-
otide targeted to ApoCIIT is an active pharmaceutical agent.

“Active targel region” or “larget region” means a region
to which one or more active antisense compounds is tar-
geted. “Active antisense compounds” means antisense com-
pounds that reduce target nucleic acid levels or protein
levels.

“Administered concomitantly” refers to the co-adminis-
tration of two agents in any manner in which the pharma-
cological effects of both are manifest in the patient at the
same time. Concomitant administration does not require that
both agents be administered in a single pharmaceutical
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composition, in the same dosage form. or by the same route
of administration. The effects of both agents need not
manifest themselves at the same time. The effects need only
be overlapping for a period of time and need not be
coextensive.

“Administering™ means providing a pharmaceutical agent
to an individual, and includes, but is not limited to admin-
istering by a medical professional and self-admimstering.

“Agent”™ means an active substance that can provide a
therapeutic benefit when administered to an animal. “First
Agent” means a therapeutic compound of the invention. For
example, a first agent can be an antisense oligonucleotide
targeting ApoCIIl, “Second agent” means a second thera-
peutic compound of the invention (e.g. a second antisense
oligenucleotide targeting ApoCIIl) and/or a non-ApoCIII
therapeutic compound.

“Amelioration” refers to a lessening of at least one
indicator, sign, or symplom of an associated disease, disor-
der, or condition. The severity of indicators may be deter-
mined by subjective or objective measures, which are
known to those skilled in the art.

“Animal” refers to a human or non-human animal, includ-
ing, but not limited to, mice, rats, rabbits, dogs, cats, pigs.
and non-human primates, including, but not limited 1o,
monkeys and chimpanzees.

“Antisense activity” means any detectable or measurable
activity attributable to the hybridization of an antisense
compound to its target nucleic acid. In certain emboediments,
antisense activily s a decrease in the amount or expression
of a target nucleic acid or protein encoded by such target
nucleic acid.

“Antisense compound” means an oligomeric compound
that 1s capable of undergoing hybridization to a target
nucleic acid through hvdrogen bonding, Examples of anti-
sense compounds include single-stranded and double-
stranded compounds, such as, antisense oligonucleotides.
siRNAs, shRNAs, ssRNAi and occupancy-based com-
pounds,

“Antisense inhibition” means the reduction of target
nucleic acid levels or target protein levels in the presence of
an antisense compound complementary to a target nucleic
acid compared to target nucleic acid levels or target protein
levels in the absence of the antisense compound.

“Antisense oligonucleotide™ means a single-stranded oli-
gonucleotide having a nucleobase sequence that permits
hybridization to a corresponding region or segment of a
target nucleic acid. As used herein, the term “antisense
oligonucleotide™ encompasses pharmaceutically acceptable
derivatives of the compounds described herein.

“ApoAS”, “Apolipoprotein A-V" or “ApoA-V" means
any nucleic acid or protein sequence encoding ApoAS.

“ApoCIT™, “Apolipoprotein C-IT" or “ApoC2” means any
nucleic acid or protein sequence encoding ApoCIl. The
ApaCl protein is a component of chylomicrons and VLDL
particles and activates LPL to hydrolyze TGs.

“ApoClIT”, “Apolipoprotein C-11I" or “ApoC3” means
any nueleic acid or protein sequence encoding ApoCIILL For
example, in certain embodiments, an ApoCIIl includes a
DNA sequence encoding ApoCIIl, a RNA sequence tran-
scribed from DNA encoding ApoClll (including genomic
DNA comprising introns and exons), a mRNA sequence
encoding ApoClIlL or a peptide sequence encoding ApoCIII.

“ApoCIIT specific inhibitor™ refers to any agent capable of
specifically inhibiting the expression of ApoCIIl mRNA
and/or the expression or activity of ApoClll protein at the
molecular level. For example, ApoClIl specific inhibitors
include nucleic acids (including antisense compounds). pep-
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tides, antibodies, small molecules, and other agents capable
of inhibiting the expression of ApoCIll mRNA and/or
ApoCIIT protein. In certain embodiments. the nucleic acid is
an antisense compound. In certain embodiments, the anti-
sense compound is a an oligonucleotide targeting ApoCTIT.
In certain embodiments, the oligonucleotide targeting
ApoCIIl is a modified oligenucleotide targeting ApaCIIL In
certain embodiments, the oligonucleotide targeting ApoCIIT
has a sequence as shown in SEQ ID NO: 3 or another
sequence, for example, such as those disclosed in U.S, Pat.
No. 7,598,227, U.S. Pat. No, 7,750,141, PCT Publication
WO 2004/093783 or WO 2012/149495, all incorporated-
by-reference herein. In certain embodiments. by specifically
modulating ApoCIIl mRNA level and/or ApoClIl protein
expression. ApoClIL specific inhibitors may affect compo-
nents of the lipogenic pathway. Similarly, in certain embodi-
ments, ApoCl11l specific inhibitors may affect other molecu-
lar processes in an animal.

“ApaCIIT mRMNA” means a mBNA encoding an ApoCIII
protein.

“ApoCIII protein” means any protein sequence encoding
ApoCIIILL

“Atherosclerosis” means a hardening of the arteries
affecting large and medium-sized arteries and is character-
ized by the presence of fatty deposits. The fatty deposits are

called “atheromas™ or “plaques,” which consist mainly of

cholesteral and other fats, calcium and scar tissue, and
damage the lining of arleries.

“Bicyelic sugar” means a furosyl ring modified by the
bridging of two non-geminal ring atoms. A bicyclic sugar is
a modified sugar.

“Bicyclic nucleic acid™ or “BNA™ refers to a nucleoside
or nucleotide wherein the furanose portion of the nucleoside
or nucleotide includes a bridge connecting two carbon atoms
on the furanose ring, thereby forming a bicyclic ring system.

“Cap structure” or “terminal cap molety” means chemical
modifications. which have been incorporated at either ter-
minus of an antisense compound.

“Cardiovascular disease™ or “cardiovascular disorder”
refers to a group of conditions related to the heart, blood
vessels, or the circulation. Fxamples of cardiovascular dis-
eases include, but are not limited to, aneurysm, angina,
arrhythmia, atherosclerosis, cerebrovascular  disease
{stroke), coronary heart disease. hypertension. dyslipidemia,
hyperlipidemia, hypertriglyceridemia and hypercholester-
olemia.

“Chemically distinct region” refers to a region of an
antisense compound that is in some way chemically different

than another region of the same antisense compound. For 3

example, a region having 2'-O-methoxyethyl nucleotides is
chemically distinct from a region having nucleotides without
2'-0-methoxyethy] modifications,

“Chimeric antisense compound™ means an antisense com-
pound that has at least two chemically distinet regions.

“Cholesterol” is a sterol molecule found in the cell
membranes of all animal tissues. Cholesterol must be trans-
ported in an animal’s blood plasma by lipoproteins including
very low density lipoprotein (VLDL), intermediate density
lipoprotein (IDL), low density lipoprotein {LIDL). and high
density lipoprotein (HDL). “Plasma cholesterol™ refers to
the sum of all lipoproteins (VDL, IDL, LDL, HDL) esteri-
fied and/or non-esterified cholesterol present in the plasma
or serum.

“Cholesterol absorption inhibitor” means an agent that
inhibits the absorption of exogenous cholesterol obtained
from diet.
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“Co-administration” means administration of two or more
agents to an individual. The two or more agents can be in a
single pharmaceutical composition, or can be in separate
pharmaceutical compositions. Each of the two or more
agents can be administered through the same or different
rontes of administration. Co-administration encompasses
parallel or sequential administration.

“Complementarity” means the capacity for pairing
between nucleobases of a first nucleic acid and a second
nucleic acid. In certain embodiments. complementarity
between the first and second nucleic acid can be between
two DNA strands, between two RNA strands, or between a
DNA and an RNA strand. In certain embodiments, some of
the nucleobases on one strand are matched to a complemen-
tary hydrogen bonding base on the other strand. In certain
embodiments. all of the nucleobases on one strand are
matched to a complementary hydrogen bonding base on the
other strand. In certain embodiments. a first nucleic acid 1s
an antisense compound and a second nucleic acid is a target
nucleic acid. In certain such embodiments, an antisense
oligonucleotide is a first nucleic acid and a target nucleic
acid is a second nucleic acid.

“Contiguous nucleobases” means nucleobases immedi-
ately adjacent to each other.

“Constrained ethyl™ or “cEt” refers to a bicyclic nucleo-
side having a furanosyl sugar that comprises a methyl
{methyleneoxy) (4'-CH{CH,)—0-2") bridge between the 4'
and the 2' carbon atoms.

“Cross-reactive” means an oligomeric compound targei-
ing one nucleic acid sequence can hybridize to a different
nucleic acid sequence. For example, in some instances an
antisense oligonucleotide targeting human ApoCIIT can
cross-react with a murine ApoCIIl. Whether an oligomeric
compound cross-reacts with a nucleic acid sequence other

5 than its designated target depends on the degree of comple-

mentarity the compound has with the non-target nucleic acid
sequence, The higher the complementarity between the
oligomeric compound and the non-target nucleic acid, the
more likely the oligomeric compound will cross-react with
the nucleic acid.

“Cure” means a method that restores health or a pre-
scribed treatment for an illness.

“Coronary heart disease (CHD)” means a narrowing of
the small blood vessels that supply blood and oxvgen to the
heart, which is often a result of atherosclerosis.

“Deoxyribonucleotide™ means a nucleotide having a
hydrogen at the 2' position of the sugar portion of the
nucleotide. Deoxyribonucleotides may be modified with any
of a variety of substituents.

“Diabetes mellitus” or “diabetes” is a syndrome charac-
terized by disordered metabolism and abnormally high
blood sugar (hyperglycemia) resulting from insufficient lev-
els of insulin or reduced insulin sensitivity. The character-
istic symptoms are excessive urine production (polyuria)
due to high blood glucose levels. excessive thirst and
increased fluid intake (polydipsia) attempting to compensate
for increased urination, blurred vision due to high blood
glucose effects on the eye’s optics. unexplained weight loss,
and lethargy.

“Diabetic dyslipidemia™ or “type 2 diabetes with dyslipi-
demia” means a condition characterized by Type 2 diabetes,
reduced HDL-C, elevated triglycerides, and elevated small.
dense LDL particles.

“Diluent” means an ingredient in a composition that lacks
pharmacological activity, but is pharmaceutically necessary
or desirable. For example. the diluent in an injected com-
position may be a liquid. e.g. saline solution.
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“Dyslipidemia™ refers to a disorder of lipid and/or lipo-
protein metabolism, including lipid and/or lipoprotein over-
production or deficiency. Dyslipidemias may be manifested
by elevation of lipids such as chylomicron, cholesterol and
triglycerides as well as lipoproteins such as low-density
lipoprotein (LDL) cholesterol. An example of a dyslipi-
demia is chylomicronemia or hypertriglyeeridemia.

“Dosage unit” means a form in which a pharmaceutical
agent is provided, e.g. pill, tablet, or other dosage unit
known in the art. In certain embodiments, a dosage unit is a
vial containing lyophilized antisense oligonucleotide. In
certain embodiments, a dosage unit is a vial containing
reconsiituted antisense oligonucleotide.

“Dose™ means a specified quantity of a pharmaceutical
agent provided in a single administration. or in a specified
time period. In certain embodiments, a dose can be admin-
istered in one, two, or more boluses, tablets, or injections.
For example, in certain embodiments where subcutaneous
administration is desired, the desired dose requires a volume
not easily accommodated by a single injection, therefore,
two or more injections can be used to achieve the desired
dose. In certain embodiments, the pharmaceutical agent is
administered by infusion over an extended period of time or
continuously, Doses can be stated as the amount of phar-
maceutical agent per hour, day, week, or month. Doses can
also he stated as mg'kg or g'kg.

“Effective amount™ or “therapeutically effective amount™
means the amount of active pharmaceutical agent sufficient
to eflectuate a desired physiological outcome in an indi-
vidual in need of the agent. The effective amount can vary
among individuals depending on the health and physical
condition of the individual to be treated, the taxonomic
group of the individuals to be treated, the formulation of the
composition, assessment of the individual’s medical condi-
tion, and other relevant factors.

“Fibrates” are agonists of peroxisome proliferator-acti-
vated receptor-ct (PPAR-a). acting via transcription factors
regulating various steps in lipid and lipoprotein metabolism.
By interacting with PPAR-c, fibrates recruit different cofac-
tors and regulate gene expression. As a consequence, fibrates
are effective in lowering fasting TG levels as well as
post-prandial TG and TRL remnant particles. Fibrates also
have modest LDL-C lowering and HDL-C raising effects.
Reduction in the expression and levels of ApoC-IIl is a
consistent effect of PPAR-a agonists (Hertz et al. J Biol
Chem, 1995, 270(22):13470-13475). A 36% reduction in
plasma ApoC-111 levels was reported with fenofibrate treat-
ment in the metabolic syndrome (Watts et al. Diabetes,
2003, 52:803-811). However, fibrates have been ineffective
in treating LPLD subjects with hypertriglyceridemia.

The “Fredrickson™ system is used to classity primary
{genetic) causes of dyslipidemia into several subgroups or
types. Dyslipidemia types that may be amenable to therapy
with the compounds disclosed herein include, but are not
limited to, Fredrickson Type 1, FCS, LPLD.

“Fredrickson Type I"" is also known as *Lipoprotein lipase
deficiency”, “LPLD”, “Familial Chylomicronemia Syn-
drome™ or “FCS" and exists in several forms: Type la (also
known as Buerger-Gruestz syndrome) is a lipoprotein lipase
deficiency commonly due to a deficiency of LPL or altered
ApoC-1I; Type b (also known as familial apoprotein CI1
deficiency) is a condition caused by lack of lipoprotein
lipase activator apoprotein C-II; and Type Ic is a chylomi-
cronemia due to circulating inhibitor of lipoprotein lipase.
Type 1 is a rare disorder that usually presents in childhood.
It is characterized by severe elevations in chylomicrons and
extremely elevated TG levels (always reaching well above
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1000 mg/dL and not infrequently rising as high as 10,000
mg/dL or more) with episodes of abdominal pain, recurrent
acule pancreatitis, eruptive cutaneous xanthomata, and
hepatosplenomegaly. Patients rarely develop atherosclero-
sis, perhaps because their plasma lipoprotein particles are
too large to enter into the arterial intima (Nordesigaard et al.,
J Lipid Res, 1988, 29:1491-1500: Nordestgaard et al., Arte-
riosclerosis, 1988, 8:421-428). Type 1 is usually caused by
mutations of either the LPL gene, or of the gene’s cofactor
ApoC-I1, resulting in the inability of affected individuals to
produce sufficient functionally active LPL. Patients are
either homozygous for such mutations or compound het-
erozygous, Fredrickson Type I can also be due 1o mutations
in the GPIHBP1, APOAS, LMF1 or other genes leading to
dysfunctional LPL. Brunzell, In: Pagon R A, Adam M P.
Bird T D, Daolan C R, Fong C T, Stephens K. editors.
GeneReviews™ [Internet]. Seattle (Wash.): University of
Washington, Seattle; 1993-2013. 1999 Oct. 12 [updated
2011 Dec. 15]. Further, Fredrickson Type I, in some
instances, can be due to the presence of LPL inhibitors (e.g..
anti-LPL antibodies) in an individual causing dystunctional
LPL. The prevalence of Fredrickson Type 1 is approximately
1 in 1,000,000 in the general population and much higher in
South Africa and Eastern Quebec as a result of a founder
effect. Patients respond minimally, or not at all, to TG-
lowering drugs (Tremblay et al., J Clin Lipidol. 2011,
5:37-44; Bnsson et al., Pharmacogenet Genom, 2010,
20:742-747) and hence restriction of dietary fat 1o 20
grams/day or less is used to manage the symploms of this
rare disorder.

“Predrickson Type 11" is the most common form of
primary hyperlipidemia. It is further classified into Type Ila
and Type IIb, depending mainly on whether there is eleva-
ton in VLDL in addition to LDL cholesterol (LDL-C). Type
1la {famihal hypercholesterolemia) may be sporadic (due to
dietary factors), polygenic, or truly familial as a result of a
mutation in either the LDL receptor gene on chromosome 19
(0.2% of the population) or the apolipoprotein B (apoB)
gene (0.2%). The familial form is characterized by tendon
xanthoma, xanthelasma and premature cardiovascular dis-
ease. The incidence of this disease is about 1 in 500 for
heterozygotes, and | in 1,000,000 for homozygotes. Type [Th
{(also known as familial combined hyperlipoproteinemia) is
a mixed hyperlipidemia (high cholesterol and TG levels),
caused by elevations in LDL-C and in VLDL. The high
VILDL levels are due to overproduction of substrates, includ-
ing TG. acetyl CoA, and an increase in B-100 synthesis.
They may also be caused by the decreased clearance of
LDL. Prevalence in the population is about 10%.

“Fredrickson Type UI" (also known as dysbetalipopro-
teinemia) is a remnant removal disease, or broad-beta dis-
ease (Fern et al., J Clin Pathol, 2008, 61:1174-118). It is due
1o cholesterol-rich VLDL (B-VLDL). Typically, patients
with this condition have elevated plasma cholesterol and TG
levels because of impaired clearance of chylomicron and
VLDL remnants (e.g. IDL). The impaired clearance 1s due to
a defeet in apolipoprotein E (apoE). Normally functioning
apoE contained on the remnants would enable binding to the
LDL receptor and removal from the circulation. Accumula-
tion of the remnants in affected individuals can result in
xanthomatosis and premature coronary and/or peripheral
vascular disease. The most common cause for Type 11T is the
presence of apoE E2/E2 genotype. Its prevalence has been
estimated to be approximately 1 in 10,000,

“Iredrickson Type IV™ (also known as familial hypertri-
glyceridemia) is an autosomal dominant condition occurring
in approximately 1% of the population. TG levels are
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clevated as a result of excess hepatic production of VLDL or
heterozygous LPL deficiency. but are almost always less
than 1000 mg/dlL. Serum cholesterol levels are usually
within normal limits. The disorder is heterogeneous and the
phenotype strongly influenced by environmental factors,
particularly carbohydrate and ethanol consumption.

“Fredrickson Type V™ has high VLDL and chylomicrons.
It 1s characterized by carriers of loss-of-function LPL gene
variants associated with LPL activity of at least 20% (i.e.
partial LPL deficiency as compared to Fredrickson Type I).
These patients present with lactescent plasma and severe
hypertriglyceridemia because of chylomicrons and VLDL.
TG levels are invariably greater than 1000 mg/dL and total
cholesterol levels are always elevated. The LDL-C level is
usually low. It is also associated with increased risk for acute
pancreatitis, glucose intolerance and hyperuricemia. Symp-
toms generally present in adulthood (=35 years) and,
although the prevalence is relatively rare, it is much more
common than homozygous or compound heterozygous LPL
deficient patients.

“Fully complementary™ or “100% complementary™
means each nucleobase of a nucleobase sequence of a first
nucleic acid has a complementary nucleobase in a second
nucleobase sequence of a second nucleic acid. In cerlain
embodiments, a first nucleic acid is an antisense compound
and a second nucleic acid is a target nucleic acid.

“Gapmer” means a chimeric antisense compound in
which an internal region having a plurality of nucleosides
that support RNase H cleavage is positioned between exter-
nal regions having one or more nucleosides, wherein the
nucleosides comprising the internal region are chemically
distinet from the nucleoside or nuclensides comprising the
external regions. The internal region may be referred to as a
“gap” or “gap segment” and the exiernal regions mav be
referred 1o as “wings” or “wing segments.”

“Crap-widened” means a chimeric antisense compound
having a gap segment of 12 or more contiguous 2'-deoxy-
ribonucleosides positioned between and immediately adja-
cent to 5' and 3' wing segments having from one to six
nucleosides.

“Genetic screening” means to screen for genotypic varia-
tions or mutations in an animal. In some instances the
mutation can lead to a phenotypic change in the animal. In
certain instances the phenotypic change is, or leads to, a
disease, disorder or condition in the animal. For example,
mutations in the LPL or ApoC-1T genes can lead to Fredrick-
son Type I dyslipidemia, FCS, LPLD. Genetic screening can
be done by any of the art known techniques, for example,
sequencing of the LPL or ApoC-11 gene or mRNA to detect

mutations. The sequence of the animal being screened is s

compared to the sequence of a normal animal to determine
whether there is any mutation in the sequence. Alternatively,
for example, identification of mutations in the LPL or
ApoC-II gene or mRNA can be performed vsing PCR
amplification and gel or chip analysis.

“(Glucose” is a monosaccharide used by cells as a source
of energy and inflammatory intermediate. “Plasma glucose™
refers to glucose present in the plasma.

“High density lipoprotein™ or “HDL” refers 10 a macro-
molecular complex of lipids (cholesterol, triglycerides and
phospholipids) and proteins (apolipoproteins (apo) and
enzymes). The surface of HDL contains chiefly apolipopro-
teins A, C and E. The function of some of these apoproteins
is to direct HDL from the peripheral tissues to the liver.
Serum HDL levels can be affected by underlying genetic
causes (Weissglas-Volkov and Pajukanta, J Lipid Res, 2010,
51:2032-2057). Epidemiological studies have indicated that
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increased levels of HDL protect against cardiovascular dis-
ease or coronary heart disease (Gordon et al., Am. J. Med.
1977. 62: 707-714). These effects of HDL are independent
of triglyceride and L.DL concentrations. In clinical practice,
a low plasma HDL is more commonly associated with other
disorders that increase plasma triglycerides, for example.
central obesity, insulin resistance, type 2 diabetes mellitus
and renal disease (chronic renal failure or nephrotic pro-
teinuria) (Kashyap. Am. J, Cardiol. 1998, 82: 42U-48U).

“High density lipoprotein-Cholesterol” or “HDL-C™
means cholesterol associated with high density lipoprotein
particles. Concentration of HDL-C in serum (or plasma) is
typically guantified in mg/dl. or nmel/L.. “HDL-C" and
“plasma HDL-C" mean HDL-C in serum and plasma,
respectively.

“HMG-CoA reductase inhibitor” means an agent that acts
through the inhibition of the enzvme HMG-CoA reductase,
such as atorvastatin, rosuvastatin, Quvastatin, lovastatin,
pravastatin, and simvastatin.

“Hybridization™ means the annealing of complementary
nucleic acid molecules. In certain embodiments, comple-
mentary nucleic acid molecules include an antisense com-
pound and a target nucleic acid.

“Hypercholesterolemia™ means a condition characterized
by elevated cholesterol or circulating (plasma) cholesterol.
LDL-cholesterol and VL.DL-cholesterol, as per the guide-
lines of the Expert Panel Report of the National Cholesterol
Educational Program (NCEP) of Detection, Evaluation of
Treatment of high cholestero! in adults (see, Arch. Int. Med.
(1988) 148, 36-39).

“Hyperlipidemia™ or “hyperlipemia™ is a condition char-
aclerized by elevated serum lipids or circulating (plasma)
lipids. This condition manifests an abnormally high concen-
tration of fats. The lipid fractions in the circulating blood are
cholesterol, low density lipoproteins, very low density lipo-
proteins, chylomicrons and triglycerides. The Fredrickson
classification of hyperlipidemias is based on the pattern of
TG and cholesterol-rich lipoprotein particles, as measured
by electrophoresis or ultracentrifugation and 1s commonly
used to characterize primary causes of hyvperlipidemias such
as hypertriglyceridemia (I'redrickson and Lee. Circulation,
1965,31:321-327; Fredrickson et al.. New Eng I Med, 1967,
276 (1) 34-42).

“Hypertriglyceridemia™ means a condition characterized
by elevated triglyceride levels. Hypertriglyeeridemia is the
consequence of increased production and/or reduced or
delayed catabolism of triglyceride (TG)-rich lipoproteins:
VLDL and, to a lesser extent, chylomicrons (CM). Its
etiology includes primary (i.e. genetic causes) and second-
ary (other underlying causes such as diabetes, metabolic
syndrome/insulin  resistance, obesity, physical inactivity.
cigarette smoking, excess alcohol and a diet very high in
carbohydrates) factors or, most ofien, a combination of both
{Yuan et al. CMAJ, 2007, 176:1113-1120). Hypertnglyceri-
demia is a common clinical trait associated with an
increased risk of cardiometabolic disease (Hegele et al.
2009, Hum Mol Genet, 18: 4189-4194; Hegele and Pollex
2009, Mol Cell Biochem, 326: 35-43) as well as of occur-
rence of acute pancreatitis in the most severe forms (Toskes
1990, Gastroenterol Clin North Am, 19: 783-791; Gaudet et
al. 2010, Atherosclerosis Supplements, 11: 55-60; Catapano
et al. 2011, Atherosclerosis. 217S: 51-544: Tremblay et al.
2011, I Clin Lipidol, 5: 37-44). Examples of cardiometa-
bolic disease include, but are not limited to, diabetes,
metabolic syndrome/insulin resistance. and genetic disor-
ders such as familial chylomicronemia syndrome (FCS),
familial combined hyperlipidemia and familial hypertriglye-
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eridemia. Borderline high TG levels (150-199 mg/dL) are
commonly found in the general population and are a com-
mon component of the metabolic syndrome/insulin resis-
tance states. The same 15 true for high TG levels (200-499
mg/dl.) except that as plasma TG levels increase, underlying
genetic factors play an increasingly important etiologic role.
Very high TG levels (2500 mg/dL) are most often associated
with elevated CM levels as well, and are accompanied by
increasing risk for acute pancreatitis. The risk of pancreatitis
is considered clinically significant iff TG levels exceed 880
mg/dL (=10 mmol) and the European Atherosclerosis Soci-
ety/European Society of Cardiology (EAS/ESC) 2011
guidelines state that actions to prevent acute pancreatitis are
mandatory (Catapano et al. 2011, Atherosclerosis, 2175:
51-844). According to the FEAS/ESC 2011 guidelines,
hypertriglyceridemia is the cause of approximately 10% of
all cases of pancreatitis, and development of pancreatitis can
occur at TG levels between 440-880 mg/dl. Based on

evidence from clinical studies demonstrating that elevated -

TG levels are an independent risk factor for atherosclerotic
CVD, the guidelines from both the National Cholesterol
Education Program Adult Treatment Panel 111 (NCEP 2002,
Circulation, 106: 3143-421) and the American Diabetes
Association (ADA 2008, Diabetes Care, 31: 812-554.) rec-
ommend a target TG level of less than 150 mg/dL to reduce
cardiovascular risk.

“ldentifying” or “diagnosing™ an animal with a named
disease, disorder or condition means identifving, by art
known methods, a subject prone to, or having, the named
disease, disorder or condition.

“ldentilying” or “diagnosing™ an animal with Fredrickson
Type 1 dyslipidemia means to identify a subject prone to, or
having, Predrickson Type I (a, b or ¢) dyslipidemia, FCS,
LPLD. Identification of subjects with Fredrickson Type 1,
FCS, LPLD, can done by an examination of the subject’s
medical history in conjunction with any art known screening
technique e.g., genetic screening or screening for LPL
inhibitors. For example, a patient with a documented medi-
cal history of fasting TG above 750 mg/dL is then screened
for mutations in the LPL gene or genes affecting the LPL
such as ApoC2, ApoAS, GPIHBPI or LMF1.

“ldentilying” or “diagnosing”™ an animal with metabolic
or cardiovascular disease means identifying a subject prone
to, or having, a metabolic disease, a cardiovascular disease,
or a metabolic syndrome; or, identifying a subject having
any symptom of a metabolic disease, cardiovascular disease,
or metabolic syndrome including, but not limited to, hyper-
cholesterolemia, hyperglycemia, hyperlipidemia, hypertri-
glyceridemia, hypertension increased insulin resistance,
decreased insulin sensitivity, above normal body weight,
and/or above normal body fat content or any combination
thereof. Such identification can be accomplished by any
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method. including but not limited to, standard clinical tests -

or assessments, such as measuring serum or circulating
{plasma) cholesterol, measuring serum or circulating
(plasma) blood-glucose, measuring serum or circulating
(plasma) triglycerides. measuring blood-pressure, measur-
ing body fat content, measuring body weight, and the like.

“Improved cardiovascular outcome™ means a reduction in
the occurrence of adverse cardiovascular events, or the risk
thereof. Examples of adverse cardiovascular events include,
without limitation, death, reinfarction, stroke. cardiogenic
shock, pulmoenary edema, cardiac arrest, and atrial dysrhyth-
mia.
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“Immediately adjacent™ means there are no intervening
elements between the immediately adjacent elements, for
example, between regions, segments, nucleotides and/or
nucleosides.

“Increasing HDL™ or “raising HDL™ means increasing the
level of HDL in an animal atter administration of at least one
compound of the invention, compared (o the HDL level in an
animal not admimstered any compound.

“Individual™ or “subject” or “animal™ means a human or
non-human animal selected for treatment or therapy.

“Induce”, “inhibit”, “potentiate™, “elevate™, “increase”,
“decrease”, “reduce” or the like denote quantitative differ-
ences between two states. For example, “an amount effective
to inhibit the activity or expression of ApoCIII" means that
the level of activity or expression of ApoClIlL in a treated
sample will differ from the level of ApoCIII activity or
expression in an untreated sample. Such terms are applied
to, for example, levels of expression, and levels of activity.

“Inhibiting the expression or activity” refers to a reduc-
tion or blockade of the expression or activity of a RNA or
protein and does not necessarily indicate a total elimination
of expression or activity.

“Insulin resistance™ is defined as the condition in which
normal amounts of insulin are inadequate to produce a
normal insulin response from fat, muscle and liver cells.
Insulin resistance in fat cells results in hydrolysis of stored
triglycerides, which elevates free fatty acids in the blood
plasma. Insulin resistance in muscle reduces glucose uptake
whereas insulin resistance in liver reduces glucose slorage.
with both effects serving to elevate blood ghicose. High
plasma levels of insulin and glucose due to insulin resistance
often leads to metabolic syndrome and type 2 diabetes.

“Insulin sensitivity” is a measure of how effectivelv an

5 individual processes glucose. An individual having high

insulin sensitivity effectively processes glucose whereas an
individual with low insulin sensitivity does not effectively
process glucose,

“Internucleoside linkage” refers to the chemical bond
between nucleosides.

“Intravenous administration” means administration into a
vein.

“Linked nucleosides™ means adjacent nucleosides which
are bonded together.

“Lipid-lowering”™ means a reduction in one or more lipids
in a subject. “Lipid-raising” means an increase in a lipid
(e.g., HDL) in a subject. Lipid-lowering or lipid-raising can
occur with one or more doses over time.

“Lipid-lowering therapy™ or “lipid lowering agent™ means
a therapeutic regimen provided to a subject to reduce one or
more lipids in a subject. In certain embodiments. a lipid-
lowering therapy is provided to reduce one or more of CETP,
ApoB, total cholesterol, LDL-C, VLDL-C, IDL-C, non-
HDL-C, triglycerides, small dense LDL particles. and Lp(a)
in a subject. Examples of lipid-lowering therapy include
statins, fibrates, M TP inhibitors.

“Lipoprotein”, such as VL.DL, LDL and HDL, refers to a
group of proteins found in the serum, plasma and lymph and
are important for lipid transport. The chemical composition
of each lipoprotein differs in that the HDL has a higher
proportion of protein versus lipid, whereas the VLDL has a
lower proportion of protein versus lipid.

“Lipoprotein Lipase™ or “LPL” refers to an enzyme that
hydrolyzes TGs found in lipoproteins, such as CM or VLDL,
into free fatty acids and monoacylglycerols. LPL requires
apo C-11 as a cofactor to function in hydrolyzing TGs. LPL
is mainly produced in skeletal muscle, fat tissue, and heart
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muscle. Hydrolysis and removal of TG from CM and VLDL
normally protects against excessive postprandial rise in CM
mass and TG.

“Lipoprotein lipase deficient”, “lipoprotein lipase defi-
ciency”. “LPL deficiency”™ or “LPLD" is also known as
“Fredrickson’s Type 1 dyslipidemia™, “chylomicronemia®™,
“Familial Chylomicronemia Syndrome”™ or “FCS™
Although subjects with LPLD generally lack LPL or LPL
activity necessary for effective breakdown of fatty acids
such as TGs. these subjects may still have a minimal LPL
activity or express a minimal level of LPL. In some
instances, a LPLD subject may express LPL or have LPL
activity up 1o aboul. or no more than, 20%. 19%. 18%, 17%,
16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%,
5%, 4%, 3%, 2% or 1% activity. In other instances, the
LPLD subject has no measurable LPL or LPL activity. One
embodiment of LPLD encompasses subjects with “hyperli-
poproteinemia type la™ (also known as “Fredrickson’s Type
Ia™) and refers to the inability of the subjects 1o produce
sufficient functional lipoprotein lipase enzymes necessary
for effective breakdown of fatty acids such as TGs. The
inability to breakdown TGs leads to hypertriglyceridemia in
the subject and, often more than 12 hours after meals,
hyperTG and chylomicronemia are still present and visible
as lipemia. Type Ia is commonly caused by one or more
mutations in the LPL gene. As disclosed herein, LPLD also
encompasses subjects that have dysfunctional lipoprotein
lipase such as those subjects with “hyperlipoproteinemia
tvpe 1b” (also known as “Fredrickson’s Type [b") and
“hyperlipoproteinemia type le” (also known as “Fredrick-
son’s Type Ie”). Type Ib is caused by lack of lipoprotein
lipase activator apoprotein C-I1. Type Ic is due to a circu-
lating inhibitor of lipoprotein lipase. As with Type la, Tyvpe
1b/l¢ subjects suffer from an inability to breakdown TGs
leading 1o hypertriglveeridemia and hyperT'G and chylomi-
cronemia are still present and visible as lipemia often more
than 12 hours after meals. In certain embodiments, LPLD is
associated with at least one mutation in the LPL gene such
as P207L, G188L or DYN or other mutations that affect LPL
{Brunzell, In: Pagon R A, Adam M P, Bird T D, Dolan C R,
Fong C T, Stephens K. editors. GeneReviews™ [Internet|.
Seattle (Wash.): University of Washington. Seattle; 1993-
2013, 1999 Oct. 12 [updated 2011 Dec. 15]).

“Low density lipoprotein-cholesterol (LDL-C)" means
cholesterol carried in low density lipoprotein particles. Con-
centration of LDL-C in serum (or plasma) is typically
quantified in mg/dL or nmol/L. *Serum [LDL-C” and
“plasma LDL-C" mean LDL-C in the serum and plasma,
respectively.

“Major risk factors™ refers to factors that contribute to a 5

high risk for a particular disease or condition. In certain
embaodiments, major risk factors for coronary heart disease
include, without limitation, cigarette smoking, hypertension,
low HDL-C, family history of coronary heart disease. age,
and other factors disclosed herein.

“Metabolic disorder” or “metabolic disease™ refers to a
condition characterized by an alteration or disturbance in
metabolic function. “Metabolic” and “metabolism™ are
terms well known in the art and generally include the whole
range of biochemical processes that occur within a living
organism. Metabolic disorders include. but are not limited
to, hyperglycemia, prediabetes, diabetes (type 1 and type 2),
obesity, insulin resistance, metabolic syndrome and dyslipi-
demia due to type 2 diabetes.

“Metabolic syndrome” means a condition characterized
by a clustering of lipid and non-lipid cardiovascular risk
factors of metabolic origin. In certain embodiments, meta-
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bolic syndrome is identified by the presence of any 3 of the
following factors: waist circumference of greater than 102
em in men or greater than &8 cm in women; serum triglyc-
eride of at least 150 mg/dL: HDL-C less than 40 mg/dL in
men or less than 50 mg/dL in women; blood pressure of at
least 130/85 mmHg; and fasting glucose of at least 110
mg/dlL. These determinants can be readily measured in
clinical practice (JAMA, 2001, 285: 2486-2497).

“Mismaich™ or “non-complementary nucleohase” refers
to the case when a nucleobase of a first nucleic acid is not
capable of pairing with the corresponding nucleobase of a
second or target nucleic acid.

“Mixed dyslipidemia™ means a condition characterized by
elevated cholesterol and elevated triglycerides.

“Modified internucleoside linkage” refers to a substitution
or any change from a naturally occurring internucleoside
bond. For example, a phosphorothioate linkage is a modified
internucleoside linkage.

“Modified nucleobase™ refers to any nucleobase other
than adenine, cytosine. guanine, thymidine, or uracil. For
example, 5-methylevtosine is a modified nucleobase. An
“unmodified nucleobase™ means the purine bases adenine
{A) and guanine (G). and the pyrimidine bases thymine (T).
cytosine (C), and uracil (U).

“Meodified nucleoside™ means a nucleoside having at least
one modified sugar moiety, and/or moditied nucleobase.

“Muodified nucleotide™ means a nucleotide having at least
one modified sugar moiety, modilied internucleoside linkage
and/or modified nucleobase.

“Modified oligonucleotide” means an oligonucleotide
comprising at least one modified nucleotide.

“Modified sugar™ refers to a substitution or change from
a natural sugar, For example. a 2'-O-methoxyethy] modified

5 sugar 1s a modified sugar.

“Motif” means the pattern of chemically distinet regions
in an anfisense compound.

“Naturally occurring internucleoside linkage™ means a 3'
to 5' phosphodiester linkage.

“Natural sugar moiety” means a sugar found in DNA
(2-H) or RNA (2-OH).

“Nicotinic acid™ or “niacin™ has been reported to decrease
fatty acid influx to the hiver and the secretion of VLDL by
the liver. This effect appears to be mediated in part by the
effects on hormone-sensitive lipase in the adipose tissue.
Nicotinic acid has key action sites in both liver and adipose
tissue. In the liver. nicotinic acid is reported to inhibit
diacylglycerol acyltransferase-2 (DG AT-2) that results in the
decreased secretion of VLDL particles from the liver, which
is also reflected in reductions of both [DL and LD particles.
in addition, nicotinic acid raises HDL-C and apo Al pri-
marily by stimulating apo Al production in the liver and has
also been shown to reduce VLDL-ApoCIII concentrations in
patients with hyperlipidemia (Wahlberg et al. Acta Med
Scand 1988; 224:319-327). The effects of nicotinic acid on
lipolysis and fatty acid mobilization in adipocytes are well
established. However, nicotinic acid has not been effective
in treating LPLD subjects with hypertriglyceridemia.

“Nucleic acid™ refers to molecules composed of mono-
meric nucleotides. A nucleic acid includes ribonucleic acids
(RNA), deoxyribonucleic acids (DNA), single-stranded
nucleic acids (ssDNA), double-stranded nucleic acids (ds-
DNA), small interfering ribonucleic acids (siRNA), and
microRNAs (miRNA). A nucleic acid may also comprise a
combination of these elements in a single molecule.

“Nucleobase™ means a heterocyclic moiety capable of
pairing with a base of another nucleic acid.




B

| ORSITETS P O PR

US 9,593,333 B2

17

“Nucleohase complementarity™ refers to a nucleobase that
is capable of base pairing with another nucleobase. For
example, in DNA, adenine (A) is complementary to thymine
(T). For example, in RNA, adenine (A) is complementary to
uracil (U). In certain embodiments, complementary nucle-
obase refers to a nucleobase of an antisense compound that
is capable of base pairing with a nuclechase of its target
nucleic acid. For example, if a nucleobase at a certain
position of an antisense compound is capable of hydrogen
bonding with a nucleohase at a certain position of a target
nucleic acid, then the oligonucleotide and the target nucleic
acid are considered to be complementary at that nucleobase
pair.

“Nucleobase sequence” means the order of contiguous
nucleobases independent of any sugar. linkage. or nucle-
obase modification.

“Nucleoside” means a nuclecbase linked to a sugar.

“Nucleoside mimetic™ includes those structures used to
replace the sugar or the sugar and the base, and not neces-
sarily the linkage at one or more positions of an oligomeric
compound; for example nucleoside mimetics having mor-
pholino, cyclohexenyl, cyclohexyl, tetrahydropyranyl. bicy-
clo or tricyelo sugar mimeties such as non-furanose sugar
units.

“Nucleotide™ means a nucleoside having a phosphate
group covalently linked to the sugar portion of the nucleo-
side.

“Nucleotide mimetic” includes those structures used (o
replace the nucleoside and the linkage at one or more
positions of an oligomeric compound such as for example
peptide nucleic acids or morpholinos (morpholinos linked
by —N(H) - C(—0) 0O or other non-phosphodiester
linkage).

“Oligomeric compound” or “oligomer™ means a polymer
of linked monomeric subunits which is capable of hybrid-
izing to a region of a nucleic acid molecule. In certain
embodiments, oligomeric compounds are oligonucleosides.
In certain embodiments, oligomeric compounds are oligo-
nucleotides. In certain embodiments, oligomeric compounds
are antisense compounds. In certain embodiments, oligo-
meric compounds are antisense oligonucleotides. In certain
embodiments, oligomeric compounds are chimeric oligo-
nucleotides.

“Oligonucleotide” means a polymer of linked nucleosides
each of which can be modified or unmodified, independent
from one another.

“Parenteral administration™ means administration through
injection or infusion, Parenteral administration includes
subcutaneous administration, intravenous administration,
intramuscular administration, intraarterial administration,
intraperitoneal administration. or intracranial administra-
tion, e.g. intrathecal or intracerebroventricular administra-
tion. Administration can be continuous, chronic, short or
intermittent.

“Peptide” means a molecule formed by linking at least
two amine acids by amide bonds. Peptide refers to poly-
peptides and proteins.

“Pharmaceutical agent” means a substance that provides
a therapeutic benefit when administered to an individual. For
example, in certain embodiments, an antisense oligonucle-
otide targeted to ApoCIIl is pharmaceutical agent.

“Pharmaceutical composition™ or “composition” means a
mixture of substances suitable for administering to an indi-
vidual. For example, a pharmaceutical composition may
comprise one or more active agents and a pharmaceutical
carrier, such as a sterile aqueous solution.
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“Pharmaceutically acceptable carrier™ means a medium or
diluent that does not interfere with the structure of the
compound. Certain of such carriers enable pharmaceutical
compositions to be formulated as, for example, tablets, pills,
dragees, capsules. liquids. gels, syrups, slurries, suspension
and lozenges for the oral ingestion by a subject. Certain of
such carriers enable pharmaceutical compositions to be
formulated for injection, infusion or topical adminisiration.
For example, a pharmaceutically acceplable carrier can be a
sterile aqueous solution.

“Pharmaceutically acceptable derivative” or “salis”
encompasses derivatives of the compounds described herein
such as solvates, hydrates, esters, prodrugs, polvmorphs,
isomers, isotopically labelled varants, pharmaceutically
acceptable salts and other derivatives known in the art.

“Pharmaceutically acceptable salts” means physiologi-
cally and pharmaceutically acceptable salts of antisense
compounds, 1.e., salts that retain the desired biological
activity of the parent compound and do not impart undesired
toxicological effects thereto. The term “pharmaceutically
acceptable salt” or “salt” includes a salt prepared from
pharmaceutically acceptable non-toxic acids or bases,
including inorganic or organic acids and bases. Pharmaceu-
tically acceplable salts of the compounds described herein
may be prepared by methods well-known in the art. For a
review of pharmaceutically acceptable salts. see Stahl and
Wermuth, Handbook of Pharmaceuntical Salts: Properties,
Selection and Use (Wiley-VCH, Weinheim, Germany.
2002). Sodium salts of antisense oligonucleotides are useful
and are well accepled for therapeutic administration to
humans. Accordingly, in one embodiment the compounds
described herein are in the form of a sodium salt.

“Phosphorothioate linkage™ means a linkage between
nucleosides where the phosphodiester bond 1s modified by
replacing one of the non-bridging oxygen atoms with a
sulfur atom. A phosphorothioate linkage is a modified inter-
nucleoside linkage.

“Portion” means a defined number of contiguous (i e
linked) mucleobases of a nucleic acid. In certain embodi-
ments, a portion is a defined number of contiguous nucle-
obases of a target nucleic acid. In certain embodiments, a
portion is a defined number of contiguous nucleobases of an
antisense compound.

“Prevent” refers to delaying or forestalling the onset or
development of a disease, disorder, or condition for a period
of time from minutes to indefinitely. Prevent also means
reducing risk of developing a disease, disorder, or condition.

“Prodrug™ means a therapeutic agent that is prepared in an
inactive form that is converted to an active form (i.e., a drug)
within the body or cells thereof by the action of endogenous
enzymes or other chemicals or conditions.

“Raise” means to increase in amount. For example, to
raise plasma HDL levels means o increase the amount of
HDL in the plasma.

“Ratio of TG to HDL” means the TG levels relative to
HDL levels. The occurrence of high TG and/or low HDL has
been linked to cardiovascular disease incidence, outcomes
and mortality. “Improving the ratio of TG to HDL™ means to
decrease TG and/or raise HDL levels.

“Reduce™ means to bring down to a smaller extent. size.
amount, or number. For example, to reduce plasma triglyc-
eride levels means to bring down the amount of triglyceride
in the plasma.

“Region™ or “target region” 1s defined as a portion of the
target nucleic acid having at least one identifiable structure,
function. or characteristic. For example, a target region may
encompass a 3 UTR, a 5 UTR, an exon, an intron, an
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exon/intron junction, a coding region, a translation initiation
region, translation termination region, or other defined
nucleic acid region. The structurally defined regions for
ApoCIll can be obtained by accession number from
sequence databases such as NCBI and such information is
incorporated herein by reference. In certain embodiments, a
target region may encompass the sequence from a 5' target
site of one targetl segment within the target region to a 3'
larget site of another targel segment within the target region.

“Ribonucleotide™ means a nucleotide having a hydroxy at
the 2' position of the sugar portion of the nucleotide.
Ribonucleotides can be modified with any of a variety of
substituents,

“Second agent” or “second therapeutic agent” means an
agent that can be used in combination with a “first agent™.
A second therapeutic agent can include. but is not limited to,
an siRNA or antisense oligonucleotide including antisense
oligonucleotides targeting ApoCIIL A second agent can also
include anti-ApoCllI antibodies, ApoCIII peptide inhibitors,
DGAT]I inhibitors, cholesterol lowering agents, lipid low-
ering agents, glucose lowering agents and anti-inflammatory
agents.

“Segments” are defined as smaller, sub-portions of
regions within a nucleic acid. For example, a “target seg-

ment™ means the sequence of nucleotides of a target nucleic 2

acid to which one or more antisense compounds is targeted.
“5' target site” refers to the 5-most nucleotide of a target
segment. 3" target site” refers to the 3-most nucleotide of
a largel segment.

“Shortened™ or “truncated” versions of antisense oligo-
nucleotides or target nucleic acids taught herein have one,
two or more nucleosides deleted.

“Side effects™ means physiological responses atiributable
1o a wreatment other than the desired effects. In certain
embodiments, side effects include injection site reactions,
liver function test abnormalities, renal function abnormali-
ties, liver toxicity, renal toxicity, central nervous system
abnonmalities, myopathies, and malaise. For example,
increased aminotransferase levels in serum may indicate
liver toxicity or liver function abnormality. For example,
increased bilirubin may indicate liver toxicity or liver func-
tion abnormality.

“Single-stranded oligonucleotide”™ means an oligonucle-
otide which is not hybridized to a complementary strand.

“Specifically hybridizable” refers to an antisense com-
pound having a sufficient degree of complementarity to a
target nucleic acid to induce a desired effect, while exhib-
iting minimal or no effects on non-target nucleic acids under
conditions in which specific binding is desired, i.e. under
physiological conditions in the case of in vivo assays and
therapeutic treatments.

“Statin” means an agent that inhibits the activity of
HMG-CoA reductase, Statins reduce synthesis of cholesterol
in the liver by competitively inhibiting HMG-CoA reductase

activity. The reduction in intracellular cholesterol concen- 3

tration induces L.DL receptor expression on the hepatocyle
cell surface, which results in increased extraction of LDL-C
from the blood and a decreased concentration of circulating
LDL-C and other apo-B containing lipoproteins including
TG-rich particles. Independent of their effects on LDL-C
and LDL receptor, statins lower the plasma concentration
and cellular mRNA levels of ApoC-I1T (Ooi et al. Clinical
Sei, 2008, 114:611-624). As statins have significant effects
on mortality as well as most cardiovascular disease outcome
parameters, these drugs are the first choice to reduce both
total cardiovascular disease risk and moderately elevated TG
levels. More potent statins (atorvastatin, rosuvastatin, and
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pitavastatin) demonstrate a robust lowering of TG levels,
especially at high doses and in patients with elevated TG.
However, statins have been ineffective in treating LPLD
subjects with hypertriglyceridemia.

“Subcutaneous adminisiration™ means adminisiration just
below the skin.

“Subject” means a human or non-human animal selected
for treatment or therapy.

“Sympiom ol cardiovascular disease or disorder” means a
phenomenon that arises from and accompanies the cardio-
vascular disease or disorder and serves as an indication of it.
For example. angina; chest pain; shortness of breath; palpi-
tations: weakness; dizziness; nausea; sweating: tachycardia:
bradycardia; arrhythmia: atrial fibrillation; swelling in the
lower extremities: cyanosis; fatigue: fainting: numbness of
the face; numbness of the limbs; claudication or cramping of
muscles; bloating of the abdomen: or fever are symptoms of
cardiovascular disease or disorder.

“Targeting” or “targeted™ means the process of design and
selection of an antisense compound that will specifically
hybridize to a target nueleic acid and induce a desired eflect.

“Target nucleic acid,” “target RNA.” and “target RNA
transeript”™ all refer to a nucleic acid capable of being
targeted by antisense compounds.

“Therapeutic lifestyle change™ means dietary and lifestyle
changes intended o lower fat/adipose tissue mass and/or
cholesterol. Such change can reduce the risk of developing
heart disease, and may includes recommendations for
dietary intake of total daily calories. total fat, saturated fat.
polyunsaturated fat, monounsaturated fat, carbohydrate,
protein. cholesterol. nsoluble fiber, as well as recommen-
dations for physical activity.

“Treat” refers to administering a compound of the inven-
tion to effect an alteration or improvement of a disease.
disorder, or condition,

“Triglyceride” or “TG” means a lipid or neutral fat
consisting of glycerol combined with three fatty acid mol-
ecules.

“Type 2 diabetes,” (also known as “type 2 diabetes
mellitus”, “diabetes mellitus, type 27, “non-insulin-depen-
dent diabetes (NIDDM)", “obesity related diabetes”, or
“adult-onset diabetes™) is a metabalic disorder that is pri-
marily characterized by insulin resistance, relative insulin
deficiency, and hyperglycemia.

“Unmodified nucleotide™ means a nucleotide composed
of naturally occurring nuclecbases. sugar moieties, and
internucleoside  linkages. In certain embodiments, an
unmodified nucleotide is an RNA nucleotide (i.e. f-D-
ribonucleosides) or a DNA nucleotide (1.e. f-D-deoxyribo-
nucleoside).

“Wing segment” means one or a plurality of nucleosides
maodified to impart to an oligonucleotide properties such as
enhanced inhibitory activity, increased binding affinity for a
target nucleic acid, or resistance to degradation by in vivo
nucleases.

Certain Embodiments

Certain embodiments provide a method of reducing
ApoClIl levels in an animal with Fredrickson Type I dys-
lipidemia, FCS, LPLD, comprising administering a thera-
peutically effective amount of a compound comprising an
ApoCTIT specific inhibitor to the animal. Tn certain embodi-
ments, ApoCIIl levels are reduced in the liver, adipose
tissue, heart, skeletal muscle or small intestine.

Certain embodiments provide a method of treating, pre-
venting, delaying or ameliorating Fredrickson Type I dys-
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lipidemia. FCS, LPLD, in an animal comprising adminis-
tering a therapeutically effective amount of a compound
comprising an ApoCII specific inhibitor (o the animal. In
certain embodiments, a cardiovascular and/or metabolic
disease or disorder. or symptom or risk thereof, related to
Fredrickson Type I dyslipidemia, FCS, LPLD, 1s improved.

Certain embodiments provide a method of treating, pre-
venting, delaying or amelioraiing pancreatitis in an animal
with Fredrickson Type 1 dyslipidemia, FCS, LPLD, com-
prising administering a therapeutically effective amount of a
compound comprising an ApoCII specific inhibitor to the
animal. In certain embodiments, pancreatitis, or a symptom
or risk thereof, is improved.

Certain embodiments provide a method of reducing TG
levels in an animal with Fredrickson Type I dyslipidemia,
FCS, LPLD, comprising administering a therapeutically
effective amount of a compound comprising an ApoCIIT
specific inhibitor to the animal.

In certain embodiments. the animal has a TG level of at
least =1200 mg/dl, =1100 mg/dl.. =1000 mg/dl., =900
mg/dl., =880 mg/dl., =830 mg/dl., =800 mg/dl., =750
mg/dlL, =700 mg/dl, =650 mg/dL, =600 mg/dL, =550
mg/dL, =500 mg/dl, =450 mg/dL, =440 mg/dL, =400
mg/dl, =350 mg/dl, =300 mg/dl, =250 mgfdlL, =200
mg/dl., =150 mg/dL. In certain embodiments, the animal has
a history of TG level =880 mg/dL., fasting TG level 2750
mg/dL and/or TG level =440 mg/dL after dieting.

In certain embodiments, the compound decreases TGs
{postprandial or [asting) by at least 90%, by at least 80%, by
at least 70%, by at least 60%, by at least 50%. by at least
45%, at least 40%. by at least 35%, by at least 30%, by at
least 25%, by at least 20%, by at least 15%, by at least 10%,
by at least 5% or by at least 1% from the baseline TG level.
In certain embodiments, the TG (postprandial or [asling)
level is =1900 mg/dL. <1800 mg/dL, =1700 mg/dL, <1600
mg/dl., =1500 mg/dl. <1400 mg/dl., =1300 mg/dL., =1200
mg/dl, =1100 mg/dL, =1000 mg/dL, s900 mg/dL, =800
mg/dl, =750 mg/dL, =700 mg/dL, =650 mg/dL, =600
mg/dlL, =550 mg/dl., =500 mg/dl, =450 mg/dL, =400
mg/dl., =350 mg/dl., =300 mg/dl., =250 mg/dl, =200
mg/dl., =150 mg/dL or =100 mg/dL.

Certain embodiments provide a method of increasing
HDL levels and/or improving the ratio of TG to HDL in an
animal with Fredrickson Type | dyslipidemia, FCS. LPLD,
comprising administering a therapeutically effective amount
of a compound comprising an ApoCIIT specific inhibitor to
the animal. In certain embodiments, the compound increases
HDL (postprandial or fasting) by at least 90%, by at least
80%, by at least 70%, by at least 60%, by at least 50%, by

at least 45%, at least 40%, by at least 35%, by at least 30%, s

by at least 25%. by at least 20%,. by at least 15%. by at least
10%, by at least 5% or by at least 1% from the baseline HDL
level.

In certain embodiments, the compound decreases ApoCIIl

by about 81%, decreases TG by about 69%, decreases s

VLDL ApoCIIl by about 80%. increases HDL by about
78%, decreases non-HDL-C by about 38% and/or decreases
ApoB by about 13%.

Certain embodiments provide a method of preventing,
delaying or ameliorating a cardiovascular and/or metabolic
disease, disorder, condition, or symptom thereof, in an
animal with Fredrickson Type I dyslipidemia, FCS, LPLD,
comprising administering a therapeutically effective amount
of a compound comprising an ApoCIIl specific inhibitor to
the animal. In certain embodiments, the compound prevents,
delays or ameliorates the cardiovascular and/or metabolic
disease, disorder, condition, or symptom thercof, in the
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animal with Fredrickson Type 1 dyslipidemia, FCS, LPLD,
by decreasing TG levels, increasing HDL levels in the
animal and/or improving the ratio of TG to HDL.

Certain embodiments provide a method of preventing,
delaying or ameliorating pancreatitis, or symptom thereof, in
an animal with Fredrickson Type [ dyslipidemia, FCS,
LPLD, comprising administering a therapeutically effective
amount of a compound comprising an ApoCIII specific
inhibitor to the animal. In certain embodiments. the com-
pound prevents. delays or ameliorates pancreatitis, or symp-
tom thereof, in the animal with Fredrickson Type 1 dyslipi-
demia. FCS, LPLD, by decreasing TG levels, increasing
HDL levels in the animal and/or improving the ratio of TG
w HDL,

Certain embodiments provide a method of preventing,
delaying or ameliorating pancreatitis, or symptom thereof, in
an animal with Fredrickson Type [ dyslipidemia, FCS,
LPLD, comprising administering a therapeutically elfective
amount of a compound comprising an ApoCIIT specific
inhibitor to the animal. In certain embodiments. the com-
pound prevents. delays or ameliorates the pancreatitis, or
symptom thereof, in the animal with Fredrickson Type [
dyslipidemia, FCS, LPLD, by decreasing TG levels. increas-
ing HDL levels in the animal and/or improving, the ratio of
TG 1o HDL,

Cenrtain embodiments provide a method of preventing,
treating, ameliorating, delaying the onset, or reducing the
risk of, a cardiovascular disease, disorder or condition in an
animal with Fredrickson Type I dyslipidemia, FCS, LPLI.
comprising administering a therapeutically effective amount
af a compound comprising an ApoCIII specific inhibitor 1o
the animal. In certain embodiments, the compound prevents.
treats, ameliorates, delays the onset, or reduces of the risk of
the cardiovascular disease, disorder or condition in the
animal with Fredrickson Tvpe [ dyvslipidemia, FCS, LPLD,

5 by decreasing TG levels, increasing HDL levels and/or

improving the ratio of TG to HDL.

Certain embodiments provide a method of decreasing
CETP, VLDL, VLDL ApoCIIl. cholesterol, chylomicrons
and/or ApoB levels in an animal with Fredrickson Type [
dyslipidemia, FCS, LPLD, comprising administering a
therapeutically effective amount of a compound comprising
an ApoCIIT specific inhibitor to the animal. In certain
embodiments, the ApoB is ApoB-48 or ApoB-100. In certain
embodiments, the amount of ApoB-48 reflects the amount of
chylomicrons in the animal. In certain embodiments. the
cholesterol is total cholesterol or non-HDL-cholesterol.

Certain embodiments provide a method of increasing
ApoAl, PONI1, fat clearance, chylomicron-triglyceride
{CM-TG) elearance and/or HDL in an animal with Fredrick-
son Type | dyslipidemia. FCS, LPLD, comprising adminis-
tering a therapeutically effective amount of a compound
comprising an ApoCIIl specific inhibitor to the animal.
Certain embodiments provide a methed for improving the
ratio of TG to HDL in an animal with Fredrickson Type |
dyslipidemia, FCS, LPLD comprising administering a thera-
peutically effective amount of a compound comprising an
ApoCTII specific inhibitor to the animal.

Certain embodiments provide a method for treating adult
patients with Fredrickson Type [ dyslipidemia, FCS, LPLD
suffering from severe or multiple pancreatitis attacks com-
prising comprising administering a therapeutically effective
amount of a compound comprising an ApoCIIT specific
inhibitor to the patient. In certain embodiments, the patient
suflers from pancreatitis despite dietary fat restrictions.

Certain embodiments provide a method for identifying a
subject suffering from Fredrickson Type | dyslipidemia,
FCS. LPLD. comprising genetically screening the subject.
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Certain embodiments provide a method for identifving a
subject at risk for Fredrickson Type [ dyslipidemia, FCS,
LPLD, comprising genetically screening the subject. In
certain embodiments the genetic screening is performed by
sequence analysis of the gene or RNA transcript encoding
LPL or ApoC-II. In certain embodiments, the subject is
genetically screened for at least one mutation in the LPL
gene such as P207L, G188L, DIN or other mutations that
affect LPL (Brunzell, In: Pagon R A, Adam M P, Bird T D,
Dolan C R, Fong C T, Stephens K. editors. GeneReviews™
[lnternet]. Seatile (Wash.): University of Washington,
Seattle; 1993-2013. 1999 Oct. 12 [updated 2011 Dec. 15]).

Certain embodiments provide a method for identifying a
subject suffering from Fredrickson Type | dyslipidemia,
I'CS, LPLD, comprising screening the subject for the pres-
ence of LPL inhibkiting antibodies. Certain embodiments
provide a method for identifying a subject at risk for
Fredrickson Type I dyslipidemia, FCS. LPLD, comprising
screening the subject for the presence of LPL inhibiting
antibodies.

In certain embodiments, the level of LPL expression in a
LPLD subject is undetectable. In certain embodiments, the
level of LPL in a LPLD subject is detectable. In certain
embodiments, the level of LPL in the LPLD subject is at
most 25%. at most 24%. at most 23%. at most 22%, at most
21%, at most 20%, at most 19%, at most 18%, at most 17%,
at most 16%, at most 13%, at most 14%, at most 13%, at
most 12%, at most 11%,. al most 10%, at most 9%, at most
8%, at most 7%. at most 6%, at most 5%, at most 4%, at
most 3%, at most 2% or at most 1% of the LPL level of a
non-LPLD subject.

In certain embodiments, the level of LPL activity in a
LPLD subject is undetectable, In certain embodiments, the
level of LPL activity in a LPLD subject is detectable. In
certain embodiments, the level of LPL activity in the LPLD
subject 1s at most 25%., at most 24%, at most 23%. at most
22%, at most 21%, at most 20%, at most 19%, at most 18%,
at most 17%, at most 16%, at most 15%, at most 14%, at
most 13%, at most 12%, at most 11%, at most 10%, at mos1
9%, at most 8%, at most 7%, at most 6%, at most 5%, at
most 4%, at most 3%, at most 2% or at most 1% of the L.PL
activity level of a non-LPLD subject. In certain embodi-
ments, the ApoCIII nucleic acid is any of the sequences set
forth in GENBANK Accession No. NM_000040.1 (incor-
porated herein as SEQ D NO: 1), GENBANK Accession
No. NT_033899.8 truncated from nucleotides 20262640 to
20266603 (incorporated herein as SEQ 1D NO: 2), and
GenBank Accession No. NT_033088.1 truncated from

nucleotides 6238608 to 6242565 (incorporated herein as s

SEQ 1D NO: 4).

In certain embodiments, the ApoCIII specific inhibitor is
a nucleic acid, peptide, antibody. small molecule or other
agent capable of inhibiting the expression of ApoCIIL In

certain embodiments, the nucleic acid is an antisense com- 3

pound targeting ApoCIIL. In certain embodiments, the anti-
sense compound is an antisense oligonucleotide. In certain
embodiments, the antisense oligonucleotide is a modified
oligonucleotide. In certain embodiments, the modified oli-
gonucleotide has a sequence complementary to SEQ) 1D NO:
1, 8EQ ID NO: 2 or SEQ ID NO: 4. In certain embodiments,
the modified oligenucleotide is at least 70%, at least 75%, at
least 80, at least 85%, at least 90%, at least 95%, at least
98% or at least 100% complementary to SEQ 1D NO: 1,
SEQ 1D NO: 2 or SEQ ID NO: 4.

In certain embodiments, the modified oligonucleotide has
a nucleobase sequence comprising at least 8 contignous
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nucleobases of an antisense oligonucleotide complementary
to an ApoCTIL In certain embodiments, the modified oligo-
nucleotide has a nucleobase sequence comprising at least 8
contiguous nucleobases of 18IS 304801 (SEQ ID NO: 3). In
certain embodiments. the modified oligonucleotide has a
nucleobase sequence of I1SIS 304801 (SEQ ID NO: 3). In
certain embodiments, the modified oligonucleotide targeting
ApoCTIl has a sequence other than that of SEQ 1D NO: 3.
In certain embodiments, the modified oligonucleotide has a
nucleobase sequence comprising at least 8 contignous nucle-
obases of a sequence selected from any sequence disclosed
in 11.S. Pat. No. 7,598,227, U.S. Pat. No. 7,750,141, PCT
Publication WO 2004/093783 or PCT Publication WO
2012/149495, all incorporated-by-reference herein. In cer-
tain embodiments, the medified oligonucleotide has a
sequence selected from any sequence disclosed in ULS. Pat.
No. 7,598,227, U.8. Pat. No. 7,750,141, PCT Publication
WO 2004/093783 or PCT Publication WO 2012/149495, all
incorporated-by-reference herein.

In certain embodiments, the modified oligonucleotide
consists of a single-stranded modified oligonucleotide.

In certain embodiments, the modified oligonucleotide
consists of 12-30 linked nucleosides.

In certain embodiments, the modified oligonucleotide
consists of 20 linked nucleosides. In certain embodiments.
the modified oligonucleotide consists of 20 linked nucleo-
sides and the nuclecbase sequence of ISIS 304301 (SEQ 1D
NO: 3),

In certain embodiments. the compound comprises at least
one modified internucleoside linkage. In certain embodi-
ments, the internucleoside linkage is a phosphorothioate
internucleoside linkage. In certain embodiments, each inter-
nucleoside linkage is a phosphorothioate internucleoside
linkage.

In certain embodiments, the compound comprises at least
one nucleoside comprising a modified sugar. In certain
embodiments, the at least one modified sugar is a bicyclic
sugar, In certain embodiments, the at least one modified
sugar comprises a 2'-O-methoxyethyl.

In certain embodiments, the compound comprises al least
one nucleoside comprising a modified nucleobase. In certain
embodiments, the modified nucleobase is a 5-methylcyto-
sine,

In certain embodiments, the compound comprises a modi-
fied oligonucleotide comprising: (i) a gap segment consist-
ing of linked deoxynucleosides; (ii) a 5' wing segment
consisting of linked nucleosides: (iii) a 3' wing segment
consisting of linked nucleosides, wherein the gap segment 1s
positioned immediately adjacent to and between the §' wing
segment and the 3' wing segment and wherein each nucleo-
side of each wing segment comprises a modified sugar.

In certain embodiments, the compound comprises a modi-
fied oligonucleotide comprising: (i) a gap segment consist-
ing of 8-12 linked deoxynucleosides: (1) a 5' wing segment
consisting of 1-5 linked nucleosides; (iii) a 3' wing segment
consisting of 1-5 linked nucleosides, wherein the gap seg-
ment is positioned immediately adjacent to and between the
5" wing segment and the 3" wing segment, wherein each
nucleoside of each wing segment comprises a 2'-0-
methoxyethyl sugar, wherein each cytosine is a 5-methyl-
cytosine, and wherein each intermucleoside linkage is a
phosphorothioate linkage.

In certain embodiments, the compound comprises a modi-
fied oligonucleotide comprising: (i) a gap segment consist-
ing of ten linked deoxynucleosides; (ii) a 5' wing segment
consisting of five linked nucleosides: (iii) a 3' wing segment
consisting of five linked nucleosides, wherein the gap seg-
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ment is positioned immediately adjacent to and between the
5" wing segment and the 3' wing segment, wherein each
nucleoside of each wing segment comprises a 2-0-
methoxyethyl sugar. wherein each cytosine is a 5-methyl-
cytosine, and wherein each internucleoside linkage is a
phosphorothicate linkage.

Certain embodiments provide a method of reducing the
risk of a cardiovascular disease in an animal with Fredrick-
son Type I dyslipidemia, FCS, LPLD, by administering to
the animal a therapeutically effective amount of a compound
comprising a modified oligonueleotide consisting of 12 to 30
linked nucleosides, wherein the modified oligonucleotide is
complementary o an ApoClII nucleic acid and wherein the
modified oligonucleotide decreases TG levels. increases
HDL levels and/or improves the ratio of TG to HDL. In
certain embodiments, the ApoCIII nucleic acid is SEQ 1D
NO: 1, SEQ ID NO: 2 or SEQ ID NO: 4. In certain
embodiments, the modified oligonucleotide is at least 70%,
least 75%, least 80%, at least 85%, at least 90%, at least
95%., at least 98% or 100% complementary to SEQ 11D NO:
1, 83EQ ID NO: 2 or SEQ 1D NO: 4, In certain embodiments,
the modified oligonucleotide comprises at least 8 contiguous
nucleobases of an antisense oligonucleotide targeting
ApoCIIL In further embodiments, the modified oligonucle-
otide comprises at least 8 contiguous nucleobases of the
nucleobase sequence of ISIS 304801 (SEQ 1D NO: 3).

Certain embodiments provide a method of preventing,
treating, ameliorating, or reducing at least one symptom of
a cardiovascular disease in an animal with Fredrickson Type
1 dyslipidemia, FCS, LPLD, comprising administering 1o the
animal a therapeutically effective amount of a compound
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and is complementary to an ApoCIII
nucleic acid. In certain embodiments, the ApoCIIl nucleic
acid 1s either SEQ 1D NO: 1, SEQ 1D NO: 2 or SEQ ID NO:
4. In certain embodiments, the modified oligonucleotide is at
least 70%, least 75%, at least 80%, at least 85%, at least
90%, at least 95%, at least 98% or 100% complementary to
SEQID NO: 1, SEQ 1D NO: 2 or SEQ 1D NO: 4. In further
embodiments, the modified oligonucleotide administered 1o
the animal prevents, treats, ameliorates or reduces at least
one symptom of the cardiovascular disease by decreasing
TG levels, increasing HDL levels and/or improving the ratio
of TG to HDL. In certain embodiments, the modified oli-
gonucleotide comprises at least 8 contiguous nucleobases of
an antisense oligonucleotide targeting ApoCIIL In further
embodiments, the modified oligonucleotide comprises at
least 8 contiguous nucleobases of SIS 304801 (SEQ) ID NO:
3)

In further embodiments, symptoms of a cardiovascular 3

disease include, but are not limited to. angina; chest pain:
shortness of breath; palpitations; weakness: dizziness; nau-
sea; sweating; tachycardia; bradycardia; arrthythmia; atrial
fibrillation; swelling in the lower extremities; cyanosis;

fatigue; fainting; numbness of the face; numbness of the 3

limbs: claudication or cramping of muscles; bloating of the
abdomen: or fever.

Certain embodiments provide a method of decreasing TG
levels, raising HDL levels and/or improving the ratio of TG
to HDL in an animal with Fredrickson Type | dyslipidemia,
FCS, LPLD, by administering to the animal a therapeutically
effective amount of a compound consisting of a modified
oligonucleotide targeting ApoCIIl. Further embodiments
provide a method of preventing, treating, ameliorating or
reducing at least one symptom of a cardiovascular and/or
metabolic disease, disorder, condition, or symptom thereof,
in the animal by administering to the animal a compound
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consisting of' a modified oligonucleotide targeting ApoCIIL
thereby decreasing TG levels, increasing the HDL levels
and/or improving the ratio of TG to HDL in the animal.

Certain embodiments provide a method of decreasing TG
levels, raising HDL levels and/or improving the ratio of TG
to HDL in an animal with Fredrickson Type I dyslipidemia,
FCS.LPLD, by administering to the animal a therapeutically
effective amount of a compound consisting of the nucle-
obase sequence of ISIS 304801 (SEQ ID NO: 3). Further
embodiments provide a method of preventing, treating,
ameliorating or reducing at least one symptom of a cardio-
vascular and/or metabolic disease, disorder, condition, or
symptom thereof, in the animal by administering to the
animal a compound consisting of the nucleobase sequence
of ISIS 304801 (SEQ 1D NO: 3), thereby decreasing TG
levels, increasing the HDL levels and/or improving the ratio
of TG to HDL in the animal.

Certain embodiments provide a method of decreasing TG
levels, raising HDL levels and/or improving the ratio of TG
to HDL in an animal with Fredrickson Type I dyslipidemia,
FCS. LPLD, by administering to the animal a therapeutically
effective amount of a modified oligonucleotide having the
sequence of ISIS 304801 (SEQ ID NO: 3). wherein the
modified oligonucleotide comprises: (1) a gap segment con-
sisting of ten linked deoxvnucleosides; (ii) a 5' wing seg-
ment consisting of five linked nucleosides; (111) a 3' wing
segment consisting of five linked nucleosides, wherein the
gap segment is positioned immediately adjacent to and
between the 5' wing segment and the 3' wing segment.
wherein each nucleoside of each wing segment comprises a
2-0O-methoxyethyl sugar, wherein each cytosine is a 5-meth-
yleytosine, and wherein each internucleoside linkage is a

. phosphorothioate linkage.

Certain embodiments provide a method of preventing,
delaying, treating. ameliorating, or reducing at least one
symptom of a cardiovascular and/or metabolic disease,
disorder, condition, or symptom thereof, in an animal with
Fredrickson Type 1 dyslipidemia, FCS, LPLD, by adnuinis-
tering to the animal a therapeutically effective amount of a
modified oligonucleotide targeting ApoCIII, wherein the
modified oligonucleotide of the compound comprises: (1) a
gap segment consisting of ten linked deoxynucleosides; (ii)
a 5 wing segment consisting of five linked nucleosides: (iii)
a 3 wing segment consisting of five linked nucleosides.
wherein the gap segment is positioned immediately adjacent
0 and between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
2-0-methoxyethyl sugar, wherein each cytosine is a 5-meth-
yleytosine. and wherein each internucleoside linkage is a
phosphorothioate linkage.

Certain embodiments provide a method of preventing,
delaying, treating. ameliorating, or reducing at least one
svimptom of a cardiovascular and/or metabolic disease,
disorder, condition, or symptom thereof, in an animal with
Fredrickson Type 1 dyslipidemia, FCS. LPLD, by adminis-
tering to the animal a therapeutically effective amount of a
modified oligonucleotide having the sequence of ISIS
304801 (SEQ 1D NO: 3), wherein the modified oligonucle-
otide of the compound comprises: (i) a gap segment con-
sisting of ten linked deoxynucleosides; (ii) a 5' wing seg-
ment consisting of five linked nucleosides: (iii) a 3' wing
segment consisting of five linked nucleosides, wherein the
gap segment is positioned immediately adjacent to and
between the 5 wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
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2'-0-methoxyethyl sugar, wherein each cytosine is a 5-meth-
yleytosine, and wherein each internucleoside linkage is a
phosphorothioate linkage.

Certain embodiments provide a method of decreasing TG
levels, raising the HDL levels and/or improving the ratio of
TG to HDL in an animal with Fredrickson Type T dyslipi-
demia, FCS, LPLID, by administering to the animal a thera-
peutically effective amount of a compound comprising a
modified oligonucleotide consisting of 12 10 30 linked
nucleosides, wherein the modified oligonucleotide is
complementary to an ApoCIIl nucleic acid. In certain
embodiments, the ApoCIII nucleic acid is either SEQ 1D
NO: 1, SEQ ID NO: 2 or SEQ ID NO: 4. In cerlain
embodiments, the modified oligonucleotide is at least 80%,
at least 85%, at least 90%, at least 95%, at least 98% or at
least 100% complementary to SEQ 1D NO: 1. SEQ 1D NO:
2 or SEQ 1D NO: 4.

Certain embodiments provide a method of preventing,
delaying, treating, amelioraling, or reducing at least one
symptom of a cardiovascular and/or metabolic disease,
disorder, condition, or symptom thereof, in an animal with
Fredrickson Type 1 dyslipidemia, FCS, LPLD, by adminis-
tering to the animal a compound comprising a therapeuti-
cally effective amount of a modified oligonucleotide con-
sisting of 12 to 30 linked nucleosides, wherein the moditied
oligonucleotide is complementary to an ApoCIIl nucleic
acid, and decreases TG levels and/or raises the HDL levels
in the animal. In certain embodiments, the ApoCIT nucleic
acid 1s either SEQ 1D NO: 1, SEQ 1D NO: 2 or SEQ ID NO:
4. In certain embodiments, the modified oligonucleotide 1s at
least 804, at least B5%. at least 90%, at least 95%, at least
98% or at least 100% complementary to SEQ 1D NO: 1,
SEQ ID NO: 2 or SEQ ID NO: 4.

In certain embodiments, the animal is human.

In certain embodiments, the cardiovascular disease is
aneurysm. angina, arrhythmia, atherosclerosis, cerebrovas-
cular disease, coronary heart disease, hypertension, dyslipi-
demia, hyperlipidemia, hypertriglyceridemia or hypercho-
lesterolemia. In certain embodiments, the dyslipidemia is
hypertriglyceridemia or chylomicronemia (e.g.. FCS). In
certain embodiments, the metabolic disease is diabetes,
obesity or metabolic syndrome.

In certain embodiments, the animal with Fredrickson
Type I dyslipidemia, FCS, LPLD, is at risk for pancreatitis.
In certain embodiments, reducing ApoClII levels in the liver
and/or small intestine prevents pancreatitis. In certain
embodiments, reducing TG levels. raising HDL levels and/
or improving the ratio of TG to HDL prevents pancreatitis.

In certain embodiments, reducing ApoCIII levels in the

liver and/or small intestine of an animal with Fredrickson s

Type 1 dyslipidemia, FCS, LPLD, enhances clearance of
postprandial TG. In certain embodiments, raising HDL
levels and/or improving the ratio of TG to HDL enhance
clearance of posiprandial TG in an animal with Fredrickson

Type 1 dyslipidemia, FCS, LPLD. In certain embodiments, 3

reducing ApoClll levels in the liver and/or small intestine
lowers postprandial triglyceride in an animal with Fredrick-
son Type 1 dyslipidemia, FCS, LPLD. In certain embodi-
ments, raising HDL levels and/or improving the ratio of TG
to HDL lowers postprandial TG.

In certain embodiments, reducing ApoClll levels in the
liver and/or small intestine of an animal with Fredrickson
Type I dyslipidemia, FCS, LPLD. improves the ratio of HDL
o TG.

In certain embodiments, the compound is parenterally
administered. In further embodiments, the parenteral admin-
istration is subcutaneous.
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In certain embodiments, the compound is co-administered
with a second agent or therapy. In certain embodiments, the
second agent is an ApoCIII lowering agent, Apo C-IT low-
ering agent, DGATI lowening agent, LPL raising agent.
cholesterol lowering agent, non-HDL lipid lowering agent.
LDL lowering agent, TG lowering agent, cholesterol low-
ering agent, HDL raising agenl, fish oil, niacin (nicotinic
acid), fibrate, statin, DCCR (salt of diazoxide), glucose-
lowering agent or anti-diabetic agents. In certain embodi-
ments, the second therapy is dietary fat restriction.

In certain embodiments, the ApoCII lowering agents
include an ApoClIl antisense oligonucleotide different from
the first agent, fibrate or an Apo B antisense oligonucleotide.

In certain embodiments, the DGAT1 lowering agent is
LCQUOS.

In certain embodiments, the LPL raising agents include
gene therapy agents that raise the level of LPL (e.g.. Gly-
bera®. normal copies of ApoC-1I. GPTHBPI, APOAS,
LMF1 or other genes that, when mutated, can lead to
dystunctional LPL).

In certain embodiments, the glucose-lowering and/or anti-
diabetic agents include, but are not limited to, PPAR agomst,
a dipeptidyl peptidase (IV) inhibitor, a GLP-1 analog, insu-
lin or an insulin analog, an insulin secretagogue, a SGL'T2
inhibitor, a human amylin analog, a biguanide, an alpha-
glucosidase inhibitor, metformin, sulfonylurea, rosiglita-
zone, meglitinide, thiazolidinedione, alpha-glucosidase
inhibitor and the like. The sulfonylurea can be acetohexam-
ide, chlorpropamide, tolbutamide, tolazamide, glimepiride,
a glipizide, a glyburide, or a gliclazide. The meglitinide can
he nateglinide or repaglinide. The thiazolidinedione can be
pioglitazone or rosiglitazone. The alpha-glucosidase can be
acarbose or miglitol.

In certain embodiments, the cholesterol or lipid lowering
agents include, but are not limited to, statins, bile acids
sequestrants, nicotinic acid and fibrates. The statins can be
atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin
and simvastatin and the like. The bile acid sequestrants can
be colesevelam, cholestyramine, colestipol and the like. The
fibrates can be gemfibrozil. fenofibrate, clofibrate and the
like. The therapeutic lifestyle change can be dietary fat
restriction.

In certain embodiments, the HDL. increasing agents
include cholesteryl ester transfer protein (CETP) inhibiting
drugs (such as Torcetrapib). peroxisome proliferation acti-
vated receptor agonists, Apo-Al, Pioglitazone and the like.

In certain embodiments, the compound and the second
agent are administered concomitantly or sequentially,

In certain embodiments. the compound is a salt form. In
further embodiments, the compound further comprises of a
pharmaceutically acceptable carrier or diluent.

Certain embodiments provide a compound comprising an
ApoCTIl specific inhibitor for use in the preparation of a
medicament for treating, preventing. delaving or ameliorat-
ing Fredrickson Type [ dyslipidemia, FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoClIl specilic inhibitor in the preparation of a
medicament for decreasing ApoCIII levels in an animal with
Fredrickson Type | dyslipidemia, FCS, LPLD. In certain
embodiments, ApoClll levels are decreased in the liver or
small intestine.

Certain embodiments provide a use of' a compound com-
prising an ApoClIl specific inhibitor in the preparation of a
medicament for decreasing TG levels, increasing HDL lev-
els and/or improving the ratio of TG to HDL in an animal
with Fredrickson Type 1 dyslipidemia, FCS, LPLD.
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Certain embodiments provide use of a compound com-
prising an ApoCTII specific inhibitor in the preparation of a
medicament for preventing, treating. ameliorating or reduc-
ing at least one symptom of a cardiovascular or metabolic
disease by decreasing TG levels, increasing HDL levels
and/or improving the ratio of TG to HDL in an animal with
Fredrickson Type 1 dyslipidemia, FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoCIII specific inhibitor in the preparation of a
medicament for treating an animal with Fredrickson Type 1
dyslipidemia, FCS, LPLD, at risk for or having pancreatitis.

In certain embodiments. the ApoCIIT specific inhibitor
used in the preparation of a medicament is a nueleic acid,
peplide, antibody, small molecule or other agent capable of
inhibiting the expression of ApoCIIL In certain embodi-
ments, the nucleic acid is an antisense compound. In certain
embodiments, the antisense compound is a modified oligo-
nucleotide targeting ApoClIIL In certain embodiments, the
modified oligonucleotide has a nucleobase sequence com-
prising at least 8 contiguous nucleobases of ISIS 304801
(SEQ 1D NO: 3). In certain embodiments, the modified
oligonucleotide is at least 70%, at least 75%, at least 80%,
at least B5%, at least 90%, at least 95%, at least 98% or at
least 100% complementary o SEQ ID NO: 1, SEQ [D NO:
2 or SEQ ID NQO: 4.

Certain embodiments provide a compound comprising an
ApoCIIl specific inhibitor for use in treating, preventing,
delaying or ameliorating Fredrickson Type T dyslipidemia,
FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoClIl specific inhibitor for decreasing ApoCII1
levels in an animal with Fredricksen Type I dyslipidemia,
FCS, LPLD. In certain embodiments, ApoCIIl levels are
decreased in the liver or small intestine,

Certain embodiments provide a use of a compound com-
prising an ApoCIIl specific inhibitor for decreasing TG
levels, increasing HDL levels and/or improving the ratio of
TG 1o HDL in an animal with Fredrickson Type I dyslipi-
demia, FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoC111 specific inhibitor for preventing, treating,
ameliorating or reducing at least one symptom of a cardio-
vascular disease by decreasing TG levels, inereasing HDL
levels and/or improving the ratio of TG to HDL in an animal
with Fredrickson Type I dyslipidemia, FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoCIII specific inhibitor for treating an animal
with Fredrickson Type I dyslipidemia, FCS, LPLD, at risk
for or having pancreatitis,

In certain embodiments, the ApoCIIl specific inhibitor s

used is a nucleic acid, peptide, antibedy, small molecule or
other agent capable of inhibiting the expression of ApoCIII.
In certain embodiments, the nucleic acid is an antisense
compound. In certain embodiments, the antisense compound

is a modified oligonueleotide targeting ApoClIL In certain 3

embodiments, the modified oligonucleotide has a nucle-
obase sequence comprising at least 8 contiguous nucle-
obases of ISIS 304801 (SEQ ID NO: 3), In certain embodi-
ments, the medified oligonucleotide is at least 70%, at least
75%, at least 80%, at least 85%. at least 90%, at least Y5%,
at least 98% or at least 100% complementary to SEQ 1D NO:
1, SEQ 1D NO: 2 or SEQ 1D NO: 4.

Certain embodiments provide a composition comprising
an ApoClII specific inhibitor for use in: reducing TG levels
in an animal with Fredrickson Type | dyslipidemia, FCS,
LPLD increasing HDL levels and/or improving the ratio of
TG to HDL in an animal with Fredrickson Type I dyslipi-
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demia. FCS, LPLD: preventing. delaying or ameliorating a
cardiovascular and/or metabolic disease, disorder, condition,
or a symptom thereof, in an animal with Fredrickson Type
I dyslipidemia, FCS, LPLD; and/or preventing, delaying or
ameliorating pancreatitis, or a symptom thereof, in an ani-
mal with Fredrickson Type 1 dyslipidemia, FCS, LPLD. In
certain embodiments, the ApoCIII specific inhibitor is a
nmucleic acid, peptide. antibody, small molecule or other
agent capable of inhibiting the expression of ApoCIIL In
certain embodiments, the nucleic acid is an antisense com-
pound. In certain embodiments, the antisense compound is
a modified oligonucleotide targeting ApoClIl In certain
embodiments, the modified oligonucleotide has a nucle-
obase sequence comprising at least 8 contiguous nucle-
obases of 1SIS 304801 (SEQ 11D NO: 3). In certain embodi-
ments, the modified oligonucleotide is at least 70%, at least
T5%, at least 80%, at least 85%, at least 90%, at least 95%,
at least 98% or at least 100% complementary to SEQ ID NO:
1, SEQ ID NO: 2 or SEQ ID NO: 4,

Certain embodiments provide a composition to reduce TG
levels in an animal with Fredrickson Type 1 dyslipidemia,
FCS, LPLD; increase HDL levels and/or improving the ratio
of TG to HDL in an animal with Fredrickson Type |
dyslipidemia, FCS, LPLID; prevent. delay or ameliorate a
cardiovascular and/or metabolic disease, disorder, condition.
or a symptom thereof, in an animal with Fredrickson Type
I dyslipidemia, FCS, LPLI) and/or prevent, delay or ame-
liorate pancreatitis, or a symptom thereof, in an animal with
Fredrickson Type 1 dyslipidemia, FCS, LPLD, comprising
an ApoCIII specific inhibitor. In certain embodiments, the
ApoCIIT specific inhibitor is a nucleic acid, peptide, anti-
body, small molecule or other agent capable of inhibiting the
expression of ApoClIL In certain embodiments, the nucleic

5 acid is an antisense compound. In certain embodiments, the

antisense compound is a modified oligonucleotide targeting
ApoClIIL In certain embodiments, the modified oligonucle-
ofide has a nuclecbase sequence comprising at least 8
contiguous nucleobases of 1SIS 304801 (SEQ [D NO: 3). In
cerlain embodiments, the modified oligonucleotide is at least
TO%, at least 75%, at least 80%, at least 85%, at least 90%.
at least 95%, at least 98% or at least 100% complementary
to SEQ ID NO: 1, SEQ 1D NO: 2 or SEQ ID NO: 4.
Antisense Compounds

Oligomeric compounds include, but are not limited to.
oligonucleotides, oligonucleosides, oligonucleotide analogs.,
oligonucleotide mimetics. antisense compounds, antisense
oligonucleotides, and siRNAs. An oligomeric compound
may be “antisense” to a target nucleic acid, meaning that it
is capable of undergoing hybridization to a target nucleic
acid through hydrogen honding.

Antisense compounds provided herein refer to oligomeric
compounds capable of undergoing hybridization to a target
nucleic acid through hydrogen bonding, Examples of anti-
sense compounds include single-stranded and double-
stranded compounds, such as, antisense oligonucleotides.
siRNAs, shRNAs, and miRNAs.

In certain embodiments, an antisense compound has a
nucleobase sequence that, when written in the 5 1w 3'
direction, comprises the reverse complement of the target
segment of a target nucleic acid to which it is targeted. In
certain such embodiments, an antisense oligonucleotide has
a nucleobase sequence that, when written in the 5' to 3'
direction, comprises the reverse complement of the target
segment of a target nucleic acid to which it is targeted.

In certain embodiments, an antisense compound targeted
o an ApoCIIT nucleic acid is 12 to 30 nucleotides in length.
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In other words, antisense compounds are from 12 to 30
linked nucleobases. In other embodiments, the antisense
compound comprises a modified oligonucleotide consisting
of 8 to 80, 10 to 80, 12 to 50, 15 to 30, 18 to 24, 19 10 22,
or 20 linked nucleobases. In certain such embodiments, the
antisense compound comprises a modified oligonucleotide
consisting of 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21,22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61. 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, or 80 linked
nucleobases in length, or a range defined by any two of the
above values. In some embodiments, the antisense com-
pound is an antisense oligonucleotide.

In certain embodiments, the antisense compound com-
prises a shortened or truncated modified oligonucleotide.
The shortened or truncated modified oligonucleotide can
have one or more nucleosides deleted from the 5" end (5'

truncation), one or maore nucleosides deleted from the 3" end 2

{3" truncation) or one or more nucleosides deleted from the
central portion. Alteratively, the deleted nucleosides may
be dispersed throughout the modified oligonucleotide, for
example, in an antisense compound having one nucleoside

deleted from the 5' end and one nucleoside deleted from the 2

3' end.

When a single additional nucleoside is present in a
lengthened oligonucleotide, the additional nucleoside may
be located at the central portion, 5' or 3' end of the oligo-
nueleotide. When two or more additional nucleosides are
present, the added nucleosides may be adjacent to each
other, for example, in an oligonucleatide having two nucleo-
sides added to the central portion, to the 5' end (5" addition),
or altematively to the 3' end (3' addition), of the oligonucle-
otide. Alternatively. the added nucleosides may be dispersed
throughout the antisense compound, for example, in an
oligonucleotide having one nucleoside added to the 5' end
and one subunit added to the 3' end.

It is possible to increase or decrease the length of an
antisense compound, such as an antisense oligonucleotide,
and/or introduce mismatch bases without eliminating activ-
ity. For example, in Woolf et al. (Proc. Natl. Acad. Sci. USA
89:7305-7309, 1992), a series of antisense ohgonucleotides
13-25 nucleobhases in length were tested for their ability to
induce cleavage of a target RNA in an oocyte injection
model. Antisense oligonucleotides 25 nucleobases in length
with 8 or 11 mismatch bases near the ends of the antisense
oligonucleotides were able to direct specific cleavage of the
target mENA, albeit to a lesser extent than the antisense

oligonucleotides that contained no mismatches. Similarly, s

target specific cleavage was achieved using 13 nucleabase
antisense oligonucleotides, including those with 1 or 3
mismatches,

Gautschi et al (1. Natl. Cancer Inst. 93:463-471, March

2001) demonstrated the ability of an oligonucleotide having s

100% complementarity to the bel-2 mRNA and having 3
mismatches to the bel-xL mRNA to reduce the expression of
both bel-2 and bel-xL in vitro and in vive. Furthermore, this
oligonucleotide demonstrated potent anti-tumor activity in
vivo.

Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358,
1988) tested a series of tandem 14 nucleobase antisense
oligonucleotides, and 28 and 42 nucleobase antisense oli-
gonucleotides comprised of the sequence of two or three of
the tandem antisense oligonucleotides, respectively, for their
ability to arrest translation of human DHER in a rabbit
reticulocyte assay. Each of the three 14 nucleobase antisense
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oligonucleotides alone was able to inhibit translation. albeit
at a more modest level than the 28 or 42 nuclechase
antisense oligonucleotides.

Antisense Compound Motifs

In certain embodiments, antisense compounds targeted to
an ApoCIII nucleic acid have chemically modified subunits
arranged in patterns, or motifs, 1o confer w the antisense
compounds properties such as enhanced inhibitory activity,
increased binding aflinity for a target nucleic acid, or resis-
tance to degradation by in vivo nucleases.

Chimeric antisense compounds typically contain at least
one region modified so as to confer increased resistance to
nuclease degradation. increased cellular uptake, increased
binding aflinity for the target nucleic acid. and/or increased
inhibitory activity. A second region of a chimeric antisense
compound may optionally serve as a substrate for the
cellular endonuclease RNase H, which cleaves the RNA
strand of a RNA: DNA duplex.

Antisense compounds having a gapmer motif are consid-
ered chimeric antisense compounds. In a gapmer an internal
region having a plurality of nucleotides that supports RNase
H cleavage is positioned between external regions having a
plurality of nucleotides that are chemically distinet from the
nucleosides of the internal region. In the case of an antisense
oligonucleotide having a gapmer motif, the gap segment
generally serves as the substrate for endonuclease cleavage,
while the wing segments comprise modified nucleosides. In
ceriain embodiments, the regions of a gapmer are differen-
tiated by the types of sugar moielies comprising each
distinct region. The types of sugar moieties that are used to
differentiate the regions of a gapmer may in some embaodi-
ments include f-D-ribonucleosides, fi-D-deoxyribonucleo-
sides, 2-modified nucleosides (such 2'-modified nucleosides
may include 2'-MOE, and 2'-O—CH,. among others), and
bicyclic sugar modified nucleosides (such hicyclic sugar
modified nuclensides may include those having a 4'-(CH2)
n-0-2' bridge, where n=1 or n=2). Preferably, each distinct
region comprises uniform sugar moieties. The wing-gap-
wing molif is frequently described as “X-Y-Z", where “X"
represents the length of the 5' wing region, *Y™ represents
the length of the gap region. and “/” represents the length
of the 3' wing region. As used herein. a gapmer described as
“X-Y-Z" has a configuration such that the gap segment is
positioned immediately adjacent to each of the 5' wing
segment and the 3' wing segment. Thus, no intervening
nucleotides exist between the 5' wing segment and gap
segment, or the gap segment and the 3' wing segment. Any
of the antisense compounds described herein can have a
gapmer motif. In some embodiments, X and Z are the same;
in other embodiments they are different. In a preferred
embodiment, Y is between 8 and 15 nucleotides. X, Y or 2
can be any of 1, 2,3, 4, 5, 6,7, 8, 9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or
more nucleotides. Thus. gapmers include, but are not limited
to, for example 5-10-5, 4-8-4, 4-12-3, 4-12-4, 3-14-3, 2-13-
5, 2-16-2, 1-18-1, 3-10-3, 2-10-2, 1-10-1, 2-8-2, 6-8-6,
5-8-5, 1-8-1, 2-6-2, 2-13-2, 1-8-2, 2-8-3, 3-10-2, 1-18-2 or
2-18-2.

In certain embodiments, the antisense compound as a
“wingmer” motif, having a wing-gap or gap-wing configu-
ration, i.e. an X-Y or Y-Z configuration as described above
for the gapmer configuration. Thus, wingmer configurations
include, but are not limited to, for example 5-10, 8-4, 4-12,
12-4, 3-14, 16-2, 18-1, 10-3, 2-10, 1-10, 8-2, 2-13 or 5-13.

In certain embodiments. antisense compounds targeted to
an ApoCIII nucleic acid possess a 5-10-5 gapmer motif.
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In certain embodiments, an antisense compound targeted
to an ApoCIII nucleic acid has a gap-widened motif.
Target Nucleic Acids. Target Regions and Nucleotide
Sequences

Nucleotide sequences that encode ApoCIII include, with-
out limitation, the following: GENBANK Accession No.
NM_000040.1 (incorporated herein as SEQ D NO: 1),
GENBANK Accession No. NT_033899.8 truncated from
nucleotides 20262640 to 20266603 (incorporated herein as
SEQ 1D NO: 2) and GenBank Accession No. NT_035088.1
truncated from nucleotides 6238608 10 6242565 (incorpo-
rated herein as SEQ 1D NO: 4).

It is understood that the sequence set forth in each SEQ ID
NO in the Examples contained herein is independent of any
modification to a sugar moiety, an internucleoside linkage,
or a nucleobase. As such, antisense compounds defined by a
SEQ ID NO may comprise, independently, one or more
maodifications to a sugar moiety, an internucleoside linkage,
or a nuclecbhase. Antisense compounds described by Isis
Number (Isis No) indicate a combination of nucleobase
sequence and motif.

In certain embodiments, a target region is a structurally
defined region of the target nucleic acid. For example, a
target region may encompass a 3' UTR, a 5' UTR, an exon,
an intron, an exon/intron junction, a coding region, a trans-
lation initiation region, franslation termination region, or
other defined nucleic acid region. The structurally defined
regions for ApoClIl can be obtained by accession number
from sequence databases such as NCBI and such informa-
tion is incorporated herein by reference. In certain embodi-
ments, a target region may encompass the sequence from a
5' target site of one target segment within the target region
0 a 3" target site of another target segment within the target
region.

In certain embodiments. a “target segment™ is a smaller,
sub-portion of a farget region within a nucleic acid. For
example, a target segment can be the sequence of nucleo-
tides of a target nucleic acid to which one or more antisense
compounds are targeted. “5' target site” refers (o the 5'-most
nucleotide of a target segment. 3" target site” refers to the
3'-most nucleotide of a target segment.

A target region may contain one or more target segments.
Multiple target segments within a target region may be
overlapping. Alternatively, they may be non-overlapping. In
certain embodiments, target segments within a target region
are separated by no more than about 300 nucleotides. In
certain embodiments, target segments within a target region
are separated by a number of nucleotides that is, is about, is

no more than, is no more than about, 250, 200, 150, 100, 90, s

80, 70, 60. 50, 40, 30, 20, or 10 nucleotides on the target
nucleic acid, or is a range defined by any two of the
preceding values. In certain embodiments, target sezments
within a target region are separated by no more than, or no

more than about, 5 nucleotides on the target nucleic acid. In 3

certain embodiments, target segments are contiguous. Con-
templated are target regions defined by a range having a
starting nucleic acid that is any of the 5' target sites or 3'
target sites listed. herein.

Targeting includes determination of at least one target
segment to which an antisense compound hybridizes, such
that a desired effect occurs. In certain embodiments, the
desired effect is a reduction in mRNA target nucleic acid
levels. In certain embodiments, the desired eflect is reduc-
tion of levels of protein encoded by the target nucleic acid
or a phenotypic change associated with the target nucleic
acid.
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Suitable target segments may be found within a §' UTR.
a coding region, a 3' UTR, an intron, an exon, or an
exon/intron junction. Targel segments containing a start
codon or a stop codon are also suitable target segments. A
suitable target sepment may specifically exclude a certain
structurally defined region such as the start codon or stop
codon.

The determination of suvitable farget segments may
include a comparison of the sequence of a target nucleic acid
to other sequences throughout the genome. For example, the
BLAST algorithm may be used to identify regions of simi-
larity amongst different nucleic acids. This comparison can
prevent the selection of antisense compound sequences that
may hybridize in a non-specific manner to sequences other
than a selected target nucleic acid (i.e., non-target or off-
target sequences).

There can be variation in activity (e.g., as defined by
percent reduction of target nucleic acid levels) of the anti-
sense compounds within an active targel region. In ceriain
embodiments. reductions in ApoCllI mRNA levels are
indicative of inhibition of ApoCIIl expression. Reductions
in levels of an ApoCIII protein can be indicative of inhibi-
tion of target mRNA expression. Further, phenotypic
changes can be indicative of inhibition of ApoCIII expres-
sion. For example, an increase in HDIL level. decrease in
LDL level, or decrease in TG level are among phenotypic
changes that may be assayed for inhibition of ApoCIII
expression. Other phenotypic indications, e.g., symptoms
associated with a cardiovascular or metabolic disease, may
also be assessed; [or example, angina: chest pain: shortness
of breath: palpitations: weakness: dizziness: nausea: sweat-
ing; tachycardia; bradyecardia; arrhythmia; atrial fibrillation:
swelling in the lower extremities: cyanosis; fatigue; fainting:
numbness of the face: numbness of the limbs; claudication
or cramping of muscles; bloating ol the abdomen: or fever.
Hyhbridization

In some embodiments, hybridization occurs between an
antisense compound disclosed herein and an ApoCIIl
nucleic acid. The most common mechanism of hybridization
involves hydrogen bonding (e.g., Watson-Crick, Hoogsteen
or reversed Hoogsteen hydrogen bonding) between comple-
mentary nucleobases of the nucleic acid molecules.

Hybrdization can occur under varying conditions. Strin-
gent conditions are sequence-dependent and are determined
by the nature and composition of the nucleic acid molecules
to be hybridized.

Methods of determining whether a sequence is specifi-
cally hybridizable to a target nucleic acid are well known in
the art (Sambrook and Russell, Molecular Cloning: A Labo-
ratory Manual, 3™ Ed., 2001, CSHL Press). In certain
embodiments. the antisense compounds provided herein are
specifically hybridizable with an ApoCIIT nucleic acid.
Complementarity

An antisense compound and a target nucleic acid are
complementary to each other when a sufficient number of
nucleobases of the antisense compound can hydrogen bond
with the corresponding nucleobases of the target nucleic
acid, such that a desired effect will occur (e.g.. antisense
inhibition of a target nucleic acid, such as an ApoCIIl
nucleic acid).

An antisense compound may hybridize over one or more
segments of an ApoCITT nucleic acid such that intervening or
adjacent segments are not involved in the hybridization
event {e.g., a loop structure, mismatch or hairpin structure).

In certain embodiments, the antisense compounds pro-
vided herein, or a specified portion thereof, are, or are at
least, 70%, 75%. 80%, 85%, 86%, 87%, 88%, 89%, 90%,
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1%, 92%, 93%. 94%, 95%, 96%, 97%. 98%, 99%. or 100%
complementary to an ApoCIII nucleic acid. a target region,
target segment. or specified portion thereof. Percent comple-
mentarity of an antisense compound with a target nucleic
acid can be determined using routine methods.

For example, an antisense compound in which 18 of 20
nucleobases of the antisense compound are complementary
to a target region, and would therefore specifically hybrid-
ize, would represent 90 percent complementarity. In this
example, the remaining non-complementary nucleobases
may be clustered or interspersed with complementary nucle-
obases and need not be contiguous to each other or to
complementary nucleobases. As such, an antisense com-
pound which is 18 nucleobases in length having 4 (four)
non-complementary nucleobases which are flanked by two
regions of complete complementarity with the target nucleic
acid would have 77.8% overall complementarity with the
target nucleic acid and would thus fall within the scope of

the present invention. Percent complementarity of an anti- 2

sense compound with a region of a target nucleic acid can be
determined routinely using BLAST programs (basic local
alignment search tools) and PowerBLAST programs known
in the art {Altschul et al., J. Mol. Biol., 1990, 215, 403 410;
Zhang and Madden, Genome Res., 1997, 7, 649 6356).
Percent homology, sequence identity or complementarity,
can be determined by, for example, the Gap program (Wis-
consin Sequence Analysis Package. Version 8 for Unix,
Genetics Computer Group, University Research Park, Madi-
son Wis. ), using default settings, which uses the algorithm of
Smith and Waterman (Adv. Appl. Math.. 1981, 2, 482-489).

In certain embodiments, the antisense compounds pro-
vided herein, or specified portions thereof, are fully comple-
mentary (1.e. 100% complementary) to a target nucleic acid,
or specified portion thereof. For example, an antisense
compound may be fully complementary to an ApoCIII
nucleic acid, or a target region. or a targef segment or target
sequence thereof. As used herein, “fully complementary™
means each nucleobase of an antisense compound 1s capable
of precise base pairing with the corresponding nucleobases
of a target nucleic acid. For example, a 20 nucleobase
antisense compound is fully complementary to a target
sequence that is 400 nucleobases long, so long as there is a
corresponding 20 nucleobase portion of the target nucleic
acid that is fully complementary to the antisense compound.
Fully complementary can also be used in reference to a
specified portion of the first and/or the second nucleic acid.
For example, a 20 nucleobase portion of a 30 nucleobase
antisense compound can be “fully complementary™ to a

target sequence that is 400 nucleobases long. The 20 nucle- s

obase portion of the 30 nucleobase oligonucleotide is fully
complementary to the target sequence if the target sequence
has a corresponding 20 nucleobase portion wherein each
nucleobase is complementary to the 20 nucleobase portion

of the antisense compound. At the same time, the entire 30 3

nucleobase antisense compound may or may not be fully
complementary to the target sequence, depending on
whether the remaining 10 nucleobases of the antisense
compound are also complementary 1o the target sequence,
The location of a non-complementary nucleobase(s) can
be at the 5' end or 3' end of the antisense compound.
Alternatively, the non-complementary nucleobase(s) can be
at an internal position of the antisense compound. When two
or more non-complementary nucleobases are present, they
can be contiguous (ie. linked) or non-contiguous. In one
embodiment. a non-complementary nucleobase is located in
the wing segment of a gapmer antisense oligonucleotide.
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In certain embodiments. antisense compounds that are. or
are up to, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleobases
in length comprise no more than 4. no more than 3. no more
than 2, or no more than 1 non-complementary nucleobase(s)
relative to a target nucleic acid, such as an ApoClII nucleic
acid. or specified portion thereof.

In certain embodiments, antisense compounds that are, or
are up to, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27. 28, 29, or 30 nucleobases in length comprise no
more than 6, no more than 5. no more than 4, no more than
3. no more than 2, or no more than 1 non-complementary
nucleobase(s) relative to a target nucleic acid, such as an
ApoClIII nucleic acid, or specified portion thereof.

The antisense compounds provided herein also include
those which are complementary to a portion of a target
nucleic acid. As used herein. “portion™ refers to a defined
mumber of contignous (i.e. linked) nuclecbases within a
region or segment of a target nucleic acid. A “portion” can
also refer (o a delined number of contiguous nucleobases of
an antisense compound. In certain embediments, the anti-
sense compounds are complementary to at least an 8 nucle-
abase portion of a target segment. In certain embodiments,
the antisense compounds are complementary to at least a 10
nucleobase portion of a targel segment. In certain embodi-
ments. the antisense compounds are complementary to at
least a 12 nucleobase portion of a target segment. In certain
embodiments, the antisense compounds are complementary
o at least a 15 nucleobase portion of a target segment. Also
contemplated are antisense compounds that are complemen-
tary to at leasta 9, 10, 11, 12, 13. 14, 15. 16, 17, 18, 19, 20,
or more nucleobase portion of a target segment, or a range
defined by any two of these values.

Identity

The antisense compounds provided herein may also have
a defined percent identity to a particular nucleotide
sequence, SHQ 1D NO, or sequence of a compound repre-
sented by a specific Isis number, or portion thereof. As used
herein, an antisense compound is identical to the sequence
disclosed herein if it has the same nucleobase pairing ability.
For example, a RNA which contains uracil in place of
thymidine in a disclosed DNA sequence would be consid-
ered identical to the DNA sequence since both uracil and
thymidine pair with adenine. Shortened and lengthened
versions of the antisense compounds described herein as
well as compounds having non-identical bases relative to the
antisense compounds provided herein also are contemplated.
The non-identical bases may be adjacent to each other or
dispersed throughout the antisense compound. Percent iden-
ity of an antisense compound is calculated according 1o the
number of bases that have identical base pairing relative to
the sequence to which it is being compared.

In certain embodiments, the antisense compounds, or
portions thereof, are at least 7%, 75%, 80%, 85%. 90%,
95%, 96%, 97%, 98%, 99% or 100% identical to one or
more of the antisense compounds or SEQ [D NOs, or a
portion thereof, disclosed herein.

Modifications

A nucleoside 1s a base-sugar combination. The nuclecbase
(also known as base) portion of the nucleoside is normally
a heterocyclic base moiety. Nucleotides are nucleosides that
further include a phosphate group covalently linked to the
sugar portion of the nucleoside. For those nucleosides that
include a pentofuranosyl sugar, the phosphate group can be
linked to the 2', 3' or 5 hydroxyl moiety of the sugar.
Oligonucleotides are formed through the covalent linkage of
adjacent nucleosides to one another. to form a linear poly-
meric oligonucleotide. Within the oligonucleotide structure,
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the phosphate groups are commonly referred to as forming
the internucleoside linkages of the oligonucleotide.

Modifications to antisense compounds encompass substi-
tutions or changes to internucleoside linkages, sugar moi-
eties, or nucleobases. Modified antisense compounds are
often preferred over native forms because of desirable
properties such as, for example, enhanced cellular uptake,
enhanced aflimity for nucleic acid targel, increased stability
in the presence of nucleases, or increased inhibitory activity.,

Chemically modified nucleosides can also be employed to
increase the binding affinity of a shortened or truncated
antisense oligonucleotide for its target nucleic acid. Conse-
quently, comparable results can ofien be obiained with
shorter antisense compounds that have such chemically
modified nucleosides.

Modified Internucleoside Linkages

The naturally occurring internucleoside linkage of RNA
and DNA is a 3' to 5 phosphodiester linkage. Antisense
compounds having one or more modified, 1.e. non-naturally
occurring, internucleoside linkages are often selected over
antisense compounds having naturally occurring inter-
nucleoside linkages because of desirable properties such as,
for example, enhanced cellular uptake, enhanced affinity for
target nueleic acids, and increased stability in the presence
of nucleases.

Oligonucleotides having modified internucleoside link-
ages include internucleoside linkages that retain a phospho-
rus atom as well as internucleoside linkages that do not have
a phosphorus atom. Representative phosphorus containing
internuclecside linkages include. but are not limited to,
phosphodiesters, phosphotriesters, methylphosphonates,
phosphoramidate, and phosphorothicates. Methods  of
preparation of phosphorons-containing and non-phospho-
rous-containing linkages are well known.

In certain embodiments, antisense compounds targeted 1o
an ApoCIIl nueleic acid comprise one or more modified
internucleoside linkages. In certain embodiments, the modi-
fied internucleoside linkages are phosphorothioate linkages.
In certain embodiments. each internucleoside linkage of an
antisense compound is a phosphorothioate internucleoside
linkage.

Moditied Sugar Moieties

Antisense compounds of the invention can optionally
contain one or more nucleosides wherein the sugar group
has been modified. Such sugar modified nucleosides may
impart enhanced nuclease stability. increased binding affin-
ity. or some ather beneficial biological property to the
antisense compounds. In certain embodiments, nucleosides
comprise chemically modified ribofuranose ring moieties.

Examples of chemically modified ribofuranose rings include s

without limitation, addition of substitutent groups (including
5" and 2' substituent groups, bridging of non-geminal ring
aloms o form bicyelic nucleic acids (BNA), replacement of
the ribosyl ring oxygen atom with S, N(R). er C(R, }(R,) (R,

R, and R, are each independently H, C,-C,, alkyl or a s

protecting group) and combinations thereof. Examples of
chemically modified sugars include 2'-F-3-methyl substi-
tuted nucleoside (see PCT International Application WO
2008/101157 Published on Aug. 21, 2008 for other disclosed
5'.2"-bis substituted nucleosides} or replacement of the ribo-
syl ring oxygen atom with 8 with further substitution at the
2'-position (see published 11.S. Patent Application US2005-
0130923, published on Jun. 16, 2005) or alternatively
S'-substitution of a BNA (see PCT International Application
WO 2007/134181 Published on Nov. 22, 2007 wherein LNA
is substituted with for example a 5-methyl or a 5-vinyl

group).
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Examples of nucleosides having modified sugar moicties
include without limitation nucleosides comprising 3'-vinyl,
S-methyl (R or 8), 4-8, 2-.F, 2-OCH,, 2'-OCH,CH,.
2-0OCH,CH.F and 2'-O(CH,),OCH, substituent groups.
The substituent at the 2' position can also be selected from
allyl, amino, azido, thio, O-allyl, O C,-C,, alkyl, OCF,.
OCH,F, O{CH,),SCH;, O(CH,),—O—N(R, IR,
O CH,—C(=0)—N(R_}R,), and O—CH,—C(—=0)
N(R)—(CH,).—N{R,,}R,,). where each R,. R, and R, is.
independently, H or substituted or unsubstituted C,-C,,
alkyl.

As used herein, “bicyclic nucleosides™ refer to modified
nucleosides comprising a bicyclic sugar moiety. Examples
of bicyelic nucleic acids (BNAs) include without limitation
nucleosides comprising a bridge between the 4' and the 2'
ribosyl ring atoms. In certain embodiments, antisense com-
pounds provided herein include one or more BNA nucleo-
sides wherein the bridge comprises one of the formulas:
4-(CH,)—0-2' (LNA); 4-(CH,)—8-2: 4-(CH,),—O-2'
(ENA): 4-CH(CH,)}—0-2' and 4-CH(CH,OCH,}—0-2'
(and analogs thereof see LS. Pat, No. 7.399.845, issued on
Jul. 15, 2008); 4'-C({CH,)(CH;)}—0-2' (and analogs thereof
see PCT/US2008/068922 published as WO/2009/006478,
published Jan. 8, 2009); 4'-CH,—N(OCH,)-2' (and analogs
thereof see PCT/US2008/064591 published as WO/2008/
150729, published Dec. 11, 2008); 4'-CH,—O—N(CH;)-2'
(see published U.S. Patent Application US2004-0171570,
published Sep. 2, 2004); 4'-CH,—N(R)—0O-2', wherein R is
H, C,-C,, alkyl, or a protecting group (see U.S. Pat. No.
7.427.672. issued on Sep. 23, 2008); 4-CH,—C(H)(CH, }-2'
(see Chattopadhyaya et al., J. Org. Chem., 2009, 74, 118-
134} and 4'-CH,—C—(—CH,)-2' (and analogs thereof see
PCT/US2008/066154 published as WO 2008/154401, pub-
lished on Dec. 8, 2008).

Further bicyelic nucleosides have heen reported in pub-
lished literature (see for example: Srivastava et al., J. Am.
Chem. Soc., 2007, 129(26) 8362-8379; lUrieden et al.,
Nucleic Acids Research, 2003, 21, 6365-6372; Elayadi et al..
Curr. Opinion {nvens. Drugs, 2001, 2, 558-561; Braasch et
al., Chem. Biol, 2001, 8, 1-7; Orum et al., Curr. Opinion
Mol. Ther., 2001, 3, 239-243; Wahlestedt et al., Proc. Natl.
Acad. Sei. U.S.4, 2000, 97, 5633-5638; Singh et al., Chem.
Commune., 1998, 4, 455-456: Koshkin et al., Tetrahedron,
1998, 54, 3607-3630, Kumar et al., Bioorg. Med. Chem.
Lett., 1998, 8, 2219-2222; Singh et al., /. Org. Cheni., 1998,
63, 10035-10039; U.S. Pat. Nos. 7,399,845; 7,053.207;
7.034,133; 6,794,499; 6,770,748; 6,670.461; 6,525,191
6.268.490; 11.S. patent Publication Nos.: US2008-0039618;
US2007-0287831; US2004-0171570: U.S. patent applica-
tions, Ser. Nos. 12/129.154; 61/099.844; 61/097,787:
61/086,231; 61/036,564: 61/026,998; 61/026,995; 60/989,
574; Internatiomal applications WO 2007/134181; WO
2005/021570; WO 2004/106356; WO 94/14226; and PCT
International Applications Nos.: PCT/US2008/068922;
PCTAIS2008/066154; and PCT/US2008/064591). Each of
the foregoing bicyclic nucleosides can be prepared having
one or more stereochemical sugar configurations including
for example a-L-ribofurancse and (i-D-ribofuranose (see
PCT international application PCT/DKY8/00393, published
on Mar. 25, 1999 as WO 99/14226).

As used herein, “monocyclic nucleosides™ refer to nucleo-
sides comprising modified sugar moieties that are not bicy-
clic sugar moieties. In certain embodiments, the sugar
moiety. or sugar moiety analogue, of a nucleoside may be
modified or substituted at any position.
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As used herein, *4'-2" bicyclic nucleoside™ or “4' 10 2'
bicyclic nucleoside™ refers to a bicyclic nucleoside compris-
ing a furanose ring comprising a bridge connecting two
carbon atoms of the furanose ring connects the 2' carbon
atom and the 4' carbon atom of the sugar ring.

In certain embodiments. bicyclic sugar moieties of BNA
nucleosides include, but are not limited to, compounds
having at least one bridge between the 4' and the 2' carbon
atoms of the pentofuranosyl sugar moiety including without
limitation. bridges comprising 1 or from 1 to 4 linked groups

independently selected from — [C(R,)(R,)],— — C(R,)—
C(R,)— —CR)=N_—, —C(=NR) ., —C(=0),
—C(=S)— —O0— —SiR),— —8(=0)—, and

—N(R,)—: wherein: xis 0, 1, or 2: n is 1. 2, 3, or 4; each
R, and R, is, independently, H. a protecting group, hydroxyl,
C,-C, alkyl, substituted C,-C, , alkyl. C,-C, , alkenyl. sub-
stituted C,-C |, alkenyl, C,-C, , alkynyl, substituted C,-C,,
alkynyl, Cs-C,, aryl, substituted C5-C,, aryl, heterocycle
radical, substituted heterocyele radical, heteroaryl, substi-
tuted heteroaryl, C.-C, alicyclic radical, substituted C,-C,
alicyclic radical, halogen, OJ,. NI, J,, 81,, N,. COQJ,, acyl
(C(=—0)—H), substituted acyl, CN, sulfonyl (S(=0),-1,),
or sulfoxyl (S(=0)-], }; and

each J, and 1, is. independently, H, C,-C,, alkyl, substi-
tuted C,-C, , alkyl, C,-C,, alkenyl, substituted C,-C, , alk-
enyl, C,-C,, alkynyl, substituted C,-C,, alkynyl, C,-C,,
aryl, substituted C;-C,,, aryl, acyl (C{=—0)—IT), substituted
acyl, a heterocycle radical. a substituted heterocycle radical,
C,-C,, aminoalkyl, substituted C,-C, , aminoalky] or a pro-
tecting group.

In certain embodiments, the bridge of a bicyclic sugar
moiety s, —|CRR)],— —ICRIR,)],—O0—,
—C(R,R,}—N(R)—O— or —C(R_R,)—O—N(R)—. In
certain embodiments, the bridge is 4'-CH,-2', 4'-(CH.).-2',
4'-(CH,),-2", 4-CH,—0-2', 4#~(CH,),—0-2', 4-CH,—O
N{R)-2' and 4'-CH,—N(R)—0O-2"- wherein each R is, inde-
pendently, H, a protecting group or C -C, alkyl.

In certain embodiments, bicyclic nucleosides are further
defined by 1someric configuration. For example, a nucleo-
side comprising a 4'-(CH, ) 0-2' bridge, may be in the a-L
configuration or in the §-D configuration. Previously, a-L-
methyleneoxy (4'-CH,—0-2') BNA’s have been incorpo-
rated into antisense oligonucleotides that showed antisense
activity (Frieden et al., Nucleic Acids Research, 2003, 21,
6365-6372).

In certain embodiments. bicyelic nucleosides include
those having a 4' to 2' bridge wherein such bridges include
without limitation, oL -4'-(CH,)}—0-2", i-D-4'-CH,—0-2',

44(CH,)—0-2", 4-CH,—O—N(R)-2, 4-CH,—N(R}—0- 3

2, 4-CH(CH.,)—0-2', 4-CH,-8-2', 4-CH,N(R)-2',
4'-CH,—CH(CH,)-2', and 4'-(CH,),-2", wherein R is H, a
protecting group or C,-C,, alkyl.

In certain embodiment, bicyclic nucleosides have the
formula:
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wherein:

Bx is a heterocyclic base moiety;

“QQ-Q.+ is —CH,—N(R,)—CH,—, —C(=0)—N
(R)—CH,—, —CH,—O—N(R)}—, —CH,—N(R_)—
O— or —N(R_}—0—CH;

R_is C;-C, alkyl or an amino protecting group: and

T, and T, are each, independently H, a hydroxyl protect-
ing group, a conjugate group, a reactive phosphorus group.
a phosphorus moiety or a covalent attachment to a support
medivm.

In certain embodiments, bicyclic nucleosides have the
formula:

T,—90 s) B

wherein:

Bx is a heterocychic base moiety:

T, and T, are each. independently H, a hydroxyl proteci-
ing group, a conjugate group. a reactive phosphorus group.
a phosphorus moiety or a covalent attachment to a support
medium;

7, 1s C,-C, alkyl, C,-C; alkenyl, C,-C; alkynyl, substi-
tuted C,-C; alkyl, substituted C,-C; alkenyl. substituted
C,-C, alkynyl, acyl, substituted acyl. substituted amide.

3 thiol or substituted thiol.

In one embodiment, each ol the substituted groups, is,
independently, mono or poly substituted with substituent
groups independently selected from halogen, oxo, hydroxyl.
OJ, NI, SI. N, OC(=X), and NI C(=X)NI_I,
wherein each I, I, and ]_ is, independently, H, C,-C, alkyl,
or substituted C,-C,; alkyl and X is O or NJ_.

In certain embodiments, bicyclic nucleosides have the
formula:

O—

Bx
Zy

wherein:

Bx is a heterocychc base moiety;

T, and T, are each, independently H, a hydroxyl protect-
ing group, a conjugate group. a reactive phosphorus group,
a phosphorus moiety or a covalent attachment to a support
medium;

7, is C-Cy alkyl, C,-C, alkenyl, C,-C; alkynyl, substi-
tuted C,-C; alkyl, substituted C,-C, alkenyl. substituted
C,-C, alkvnyl or substituted acyl (C(—0)—).
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In certain embodiments, bicyclic nucleosides have the
formula:

wherein:

Bx is a heterocyclic base moiety:

T, and T, are each, independently . a hydroxyl protect-
ing group, a conjugate group, a reactive phosphorus group,
a phosphorus moiety or a covalent attachment to a support
medium;

R, is C,-C; alkyl. substituted C -C; alkyl, C,-C, alkenyl,
substituted C,-C, alkenyl. C,-C, alkynyl or substituted
C,-C, alkynyl;

each q,, q,, q.and q, is. independently, H, halogen, C,-C
alkyl, substituted C,-C, alkyl, C.-C; alkenyl, substituted
C,-C, alkenyl, C,-C, alkynyl or substituted C,-C alkynyl,
C,-C; alkoxyl, substituted C,-C, alkoxyl, acyl. substituted
acyl, C,-C; aminoalkyl or substituted C,-C, aminoalkyl;

In certain embodiments, bicyclic nucleosides have the
formula:

18]

wherein:

Bx is a heterocyclic base moiety;

T, and T, are each, independently H. a hydroxyl protect-
g group, a conjugate group, a reactive phosphorus group,
a phosphorus moiety or a covalent attachment to a support
medium;

9 9s- 9. and gare each, independently, hydrogen, halo-
gen, C,-C,, alkyl, substituted C,-C , alkyl, C,-C,, alkenyl,
substituted C.-C,, alkenyl, C.-C,, alkynyl, substituted
C,-C,, alkynyl, C,-C,, alkoxy, substituted C,-C,, alkoxy,

0, 81, SOI,, 80,1, NJJ,. N;, CN, C(=0)0l,, C(=0) s

NIJ, C(=0), O—C(=O)NLJ,, N(H)C(=NH)NIJ,,
N(H)C(—O)NJJ; or N(H)C(—S)NJ,J;;

or g, and g, together are —C(q, )« ):

q, and g, are each, independently. H. halogen. C,-C,,
alky!l or substituted C,-C,, alkyl.

The synthesis and preparation of adenine, cytosine. gua-
nine, 5-methyl-cytosine, thymine and uracil bicyclic nucleo-
sides having a 4'-CH,—O-2' bridge. along with their oli-
gomerization, and nucleic acid recognition properties have
been described (Koshkin et al., Tetrahedron, 1998, 54,
3607-3630). The svnthesis of bicyclic nucleosides has also
been described in WO 98/39352 and WO 99/14226.

Analogs of various bicyclic nucleosides that have 4' to 2
bridging groups such as 4'-CH,—0-2" and 4'-CH,—S-2',
have also been prepared (Kumar et al., Bioorg. Med. Chem.
Lett., 1998, 8, 2219-2222). Preparation of oligodeoxyribo-
nucleotide duplexes comprising bicyclic nucleosides for use
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as substrates for nucleic acid polymerases has also been
described (Wengel et al., WO 99/14226). Furthermore, syn-
thesis of 2'-amino-BNA, a novel conformationally restricted
high-aflinity oligonucleotide analog has been described in
the art (Singh et al., J. Org. Chem., 1998, 63, 10035-10039).
In addition, 2'-amino- and 2'-methylamino-BNA's have
been prepared and the thermal stability of their duplexes
with complementary RNA and DNA strands has been pre-
viously reported.

In certain embodiments, bicyclic nucleosides have the
formula:

T,—0

wherein:

Bx is a heterocyclic base moiety:

T, and T, are each. independently H. a hydroxyl proteci-
ing group, a conjugate group, a reactive phosphorus group.
a phosphorus moiety or a covalent attachment to a support
medium;

each q,, q,. q; and g, is, independently, H. halogen, C,-C,,
alkyl, substituted C,-C,, alkyl, C,-C,, alkenyl, substituted
C,-C,, alkenyl, C,-C,, alkynyl, substituted C,-C, alkynyl.
C,-C, alkoxyl, substituted C,-C,, alkoxyl, OJ, 8], SOIJ.
SO,I, NIJ,. Ny, CN, C(—0)0J, C(—O)NIJ,, C(—O0),,
O—C(—O)NJJ . N(H)C(==NH)NJ,J,. N(H)C(—O)NIJ, or
NH)C(=S8)NIJ,. and

q, and g, or g, and g, together are —C(q_)(q,,). wherein g,
and q,, are each, independently, H, halogen, C -C,, alkyl or
substituted C,-C,, alkyl.

One carboeyclic bicyclic nucleoside having a 4'-{CFH,),-2'
bridge and the alkenyl analog bridge 4'-CH—CH CH,-2'
have been described (Frier et al., Nucleic Acids Research,
1997, 25(22). 4429-4443 and Albaek et al.. J. Ore. Chem.,
2006, 71, 7731-7740). The synthesis and preparation of
carboeyelic bicyelic nucleosides along with their oligomer-
ization and biochemical studies have also been described
(Srivastava et al., J. Am. Chem. Soc, 2007, 129(26), 8362-
8379).

In certain embodiments, bicyclic nucleosides include, but
are not limited to, (A) a-L-methyleneoxy (4'-CH,—0-2)
BNA (B) (-D-methyleneoxy (4'-CH,—0-2) BNA (C) eth-
yleneoxy (4'-(CH, ),—0-2") BNA, (D} aminooxy (4'-CH,
O-—N{R)-2) BNA, (F) oxyamino (4-CH,—N(R}—0-2)
BNA. (F) methyl{methyleneoxy) (4'-CH(CH,)—0-2) BNA
(also referred to as constrained ethyl or cEt), (G) methylene-
thio (4'-CH,—5-2') BNA, (H) methvlene-amino (4'-CH,—
N(R)-2") BNA, (1) methyl carbocyelic (4'-CH,—CH(CH;)-
2) BNA, (J) propylene carbocycelic (4'-(CH,);-2') BNA, and
(K) vinyl BNA as depicted below.

(A}
[
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-continued
(I

0, Bx
CHs
o
O, Bx
(K}
O, Bx
CHa

wherein Bx is the base moiety and R is, independently, H.
a protecting group, C,-C, alkyl or C,-C, alkoxy.

As used herein, the term “modified tetrahydropyran
nucleoside” or “*modified THP nucleoside” means a nucleo-
side having a six-membered tetrahydropyran “sugar™ sub-
stituted for the pentofuranosyl residue in nonmal nucleosides
and can be referred to as a sugar surrogate. Modified THP
nucleosides include, but are not limited to, what is referred
1o in the art as hexitol nucleic acid (HNA). anitol nucleic
acid (ANA), manitol nucleic acid (MNA) (see Leumann.
Bivorg. Med. Chem., 2002, 10, 841-854) or fluoro HNA
(F-HNA) having a tetrahydropyranvl ring system as illus-
trated below.

HO {8}

CHs

fa - [T ITRR
S

HO

b
o™ Bx

In certain embodiment, sugar surrogates are selected
having the formula:
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wherein:

Bx is a heterocyclic base moiety;

Ty and T, are each, independently, an internucleoside
linking group linking the tetrahydropyran nucleoside analog
to the oligomeric compound or one of T, and T, is an
internucleoside linking group linking the tetrahydropyran
nucleonside analog o an oligomeric compound or oligonucle-
otide and the other of T, and T, 1s H, a hydroxyl protecting
group, a linked conjugate group or a 5' or 3'-terminal group;

4+ 92 s Qs gs. g and g, are each independently, H,
C-C, alkyl, substituted C,-C alkyl, C,-C, alkenyl. substi-
tuted C,-C, alkenyl. C.-C, alkynyl or substituted C,-C,
alkynyl; and

one of R, and R, is hydrogen and the other is selected
from halogen, substituted or unsubstituted alkoxy. NJ, 1.,
81, Ny, OC(—X)J,, OC(—X)NJ,I,. NILC(—X)NJ,], and
CN, wherein X is O. S or NI, and each J. 1, and I, is,
independently, H or C,-C;; alkyl.

In certain embodiments, q,, g, s, 9s. ds. 4 and g, are
cach H. In certain embodiments, at least one of q,, 44, s, 9,
s, 4, and q 15 other than H. In certain embodiments, at least
one of q,. gs. 95, Q4 9s- 95 and g, is methyl. In certain

embodiments, THP nucleosides are provided wherein one of

R, and R is F. In certain embodiments, R, is fluoro and R,
is H; R, is methoxy and R, is H, and R, is methoxyethoxy
and R, s H.

In certain embodiments, sugar surrogates comprise rings
having more than 5 atoms and more than one heteroatom.
For example nucleosides comprising morpholino sugar moi-
eties and their use in oligomeric compounds has been
reported (see lor example: Braasch et al., Biochemistry,
2002, 41, 4503-4510; and U.S. Pat. Nos. 5,698,685; 5,166,
315: 5,185.444; and 5.034.506). As used here, the term
“morpholine™ means a sugar surrogate having the following
formula:

Yy
ik

In certain embodiments, morpholinos may be modified, for
example by adding or altering various substituent groups
from the above morpholino structure. Such sugar surrogates
are referred to herein as “modified morpholinos.”
Combinations of modifications are also provided without
limitation, such as 2'-F-5'-methyl substituted nucleosides
{see PCT International Application WO 2008/101157 pub-

lished on Aug. 21, 2008 for other disclosed 5'.2-bis substi- 5

tuted nucleosides) and replacement of the ribosyl ring oxy-
gen atom with 8 and further substitution at the 2'-position
{see published U.S. Patent Application US2005-0130023,
published on Jun. 16, 2005) or altemnatively 5'-substitution
of a bicyclic nucleic acid (see PCT International Application
WO 2007/134181, published on Nov. 22, 2007 wherein a
4'-CH,—0-2" bicyclic nucleoside is further substituted at
the 5' position with a 5'-methyl or a 5'-vinyl group). The
synthesis and preparation of carbocyclic bicyelic nucleo-
sides along with their oligomerization and biochemical
studies have also been described (see, e.g., Srivastava et al.,
S Am. Chem. Soc, 2007, 129(26), 8362-8379).
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In certain embaodiments, antisense compounds comprise
one or more modified cyclohexenyl nucleosides, which is a
nucleoside having a six-membered cyclohexenyl in place of
the pentofuranosyl residue in naturally occurring nucleo-
sides. Modified cyclohexenyl nucleosides include, but are
not limited to those described in the art (see for example
commonly owned, published PCT Application WO 2010/
036696, published on Apr. 10, 2010, Robeyns et al., J. Am.
Chem. Soc., 2008, 130(6), 1979-1984; Horvath et al., Tei-
rahedvon Letters, 2007, 48, 3621-3623; Nauwelaerts et al..
JoAm. Chem. Soc., 2007, 129(30), 9340-9348; Gu et al.,
Nueleosides, Nucleotides & Nucleic Acids, 2005, 24(5-7).
993-998, Nauwelaerts et al., Nucleic Acids Research, 2005,
33(8). 2452-2463; Robeyns et al., Acta Crystallographica,
Section I': Structural Biology and Crystallization Commu-
nications, 2005, F61(6), 585-586: Gu et al., Tetrahedron,
2004, 60(9), 2111-2123; Gu et al., Mligonucleotides, 2003,
13(6), 479-489; Wang et al., J Org. Chem., 2003, 68,
4499-4505; Verbeure et al., Nucleic Acids Research, 2001,
20(24), 4941-4947; Wang et al., J. Org. Chem., 2001, 66,
B478-B2; Wang et al., Nucleosides, Nucleotides & Nucleic
Acids, 2001, 20(4-T), 785-T88; Wang et al., J. Am. Chem.,
2000, 122, 8595-8602; Published PCT application. WO
06/047842; and Published PCT Application WO 01/049687;
the text of each is incorporated by reference herein, in their
entirety). Certain modified cyclohexenyl nucleosides have
Formula X.

.
3
Qi M2 @G
Ty—0

04
gu
Qs Bx

0 a4

VAT
Ty

wherein independently for each of said at least one
cyclohexenyl nucleoside analog of Formula X:

Bx is a heterocychc base moiety:

T, and T, are each. independently. an internucleoside
linking group linking the cyclohexenyl nucleoside analog to
an antisense compound or one of T, and T, is an internucleo-
side linking group linking the tetrahydropyran nucleoside
analog to an antisense compound and the other of T and T,
is H, a hydroxyl protecting group, a linked conjugate group,
or a 5'- or 3'-terminal group: and

q;59a; 93 94 935 s 97- s and g are cach, independently,
H, C,-C, alkyl, substituted C,-C; alkyl, C,-C, alkenyl.
substituted C.-C alkenyl, C5-C,, alkynyl, substituted C,-C,
alkynyl or other sugar substituent group.

Many other monocycelic, bicyelic and tricyclic ring sys-
tems are known in the art and are suitable as sugar surrogates
that can be used to modify nucleosides for incorporation into
oligomeric compounds as provided herein (see for example
review article: Leumann, Christian J. Bioorg, & Med
Chem., 2002, 10, 841-854). Such ring systems can undergo
various additional substitutions to further enhance their
activity.

As used herein, “2'-modified sugar” means a furanosyl
sugar modified at the 2' position. In certain embodiments,
such modifications include substituents selected from: a
halide. including, but not limited to substituted and unsub-
stituted alkoxy, substituted and unsubstituted thioalkyl, sub-
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stituted and unsubstituted amino alkyl, substituted and
unsubstituted alkyl, substituted and unsubstituted allyl, and
substituted and unsubstituted alkynyl. In certain embodi-
ments, 2" modifications are selected from substituents
including, but not limited to: O[(CH,), 0], CH,, O(CH,),
NH,, O{CH,),CH,, O{CH,),F, O{CH,),ONH,. OCH.C
(=O)N(H)CH,, and O{CH,),ON[{CH,),CH;],, where n
and m are from 1 to about 10. Other 2'-substituent groups
can also be selected from: C-C |, alkyl, substituted alkyl,
alkenyl. alkynyl. alkaryl, aralkyl. O-alkaryl or O-aralkyl,
SH, SCHi;. OCN, CI, Br, CN, F, CF,;, OCF;, SOCH,,
S0,CH;5, ONO,, NO,, N, NH.. heterocycloalkyl, hetero-
cyeloalkaryl, aminoalkylamino, polyalkylamino, substituted
silyl, an RNA cleaving group, a reporter group, an interca-
lator, a group for improving pharmacokinetic properties, or
a group for improving the pharmacodynamic properties of
an antisense compound, and other substituents having simi-
lar properties. In certain embodiments, modified nucleosides
comprise a 2'-MOE side chain (Baker et al., J. Biol. Chem.,
1997. 272, 11944-12000). Such 2'-MOL substitution have
been described as having improved binding affinity com-
pared to unmodified nucleosides and to other modified
nucleosides, such as 2'-O-methyl, O-propyl, and O-amino-
propyl. Oligonucleotides having the 2'-MOE substituent
also have been shown to be antisense inhibitors of gene
expression with promising features for in vivo use (Martin,
Helv. Chim. Acta, 1995, 78, 486-504; Altmann et al.,
Chimia, 1996, 30, 168-176; Altmann et al.. Biochem. Soc.
Trans., 1996, 24, 630-637; and Altmann et al.. Nucleosides
Nucleotides, 1997, 16, 917-926).

As used herein, “2"-modified” or “2'-substituted” refers to
a nucleoside comprising a sugar comprising a substituent at
the 2' position other than H or OH. 2"-medified nucleosides,
include, but are not limited to. bicyclic nucleosides wherein
the bridge connecting two carbon atoms of the sugar ring
connects the 2' carbon and another carbon of the sugar ring;
and nucleosides with non-bridging 2' substituents. such as
allyl, amino, azido, thio, O-allyl, O C,-C,, alkyl. —OCF,,
O—(CH;),—0—CH,. 2-O(CH,),SCH;. O—(CH,),—
O—N(R, MR,), or O—CH,—C{—0O)—N(R,,}R,), where
each R, and R, is. independently, H or substituted or
unsubstituted C,-C , alkyl. 2-modified nucleosides may
further comprise other modifications, for example at other
positions of the sugar and/or at the nucleobase.

As used herein, “2'-F” refers to a nucleoside comprising
a sugar comprising a fluoro group at the 2' position of the
sugar ring.

As used herein, “2'-OMe™ or “2'-OCH;", “2'-0-methyl”
or “2-methoxy™ each refers to a nucleoside comprising a

sugar comprising an —OCH, group at the 2' position of the 5

sugar ring.

As used herein, “MOE” or “2-MOE™ or “2'-
OCHLCH-OCH;™ or *“2'-O-methoxyethy]l” each refers 1o a
nucleoside  comprising a  sugar comprising a

—OCH,CH,OCH, group at the 2' position of the sugar ring. 3

Methods for the preparations of modified sugars are well
known to those skilled in the art. Some representative 1.8,
patents that teach the preparation of such modified sugars
include without limitation, U.S. Pat. Nos. 4,981,957; 5.118,
800, 5.319.080; 5.359.044; 5393.878; 5.440.137; 54606,
786; 5,514,785; 5,519,134, 5,567.811; 5576427, 5,591,
722, 5,597.909; 5,610300; 5,627.053; 5.639.873; 5.646,
265, 5,670,633; 5,700,920, 5,792.847 and 6,600,032 and
International Application PCT/US2005/019219, filed Jun. 2,
2005 and published as WO 2005/121371 on Dec. 22, 2005,
and each of which is herein incorporated by reference in its
entirety.
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As used herein, “oligonucleotide™ refers to a compound
comprising a plurality of linked nucleosides. In certain
embodiments, one or more of the plurality of nucleosides is
modified. In certain embodiments, an oligonucleotide com-
prises one or more ribonucleosides (RNA) and/or deoxyri-
bonucleosides (DNA).

In nueleatides having modified sugar moieties, the nucle-
obase moileties (natural, modified or a combination thereof)
are maintained for hvbridization with an appropriate nucleic
acid target.

In certain embodiments, antisense compounds comprise
one or more nucleosides having modified sugar moieties. In
certain embodiments, the modified sugar moiety is 2'-MOE.,
In certain embodiments, the 2-MOE modified nucleosides
are arranged in a gapmer motif. In certain embodiments, the
modified sugar moiety is a bicyclic nucleoside having a
{(4'-CH(CH,)—0-2") bridging group. In certain embodi-
ments, the (4-CH(CH.)—0-2") modified nucleosides are
arranged throughout the wings of a gapmer motif.
Modified Nucleobases

Nucleobase (or base) modifications or substitutions are
structurally  distinguishable from, yet functionally inter-
changeable with, naturally occurring or synthetic unmodi-
fied nucleobases. Both natural and modified nucleobases are
capable of participating in hydrogen bonding. Such nucle-
obase modifications may impart nuclease stability, binding
affinity or some other beneficial biological property 1o
antisense compounds. Modified nucleobases include syn-
thetic and natural nucleobases such as, for example, 5-meth-
yvleyvtosineg (5-me-C). Certain  nuclechase substitutions.
including 5-methyleytosine substitutions, are particularly
uwseful for increasing the binding aflinity of an antisense
compound for a target nucleic acid. For example, 5-meth-
vleytosine substitutions have been shown to increase nucleic

5 acid duplex stability by (.6-1.2° C. (Sanghvi, Y. 5., Crooke,

S. T. and Lebleu, B., eds., Antisense Research and Appli-
cations, CRC Press, Boca Raton, 1993, pp. 276-278).

Additional modified nucleobases include 5-hydroxym-
ethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine,
6-methyl and other alkyl derivatives of adenine and guanine,
2-propyl and other alkyl derivatives of adenine and guanine,
2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil
and cytosine, S-propynyl (- C=CCH,) uracil and cyto-
sine and other alkynyl derivatives of pyrimidine bases, 6-azo
uracil, cytosine and thymine, S-uracil (pseudouracil), 4-thio-
uracil, 8-halo, 8-amino. 8-thiol, 8-thioalkyl, 8-hydroxyl and
other B-substituted adenines and guanines, 5-halo particu-
larly 5-bromo, S-trifluoromethyl and other S-substituted
uracils and cytosines, 7-methylguanine and 7-methylad-
enine. 2-F-adenine, 2-amincadenine, 8-azaguanine and
8-azaadenine, 7-deazaguanine and 7-deazaadenine and
3-deazaguanine and 3-deazaadenine.

Heteracyelic base moieties may include those in which
the purine or pyrimidine base is replaced with other hetero-
eycles, for example 7-deaza-adenine, 7-deazaguanosine,
2-aminepyridine and 2-pyridone. Nucleobases that are par-
ticularly useful for increasing the binding affinity of anti-
sense compounds include  S-substituted  pyrimidines,
G-azapyrimidines and N-2, N-6 and O-6 substituted purines,
including 2 aminopropyladenine, S-propynyluracil and
S-propvnyleytosine.

In certain embodiments, antisense compounds targeted to
an ApoCIIT nucleic acid comprise one or more modified
nucleobases. In certain embodiments, gap-widened anti-
sense oligonucleotides targeted to an ApoCIIl nucleic acid
comprise one or more modified nucleobases. In certain
embodiments, the modified nucleobase is 5-methyleytosine.
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In certain embodiments, each cytosine is a S-methylcyto-
sine.
RNAiI Compounds

In certain embodiments, antisense compounds are inter-

stranded RNA compounds (also referred to as short-inter-
fering RNA or siRNA) and single-stranded RNAi
compounds (or ssRNA), Such compounds work at least in
part through the RISC pathway 1o degrade and/or sequester
a target nucleic acid (thus, include microRNA/microRNA-
mimic compounds). In certain embodiments. antisense com-
pounds comprise modifications that make them particularly
suited for such mechanisms.
i. ssRNA Compounds

In certain embodiments, antisense compounds including
those particularly suited for use as single-stranded RNAi
compounds (ssRNA) comprise a modified 5'-terminal end.
In certain such embodiments, the 5'-terminal end comprises

a modified phosphate moiety. In certain embodiments, such

modified phosphate is stabilized (e.g., resistant to degrada-
tion/cleavage compared to unmodified 5'-phosphate). In
certain embodiments. such 5'-terminal nucleosides stabilize
the 5'-phosphorous moiety. Certain modified 5'-terminal
nucleosides may be found in the art, for example in
WO/2011/139702.

In certain embodiments, the 5'-nucleoside of an ssRNA
compound has Formula Tlc:

Tle

wherein:

T, is an optionally protected phosphorus moiety:

T, is an internucleoside linking group linking the com-
pound of Formula 1l to the oligomeric compound:

A has one of the formulas:

Q

QO

Q, and Q, are each, independently, H, halogen, C,-C,
alkyl, substituted C,-C, alkyl, C-C, alkoxy, substituted
C-C, alkoxy, C,-C, alkenyl, substituted C,-C, alkenyl,
C,-C; alkynyl, substituted C,-C; alkynyl or N{R,)(R,):

Q515 O, S, N(R;) or C(R )N(R-);

each R;, R, Rs. R, and R, is, independently. H, C,-C;
alkyl, substituted C,-C, alkyl or C,-C, alkoxy:

M, is O, 5. NR . C(R5)(R5). CR;5)(R, 6)CR )R, 5),
C(R, s }=C(R,7), OC(R )R 6) or OC(R, 5)(Bx,):
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R, is H. C,-Cy alkyl. substituted C -Cy4 alkyl, C,-Cg
alkoxy, substituted C,-C alkoxy, C,-C, alkenyl, substituted
C,-C alkenyl. C,-C, alkynyl or substituted C,-C,; alkynyl:
R,s. R, Ry»and R | ; are each, independently. H. halogen.

fering RNA compounds (RNAi). which include double- > €;-Cs alkyl, substituted C,-C, alkyl, C,-C, alkoxy, substi-

tted C,-C, alkoxy, C,-C, alkenyl. substituted C,-C,; alk-
envl, C5-C, alkynyl or substituted C,-C; alkynyl;

Bx, 1s a heterocyclic base moiety;

or if Bx, is present then Bx, is a heterocyelic base moiety

and Bx, is H, halogen, C,-C; alkyl, substituted C,-C,
alkyl, C,-C; alkoxy, substitted C,-C, alkoxy, C,-Cg
alkenyl, substituted C,-C, alkenyl. C,-C, alkynyl or
substituted C,-C; alkynyl:

1,. )5, ) and J; are each, independently, H, halogen, C -C,
alkyl, substituted C-C; alkyl, C-C; alkoxy. substituted
C,-C, alkoxy, C,-Cy alkenyl, substituted C,-C, alkenyl.
C,-C, alkynyl or substituted C,-C, alkynyl;

or J, forms a bridge with one of J5 or J, wherein said
bridge comprises from 1 to 3 linked biradical groups
selected from O, S, NR,y, C{Ry)(Ry; ), C(Ry)—CiRy,),
Cl=C(Ra4y)(R4, )] and C(=0O) and the other two of I, J, and
15 are each, independently, H, halogen, C,-C, alkyl, substi-
tuted C,-C, alkyl, C,-C, alkoxy, substituted C-C, alkoxy,
C,-C, alkenyl, substituted C,-C, alkenyl, C,-C, alkynyl or
substituted C,-C_ alkynvl;

each R4, R, and R,, is. independently, H. C,-C, alkyl.
substituted C,-C, alkyl, C,-C, alkoxy, substituted C,-Cg
alkoxy, C,-C, alkenyl, substituted C,-C, alkenyl, C,-C,
alkynyl or substituted C,-C,; alkynyl:

G is H, OH, halogen or O—[C{R )(Ry)],
Xl 2

each R, and R, is, independently, H, halogen, C,-C, alkyl
or substituted C,-C; alkyl;

X, is O, 8 or N(H, )

Z is H, halogen, C,-C, alkyl. substituted C,-C, alkyl.
C,-Cy alkenyl, substituted C.-C,; alkenyl, C.-C; alkynyl.
substituted C,-C,, alkynyl or N(E,)(E-):

E,., E; and E; are each, independently, H. C,-C, alkyl or
substituted C,-C alkyl:

n is from | to about 6:

mis 0 or 13

jisDor 1;

each substituted group comprises one or more optionally
protected substituent groups independently selected from
halogen, OJ,, N(J,)1,), =NJT,. 8I,. Ny, CN, OC(=—X,)],.
OC{—=X,)—N({J,)(J,) and C(=XN(J)(J1.):

X, 18 O, 8 or NI;;

each J,. J, and J; is. independently. H or C,-C, alkyl:

when j is 1 then 7 is other than halogen or N{E,){E,): and

wherein said oligomeric compound comprises from 8 to
40 monomeric subunits and is hybridizable to at least a
portion of a target nucleic acid.

In certain embodiments, M, is O, CH—CH, OCH, or
OC{H)(Bx,). In certain embodiments, M, is O.

In certain embodiments, J,, J5. J; and J; are each H. In
certain embodiments, J, forms a bridge with one of I, or I,

In certain embodiments, A has one of the formulas:

[(C=0)

m

ar
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wherein:

QQ, and (), are each, independently, I, halogen, C,-C,
alkyl, substituted C,-C, alkyl, C,-C, alkoxy or substituted
C,-C, alkoxy. In certain embodiments, , and Q, are each
H. In certain embodiments, Q, and Q, are each, indepen-
dently, H or halogen. In certain embodiments, (), and Q5 is
H and the other of Q, and (), is F, CH; or OCHs;.

In certain embodiments, T, has the formula;

Rs
=1
R,

wherein:

R, and R_ are each, independently, protected hydroxyl,
protecied thiol, C,-C, alkyl. substituted C,-C alkyl, C,-C,
alkoxy, substituted C,-C; alkoxy, protected amino or sub-
stituted amino; and

R, 15 O or S. In certain embodiments, R, is O and R, and
R._ are each, independently, OCH,, OCH,CH; or CH({CH,},.

In certain embodiments. G 1s halogen, OCH,, OCH.F,
OCHF,, OCF,, OCH,CH,, O(CH,)F, OCH,CHF,,
OCH,CF,, OCH,—CH—CH,, O(CH,);—OCH,, O(CH,),

SCH;,  O(CH,),OCF,,  O(CH,)3 NiR, )R, ).
O(CH,)y —ONR, )R}, O(CH,),— O(CH, ), N(R, )
(R,)). OCH,C(=O)}-NR,)R,) OCHCO)-N
(R, -—CH, ) ,—NRJR,,) or OCH,),—NR,)—C
{(—NRIN(R,  NR, )] wherein R, R, . R, and R, are
each, independently, H or C,-C; alkyl. In certain embodi-
ments, G is halogen, OCH,, OCF,, OCH,CH,, OCH,CF;,
OCH,—CH—CH,, O(CH,),—OCH,, O(CH,),—0O(CH,),
—N(CH,),. OCH,C(—0)—N(H)CH,, OCH,C(—0)}—N
(H)}—(CH,),—N(CH,), or OCH,—N(H)—C(==NH)NFL.
In certain embodiments, G is F. OCH, or O(CH, ), OCH;.
In certain embodiments, G is O(CH,),— OCH;.

In certain embodiments, the 5'-terminal nucleoside has
Formula [Te:

1le
8] OH
N,/
[10/ 0. Bx,
(I) G
Ty

In certain embodiments, anfisense compounds, including
those particularly suitable for ssRNA comprise one or more
type of modified sugar moieties and/or naturally occurring
sugar moieties arranged along an oligonucleotide or region
thereof in a defined pattern or sugar modification motif.
Such motifs may include any of the sugar modifications
discussed herein and/or other known sugar modifications.

In certain embodiments, the oligonucleotides comprise or
consist of a region having uniform sugar modifications. In
certain such embodiments, each nucleoside of the region
comprises the same RNA-like sugar modification. In certain
embodiments, each nucleoside of the region is a 2'-F nucleo-
side. In certain embodiments. each nucleoside of the region
is a 2'-OMe nucleoside. In certain embodiments, each
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nucleoside of the region is a 2'-MOE nucleoside. In certain
embodiments, each nucleoside of the region is a clit nucleo-
side. Tn certain embodiments, each nucleoside of the region
is an LNA nucleoside. In certain embodiments, the uniform
region constitutes all or essentially all of the oligonucle-
ofide. In certain embodiments, the region constitutes the
entire oligonucleotide exceptl for 1-4 terminal nucleosides.

In certain embodiments, oligonucleotides comprise one or
more regions of alternating sugar modifications, wherein the
nucleosides alternate between nucleotides having a sugar
modification of a first type and nucleotides having a sugar
modification of a second type. In cerlain embodiments,
nucleosides of both types are RNA-like nucleosides. In
certain embodiments the alternating nucleosides are selected
from: 2'-OMe, 2-F 2'-MOL, LNA, and cEt. In certain
embodiments, the alternating modifications are 2'-F and
2'-OMe. Such regions may be contiguous or may be inter-
rupted by differently modified nucleosides or conjugated
nucleosides.

In certain embodiments, the alternating region of alter-
nating modifications each consist of a single nucleoside (i.e..
the pattern is (AB) A wherein A is a nucleoside having a
sugar modification of a first type and B is a nucleoside
having a sugar modification of a second type; x is 1-20 and
y is O or 1). In certain embodiments, one or more alternating
regions in an alternating motif’ includes more than a single
nuclenside of a type. For example, oligonucleotides may
include one or more regions of any of the following nucleo-
side motifs:

ALBEBAL ;
ABEABE;
AABARE;
REERBRRER;
ABRBAR;
RRELEBRE
ABABAR;
AEEBRREERBRERA;

BABBRREBREBABRAR ;
or

ABABBAAEBARABRAL ;

wherein A is a nucleoside of a first type and B is a
nucleoside of a second type. In certain embodiments, A and
B are each selected from 2'-F, 2'-OMe. BNA, and MOE.

In certain embodiments, oligonucleotides having such an
alternating motif also comprise a modified 5' terminal
nucleoside, such as those of formula lle or lle.

In certain embodiments, oligonucleotides comprise a
region having a 2-2-3 motif. Such regions comprises the
following motif:

(AL B (A (C (A s

wherein: A is a first type of modified nucleoside:

B and C, are nucleosides that are differently modified than
A, however, B and C may have the same or different
modifications as one another:

x and y are from 1 to 15.

In certain embodiments, A is a 2"-0OMe modified nucleo-
side. In certain embodiments, B and C are both 2'-F modified
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nucleosides. In certain embodiments, A is a 2'-OMe modi-
fied nucleoside and B and C are both 2'-F modified nucleo-
sides.
In certain embodiments, oligonucleosides have the fol-
lowing sugar motif:

5'-{Q)-(AB)AD),

wherein:

Q is a nucleoside comprising a stabilized phosphate
moiety. In certain embodiments, () is a nucleoside having
Formula Ilc or Ile:

A is a first type of modified nucleoside:

B is a second type of modified nucleoside;

D is a modified nucleoside comprising a modification
different from the nucleoside adjacent to it. Thus, if y is 0,
then D must be differently modified than B and if v is 1, then
D must be differently modified than A. In certain embodi-
ments, D dilfers from both A and B.

X is 5-15;

YisOorl;

7 is 0-4.

In certain embodiments, oligonucleosides have the fol-
lowing sugar motif:

5'-(Q)(A) (D).

wherein:

Q 1s a nucleoside comprising a stabilized phosphate
moiety, In certain embodiments, @ 15 a nucleoside having
Formula llc or Ile;

A s a first type of modified nucleoside:

D is a modified nucleoside comprising a modification
different from A.

X is 11-30;

Zis 0-4,

In certain embodiments A, B, C, and D in the above motifs
are selected from: 2'-OMe, 2'-F, 2'-MOE, LNA, and clit. In
certain embodiments, ID represents terminal nucleosides. In
certain embodiments, such terminal nucleosides are not
designed to hybridize to the target nucleic acid (though one
or more might hybridize by chance). In certain embodi-
ments, the nucleobase of each D nucleoside is adenine,
regardless of the identity of the nucleobase at the corre-
sponding position of the target nucleic acid. In certain
embodiments the nucleobase of each D nucleoside is thy-
mine.

In certain embodiments. antisense compounds, including
those particularly suited for use as ssRNA comprise modi-
fied internucleoside linkages arranged along the oligonucle-
ofide or region thereof in a defined pattern or modified

internucleoside linkage motif. In certain embodiments. oli- 5

gonucleotides comprise a region having an alternating inter-
nucleoside linkage motif. In certain embodiments, oligo-
nucleotides comprise a region of uniformly modified
internucleoside linkages. In certain such embodiments, the

oligonucleotide comprises a region that is uniformly linked 3

by phosphorothicate internucleoside linkages. In certain
embodiments, the oligonucleotide is uniformly linked by
phosphorothicate  internucleoside  linkages, In  cerlain
embodiments, each internucleoside linkage of the oligo-
nucleotide is selected from phosphodiester and phosphoro-
thicate. In certain embodiments, each internucleoside link-
age of the oligonucleotide is selected from phosphodiester
and phosphorothioate and at least one internucleoside link-
age 1s phosphorothioate.

In certain embodiments. the oligonucleotide comprises at
least 6 phosphorothicate internucleoside linkages. In certain
embodiments, the oligonucleotide comprises at least 8 phos-
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phorothioate internucleoside linkages. In certain embodi-
ments. the oligonucleotide comprises at least 10 phospho-
rothioate internucleoside linkages. In certain embodiments,
the oligonuclectide comprises at least one block of at least
6 consecutive phosphorothioate internucleoside linkages. In
certain embodiments, the oligonucleotide comprises at least
one block of at least 8 consecutive phosphorothioate inter-
nucleoside linkages, In certain embodiments, the oligo-
nucleotide comprises at least one block of at least 10
conseculive phosphorothioate internucleoside linkages. In
certain embodiments, the oligonucleotide comprises at least
one block of at least one 12 consecutive phosphorothioate
internucleoside linkages. In certain such embodiments, at
least one such block is located at the 3' end of the oligo-
nucleotide. In certain such embodiments, at least one such
block is located within 3 nucleosides of the 3' end of the
oligonucleotide.

Oligonucleotides having any of the various sugar motifs
described herein, may have any linkage motif. For example.
the oligonucleotides, including but not limited to those
described above, may have a linkage motif selected from
non-limiting the table below:

5" maost linkage Central region J-region
Ps Alternating PO/PS [
s Alternating PO/PS 7P8
Ps Alternating PO/PS 8PS

it. siRNA Compounds

In certain embodiments, antisense compounds are double-
stranded RNAI compounds (siRNA). In such embodiments,
one or both strands may comprise any modification motif
described above for ssRNA. In certain embodiments, ssRNA
compounds may be unmodified RNA. In certain embodi-
ments, siRNA compounds may comprise unmodified RNA
nucleosides, but modified internucleoside linkages.

Several embodiments relate to double-stranded composi-
tions wherein each strand comprises a motif defined by the
location of one or more modified or unmodified nucleosides.
In certain embodiments, compositions are provided com-
prising a first and a second oligomeric compound that are
fully or at least partially hybridized to form a duplex region
and further comprising a region that is complementary to
and hybridizes to a nucleic acid target. It is suitable that such
a composition comprise a first oligomeric compound that 1s
an antisense strand having full or partial complementarity to
a nucleic acid target and a second oligomeric compound that
is a sense strand having one or more regions of comple-
mentarity to and forming at least one duplex region with the
first oligomeric compound.

The compositions of several embodiments modulate gene
expression by hybridizing to a nucleic acid target resulting
in loss of its normal function. In some embodiments, the
target nucleic acid is ApoCIIL In certain embodiment, the
degradation of the targeted ApoClIl is facilitated by an
activated RISC complex that is formed with compositions of
the invention.

Several embodiments are directed to double-stranded
compositions wherein one of the strands is useful in, for
example, influencing the preferential loading of the opposite
strand into the RISC (or cleavage) complex. The composi-
tions are useful for targeting selected nucleic acid molecules
and modulating the expression of one or more genes. In
some embodiments, the compositions of the present inven-
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tion hybridize to a portion of a target RNA resulting in loss
of normal function of the target RNA.

Certain embodiments are drawn to double-stranded com-
positions wherein both the strands comprise a hemimer
motif, a fully modified motif, a positionally modified motif
or an alternating motif. Each strand of the compositions of
the present invention can be modified to fulfill a particular
role in for example the siRNA pathway. Using a different
motif in each strand or the same motif with differem
chemical modifications in each strand permits targeting the
antisense strand for the RISC complex while inhibiting the
incorporation of the sense strand. Within this model, each
strand can be independently modified such that it is
enhanced for iis particular role. The antisense strand can be
modified at the 5'-end to enhance its role in one region of the
RISC while the 3'-end can be modified differentially to
enhance its rele in a different region of the RISC.

The double-stranded oligonucleotide molecules can be a
double-stranded polynucleotide molecule comprising self-

complementary sense and antisense regions. wherein the 2

antisense region comprises nucleotide sequence that is
complementary to nucleotide sequence in a target nucleic
acid molecule or a portion thereof and the sense region
having nucleotide sequence corresponding to the target
nucleic acid sequence or a portion thereof. The double-
stranded oligonucleotide molecules can be assembled from
two separate oligonucleotides, where one strand is the sense
strand and the other is the antisense strand, wherein the
antisense and sense strands are sell~complementary (ie.
each strand comprises nuclestide sequence that is comple-
mentary to nucleotide sequence in the other strand: such as
where the antisense strand and sense strand form a duplex or
double-stranded structure, for example wherein the double-
stranded region is about 15 o about 30, e.g., about 15, 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 base
pairs; the antisense strand comprises nucleotide sequence
that is complementary to nucleotide sequence in a target
nucleic acid molecule or a portion thereof and the sense
strand comprises nucleotide sequence corresponding to the
target nucleic acid sequence or a portion thereof {e.g.. about
15 to about 25 or more nucleotides of the double-stranded
oligonucleotide molecule are complementary to the target
nucleic acid or a portion thereof). Alternatively, the double-
stranded oligonucleotide is assembled {rom a single oligo-
nucleotide, where the self~complementary sense and anti-
sense regions of the siRNA are linked by means of a nucleic
acid based or non-micleic acid-based linker(s).

The double-stranded oligonucleotide can be a polynucle-
otide with a duplex, asymmetric duplex, hairpin or asym-

metric hairpin secondary structure, having self-complemen- 5

tary sense and antisense regions, wherein the antisense
region comprises nucleotide sequence that is complemen-
lary 0 nucleotide sequence in a separate target nucleic acid
molecule or a portion thereof and the sense region having

nucleotide sequence corresponding to the target nucleic acid 3

sequence or a portion thereof. The double-stranded oligo-
nucleotide can be a circular single-stranded polynucleotide
having two or more loop structures and a stem comprising
self-complementary sense and antisense regions, wherein
the antisense region comprises nucleotide sequence that is
complementary to nucleotide sequence in a target nucleic
acid molecule or a portion thereof and the sense region
having nucleotide sequence corresponding to the target
nucleic acid sequence or a portion thereof, and wherein the
circular polynucleotide can be processed either in vivo or in
vitro to generate an active siRNA molecule capable of
mediating RNAi.
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In certain embodiments. the double-stranded oligonucle-
otide comprises separate sense and antisense sequences or
regions, wherein the sense and antisense regions are cova-
lently linked by nucleotide or non-nucleotide linkers mol-
ecules as is known in the art, or are alternately non-
covalently linked by ionic interactions, hydrogen bonding,
van der Waals interactions, hydrophobic interactions, and/or
stacking interactions. In certain embodiments, the double-
stranded oligonueleotide comprises nucleotide sequence that
is complementary to nucleotide sequence of a target gene. In
another embodiment, the double-stranded oligonucleotide
interacts with nucleotide sequence of a target gene in a
manner that causes inhibition of expression of the target
gene.

As used herein, double-stranded oligonucleotides need
not be limited to those molecules containing only RNA, but
further encompasses chemically modified nucleotides and
non-nucleotides. In certain embodiments, the short interfer-
ing nucleic acid molecules lack 2'-hydroxy (2'-OH) contain-
ing nucleotides. In certain embodiments short interfering
nucleic acids optionally do not include any ribonucleotides
(e.g., nucleotides having a 2'-OH group). Such double-
stranded oligonucleotides that do not require the presence of
ribonucleotides within the molecule 1o support RNAi can
however have an attached linker or linkers or other attached
or associated groups. moieties, or chains containing one or
more nucleotides with 2'-OH groups. Optionally, double-
stranded oligonucleotides can comprise ribonuclectides at
about 5. 10, 20, 30, 40, or 50% of the nucleotide positions.
As used herein, the term siRNA is meant 1o be equivalent to
other terms used to describe nucleic acid molecules that are
capable of mediating sequence specific RNAI, for example
short interfering RNA (siRNA), double-stranded RNA
(dsRNA)., micro-RNA (miRNA), short hairpin RNA
{(shRNA), short interfering oligonucleotide, short interfering
nueleic acid, short interfering modified oligonucleotide.
chemically modified siRNA. posi-transcriptional gene
silencing RNA (ptgsRNA), ssRNAi and others. In addition.
as used herein, the term RNAI is meant to be equivalent to
other terms used to describe sequence specific RNA inter-
ference, such as post transcriptional gene silencing, trans-
lational inhibition, or epigenetics. For example, double-
stranded oligonucleotides can be used to epigenetically
silence genes at both the post-transcriptional level and the
pre-transcriptional level. In a non-limiting example, epigen-
etic regulation of gene expression by siRNA molecules of
the invention can result from siRNA mediated modification
of chromatin structure or methylation pattern o alter gene
expression (see, for example, Verdel et al., 2004, Science,
303, 672-676; Pal-Bhadra et al., 2004, Science, 303, 669-
672: Allshire, 2002, Science, 297, 1818-1819; Volpe et al.,
2002, Science, 297, 1833-1837: Jenuwein, 2002, Science.
297, 2215-2218; and Hall et al., 2002, Science, 297, 2232-
2237).

It is contemplated that compounds and compositions of
several embodiments provided herein can target ApoClII by
a dsRNA-mediated gene silencing or RNAi mechanism,
including, eg. “hairpin” or stem-loop double-stranded
RNA effector molecules in which a single RNA strand with
self-complementary sequences is capable of assuming a
double-stranded conformation, or duplex dsRNA effector
molecules comprising two separate strands of RNA. In
various embodiments, the dsRNA consists entirely of ribo-
nucleotides or consists of a mixture of ribonucleotides and
deoxynucleotides, such as the RNA/DNA hybrids disclosed.
for example, by WO 00/63364. filed Apr. 19, 2000, or U.S.
Ser. No. 60/130,377, filed Apr. 21, 1999. The dsRNA or
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dsRNA effector molecule may be a single molecule with a
region of self-complementarity such that nucleotides in one
segment of the molecule base pair with nucleotides in
another segment of the molecule. In various embodiments,
a dsRNA that consists of a single molecule consists entirely
of ribonucleotides or includes a region of ribonucleotides
that is complementary 1o a region of deoxyribonucleotides.
Altemnatively, the dsRNA may include two different strands
that have a region of complementarity to each other.

In various embodiments, both strands consist entirely of
ribonucleotides, one strand consists entirely of ribonucle-
otides and one strand consists entirely of deoxyribonucle-
otides, or one or both strands contain a mixture of ribo-
nucleotides and  deoxyribonucleotides. In  cerlain
embaodiments, the regions of complementarity are at least
70, 80, 90, 95, 98, or 100% complementary to each other and
to a target nucleic acid sequence. In certain embodiments,
the region of the dsRNA that is present in a double-stranded

conformation includes at least 19, 20, 21, 22, 23, 24, 25, 26, »

27, 28. 29, 30, 50, 75, 100, 200, 500, 1000, 2000 or 5000
nucleotides or includes all of the nucleotides in a cDNA or
other target nucleic acid sequence being represented in the
dsRNA. In some embodiments, the dsRNA does not contain
any single stranded regions, such as single stranded ends, or
the dsRNA is a hairpin. In other embodiments, the dsRNA
has one or more single stranded regions or overhangs. In
certain embodiments, RNA/DNA hybrids include a DNA
strand or region that is an antisense strand or region (e.g, has
at least 70, 80, 90, 95, 98, ar 100% complementarilty o a
target nucleic acid) and an RNA strand or region that is a
sense strand or region (e.g, has at least 70, 80, 90, 93, 98, or
100% identity to a target nucleic acid), and vice versa.

In various embodiments, the RNA/DNA hybrid is made in
vitre using enzymatic or chemical synthetic methods such as
those described herein or those described in WO 00/63364,
filed Apr. 19, 2000, or U.S. Ser. No. 60/130,377, filed Apr.
21, 1999, In other embodiments, a DNA strand synthesized
in vitro is complexed with an RNA strand made in vivo or
in vitro before, after, or concurrent with the transformation
of the DNA strand into the cell. In yet other embodiments,
the dsRNA is a single circular nucleic acid containing a
sense and an antisense region, or the dsRNA includes a
circular nucleic acid and either a second circular nucleic acid
or a linear nucleie acid (see. for example, WO 00/63364,
filed Apr. 19, 2000, or U.S. Ser. No. 60/130,377, filed Apr.
21, 1999.) Exemplary circular nucleic acids include lariat
structures in which the free §' phosphoryl group of a
nucleotide becomes linked to the 2' hydroxyl group of
another nucleotide in a loop back fashion.

In other embodiments, the dsRNA includes one or more
modified nucleotides in which the 2' position in the sugar
contains a halogen (such as fluorine group) or contains an
alkoxy group (such as a methoxy group) which increases the

half-life of the dsRNA in vitro or in vivo compared to the 3

corresponding dsRNA in which the corresponding 2' posi-
tion contains a hydrogen or an hydroxyl group. In yet other
embodiments, the dsRNA includes one or more linkages
between adjacent nucleotides other than a naturally-occur-
ring phosphodiester linkage. Examples of such linkages
include phosphoramide, phosphorothioate, and phosphoro-
dithioate linkages. The dsRNAs may also be chemically
modified nucleic acid molecules as tanght in U.S. Pat. No.
6,673,661, In other embodiments, the dsRNA contains one
or two capped strands, as disclosed, for example, by WO
00/63364, filed Apr. 19. 2000, or U.S. Ser. No. 60/130.377,
filed Apr. 21, 1999,
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In other embodiments, the dsRNA can be any of the at
least partially dsRNA molecules disclosed in WO 00/63364,
as well as any of the dsRNA molecules described in U.S.
Provisional Application 60/399,998; and U.S. Provisional
Application 60/419,532, and PCT/US2003/033466, the
teaching of which is hereby incorporated by reference. Any
of the dsRNAs may be expressed in vitro or in vivo using the
methods described herein or standard methods, such as those
described in WO 00/63364,

Compositions and Methods for Formulating Pharmaceutical
Compositions

Antisense compounds may be admixed with pharmaceu-
tically acceplable active or inert substance for the prepara-
tion of pharmaceutical compositions or formulations. Com-
positions and methods for the formulation of pharmaceutical
compositions are dependent upon a number of criteria.
including, but not limited to, route of administration, extent
of disease. or dose to be administered.

Antisense compounds targeted to an ApoCIII nucleic acid
can be utilized in pharmaceutical compositions by combin-
ing the antisense compound with a suitable pharmaceutically
acceptable diluent or carrier.

In certain embodiments, the “pharmaceutical carrier” or
“excipient” is a pharmaceutically acceptable solvent, sus-
pending agent or any other pharmacologically inert vehicle
for delivering one or mare nucleic acids to an animal. The
excipient can be liquid or solid and can be selected, with the
planned manner of administration in mind, so as to provide
for the desired bulk, consistency, etc., when combined with
a nueleic acid and the other components of a given phar-
maceutical composition. Typical pharmaceutical carriers
include, but are not limited to, binding agents (e.g., prege-
latinized maize starch, polyvinylpyrrolidone or hydroxypro-
pyl methylcellulose, ete.): fillers (e.g., lactose and other
sugars, microcrysialline cellulose. pectin, gelatin, calcium
sulfate, ethyl cellulose, polyacrylates or caleium hydrogen
phosphate, etc.): lubricants (e.g.. magnesium stearate, talc,
silica, colloidal silicon dioxide, stearic acid, metallic stear-
ates, hydrogenated vegetable oils, corn starch, polyethylene
glycols, sodium benzoate, sodium acetate, etc.); disinte-
grants (e.g., starch, sodium starch glycolate, etc.); and
wetting agents (e.g.. sodium lauryl sulphate, etc.).

Pharmaceutically acceptable organic or inorganic excipi-
ents, which do not deleteriously react with nucleic acids,
suitable for parenteral or non-parenteral administration can
also be used to formulate the compositions of the present
invention. Suitable pharmaceutically acceptable carriers
include, but are not limited to, water, salt solutions, alcohols,
polyethylene glyeols, gelatin, lactose, amylose, magnesinm
stearate, talc, silicic acid, viscous paraflin., hydroxymethyl-
cellulose, polyvinylpyrrolidone and the like.

A pharmaceutically acceptable diluent includes phos-
phate-buffered saline (PBS). PBS is a diluent suitable for use
in compositions to be delivered parenterally. Accordingly, in
one embodiment, employed in the methods described herein
is a pharmaceutical composition comprising an antisense
compound targeted to an ApoCIIT nucleic acid and a phar-
maceutically acceptable dilvent. In certain embodiments, the
pharmaceutically acceptable diluent is PBS. In certain
embodiments, the antisense compound is an antisense oli-
gonucleotide.

Pharmaceutical compositions comprising antisense com-
pounds encompass any pharmaceutically acceptable salts,
esters, or salts of such esters. or an oligonucleotide which,
upon administration to an animal, including a human, is
capable of providing (directly or indirectly) the biologically
active metabolite or residue thereof. Accordingly, for
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example, the disclosure is also drawn to pharmaceutically
acceptable salts of antisense compounds, prodrugs. pharma-
ceutically acceplable salts of such prodrugs. and other
bioequivalents. Suitable pharmaceutically acceptable salts
include, but are not limited to, sodium and potassium salts.

A prodrug can include the incorporation of additional
nucleosides at one or hoth ends of an antisense compound
which are cleaved by endogenous nucleases within the body,
1o form the active antisense compound,

Conjugated Antisense Compounds

Antisense compounds may be covalently linked to one or
more moieties or conjugates which enhance the activity,
cellular distribution or cellular uptake of the resulting anii-
sense oligonucleotides. Typical conjugate groups include
cholesterol moieties and lipid moieties. Additional conjugate
groups include carbohydrates, phospholipids, biotin,
phenazine, folate, phenanthridine, anthraquinone. acridine,
fluoresceins. rhodamines, coumarins, and dyes.

Antisense compounds can also be modified 1o have one or
more stabilizing groups that are generally attached to one or
both termini of antisense compounds to enhance properties
such as. for example, nuclease stability. Included in stabi-
lizing groups are cap structures. These terminal modifica-
tions protect the antisense compound from exonuclease
degradation. and can help in delivery and/or localization
within a cell. The cap can be present at the 5-terminus
{3'-cap), or at the 3'-terminus (3'-cap), or can be present on
both termini. Cap structures are well known in the art and
include, for example, inverted deoxy abasic caps. Further 3'
and §'-stabilizing groups that can be used to cap one or both
ends of an antisense compound to impart nuclease stability
include those disclosed in WO 03/004602 published on Jan.
16, 2003,

Cell Culture and Antisense Compounds Treatment

The effects of antisense compounds on the level, activity
or expression of ApoCIIl nucleic acids or proteins can be
tested in vitro in a variety of cell types. Cell types vsed for
such analyses are available from commercial vendors (e.g.
American Type Culture Collection. Manassas, Va.; Zen-Bio,
Inc., Research Triangle Park, N.C.; Clonetics Corporation,
Walkersville, Md.) and cells are cultured according to the
vendor's instructions using commercially available reagents
{e.g. Invitrogen Life Technologies, Carlshad, Califl). Illus-
trative cell types include, but are not limited to, HepG2 cells,
Hep3B cells. Huh7 (hepatocellular carcinoma) cells, pri-
mary hepatocytes, A549 cells, GM04281 fibroblasts and
LLC-MK2 cells.

In Vitro Testing of Antisense Oligonucleotides
Described herein are methods for treatment of cells with

antisense oligonucleotides, which can be modified appro- s

priately for treatment with other antisense compounds.

In general, cells are treated with antisense oligonucle-
otides when the cells reach approximately 60-80% conflu-
ence in culture.

One reagent commonly vsed to introduce antisense oli-

gonucleotides into cultured cells includes the cationic lipid
transfection reagent LIPOFECTIN® (Invitrogen, Carlsbad,
Calif). Antisense oligonucleotides are mixed with LIPO-
FECTIN® in OPTI-MEM® 1 (Invitrogen, Carlsbad, Calif)
to achieve the desired final concentration of antisense oli-
gonucleotide and a LIPOFECTIN® concentration that typi-
cally ranges 2 to 12 vg/mL per 100 nM antisense oligo-
nucleotide.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes LIPOFECTAMINE
2000® (Invitrogen, Carlsbad, Calif.). Antisense oligonucle-
otide is mixed with LIPOFECTAMINE 2000® in OPTI-
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MEM® 1 reduced serum medium (Invitrogen, Carlsbad.
Calif.) to achieve the desired concentration of antisense
oligonuclectide and a LIPOFECTAMINER concentration
that typically ranges 2 to 12 ug/ml. per 100 nM antisense
oligonucleotide.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes Cytofectin® (Invitrogen,
Carlsbad, Calif.). Antisense oligonucleotide 1s mixed with
Cytofectin® in OPTI-MEM® 1 reduced serum medium
{Invitrogen, Carlsbad, Calif.) to achieve the desired concen-
tration of antisense oligonucleotide and a Cytofectin® con-
centration that typically ranges 2 to 12 ug/mL per 100 nM
antisense oligonucleotide,

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes Oligofectamine™ (Invit-
rogen Life Technologies, Carlsbad, Calif.). Antisense oligo-
nucleotide is mixed with Oligofectamineg™ in Opti-
MEM™-1  reduced serum medium (Invitrogen Life
Technologies, Carlsbad. Calill) to achieve the desired con-
centration of oligonucleotide with an Oligofectamine™ to
oligonucleotide ratio of approximately 0.2 to 0.8 pl. per 100
nM.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes FuGENE 6 (Roche Diag-
nostics Corp.. Indianapolis. Ind.). Antisense oligomeric
compound was mixed with FuGENE 6 in 1 ml of serum-
free RPMI to achieve the desired concentration of oligo-
nuclentide with a FUGENE 6 to oligomeric compound ratio
of 1 to 4 pl. of FuGENE 6 per 100 nM.

Another technigue used to introduce antisense oligonucle-
otides into cultured cells includes electroporation (Sam-
brook and Russell in Molecular Cloning. A4 Laboratery
Manwal. Third Edition., Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. 2001).

Cells are treated with antisense oligonucleotides by rou-
tine methods. Cells are typically harvested 16-24 hours after
antisense oligonucleotide treatment, at which time RNA or
protein levels of target nucleic acids are measured by
methods known in the art and described herein (Sambrook
and Russell in Molecular Cloning. A Laboratory Manual.
Third Edition. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. 2001). In general, when treatments are
perfonmed in multiple replicates, the data are presented as
the average of the replicate treatments.

The concentration ol antisense oligonucleotide used var-
ies from cell line to cell line. Methods to determine the
optimal antisense oligonucleotide concentration for a par-
ticular cell line are well known in the art (Sambrook and
Russell in Malecular Claning. A Laboratory Manual. Third
Edition. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. 2001). Antisense oligonucleotides are typically
used at concentrations ranging from 1 nM to 300 nM when
transfected with LIPOFECTAMINE2000®  (Invitrogern.
Carlsbad, Calif)), Lipofectin'® (Invitrogen, Carlshad, Calif.)
or Cytofectin™ (Genlantis. San Diego, Calif.). Antisense
oligonucleotides are used at higher concentrations ranging
from 625 to 20.000 nM when transfected using electropo-
ration.

RNA Isolation

RNA analysis can be performed on total cellular RNA or
poly(A)+mRNA. Methods of RNA isolation are well known
in the art (Sambrook and Russell in Molecular Cloning. A
Laboratory Manual. Third Edition. Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. 2001). RNA is
prepared using methods well known in the art, for example,
using the TRIZOL® Reagent (Invitrogen, Carlsbad, Calif.)
according to the manufacturer’s recommended protocols.
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Analysis of Inhibition of Target Levels or Expression

Inhibition of levels or expression of an ApoCIIT nucleic
acid can be assayed in a variety of ways known in the art
(Sambrook and Russell in Molecular Cloning. A Laboratory
Manual. Third Edition. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. 2001). For example, target
nucleic acid levels can be quantitated by, e.g.. Northern blot
analysis, competitive polymerase chain reaction (PCR), or
quantitative real-time PCR. RNA analysis can be performed
on total cellular RNA or poly(A)+mRNA. Methods of RNA
iselation are well known in the art. Northern blot analysis is
also routine in the art. Quantitative real-time PCR can be
conveniently accomplished using the commercially avail-
able ABI PRISME 7600, 7700, or 7900 Sequence Detection
System. available from PE-Applied Biosystems, Foster City,
Calif. and used according to manufacturer’s instructions.
Quantitative Real-Time PCR Analysis of Target RNA Levels

Quantitation of target RNA levels may be accomplished
by quantitative real-time PCR using the ABI PRISM® 7600,
7700, or 7900 Sequence Detection System (PE-Applied
Biosystems, Foster City, Calif.) according to manufacturer’s
instructions. Methods of quantitative real-time PCR are well
known in the art.

Prior to real-time PCR. the isolated RNA is subjected to
a reverse transcriptase (RT) reaction. which produces
complementary DNA (cDNA) that is then used as the
substrate for the real-time PCR amplification. The RT and
real-time PCR reactions are performed sequentially in the
same sample well. RT and real-time PCR reagents are
obtained from Invitrogen (Carlshad, Califl). RT and real-
time-PCR reactions are carried out by methods well known
1o those skilled in the art.

Gene (or RNA) target quantities obtained by real time
PCR can be normalized using either the expression level of
a gene whose expression is constant, such as eyclophilin A,
or by quantifying total RNA using RIBOGREEN® (Invit-
rogen, Inc. Carlsbad, Calif’). Cyclophilin A expression is
quantified by real time PCR. by being run simultaneously
with the target, multiplexing, or separately. Total RNA is
quantified using RIBOGREEN® RNA quantification
reagent (Invitrogen, Inc. Carlsbad, Calit.). Methods of RNA
quantification by RIBOGREEN® are taught in Jones, L. J.,
et al. (Analytical Biochemistry, 1998, 265. 368-374). A
CYTOFLUOR® 4000 instrument (PE Applied Biosystems,
Foster City, Calill) is used to measure RIBOGREEN®E
fluorescence.

Probes and primers are designed to hyhbridize to an
ApoClII nucleic acid. Methods for designing real-time PCR
probes and primers are well known in the art, and may

include the use of sofiware such as PRIMER EXPRESSE s

Software (Applied Biosystems, Foster City, Calif.).

Gene target quantities obtained by RT, real-time PCR can
use either the expression level of GAPDH or Cyclophilin A,
genes whose expression are constant, or by quantifying total

RNA using RiboGreen™ (Molecular Probes. Inc. Eugene, 3

Oreg.). GAPDH or Cyclophilin A expression can be quan-
tified by RT. real-time PCR, by being run simultaneously
with the target, multiplexing, or separately. Total RNA was
quantified using RiboGreen™ RNA guantification reagent
{Molecular Probes, Inc. Eugene, Oreg.).
Analysis of Protein Levels

Antisense inhibition of ApoCIIl nucleic acids can be
assessed by measuring ApoCITI protein levels. Protein levels
of ApoCIIl can be evaluated or quantitated in a variety of
ways well known in the art, such as immunoprecipitation,
Western blot analysis (immunoblotting), enzyme-linked
immunosorbent assay (ELISA). quantitative protein assays,
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protein activity assays (for example. caspase activity
assays), immunohistochemistry, immunocytochemistry or
fluorescence-activated cell sorting (FACS) (Sambrook and
Russell in Moleeular Cloning. A Laboratory Manual. Third
Edition. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. 2001). Antibodies directed to a target can be
identified and obtained from a variety of sources, such as the
MSES catalog of antibodies (Aerie Corporation, Birming-
ham, Mich.), or can be prepared via conventional monoclo-
nal or polyclonal antibody generation methods well known
in the art. Antibodies useful for the detection of human and
mouse ApoCIIl are commercially available.
In Vivo Testing of Antisense Compounds

Antisense compounds, for example, antisense oligonucle-
otides, are tested in animals to assess their ability to inhibit
expression of ApoCIIl and produce phenotypic changes.
Testing can be performed in normal animals, or in experi-
mental disease models. For administration to animals, anti-
sense oligonucleotides are formulated in a pharmaceutically
acceptable diluent, such as phosphate-butfered saline.
Administration includes parenteral routes of administration.
Calculation of antisense oligonucleotide dosage and dosing
frequency depends upon factors such as route of adminis-
tration and animal body weight. Following a period of
treatment with antisense oligonucleotides, RNA is isolated
trom tissue and changes in ApoCIII nucleic acid expression
are measured. Changes in ApoCIIl protein levels are also
measured.
Certain Indications

Novel effects of ApoCIII inhibition in patients with Fre-
drickson Type I dyslipidemia, FCS. LPLD, have been iden-
tified and disclosed herein. The example disclosed herein-
below disclose surprising reductions in TG and increases in
HDL among other biomarkers in Fredrickson Tyvpe 1 dys-

5 lipidemia, FCS, LPLD, patients who have little or no detect-

able LPL activity,

Without being bound by any particular theory, two poten-
tial explanations for the surprising results are discussed.
First, inhibiting ApoCIll may activate residual LPL activity
in the Fredrickson Type 1 dyslipidemia, FCS, LPLD,
patients. This is not a very likely explanation as these
patients have little to no detectable LPL activity while
ApoCTI inhibition has profoundly affected TG and HDL
levels. Second., and more likely, is that ApoCIll inhibits
clearance of TG particles mediated by apoE-mediated recep-
tors such as the low density lipoprotein receptor-related
protein 1 (LRP1) or Syndecan 1. Once ApoCIII is removed
from VLDL and chylomicron particles, they become more
amenable to uplake by the liver. Indeed, these receptlor
mediated clearance mechanisms may significantly contrib-
ute to the clinically observed phenotype (e.g.. substantial TG
lowering) observed in the Fredrickson Type I dyslipidemia.
FCS, LPLD, patients treated with an ApoCIII inhibitor.

In certain embodiments, provided herein are methods of
treating a subject with Fredrickson Type | dvslipidemia.
FCS, LPLD, comprising administering one or more phar-
maceutical compositions as described herein. In certain
embodiments, the pharmaceutical composition comprises an
antisense compound targeted to an ApoCIIL

In certain embodiments, administration of an antisense
compound targeted to an ApoClll nucleic acid to a subject
with Fredrickson Type T dyslipidemia, FCS, LPLD, results
in reduction of ApoCIIT expression by at least about 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or
949%, or a range defined by any two of these values. In
certain embodiments, ApoClIl expression is reduced to =50
mg/L, =60 mg/L, <70 mg/L, =80 mg/L. =90 mg/L, =100
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mgl, =110 mg/L, =120 mg/l. =130 mg/l. =140 mg/L,
=150 mg/L, =160 mg/T, <170 mg/L, <180 mg/L, =190 mg/L
or =200 mg/L.

In certain embodiments, the subject has a disease or
disorder related to Fredrickson Type | dyslipidemia, FCS,
LPLD. In certain embodiments the disease or disorder is a
cardiovascular or metaholic disease or disorder. In certain
embodiments, the disease is pancreatitis.

In certain embodiments, the cardiovascular disease
include, but are not limited to, aneurysm, angina. arrhyth-
mia, atherosclerosis, cerebrovascular disease, coronary heart
disease, hypertension, dyslipidemia. hyperlipidemia, hyper-
triglyceridemia, hypercholesterolemia, stroke and the like.
In certain embodiments, the dyslipidemia is chylomicrone-
mia (e.g.. FCS) or hypertriglyceridemia. In certain embodi-
ments, the disease is pancreatitis caused by dyslipidemia.

In certain embodiments, the metabolic disease or disorder
include, but are not limited to, hyperglycemia, prediabetes,
diabetes (tvpe [ and type II), obesity, insulin resistance,
metabolic syndrome and diabetic dyslipidemia.

In certain embodiments, compounds targeted 1o ApoCIIl
as described herein modulate physiological markers or phe-
notypes of pancreatitis, a cardiovascular or a metabolic
disease or disorder in a subject with Fredrickson Type 1

dyslipidemia, FCS, LPLD. In certain of the experiments, the 2

campounds can increase or decrease physiological markers
or phenotypes compared to untreated animals. In certain
embodiments, the increase or decrease in physiological
markers or phenotypes 1s associated with inhibition of
ApoaCIIl by the compounds described herein.

In certain embodiments, physiological markers or pheno-
type of a cardiovascular disease or disorder can be quanti-
fiable. For example, TG or HDL levels can be measured and
quantified by, [or example, standard lipid tests. In cerlain
embodiments, physiological markers or phenotypes such as
HDL can be increased by about 3, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range
defined by any two of these values. In certain embodiments,
physiological markers phenotypes such as TG (postprandial
or fasting) can be decreased by about 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80. 85, 90, 95 or 99%, or
a range defined by any two of these values. In certain
embodiments. TG (postprandial or fasting) is reduced to
=100 mg/dL., =110 mg/dL., =120 mg/dL., =130 mg/dL, =140
mg/dl, =150 mg/dl, =160 mg/dl, =170 mg/dl, =180
mg/dl., =190 mg/dl., <200 mg/dl., =210 mg/dl., =220
mg/dl., =230 mg/dl, =240 mg/dl., =250 mg/dl, =260
mg/dl, =270 mg/dl, =280 mg/dL, =290 mg/dL, =300
mg/dl, =350 mg/dL, =400 mg/dL, =450 mg/dL, =500
mg/dl., =550 mg/dl., =600 mg/dl., =650 mg/dL, =700
mg/dlL. =750 mg/dl, =800 mg/dL, =850 mg/dL, =900
mg/dl., =950 mg/dl, <1000 mg/dl.. <1100 mg/dl.. <1200
mg/dlL, 1300 mg/dL, =1400 mg/dL, =1500 mg/dL, s1600
mg/dl. s1700 mg/dL, =1800 mg/dL or =1900 mg/dL..

In certain embodiments. physiological markers or pheno- s

types of a metabolic disease or disorder can be quantifiable.
For example, glucose levels or insulin resistance can be
measured and quantified by standard tests known in the art.
In certain embodiments, physiological markers or pheno-
types such as glucose levels or insulin resistance can be
decreased by about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined by
any two of these values. In certain embodiments, physi-
ological markers phenotypes such as insulin sensitivity can
be increased by about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined
by any two of these values.
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Also, provided herein are methods for preventing, treating
or ameliorating a symptom associated with a disease or
disorder in a subject with Fredrickson Type T dyslipidemia.
FCS. LPLD with a compound described herein. In certain
embodiments, provided is a method for reducing the rate of
onset of a symptom associated with a disease associated
with Fredrickson Type 1 dyslipidemia, FCS, LPLD, In
certain embodiments, provided is a method for reducing the
severity of a symptom associated with Fredrickson Type [
dyslipidemia. FCS, LPLD. In such embodiments, the meth-
ods comprise administering to an individual with Fredrick-
son Type | dyslipidemia a therapeutically eflective amount
of a compound targeted to an ApoCIIl nucleic acid. In
certain embodiments the disease or disorder is pancreatitis
or a cardiovascular or metabolic disease or disorder.

Cardiovascular diseases or disorders are characterized by
numerous physical symptoms. Any symptom known to one
of skill in the art to be associated with a cardiovascular
disease can be prevented, treated, ameliorated or otherwise
modulated as set forth in the methods described herein. In
certain embodiments, the symiptom can be any of, but not
limited to, angina, chest pain, shortness of hreath, palpita-
tons, weakness, dizziness. nausea, sweating, tachyeardia,
bradycardia, arrhythmia, atrial fibrillation, swelling in the
lower extremities. cyanosis. fatigue, fainting, numbness of
the face, numbness of the limbs, claudication or cramping of
muscles, bloating of the abdomen or fever,

Metabolic diseases or disorders are characlerized by
numerous physical symploms. Any symptom known (o one
of skill in the art to be associated with a metabolic disorder
can be prevented, treated, ameliorated or otherwise modu-
lated as set forth in the methods described herein. In certain
embodiments, the symptom can be any of, bul not limited 1o,
excessive urine production (polyuria), excessive thirst and
increased fluid intake (polydipsia), blurred vision. unex-
plained weight loss and lethargy.

Pancreatitis is characterized by numerous physical symp-
toms. Any symptom known to one of skill in the art to be

) associated with a pancreatitis can be prevented, treated,

ameliorated or otherwise modulated as set forth in the
methods described herein. In certain embodiments. the
symptom can be any of, but not limited to, abdominal pain.,
vomiting, nausea, and abdominal sensitivity to pressure.

In certain embodiments. provided are methods of treating
a subject with Fredrickson Type I dyslipidemia, FCS, LPLD,
comprising administering a therapeutically effective amount
of one or more phanmaceutical compositions as described
herein. In certain embodiments, administration of a thera-
peutically effective amount of an antisense compound tar-
geted to an ApoCII nucleic acid is accompanied by moni-
toring of ApoCIII levels or disease markers associated with
Fredrickson Type I dyslipidemia, FCS, LPLD, to determine
a subject’s response to the antisense compound. A subject’s
response to administration of the antisense compound is
used by a physician to determine the amount and duration of
therapeutic intervention.

In certain embodiments. pharmaceutical compositions
comprising an antisense compound targeted 10 ApoCIII are
used for the preparation of a medicament for treating a
subject with Fredrickson Type | dyslipidemia, FCS. LPLD.
Administration

The compounds or pharmaceutical compositions of the
present invention can be administered in a number of ways
depending upon whether local or systemic treatment is
desired and upon the area to be treated. Administration can
be oral or parenteral.
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In certain embodiments, the compounds and compositions
as described herein are administered parenterally. Parenteral
administration includes intravenous, intra-arterial, subcuta-
neous, intraperitoneal or intramuscular injection or infusion.

In certain embodiments, parenteral administration is by
infusion. Infusion can be chronic or continuous or short or
intermittent. In certain embodiments, infused pharmaceuti-
cal agents are delivered with a pump. In certain embodi-
ments, the infusion is intravenous.

In certain embodiments, parenteral administration is by
injection. The injection can be delivered with a syringe or a
pump. In certain embodiments. the injection is a bolus
injection. In certain embodiments, the injection is adminis-
tered directly to a tissue or organ. In certain embodiments,
parenteral administration is subcutaneous.

In certain embodiments, formulations for parenteral
administration can include sterile aqueous solutions which
can also contain buffers, diluents and other suitable additives
such as, but not limited to, penetration enhancers, carrier
compounds and other pharmaceutically acceptable carriers
Or excipients.

In certain embodiments, formulations for oral adminis-
tration of the compounds or compositions of the invention
can include, but is not limited 1o, pharmaceutical carners,
excipients, powders or granules, microparticulates, nanopar-
ticulates, suspensions or solufions in water or non-agueous
media. capsules, gel capsules, sachets, tablets or minitablets.
Thickeners, flavoring agents, diluents, emulsifiers, dispers-
ing aids or binders can be desirable. In certain embodiments,
oral formulations are those in which compounds of the
invention are administered in conjunction with one or more
penetration enhancers, surfactants and chelators.

Dosing

In certain embodiments, pharmaceutical compositions are
administered according to a dosing regimen {e.g., dose, dose
frequency, and duration) wherein the dosing regimen can be
selected to achieve a desired effect. The desired effect can
be, for example, reduction of ApoCIIT or the prevention,
reduction, amelioration or slowing the progression of a
disease or condition associated with Fredrickson Type 1
dyslipidemia, FCS, LPLD.

In certain embodiments, the variables of the dosing regi-
men are adjusted 1o result in a desired concentration of
pharmaceutical composition in a subject. “Concentration of
pharmaceutical composition” as used with regard to dose
regimen can refer to the compound, oligonucleoiide, or
active ingredient of the pharmaceutical composition. For
example, in certain embodiments, dose and dose frequency
are adjusted to provide a tissue concentration or plasma
concentration of a pharmaceutical composition at an amount
sufficient to achieve a desired effect.

Dosing is dependent on severity and responsiveness of the
disease state to be treated. with the course of treatment
lasting from several days to several months, or until a cure
is eflected or a diminution of the disease state is achieved.
Dasing is also dependent on drug potency and metabolism.
In certain embodiments, dosage is from 0.01 pg to 100 mg
per kg of body weight, or within a range of 0.001 mg-1000
mg dosing, and may be given once or more daily, weekly,
monthly or yearly, or even once every 2 to 20 vears.
Following successful treatment, it may be desirable to have
the patient underge maintenance therapy to prevent the
recurrence of the disease state, wherein the oligonucleotide
is administered in maintenance doses, ranging from 0.01 pg
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to 100 mg per kg of body weight, once or more daily. to once
every 20 years or ranging from 0.001 mg to 1000 mg dosing.
Certain Combination Therapies

In certain embodiments, a first agent comprising the
compound described herein is co-administered with one or
more secondary agents. In certain embodiments, such sec-
ond agents are designed to treat the same disease, disorder.,
or condition as the first agent described herein. In certain
embodiments, such second agents are designed 1o treat a
different disease. disorder, or condition as the first agent
described herein, In certain embodiments, a first agent is
designed to treat an undesired side effect of a second agent.
In certain embodiments, second agents are co-administered
with the first agent 1o treai an undesired effect ol the first
agent. In certain embodiments, such second agents are
designed to treat an undesired side effect of one or more
pharmaceutical compositions as described herein. In certain
embodiments, second agents are co-administered with the
{irst agent 1o produce a combinational effect. In certain
embodiments, second agents are co-administered with the
first agent to produce a synergistic effect. In certain embodi-
ments, the co-administration of the first and second agents
permits use of lower dosages than would be required to
achieve a therapeutic or prophylactic effect il the agents
were administered as independent therapy. In certain
embodiments, the first agent is administered to a subject that
has failed or become non-responsive to a second agent. In
certain embodiments, the first agent 1s administered to a
subject in replacement of a second agent.

In ecertain embodiments, one or more compositions
described herein and one or more other pharmaceutical
agents are administered at the same time, In certain embaodi-
ments, one or more compositions of the invention and one
or more other pharmaceutical agents are administered at
dilferent times. In certain embodiments, one or more com-
positions described herein and one or more other pharma-
ceutical agents are prepared together in a single formulation.
In certain embodiments, one or more compositions
described herein and one or more other pharmaceutical
agents are prepared separately.

In certain embodiments, second agents include, but are
not limited to, ApoCIIT lowering agent., DGAT] inhibitor.
LPL raising agent, cholesterol lowering agent, non-HDL
lipid lowering (e.g., LDL) agent, HDL raising agent, fish oil,
niacin (nicotinic acid), fibrate. statin, DCCR (salt of diaz-
oxide), glucose-lowering agent and/or anti-diabetic agents.
In certain embodiments, the first agent is administered in
combination with the maximally tolerated dose of the sec-
ond agent, In certain embodiments, the first agent is admin-
istered to a subject that fails to respond to a maximally
tolerated dose of the second agent.

Examples of ApoCIIT lowering agents include an ApoCIIT
antisense oligonucleotide different from the first agent.
fibrate or an Apo B antisense oligonucleotide.

An example of a DGAT1 inhibitor is LCQO0R (Novartis
Pharmaceuticals) currently being tested in a Phase 3 clinical
trial for treating Familial Chylomicronemia Syndrome
(FCS).

LPL raising agents include gene therapy agents that raise
the level of LPL. Examples of such agents include copies of
normal genes that supplement the lack of the normal gene.
For example, Glybera® raises LPL levels by providing
normal copies of the LPL gene to supplement a lack of the
normal LPL gene. In other examples. the LPL raising agent
includes normal copies of ApoC-1I, GPIHBP1, APOAS,
LMF1 or other genes that, when mutated, can lead to
dysfunctional LPL. In certain embodiments, the combina-
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tion of the first agent (e.g., ApoCIIl ASO) and the second
agent (e.g., Glybera) provides an additive or synergistic
effect. In certain embodiments, the first agent (e.g.. ApoCIII
ASO) is administered to a subject that has failed or become
non-responsive to a second agent (e.g.. Glybera®).

Examples of glucose-lowering and/or anti-diabetic agents
include, but is not limited to, a therapeutic lifestyle change,
PPAR agonist, a dipeptidy] peptidase (IV) inhibitor, a GLP-1
analog, insulin or an insulin analog, an insulin secretagogue,
a SGLT2 inhibitor, a human amylin analog, a biguanide, an
alpha-glucosidase  inhibitor, metformin, sulfonylurea,
rosiglitazone, meglitinide, thiazolidinedione, alpha-glucosi-
dase inhibitor and the like. The sullonylurea can be acelo-
hexamide, chlorpropamide, tolbutamide. tolazamide,
glimepiride, a glipizide, a glyburide. or a gliclazide. The
meglitinide can be nateglinide or repaglinide. The thiazoli-
dinedione can be pioglitazone or rosiglitazone, The alpha-
glucosidase can be acarbose or miglitol.

The cholestero] or lipid lowering therapy can include, but
is not limited to, a therapeutic lifestyle change, statins, bile
acids sequestrants, nicotinic acid and fibrates. The statins
can be atorvastatin, fluvastatin, lovastatin, pravastatin, rosu-
vastatin and simvastatin and the like. The bile acid seques-
trants can be colesevelam, cholestyramine, colestipol and
the like. The fibrates can be gemfibrozil, fenofibrate, clofi-
brate and the like. The therapeutic lifestyle change can be
dietary fat restriction.

HDL increasing agents include cholesteryl ester transfer
protein (CETP) inhibiting drugs (such as Torceirapib). per-
oxisome proliferation activated receptor agonists, Apo-Al,
Pioglitazone and the like.

Certain Treatment Populations

Some types of hypertriglyvceridemia can be characterized
by the Fredrickson classification system or by the classifi-
cation system described by Tremblay (Tremblay et al., J Clin
Lipidol, 2011, 5:37-44). In certain embodiments, the com-
pounds, compositions and methods described herein are
useful in treating subjects with Fredrickson Type I dyslipi-
demia, FCS, LPLD.

Subjects with Fredrickson Type | dyslipidemia, FCS,
LPLID, are at a significant risk of pancreatitis, cardiovascular
and metabolic disease. For these subjects, recurrent pancrea-
titis is the most debilitating and potentially lethal compli-
cation; other sequalae include increased tendency for ath-
erosclerosis and diabetes.

Fredrickson Type 1, FCS, LPLD, subjects lack a signifi-
cant amount of functionally active LPL. ApoCIII plays an
important role in TG metabolism and is an independent risk
factor for cardiovascular disease in subjects with functional

or partially functional LPL. ApoC1ll is currently in clinical 5

trials to treat non-Fredrickson Type 1 hypertriglyceridemia
subjects. However, as ApoCIII pathway is thought to work
through the LPL pathway, inhibition of ApoCIIT has not been
considered as a treatment option for Fredrickson Type 1,
FCS, LPLD, subjects.

ApoCIHI inhibition, as shown herein. unexpectedly
decreases TG levels and/or raises HDL levels in Fredrickson
Type I dyslipidemic, FCS, LPLD. subjects. The decrease in
TG and/or increase in HDL can. in turn, prevent, treat, delay
or ameliorate a disease, disorder, or symptom thereof, asso-
ciated with Fredrickson Type | dyslipidemia, FCS, LPLD.
Certain Compounds

We have previously disclosed compositions comprising
antisense compounds targeting ApoCIIl and methods for
inhibiting ApoCIIl by the antisense compounds in US
20040208856 (U.S. Pat. No. 7.598,227). US 20060264395
(U.S. Pat, No. 7.750,141), WO 2004/093783 and WO 2012/
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149495, all incorporated-by-reference herein. In these appli-
cations, a series of antisense compounds was designed to
target different regions of the human ApoCTIT RNA, using
published sequences (nucleotides 6238608 to 6242565 of
GenBank accession number NT 035088.1, representing a
genomic sequence, incorporated herein as SEQ (D NO: 4,
and GenBank accession number NM_000040.1, incorpo-
rated herein as SEQ 1D NO: 1). The compounds were
chimeric oligonucleotides (“gapmers™) 20 nucleotides in
length, composed of a central “gap™ region consisting of ten
2-deoxynucleotides, which is flanked on both sides (5' and
3" directions) by five-nucleotide “wings”., The wings are
composed of 2-0-(2-methoxyethyl) nucleotides, also
known as (2'-MOE) nucleotides. The internucleoside (back-
bone) linkages are phosphorothioate (P—S8} throughout the
oligonucleotide, All cytosine residues are 5-methyleyto-
sines.

The antisense compounds were analyzed for their effect
on human ApoCIII mRNA levels in HepG2 cells by quan-
titative real-time PCR. Several compounds demonstrated at
least 45% inhibition of ApoCIIl mRNA and are therefore
preferred. Several compounds demonstrated at least 50%
inhibition of human ApoCIll mRNA and are therefore
preferred. Several compounds demonstrated at least 60%
inhibition of human ApoCIIl mRNA and are therefore
preferred. Several compounds demonstrated at least 70%
inhibition of human ApoCIlll mRNA and are therefore
preferred. Several compounds demonstrated at least 80%
inhibition of human ApoCIlI mRNA and are therefore
preferred, Several compounds demonstrated at least 90%
inhibition of human ApoCIII mRNA and are therefore
preferred.

The target regions to which these preferred antisense
compounds are complementary are referred to as “preferred
target segments” and are therefore preferred for targeting by
antisense compounds.

EXAMPLES

Non-Limdting Disclosure and Incorporation by
Reference

While certain compounds, compositions and methods
described herein have bheen described with specificity in
accordance with certain embodiments, the following
examples serve only to illustrate the compounds described
herein and are not intended to limit the same. Each of the
references recited in the present application is incorporated
herein by reference in its enfirety.

Example |
ISIS 304801 Clinical Trial

As described herein, an open label study was performed
on patients with Fredrickson Type | dyslipidemia, FCS,
LPLD, to evaluate the response to, and the pharmacody-
namic effects of, the Study Drug ISIS 304801. ISIS 304801
was previously disclosed in U.S, Pat. No. 7,598,227 and has
the sequence 5'-AGCTTCTTGTCCAGCTTTATL-3" (SEQ 1D
NO: 3) starting at position 508 on SEQ ID NO: 1 (GEN-
BANK Accession No. NM_000040.1) or starting at position
3139 on SEQ ID NO: 2 (GENBANK Accession
NT_033899.8 truncated from nucleotides 20262640 to
20266603). 1518 304801 has a 5-10-5 MOE gapmer motif
comprising a gap segment consisting of 10 linked deoxy-
nucleosides, a 5' wing segment consisting of 5 linked
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nucleosides, a 3' wing segment consisting 5 linked nucleo-
sides, wherein the gap segment is positioned immediately
adjacent to and between the 5' wing segment and the 3' wing
segment, wherein each nucleoside of each wing segment
comprises a 2-O-methyoxyethyl sugar, wherein each cyto-
sine is a S-methylcytosine, and wherein each internucleoside
linkage is a phosphorothioate linkage. 1SIS 304801 has been
shown to be potent in inhibiting ApoC-III and tolerable
when administered to subjects.

Many of the patients recruited for this study have been
diagnosed with Fredrickson Type 1 dyshipidemia, FCS,
LPLD. Fredrickson Type 1. FCS. LPLD. patients with a
history of TG level 2880 mg/dL. fasting TG level 2750
mg/dL during screening for the study and/or TG level =440
mg/dl. after dieting but before the start of treatment are
included in the study.

To enlarge the study population, some patients suffering
from hyperTG but not diagnosed with Fredrickson Type |
dyslipidemia, FCS, LPLD, may be screened for Fredrickson
Type 1 dyslipidemia, 'CS, LPLD. In an example, patients
with hyperTG will be identified through their medical his-
tory with a TG level 2880 mg/dL and/or by centrifugation of
the lipids in their hlood for fasting TG level =750 mg/dL.
The patients with fasting TG level 2750 mg/dL. will be
further screened for at least one of the following parameters
to confirm the diagnosis of Fredrickson Type | dyslipidemia,
FCS, LPLD:

(1) homozygous or compound heterozygous loss-of-func-
tion mutations in genes such as LPL {e.g., P207L, GI188L,
DANJ. ApaC2, GPIHBP1. ApoCS or LMFI known o cause
I'redrickson Type 1 dyslipidemia. FCS, LPLD;

(2) LPL activity =20% of normal; and

(3) anti-LPL antibodies.

For each patient diagnosed with Fredrickson Tvpe 1
dyslipidemia, FCS, LPLD. the participation period consists
of a =8-week screening period, (which includes a 4-week
tight diet control run-in qualification period), a 1-week study
qualification/baseline assessment period, a 13-week treat-
ment period, and a post-freatment evaluation period of 13
weeks, for a total of 35 weeks ol study participation. Patients
with a diet controlled TG level 2440 mg/dl. are included in
the study. Concomitant medications and adverse events
{AEs) are recorded throughout all periads of the study.

Patients are placed on a tightly controlled diet (after
screening procedures are performed) for the duration of
study participation. After 28 days on the controlled diet,
patients have baseline measurements and are assessed for
qualification of enrollment into the treatment phase of the
study.

Endpoints to evaluate include: the pharmacodynamic s

(PD) effects of ISIS 304801 as measured by fasting lipo-
protein, total ApoC-III, TG, ApoC-1I (total and associated
with VLIDL), apolipoprotein B-100 (apoB-100 and/or apoB-
48), apolipoprotein A-1 (apoA-1). apolipoprotein A-2

{apoA-2), apolipoprotein E (apoB), total choelesterol (TC), s

low-density lipoprotein-cholesterol (LDL-C), LDL-TG,
VLDL-C, VLDL-TG. non-high-density lipoprotein-choles-
terol (non-HDL-C), non-HDL-TG, HDL-C, HDL-TG, chy-
lomicron-cholesterol  (CM-C),  chylomicron-triglyeeride
{CM-TG). free fatty acids (FFA), and glycerol levels; the
post-prandial lipid, apolipoprotein and lipoprotein charac-
teristics and kinetics, and glucose levels; and, the safety,
tolerability and pharmacokinetics (PK) of ISIS 304801.
Additional endpoints to be evaluated may mclude a decrease
in CETP or an increase in ApoAl, PONI. fat clearance and
triglyceride clearance, and an improvement in the ratio of
HDL 1o TG.
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Study Drug and Treatment

A solution of the Study Drug ISIS 304301 (200 mg/mlL.,
1.0 mL) contained in 2-mL stoppered glass vials is provided.
Vials are for single-use only. ISIS 304801 solution and
placebo are prepared by a pharmacist (or qualified delegate).
A trained professional administers 300 mg of the Study Drug
as a single SC injection in the abdomen, thigh, or outer area
of the upper arm on each dosing day.

Patients receive 13 doses of the Study Drug administered
by SC injection once a week for 13 weeks (Days 1, 8, 15, 22,
249, 36, 43, 50, 57, 64, 71, 78, and 85). Patients complete the
treatment visits on Day 1+0 days and on Day 8, 15, 22, 29,
36, 43, 50, 57, 64, 71, 78, and 85 within =1 day. Patients in
an extensive PK group also visit the clinic on Day 2 and
86x0 days relative to Day 1 and 85, respectively, for a 24
hour blood draw. Patients complete the follow-up visits on
Day 92 and 99 within =1 day, Day 127 within £3 days, and
Day 176 within =5 days of the scheduled visit date. Patients
in the post-prandial assessment group also visit the clinic on
Day 103 within £2 days and on the day following the Day
103 wisit for the 24 hour blood draw.

Preceding each visit that includes a blood draw for PD
measurements (Days 8, 15, 29, 43, 57, 71, and 85), patients
are provided a standardized pre-cooked meal for the dinner
on the evening prior to their visit (to ensure equal modera-
tion of fat intake, per patient and per time point) after which
they remain fasted. Alcohol consumption is not allowed for
48 hrs preceding these clinic visits.

Blood is collected after fasting andfor after a meal for

measurement ol VLDL, ApoC-11I and other PD markers on
Days 8 15, 29. 43, 57, 71, and 85 (prior to Study Drug

_ administration).

Patients in the post-prandial assessment group consume
standardized pre-cooked meals (lunches and dinners (pro-
vided) and instructions for breakfasts and snacks) for the 2
days prior to the post-prandial evaluations. On each of the
post-prandial evaluation days, following the blood draws,
patients consume a standardized liquid meal, which repre-
sents about a third of the daily caloric requirements, with a
stable radinisotope tracer. followed by serial blood sam-
pling. Patients receive a standardized pre-cooked meal 9 hrs
after consuming the liquid meal, after which they fast until
the 24 hour blood draw the following day.

In addition to trough sample collection, patients in the
extensive PK assessment group undergo serial blood sam-
phing for 24 hrs after their first (Day 1-2) and last (Day
85-86) dose of Smdy Dmg. PK parameters such as area
under the curve (AUC), trough concentration (Cmin) and
others will be assessed.

Post-Treatment Evaluation Period

Patients are followed until Study Day 176. During this
tume, patients return to the study center for outpatient clinic
visits on Study Days 92, 99, 127, and 176 (and Day 103 for
patients in the post-prandial assessment group) for safety
and clinical laboratory evaluations (blood draws), diet coun-
seling and monitoring. concomitant medication usage
recording, and AE event collection.

Blood samples for PK and PD analysis are collected
periodically  throunghout the post-treatment evaluation
period. Laboratory measurements of serum chemistry. wuri-
nalysis, coagulation, complement, hematology, immune
function. thyroid function, and full lipid panel are performed
at the various times throughout the study.
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Post-prandial assessments are done in a subset of patients
as described below.

Post-Prandial Meal, Sampling Schedule, and Assessment

Post-prandial assessment for lipoproteins metabolisin are
performed using a radiolabelled meal supplemented with a
labeled tracer, 3H-palmitate (300 uCi, Perkin Elmer Inc.,
Woodbridge, ON, Canada), sonicated into the liquid meal.
Palmitate is a fatty acid that is a common constituent of any
diet. The 3H-palmitate tracer emits weak radioactivity,
equivalent to an X-ray. Since dietary palmitate is incorpo-
rated inio chylomicrons as they are formed in the entero-
cytes of the gut. this enables monitoring the appearance and
clearance of newly-formed chylomicrons from circulation.
The methodology to be applied for studying post-prandial
kinetics of chylomicrons appearance and clearance is well-
established (Mittendorfer et al. 2003, Diabetes, 52: 1641-
1648 Bickerton et al. 2007; Normand-Lauziere et al. 2010,
PL0S. One. 5: ¢l0956).

A liquid meal (similar to a milkshake) containing a small
amount (300 pCi) of radiolabelled fatty acids (3H-palmitate)
will be provided. The liquid meal will provide about a third
of the daily caloric requirements. From 1 hr prior to 9 hrs
after the ingestion of the meal. a constant infusion of
[U-13C]-K palmitate (0.01 pmol/kg/min in 100 ml 25%
human serum albumin: Cambridge Isotopes Laboratories
Inc., Andover, Mass.) and a primed (1.6 pmol/kg) continu-
ous (0.05 pmol/kg/min) infusion of [1,1,2,3,3-2H]-glycerol
{Cambridge Isotopes Laboratories Inc.) are administered as
previously described (Normand-Lauziere et al. 2010, PLoS.
One, 5: €l0956). Plasma palmitate and glycerol appearance
rates are caleulated using Steele’s non-steady stale equation
assuming a volome of distribution of 90 ml’kg and 230
ml/kg. respectively (Gastaldelli et al. 1999, J Appl. Physiol,
87: 1813-1822).

Blood samples are drawn at intervals before and after the
ingestion of the radiolabelled meal on days prior to and after
the Treatment phase as noted in the table below. A standard-
ized meal is given to the participants after the 9 hr blood
draw. Blood is collected in tubes containing Na2 EDTA and
Orlistat (30 pg/ml, Roche, Mississauga, Canada) to prevent
in vitro triacylglycerol lipolysis and separate samples will be
collected in NaF tubes for plasma glucose determination.

The following are measured at each time-point:

Plasma and CM fraction levels for 3H-tracer

Plasma [U-13C]-K palmitate and [1,1,2.3,3-2H]-glycerol

appearance rates

Plasma and CM fraction levels for TG, TC, and apoB

Plasma and VLDL fraction levels for apo CIII, apo CII,

and apo B

Plasma levels for glucose

Plasma samples may also be used for profiling of drug
binding proteins, bicanalytical method validation purposes,
stability and metabolite assessments, or to assess other
actions of ISIS 304801 with plasma constituents.

Results

Results for three patients diagnosed with Fredrickson
Type I dyslipidemia, FCS, LPLD, recruited for this study are
presented below, Two patients are homozygous for the
P207L null LPL gene mutation and one patient is compound
heterozygous for the P207L and GIR8E null LPL gene
mutations. All patients have LPL mass but no or extremely
low levels (<5%) of LPL activity. The patients had a TG
level =440 mg/dl afier dieting but before the start of
treatment. Two of the patients had confirmed past history of
acute pancreatitis and one had been on gene therapy with
Glybera® in December 2007.
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The data for percent change in fasting ApoCIIT levels is
presented in the Table below. The results indicate that
treatment with ISIS 304801 reduced fasting levels of ApoC-
IIL. *n.d.” indicates that data was not vet collected for that

¥ particular time point.

TABLE 1
Percent change in fasting ApoCIII levels
10 Patient 1 Patient 2 Patient 3
Day 1 a 0 1]
Day # n.d. -23 -18
Day 15 m.d. -63 —44
Day 29 —47 —69 -l
15 Day 43 =58 -80 =77
Day 57 =6 -85 —83
Day 71 L] =90 ~84
Day &5 -7 -91 -4
Day 92 =71 =50 =81
Day 949 -62 -87 =78
20 Day 127 =61 ] =75
Day 176 —-14 —67 -39

2

Levels of fasting triglyceride levels were also measured.
The data for percent change, as well as absolute levels, of
fasting triglyceride levels, are presented in the Tables below.
The results indicate that treatment with ISIS 304801 reduced
fasting levels of triglycerides.

TABLE 2

Percent change in fasting triglveeride levels

Patient 1 Patient 2 Patient 3
o Day 1 0 0 (1]
33 Day & -39 -8 -6
Day 15 -35 -57 -63
Day 29 -54 =40 -6l
Day 43 —40 -63 -8l
Day 57 =35 =08 =82
Day 71 53 L] -89
40 Day 83 —44 ] =T
Day 92 —64 -B4 =57
Day 99 =17 -62 -
Day 127 L] -43 =T
Day 176 ] -58 -1
45
TABLE 3
Fasting triglyceride levels (mg/dl)
0 Patient 1 Patient 2 Patient 3
Day 1 1406 2083 2043
Day § 831 1918 1922
Day 15 11 sl 751
Day 29 651 1260 B
55 Diay 43 719 778 389
Day 57 333 an7 368
Day 71 G358 305 234
Day 85 723 251 545
Day 92 510 124 B4
Day 99 1167 T3 626
Day 127 485 L1e7 4249
Bl Day 176 1317 867 1706
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Levels of fasting non-HDL cholesterol levels were also
measured. The data for percent change, as well as absolute
levels, of fasting non-HDL cholesterol levels, are presented
in the Tables below. The results indicate that treatment with
ISIS 304801 reduced fasting levels of non-HDL cholesterol.
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TABLE 4 TABLE 6-continued
Percent change in fasting non-HDL cholesterol levels Percent change in ApoB-48 levels
Patient 1 Patient 2 Patient 3 _ Patient 1 Patient 2 Patient 3
]
Day 1 L1} 1] 1] Day 57 =34 -69 =75
Day 8 =23 ~24 -15 Day 71 =21 B4 =80
Day 15 -19 ~6i) -s1 Day &5 21 —#0 -50
Day 29 -8 —49 =30 Day 92 236 —g92 _19
Dy 43 -43 —64 —64 Day 99 190 -13 _55
Day 57 =43 -63 -39 10 Day 127 -39 86 —42
Day 71 =i -1 =33 Day 176 366 =28 28
Day 85 -42 -74 -56 ‘
Day 92 =51 =75 =53
Day 99 =21 —60 55
Day 127 -42 -47 -56
Day 176 =3 57 _16 % TABLE 7
ApoB-48 levels (ma'dl}
-~ y Patient 1 Patient 2 Patient 3
IABLE 5
Day 1 1.68 3.40 2.16
Fasting non-HDL cholesteral levels (mg/dL) ] Day & 2.19 4.13 2.82
Day 15 189 1. 0,78
Patient 1 Patient 2 Patient 3 Day 29 0.%7 307 1.40
Day 43 1.32 0.99 0.51
Day 1 214 327 244 Day 57 La7 104 0.55
Day 8 165 250 207 Day 71 132 0.53 0.43
Day 15 173 131 Lo s Day &5 2.03 0,36 1,07
Day 29 133 167 123 = Day 92 107 0.28 1.53
Day 43 123 118 88 Day 99 487 297 0.98
Day 57 122 116 99 Day 127 103 6.34 126
Day 71 119 96 109 Day 176 783 245 277
Day &5 125 85 107 :
Day 92 104 83 1135
Day 99 169 131 10 U L. Coe i .
Day 127 125 73 108 I'he overall lipid profile in fasting FCS patients was
Day 176 210 139 206 measured at the end of treatment and compared to baseline.

The data are presented in the Tables below and indicates that
Levels of ApoB-48, a measure of chylomicrons, were also  treatment with ISIS 304801 improved the overall lipid

measured. The data for percent change, as well as absolute 335 profile in the patients.

levels. of ApoB-48 levels, are presented in the Tables below.

The results indicate that treatment with ISIS 304801 reduced TABLE 8

fasting levels of Apol3-48.

Pecent change (mean) i lipid profile

TABLE 6 40 %

Percent change in ApoB-48 levels ApoC-II1 -81

Triglycerides -64

Patient 1 Patient 2 Patient 3 HDL-C +78

VLDL ApaC-ITI -R0

Day 1 0 il ] 45 ApoB =13

Day & 30 21 31 Non-HDL-C -58

Day 15 13 =71 -4 VLDL -65

Day 29 -8 =10 =35 Total cholestetol -53
Day 43 =21 =71 =76

TABLE 9

Individual patient profile

End of  Absolute
Baseline  treatment  change Mean %
Lipid parameter Patient #  (mgdL)  (mgdL)  (mg/dL) % change change

ApoC-111 1 19 [ =13 =71 —-#1
2 35 3 -32 —G0
3 20 4 —16 -3
Triglycerides 1 1406 a1y =790 =36 =69
2 2083 88 -1796 -6
3 2043 735 1304 -4
VLDL ApeC-III 1 12 5 -8 -64 —&i
2 33 3 =30 =562
] 17 2 15 By
HDL-C 1 16 24 3 S0 +78
2 & 2 13 163
3 14 17 i 21
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TABLE 9-continued
Individual patient profile
End of  Absclute
Baseline  treatment change Mean %o
Lipid parameter Patient # (mgidL)} (mgdL) (mg/dL) % change change
Non HDL-C 1 214 115 =100 —47 =58
2 kra) 84 =243 =74
3 244 111 -133 —-55
ApoB 1 108 57 -53 ~48 -13
2 65 o8 3 5
3 114 120 ] 5

Salety Assessment

Treaiment with ISIS 304801 did not have any issues

liver enzyme elevations more than three times the ULN,

abnormalities in renal Tunction, meaningful clinical changes

15 1n other laboratory values. or relates SAEs or sigmificant
AEs.
of Treatment was tolerated by all the patients with no flu-like
symptoms and infrequent mild site reactions, which was
resolved without treatment. There were no discontinuations
due to injection site reactions.

4

<lé0> NUMBER OF SEQ ID NOS:
<210> SEQ ID NO 1

=211> LENGTH: 533

<212> TYPE: DNA

<213> ORGANISEM: Homo sapiens
<220> FEATURE:

<221= NAME/EEY: CDS

<222> LOCATION: (47)..1(3486)
<400> SEQUENCE: 1

SEQUENCE LISTING

tgetcagtte atccotagag goagetgete caggaacaga

ggtgee atg cag cce 55

Met &Gln Pro

1
egy gta ote ott gtt gtt gee ote otg geg ote oty goe tet goe oga 103
Arg Val Leu Leu Val Val Ala Leu Leu Ala Leu Leu Ala Ser Ala Arg
5 10 15

Jot toa gag goc day gat 9o Lo Ctht Cote ade tte atg cag gt tac 151
Ala Ser Glu Ala Glu Asp Ala Ser Leu Leu Ser Phe Met Gln Gly Tyr

20 25 an 35

atg aag cac goc ace aag ace go aad gat goa oty agoe ago gty cag 189
Met Lys Hie Ala Thr Lye Thr Ala Lys Asp Ala Leu Ser Ser Val Gln

40 45 50
gag too cag gty doc cag cag goc agd ggc Loy gty aco gabt guac tte 247
Glu Ser @ln Val Ala Gln Gln Ala Arg Gly Trp Val Thr ARsp Gly Phe
55 80 a5
agt teec oty aaa gac tac tgg age ace gtt aag gac aag tte tet gag 285
Ser Ser Leu Lys Asp Tyr Trp Ser Thr Val Lys Asp Lys Phe Ser Glu
70 75 40
tte tgg gat thtg gac oot gag gte aga cca act toa goo gty got goo 3a3
Phe Trp Asp Leu Asp Pro Glu Val Arg Pro Thr Ser Ala Wal Ala Ala
85 90 =1

tga gacctcaata coccaagtoc acctgootat ceoatoctgog agotocttgg 196
gtoctgoaat cteocaggget goccotgtag gttgeottaaa agggacagta ttotcagtge 456
tctoctacoe cacctcatge ctggoccoce tocaggoatg ctggoctooc aataaagetg 516

gacaagaagc tgetatg

=210 SEQ ID NGO 2
=211> LENGTH: 3964
<212> TYPE:

DNA

533
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-continued
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<213i> ORGAMISM: Homo gsapiens

<400> SEQUENCE: 2

cractecagg Ctgtgttcag gogottgggge tggtggagoy aggggoctga aattocagty

tgaaaggety
agoctcboco
agttoctgag
agggatttoo
totecactygy
tggagatgat
goagetgete
gggcaagagg
taaggaageo
gaggocodgy
coaagtgcag
cagtoctace
cacagcatgt
gtetgatggg
tcaccagtoo
agaccoagct
catggggacc
goocogggta
ggtgggactg
toaagcagga
ctcaggaget
goacgcoace
goaggecaga
caccogooce
ggectgtgos
agatgacaga
agggegtgco
tatttettte
totttottto
torattbott
cttottottt
catctoggeot
ccaagtagct
agagatgggg
tcctgocteg
ttttoctttt

cagttttgtyg

agatgggooe
tggggagcca
ctoatotggy
caactetooe
tcageaggty
ataaaacagg
caggtaatge
agcrooctge
teggagetyg
aggagrgroa
gttecccoct
coagacaggy
tggotggact
ttttetgete
coocttaotgag
aaggrtotac
tggggtgoos
ctocttgttg
ggetggggge
goccagggot
toagaggeog
aagacogooa
tagacccget
tgecootggty
tottcagoct
gttgagacty
gttttagcee
Ettetttett
CLLLotttot
Ecttoettee
tttttttaat
cactgoaacs
gggattacag
ttteaccaty
gootoocasa
ctgaaggteot

gtggacaatt

gaggeoootg goctatgtos aagocatttc coctoteace
gtcagcetagg aaggaatgag ggoetococag goCcacooosd
ctgeoaggget ggogggacag cagogtggac tcagteotocot
geccgettge tgcatctgga caccotgoct caggecctoa
acgtttgece agegecotygy gtocteoagryg cotgotgeoe
tcagaacoct CCTOOCLOLe LOCCCAgLic atcoctagag
cetetgggga ggggaaagag gaggggagga ggatgaagag
CCAYCOCAge Cagoaagolt Jgadaagcac LLgcLagago
acggglgdcs cccadcests ateataacet gaagaacaty
cLLgoocaaa gotacacagy gggtggggot ggaagtgget
cattcttceag gottaggget ggaggaagoece ttagacagee
aaactgagge ctggagaggy ccagaaatoa coccaaagaca
ggacggagat <agtocagac cgoaggtgoc ttgatgttoa
catcooasoe acobocoiit gggoctogat coctogeces
agocogtatt agoagggage cggocootac tocttotgga
cttagggyges acygocacsts coCagggays gytocagasy
ctcacaggac acttocitge aggaacagag gtgocatgoa
ttgccetact ggcgotoctg goctctgcce gtaagcactt
agggtggagg <aacttgggg ateocagtoe caatgggtgg
cgtccagagyg <cgatccace ccactcagocc ctbgctottte
aggatgogte ¢ottetoage tteatgeagg gottacatgaa
aggatgcact gagcagegtyg caggagtocce aggtggocca
ggoectooete CoCatooeoe ctgocagetg octogattec
agatcocaac aatggaatgg aggtgotcoca goctococty
cobottbect cacagggect ttgtcaggoct getgogggag
cattootace aggtocctoo tttotoocog gagoagroot
tcatttceat tittooctttec tttoccoctttc tttotetttce
totttottte tEtotEtott totttottte ttteotttott
TLOCTELOUT totLLoottt CLLToLEDorn thocttiott
CELELEoLLE <tttecotet ettoctbteot ctetttetteo
ggagtcotoce teotgtoacot aggeotggagt geoagtggtge
toogtotoce gggttoaace cattotogig cotoagocty
gCacgogoca ¢cacacccag Cctaattitig tatttctago
ttggocaggt tggtotigaa ttoctgacot caggggatce
gtgctgggat tacaggoatg agocactgog cotggococa
ggotagagoa gtggtoctca goctttttgg caccagggac

tttccatggg ccagegggga tggttttggg atgaagetgt

&0

1z0

180

240

300

360

420

480

540

s00

660

780

840

=lv I}

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

16580

1740

1800

1860

1920

1980

2040

2100

2180

2220

2280
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-continued
tocaccteag atcatcagge attagattet cataaggage cctocaccta gatcocectgge 2340
atgtgcagtt cacaataggy tteacactee tatgagaatg taaggccact tgatctgaca 2400
ggaggoggag ctcaggoggt attgotecact caccecaceac tcacttogtg ctgtgoagec 2480
cggctoctaa cagtocatgg accagtacct atctatgact tgggggttgg ggacccctgg 2520
gotaggggtt tgoottggga ggococacot gacocaatte aagocogtga gtgottotge 2580
tttgttotaa gacctgggge cagtgtgage agaagtgtgt ccttectcte ccatcctgec 2640
cotgoccate agtactotoe totocectac toocttotoe accteaccoct gactggeatt 2700
agotggoata goagaggtgt tcataaacat tettagtooo cagaacogge tttggggtag 2760
gtgttatttt ctcactttge agatgagaaa attgaggcte agagegatta ggtgacctge 2820
cocagatcac acaactaate aatcctocaa tgactttoca aatgagagge tgoctococte 2880
tgtectacce tgoctcagage caccaggttg tgoaactcoca ggoggtgotg tttgoacaga 2940
aaacaatgac agoctbgace ttbteacatetr ccecaccocotg toacttbghyg ccteoaggooe 3000
aggggceataa acatotgagg tgacctggag atggoagggt ttgacttgtg ctggggttoc 3060
tgeaaggata tetottetoe cagggtyggea getgbtggggy attectgest gaggtetesay 3120
ggotgtogte cagtgaagtt gagagggtgg tgtggtoctg actggtgtog tocagtgggg 3180
acatgagbtgt gggtoccaty gttgoctaca gaggagtitcot catgecctge totgtbgote 3240
cooctgactg atttagggge tgggtgacog atggottcag ttooctgaaa gactactgga 3300
goaccogttaa ggacaagtbte totgagttcot gggatttgga coctgaggtc agaccaactt 3360
cagoogtgge tgeoctgagas cteaatacce ¢aagtocace tgectatoca tootgogage 3420
tocttgggte ctgeaatcte cagggotgoo cctgtagghbt gottaaaagg gacagtattce 3480
toagtgotot ootacoocas ohoatgootg gooogootos aggoatgotg gootoocaat 3540
aaagctggac aagaagctge tatgagtggg ccogtogoaag tgtgocatet gtgtotggge 3600
atgggaaagg googaggetyg ttotgtgggt gggeactggs Cagactocag gtoaggoagy 3660
catggaggoc agogototat ccacctteotg gtagotggge agteotcotggg octeoagttte 3720
ttcatcteta aggtaggaat caccctoegt accctgectt ccttgacage tttgtgogga 3780
aggtcaaaca ggacaataag tttgotgata ctttgataaa ctgttaggtg ctgcacaaca 3840
tgacttgagt gtgtgecoca tgocagocac tatgoctgge acttaagtty tcatcagago 3900
tgagactgtyg bgtgtttact caaaactqtyg gagcotgacct cocctatcoca ggeoococtag 3960
ceer 3964
<210= SEQ ID HNO 3
=211> LENGTH: 20
<21z> TYPE: DHA
<212> ORGANISM: Artificial sequence
=220> FEATURE:
«2231> OTHER INFORMATICN: Synthetie eligonuclectide
<400> SEQUENCE: 3
agotteottgt ccagetttat 20

=210> SEQ ID NO 4
<ill> LENGTH: 3958

<21z> TYPE

: DHA

<213i> ORGANISM: Homo sapiens

=400= SEQUENCE: 4




81

5 IR PR

FSITEITS g A P TR

US 9,593,333 B2

82

-continued
CLactegagg otgtgttoaq goottgogge tggtggagog aggggoctga aattocaqty &0
tgaaaggcty agatgggoos gaggocooty goctatgtoo aagocatttc coctotcacce 1z0
AgOCLCLOCe TgOggagoca gtoagotagyg aaggaatgag gootocolay goocacocoo 180
agttoctgag ctcatetggy ctgoaggget ggogggacag cagogtggac tcagteotoct 240
agggatttcoc caactetooe goccgottge tgcatctgga caccotgoct caggccootca 300
totccactgyg toagoaggty acctttgece agogecctgg gtoctoagtg cotgetgooo 360
tggagatgat ataaaacagg tcagaaccct cctgoctgbe tgotcagtic atcoctagag 420
geagotgete caggtaatge cototgggga ggggaaagag gagggoagga ggatgaagag 4580
gggCaagagyg agetocctge CCagoocage cagcaagoct ggagaagcac thgctagageo 540
taaggaagoe toggagotgyg acgggtgece cocaccocte atcataacot gaagaacatg 00
gaggcooggy aggggtgtoa cttgoocaaa gotacatagg gogtggogct ggaagtgget 660
coaagtgdayg gttocccedt cattettéayg gottagggct ggaggaagec ttagacagec 720
cagtcctace <cagacaggg aaactgagge <Lggagaggg Cccagaaalia COCaaagaca 780
cacageatgt tggotggact ggacggagat cagtocagac cgoaggtgeoc ttgatgttca 840
gtotggtggyg ttttotgete catcoccacce acctoccttt gggootegat ccocctogocoe 900
tcaccagtoc ¢octtetgag agococgtatt agcagggage cggoccoctac tocttetgge 960
agacccaget aaggttetac cttaggggce acgocaccote cocagggagyg ggtocagagy 1020
catggggace tggggtgeoe ctcacaggac acttocttge aggaacagag gtgocatgea 1080
AOCCCggYta CLOCTOtty TLYoootect ggogetaodty goctotaose gtaagoacte 1140
ggtgggactg ggotggggge agggtggagg <aacttgggg atecocagtoc caatgggtgg 1200
tcaagcagga gcccaggget cgtccatagy ccgatccace ccactcagoce ctbgctottte 1260
ctoaggaget toagaggeog aggatgecte ¢ottetcage tteatgeagg gotacatgaa 1320
goacgocace aagacegoca aggatgoact gagcagoegty caggagbtoce aggtggocca 1380
goaggecagg tacageogot ggoctooete gocatooooe ctgogagetg eotocatteg 1449
cagccaccce tgooctggty agatcocaac aatggaatgg aggtgotoca goctooocty 1500
ggootgtges tottoagoot ootottioct Cacagggoct ttgtoaggot gotgoggaag 1580
agatgacaga gttgagactyg cattccteco aggtccctos tttctoccca gagoagtoct 1620
agggegeges gttttagooe teatttocat tttoctttoe ttteoocttite ttteoccttte 1680
tatttetfte CELerttott TOLELOLLEC CELCLELOtt TOLETLCLEEC tCEtCottbott 1740
tetttetite CLtLtotitol tLCELLLett cttigttict ttectttcett totottteott 1800
totttettte LEteottttt ctttotttoo ctetettoet thototottt Cctttettott 1860
CLETLLLLLET taatggagte tooctcotgtc acccaggotg gagtgcoadtg gogocatctco 1920
ggetcactge aaccteogte teccgogtte aacccattet ectgocoteag coctoccaagt 1980
agotgggatt acaggeoacge gocaccacac ccagotaatt tttgtatttt tageoagagat 2040
ggggtttoac catgttggos aggttggtot tgaattootg acctoagggg atoctootge 2100
ctoggoctco Caaagogotg ggattacagg catgagocac tgogoctgge cocattited 2160
ttttotgaag gtotggotag agoagtggte ctcagocttt ttggoaccag ggaccagtit 2220
tgtggtggac aatttttoca tgggocagog gggatggttt tgggatgaag ctgttocaceo 2280
tcagatcatc aggcattaga ttcotcataag gagocctoca cctagatccoce tggeoatgtge 2340
agttcacaac agggttcaca ctoctatgag aatgtaagge cacttgateot gacaggaggc 2400
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-continued
ggagctcoagg cggtattgot cactcocaccca ccactcactt cgtgetgtge agoooggcote 2480
ctaacagteoc atggaccagt acctatctat gacttgggag ttggggacce cotgggetagy 2520
ggtttgocott gggaggoooo acctgaccta attcoaagooe ghtgagtgeott otgottitgtt 2580
ctaagacctg gggocagtygt gagcagaagt gtgtecttée totcccatec tgeccoctgee 2640
catcagtact ctoctotoos ctactooctt ctocaccteoa coctgactgg cattagotgyg 2700
catagcagag gtgtteataa acattcettag tceccagaac cggotttygg grtaggtgtta 2760
ttttotoact ttgcagatga gaaaattgag gotoagageg attaggtgac ctgocccaga 2820
tcacacaact aatcaatcct ccaatgactt tocaaatgag aggotgoctc ccotctgtoet 2880
accctgotca gagocaccag gtbtgtgoaac tocaggeoggt gotgtttgoa cagaasacaa 2540
tgacagoctt gacctttoac atotooocac cctgtcoactt tgtgoectcoag goccagggge 3000
ataaacatct gaggtgacct ggagatggeoa gggtttgact tgtgotgggg ttoctgoaag 3060
gatatcobott ctoocagggt ggoagotgty ggggattoct goctgaggbce toagggotge 3120
cgtccagtga agttgagagg gtggtgtggt cctgactggt gtogtcoccagt ggggacatgg 3180
gbtgtgagtoc catggttgos tacagaggay ttotoatgos ctgeotobgit gettocooty 3240
actgatttag gggotgggtyg accgatgget tcagttooct gaaagactac tggagoaccg 3300
ttaaggacaa gttobotgag ttotgggatt tggaccoctga gghtoagacca acttcagocy 3360
tggotgoctg Aagacctcaat accccaagrte cacctgocta tocatooctge cagotocttg 3420
ggtoctgoaa totocaggge tgococtgta ggttgottaa aagggacagt attcotcagtyg 3480
ctoteoctace ccaccteatg cotggocgooe ¢togaggeat gotggeoctoc caataaaget 3540
ggacaagaag ctgctatgag tgggoogtog caagtgtgoc atctgtgtot gggcatggga 3600
aagggeogag getgttotgt gggtgggeac tggacagact ccaggtoagg caggeatgga 3660
ggccageget ctatocacct totggtagot gggeoagtcte tgggoctcag tttotteate 3720
totaaggtag gaatoacoot oogtacodtyg oottocttga cagotttgtyg oggaaggtea 3780
aacaggacaa taagtttgeot gatactttga taaactgtta ggtgotgeoac aacatgactt 3840
gagtgtgtge cccatgocag ccactatgoe tggeacttaa gttgtcoatca gagttgagac 3900
tgtgtgtgtt tactcaaaac tgtggagetg acctecocta tocaggocac ctageooet 3958

What is claimed is:

1. A method of ireating or ameliorating lipoprotein lipase
deficiency (LPLDY} in an animal comprising administering a
therapeutically effective amount of a compound comprising
an ApoClIl specific inhibitor to the animal, wherein:

administering the compound reduces a triglyceride level

by at least 10%, thereby treating or ameliorating LPLID.

2. The method of claim 1, wherein the ApoClIl specific
inhibitor comprises a nucleic acid capable of inhibiting the
expression or activity of ApoCIIL.

3. The method of claim 1, wherein the ApoCIIl specific
inhibitor comprises an antisense compound targeting
ApoCIILL

4. The method of claim 3, wherein the antisense com-
pound comprises a modified oligonucleotide.

5. The method of claim 4, wherein the nucleobase
sequence of the modified oligonucleotide is at least 80%, at
least 90% or 100% complementary to a nucleobase sequence
of SEQ ID NO: 1, SEQ ID NO: 2 or SEQ 1D NO: 4.

6. The method of claim 3, wherein the antisense com-
pound comprises a single-stranded modified oligonucleotide
or a double-stranded modified oligonucleotide.

a0
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7. The method of claim 4, wherein the modified oligo-
nucleotide consists of 12 to 30 linked nucleosides.

8. The method of claim 7. wherein the modified oligo-
nucleotide consists of 20 linked nucleosides.

9. The method of claim 4, wherein the modified oligo-
nucleotide has at least one modified internucleoside linkage.
sugar moiety or nucleobase.

10. The method of claim 9, wherein the modified inter-
nmucleoside linkage of the modified oligonucleotide is a
phosphorothioate  internucleoside linkage, the modified
sugar is a bicyelic sugar or 2'-O-methoxyethyl sugar and the
modified nucleobase is a 5-methylcytosine.

11. The method of claim 4. wherein the modified oligo-
nucleotide comprises:

(a) a gap segment consisting of linked deoxynucleosides:

(b) a 5" wing segment consisting of linked nucleosides;

and

{c) a 3" wing segment consisting of linked nucleosides:
wherein the pap segment is positioned immediately adjacent
to and between the 5" wing segment and the 3' wing segment
and wherein each nucleoside of each wing segment com-
prises a modified sugar.
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12. The method of claim 4. wherein the modified oligo-
nucleotide comprises:

(a) a gap segment consisting of 10 linked deoxynucleo-

sides;

(b) a 5' wing segment consisting of' 5 linked nucleosides;

and

(c) a 3" wing segment consisting of 5 linked nucleosides;
wherein the gap segment is positioned immediately adjacent
to and hetween the 5' wing segment and the 3' wing segment
and wherein each nucleoside of each wing segment com-
prises a 2'-O-methoxyethyl sugar, wherein each cytosine is
a S-methyleytosine, and wherein each internucleoside link-
age is a phosphorothioate linkage.

13. The method of claim 1, wherein the compound
comprises a modified oligonucleotide having the sequence
of SEQ 1D NO: 3 wherein the modified oligonucleotide
COmprises:

(a) a gap segment consisting of 10 linked deoxynucleo-

sides;

(a) a 5" wing segment consisting of 5 linked nucleosides;

and

(b) a 3' wing segment consisting of 5 linked nucleosides;
wherein the gap segment is positioned immediately adjacent
to and between the 3 wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
2'-0-methoxyethy] sugar, wherein each cytosine is a 5-meth-
vleytosine and wherein each internucleoside linkage is a
phosphorothioate linkage.

86

14. The method of claim 1, wherein the compound is
parenterally administered.

15. The method of claim 14, wherein the parenteral
administration is subcutaneous administration.

16. The method of claim 1, further comprising adminis-
tering a second agent.

17. The method of claim 16, wherein the second agent is
selected from an ApoCIII lowering agent, cholesterol low-
ering agent, non-HDL lipid lowering agent, LDL lowering
agent, TG lowering agent, cholesterol lowering agent, HDL
raising agent, fish oil, niacin, fibrate, statin, DCCR (salt of
diazoxide), glucose-lowering agent or anti-diabetic agents.

18. The method of claim 1, wherein the compound is
administered as a composition further comprising a phar-
maceutically acceptable carrier or diluent.

19. The method of claim 4, wherein the modified oligo-
nucleotide has a nucleobase sequence comprising at least 8
contiguous nucleobases of SEQ ID NO: 3.

20). The method of claim 1, wherein the compound is in
a salt form.

21. The method of claim 1, wherein the animal has
Familial Chylomicronemia Syndrome (FCS).

22. The method of claim 1, wherein the animal has
Fredrickson Type 1 dyslipidemia.

23. The method of claim 1, wherein the animal is a
human.
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I o N I s Brett P. Monia, PhD
Chief Executive Officer

Via Email and Federal Express Overnight Delive

September 3, 2025

Patrick O’Brien, PharmD

General Counsel

Arrowhead Pharmaceuticals, Inc.

177 East Colorado Boulevard, Ste 700
Pasadena, CA 91105

Re:  Infringement of U.S. Patent No. 9,593,333
Dear Dr. O’Brien,

As you know, scientists at Ionis Pharmaceuticals have devoted many years designing
apolipoprotein C-III inhibitors and researching their uses to improve the lives of patients. The
United States Patent & Trademark Office granted Ionis patents in recognition of that important
work, including U.S. Pat. No. 9,593,333, entitled Modulation of Apolipoprotein C-III (ApoCILI)
Expression in Lipoprotein Lipase Deficient (LPLD) Populations. While we believe you already
have a copy of this patent in view of the warnings you made to your investors, please find attached
a courtesy copy as Exhibit A.

The *333 patent was issued by the United States Patent & Trademark Office in recognition
of Tonis’s important invention of using apolipoprotein C-III inhibitors to treat people living with
familial chylomicronemia syndrome (“FCS”). The United States Constitution gives to inventors
like Ionis the right to practice their patented inventions, and that right is exclusive.

Nevertheless, Arrowhead Pharmaceuticals, Inc. announced publicly that it is seeking
regulatory approval of plozasiran, a “therapeutic designed to reduce production of apolipoprotein
C-III (APOC3),” “for the treatment of familial chylomicronemia syndrome (FCS).”! If approved,
the manufacture, importation, offer for sale, sale, use, or promotion of use of plozasiran would
contribute to and induce infringement of the 333 patent, including claims 1-7, 9, 10, 14, 15, 18,
20-23.

! https://ir.arrowheadpharma.com/news-releases/news-release-details/arrowhead-
pharmaceuticals-announces-acceptance-new-drug

ionispharma.com

2855 Gazelle Court
Carlsbad, CA 92010

(760) 931-9200




Case 2:25-cv-08609 Document 1-2  Filed 09/11/25 Page 3 of 50 Page ID #:68

I o N I s Brett P. Monia, PhD
Chief Executive Officer

Ionis is proud that its innovative research, as reflected in the *333 patent, is playing an
important role in helping FCS patients, and Ionis expects that its intellectual property will be
respected. Arrowhead’s blatant disregard of Ionis’s patent rights is unacceptable. Arrowhead’s
apparent decision to move forward with commercializing plozasiran in the face of the 333 patent
is in direct contravention of the patent laws of this country and will cause Ionis serious and
irreparable harm. Unless we are able to resolve this dispute first, lonis intends to seek relief for
Arrowhead’s blatant patent infringement by filing suit against Arrowhead in the United States
District Court for the Central District of California on September 11, 2025 to enforce its patent
rights.

Tonis remains open to constructive dialogue, but if we do not hear from you promptly, we
will move forward with enforcement of the 333 patent.

Sincerely,

Brett P. Monid, Ph.D.
CEO, Ionis Pharmaceuticals

cc: Jessamyn S. Bemiker, Williams & Connolly LLP

Exhibit A: the *333 Patent

ionispharma.com

2855 Gazelle Court
Carlsbad, CA 92010

{760) 931-9200




Case 2:25-cv-08609 Document 1-2 mm:"mmmm”l|I|i]MMI@“"Mﬂ“ﬂlnmg

a2 United States Patent

Alexander et al.

US009593333

US 9,593,333 B2
Mar. 14, 2017

(10y Patent No.:
45y Date of Patent:

(54) MODULATION OF APOLIPOPROTEIN C-111
(APOCII EXPRESSION IN LIPOPROTEIN
LIPASE DEFICIENT (LPLD) POPULATIONS

(71)  Applicant: lonis Pharmaceuticals, Inc., Carlsbad,
CA (US)

{72) Inventors: Veromica J. Alexander, San Diego, CA
(UUS); Nicholas J. Viney, Carlsbad, CA
(US); Joseph L. Witztum, San Diego.
CA (US)

(73) Assignee: lonis Pharmaceuticals, Inc., Carlsbad,

CA(US)

{*) Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.5.C. 154(b) by 0 days.

(21) Appl. No.: 14/768,180

(22) PCT Filed: Feb. 14, 2014

(86) PCT No.: PCT/US2014/016546

§ 371 (c)(1),

(2) Date: Aug. 14, 2015

(87) PCT Pub. No.. WO2014/127268
PCT Pub. Date: Ang. 21, 2014

{65) Prior Publication Data
US 2015/0376614 Al Dec. 31, 2015

Related U.S. Application Data

(60)  Provisional application No. 61/764,969, filed on Feb.
14, 2013, provisional application No. 61/880,779,
filed on Sep. 20, 2013,

(51) Int. CL

CI2N 15711 (2006.01)
CIZN 157113 (2010.01)
AGIK 3177088 (2006.01)
AGIK 45/06 (2006.01)
(52) U.S. CL
CPC ... CI2N 157113 (2013.01); AGIK 31/7088

(2013.01); AGIK 45/06 (2013.01); CI2N
231011 (2013.01), CI2N 23104315 (2013.01);
CI2N 2310/322 (2013.01); CI2N 2310/3341
(2013.001); CI2N 2310/341 (2013.01): CI2N
231346 (2013.01); CI2N 2320030 (2013.01)
(58) Field of Classification Search
None
See application file for complete search history.

{56) References Cited
U.S. PATENT DOCUMENTS

4981957 A 171991 Lebleu et al.

S5, 118800 A 6/1992 Smith et al.
5319080 A 6/1994 Lewmann
5,359,044 A 1071994 Cook et al,

303 RTE A 21995 Leumann

5446137 A 81995 Maag et al.
5466, 780 A 11/1995 Buhr et al.
5,514,785 A 5/1996  Van Ness et al.
5,519,014 A 51996 Acevedo et al.
3567811 A 10/ 1996 Misiura el al.
5,576,427 A 1171996 Cook et al.
5,501,722 A 11997 Montgomery ¢ al.
5,597.909 A 1/1997 Urdea et al.
5,610,300 A 3/1997  Altmann et al,
5627053 A 51997 Usman et al.
5,639,873 A 6/1997 Barascut et al,
5,646,265 A 711997 MeGee
5,670,633 A 91997 Cook et al.
5,700,920 A 12/1997  Altmann et al.
5,792,847 A 81998 Buhr et al.
5800154 A 9/1998 Baracchini et al

T2001 Imanishi et al.
2/2003 Ramasamy
62003 Fodor et al.
7/2003 Manoharan et al.
12/2003 Nielsen et al.
1/2004  Liu et al.

/2004 Imanishi et al.
9/2004 Wengel et al.
42006 Wengel et al.

(Continued)

6,268,490 Bl
6,525,191 Bl
6,582,908 B2
6,600,032 Bl
65,670,461 Bl
6,673,661 Bl
6,770,748 B2
6,794,499 B2
7,034,133 B2

FOREIGN PATENT DOCUMENTS

WO WO 9914226 31999
WO WO 0063364 10/2000
(Continued)

OTHER PUBLICATIONS

Sugandhan et al, Familial Chylomicronemia Syndrome, 2007, Pedi-
atric Dermatology, vol. 24, No. 3, p. 323-325.*
“Executive Summary of the Third Report of the National Choles-
terol Education Program (NCEP) Expert Panel on Detection, Evalu-
ation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel [IT) ™ JAMA (2001) 285:2486-2497,
ADA “Standards of Medical Care in Diabetes—2008" Diabetes
Care (2008) 31: 512-S54.
Alback et al., “Analogues of a Locked Nucleic Acid with Three-
Carbon 2' 4'-Linkages: Synthesis by Ring-Closing Metathesis and
Influence of Nucleic Acid Duplex Stability” J. Org. Chem. (2006)
71:9731-7740.
Allshire, “Molecular biology. RNAI and heterochromatin—a
hushed-up affair.” Science (2002) 297(5588): 1818-1819.
Altmann et al., “Second Generation Antisense Oligonucleotides—
Inhibitionol’ PKCO. and ¢-RAF Kinase Expression by Chimeric
Migonucleotides Licorporating 6’ -SubstitutedCarbocyclic
Nucleosides and 2-0-Ethylene Glyeol Substituted
Ribonucleosides™ Nucleosides Nucleolides (1997) 16: 917-926.
(Continued)

Primary Examiner — Kate Poliakova-Georgantas

(74) Attorney, Agemt, or Firm — lonis Pharmaceuticals,
Ine. Patent Depi.

(5T) ABSTRACT

Provided are methods, compounds, and compositions for
reducing expression of ApoCIlll mRNA and protein for
treating, preventing, delaying. or ameliorating Fredrickson
Tvpe I dyslipidemia/FCS/LPLD., in a patient. Such methods.
compounds, and compositions increase HDI, levels and/or
improving the ratio of TG to HDL and reducing plasma
lipids and plasma glucose in the patient, and are useful to
treat, prevent, delay, or ameliorate any one or more of
pancreatitis, cardiovascular disease, metabolic disorder, and
associated symploms.,

23 Claims, No Drawings




Case 2:25-cv-08609 Document 1-2

Filed 09/11/25

Page 5 of 50 Page ID #:70

US 9,593,333 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

7.053.207 B2
7.399.845 B2
7.598,227 B2
7.741.457 B2
7,750,141 B2
8,530,439 B2
9,157,082 B2
2001/0053519 Al

52006 Wengel

T2008 Seth ef al.
172009 Crooke et al.

6/2010 Seth et al,

72010 Crooke et al,

9/2013 Crooke et al.
10/2015 Mullick et al.
122001 Fodor et al.
2003/0228597 Al 12/2003 Cowsert et al.
20040171570 Al 9/2004  Allerson el al.
2004/0208856 AL* 102004 Crooke ... e CIZN 15/113

424/93.21

6/2005 Bhat et al.

22007 Khvorova el al.
12/2007 Seth et al.

22008 Allerson et al.

32011 Crooke et al.
10/2012  Crooke et al.

20050130923 Al
2007/0031844 Al
2007/0287831 Al
20080039618 Al
201170060030 Al
2012/0270929 Al

FOREIGN PATENT DOCUMENTS

WO WO 01/49687 7/2001
WO WO 03/004602 1/2003
WO WO 2004011624 2/2004
WO WO 20040357635 4/2004
WO WO 2004/093783 11/2004
WO WO 2004/106356 12/2004
WO WO 2005021570 3/2005
WO WO 2005121371 12/2008
WO WO 2006/047542 5/2006
WO WO 2007134181 11/2007
WO WO 2008/101157 R/2008
WO W 2008/150729 12/2008
Wi WO 2008/154401 12/2008
WO WO 2009/006478 112009
WO WO 2009/067647 52009
WO WO 2009/100320 8/2009
WO WO 2010/036696 4/2010
WO WO 2010/036698 4/2010
WO WO 2011/017521 52011
WO WO 2011/123401 10/2011
WO WO 2011139702 1172011
WO WO 2012/149495 1142012
WO WO 2014/179626 1172014

OTHER PUBLICATIONS
Altmann et al., “Second Generation of Antisense Oligonucleotides:
From Nuclease Resistance to Biological Efficacy in Animals”
Chimia (1996) 50(4): 168-176.
Altmann et al., “Second-generation antisense oligonucleotides:
structure-activity relationships and the design of improved signal-
transduction inhibitors.” Biochem. Soc. Trans. (1996) 24: 630-637.
Altschul et al., “Basic Local Alignment Search Tool™ J. Mol. Biol.
(1990) 215:403-410.
Baker et al., “2'-0+2 Methoxyjethyl-modified Anti-intercellular
Adhesion Molecule 1 (ICAM-1) Oligonucleotides Selectively
Increase the ICAM-1 mRNA Level and Inhibit Formation of the
1ICAM-1 Translation Initiation Complex in Human Umbilical Vein
Endothelial Cells™ J. Biol. Chem. (1997) 272: 11944-12000.
Bickerton et al, “Preferential uptake of dietary Fatty acids in
adipose tissue and muscle in the postprandial period” Diabetes
(2007) 56(1):168-176.
Borghei et al., “Familial Chylomicronemia Syndrome Presenting
With Acute Necrotizing Pancreatitis in a Five Month Infant™ J.
Nepal Paediatr. Soc. (2010) 30(2):110-112.
Braasch et al., “Locked nucleic acid (LNA): fine-tuning the recog-
nition of DNA and RNA™ Chem. Biol. (2001) 8:1-7.
Branch et al, “A good antisense molecule is hard to find,” TIBS
(1998) 23:45-50.
Brisson et al., “Comparison of the efficacy of fibrates on
hypertriglyceridemic phenotypes with different genetic and clinical
characteristics” Pharmacogenetics and Genomics (2010) 20:742-
747

Brunzell JD., “Familial Lipoprotein Lipase Deficiency™
GeneReviews™, University of Washinglon 1993-2015 (updated
Apr. 24, 2014).

Bury et al, “lmmunonephelometric quantitation of the
apolipoprotein C-IIT in human plasma™ Clinica Chimica Acta.
(1985) 145:249-258.

Catapano et al, “ESC/EAS Guidelines for the management of
dyslipidacmias: The Task Force for the management of
dyslipidaemias of the European Society of Cardiology (ESC) and
the European Atherosclerosis Society (EAS)" Atherosclerosis
(2011) 2175: 51-844.

Chan et al, “An ABC of apolipoprotein C-III: a clilnically useful
new chardiovascular risk factor?™ Int J Clin Pract (2008) 62:799-
809,

Chan et al, “Markers of triglyceride-rich lipoprotein remnant
metabolism in visceral obesity™ Clin. Chem. (2002) 48:278-283,
Chin “On the Preparation and Utilization of Isolated and Purified
Oligonucleotides™ Document purportedly located on a CD-ROM
and contributed to the public collection of the Katherine R. Everett
Law Library of the University of North Carolina on Mar. 14, 2002.
Crooke et al,, “Basic Principles of Antisense Therapeutics™ Anti-
sense Research and Application (1998) Chapter 1:1-50.
Davidsson et al., *A proteomic study of the apolipoproteins in LDL
subclasses in patients with the metabolic syndrome and type 2
diabetes.” I. Lipid Res. (2005) 46:1999-2006.

Elayadi et al., “Application of PNA and LNA oligomers to chemo-
ihemp}r" Curr. ()pinicm Invest. Drugs (2001) 2: 588-561.

Ferns et al. “Investigation and management of
hypertriglyceridaemia.” T Clin Pathol (2008) 61:1174-118.
Fredrickson et al. ™A system  for  phenotyping
hyperlipoproteinemia”™ Circulation (1965) 31:321-327.
Fredrickson et al., “Fat transport in lipoproteins—an integrated
approach to mechanisms and disorders™ N. Engl. 1. Med. (1967)
276(13:34-42.

Freier et al., “The ups and downs of nucleic acid duplex stability:
structure-stability  studies on  chemically-modified DNARNA
duplexes™ Nucleic Acids Research (1997) 25(221:4429-4443.
Frieden et al, “Expanding the design horizon of antisense oligo-
nucleotides with alpha-L-LNA" Nucleic Acids Research (2003)
31021 3:6365-6372.

Gastaldelli et al., “Assessment of methods for improving tracer
estimation of non-steady-state rate of appearance™ J. Appl, Physiol.
(1999) 87:1813-1822.

Gaudet et al., “Efficacy and long-term safety of alipogene
tiparvovee (AAV 1-LPLS447X) gene therapy for lipoprotein lipase
deficiency: an open-label trial” Gene Therapy (2013) 20:361-369.
Gaudet et al., “Review of the clinical development of alipogene
tiparvovec gene therapy for lipoprotein lipase deficiency” Athero-
sclerosis Supplements 11 (2010) 55-60.

Grautschi et al. “Activity of a Novel bel-2/be 1-xL-Bispecific Anti-
sense Oligonucleotide Against Twmors of Diverse Histologic Ori-
gins™ J. Natl. Cancer Inst. (2001) 93:463-471.

Goodman et al., “Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults ™ Arch. Int. Med. (1988) 148:36-
39.

Gordon et al., “High density lipoprotein as a protective factor
against coronary heart disease. The Framingham Study” Am. L
Med. (1977) 62:707-714,

Giu et al. “Base Pairing Properties of D- and L-Cyclohexene Nucleic
Acids (CeNA)Y” Oligonucleotides (2003) 13(6): 479-489.

Gu et al., “Enzymatic Resolution and Base Pairing Properties of D-
and  L-Cylohexenyl Nucleic Acids (CeNA)" Nucleosides,
Nucleotides & Nucleic Acids (20035) 24(5-7): 993-998,

Gu et al,, “Synthesis of enantiomeric-pure cyclohexenyl nucleoside
building blocks for oligonucleotide synthesis™ Tetrahedron (2004)
60(9); 2111-2123,

Hall et al., “Establishmenl and Maintenance of a Helerochromalin
Domain™ Science (2002) 297: 2232-2237.

Hegele et al., “A polygenic basis for four classical Fredrickson
hyperlipoproteinemia  phenotypes that are characterized by
hypertriglyceridemia.™ Hum Mol Genet (2009) 18:4189-4194,




Case 2:25-cv-08609 Document 1-2

Filed 09/11/25

Page 6 of 50 Page ID #:71

US 9,593,333 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Hegele et al., “Hypeririglyceridemia: phenomics and genomics.”
Mol Cell Biochem (2009} 326:35-43.

Hertz et al., “Mode ol action of peroxisome proliferators as
hypolipidemic drugs. Suppression of apolipoprotein C-TII" J. Biol.
Chem. (1995) 270:13470-13475.

Horvath et al., “Stereosclective synthesis of (-)-ara-cyclohexenyl-
adenine” Tetrahedron Letters (2007) 48: 3621-3623.

International Search Repont for application PCT/US2004/010946
dated Feb. 22, 2006.

International Search Repont for application PCT/US2012/035694
dated Jul. 19, 2012.

International Search Report for application PCT/US2014/016546
dated Aug. 18, 2014,

Jenuwein “An RNA-Guided Pathway for the Epigenome™ Science
(2002) 5590: 2215-2218.

Jones et al., “RNA quantitation by fuorescence-based solution
assay: RiboGreen reagent characterization.” Analytical Biochemis-
try (1998) 265:368-374.

Kashyap ML, “Mechanistic studies of high-density lipoproteins.”
Am. 1. Cardiol. (1998) 82:42U-4811

Koshkin et al, “LNA (locked nucleic acids): Synthesis of the
adenine, cytosine, guanine, 5-methyleytosine, thymine and uracil
bicyclonucleoside monomers, oligomerisation, and unprecedented
nucleic acid recognition™ Tetrahedron { 1998) 54:3607-3630.
Kumar et al.. “The first analogues of LNA (locked nucleic acids):
phosphorothioate-LNA and 2'-thio-LNA™ Bioorg Med Chem Lett.
(1998) 8:2219-2222.

Lee et al., “LDL containing apolipoprotein CITI is an independent
risk factor for coronary events in diabetic patients.” Arterioscler
Thromb Vasc Biol (2003) 23:853-858.

Leumann et al., “DNA Analogues: From Supramolecular Principles
1o Biological Properties™ Bioorganic & Medicinal Chemistry (2002)
1 841-854,

Maher et al.. “Comparative bybrid arrest by tandem antisense
oligodeoxyribonucleotides or oligodeoxyribonucleoside
methylphosphonates in a cell-free system™ Nug. Acid. Res. (1988)
16(8):3341-3358.

Martin, “New acces to 2'-O-alkylated ribonucleosides and proper-
ties of 2'-O-alkylated oligonbonucleotides”™ Helv. Chim. Acta.
(1995) T8:486-504.

Mauger et al., *Apolipoprotein C-III isoforms: kinetics and relative
implication in lipid metabolism.” J. Lipid Res (2006)47:1212-1218.
Mendivil et al, “Low-density lipoproteins containing
apolipoprotein C-IIT and the risk of coronary heart disease.” Cir-
culation (2011) 124:2065-2072.

Mittendorfer et al., “What does the measurement of whole-body
fatty acid rate of appearance in plasma by using a fatty acid tracer
really mean?” Diabetes (2003) 52:1641-1648.

Nauwelaerts et al., "Cyclohexenyl nucleic acids: conformationally
fexible oligonucleotides™ Nucleic Acids Research (2005) 33(8):
2452.2463.

Nauwelaerts et al., “Structural Characterization and Biological
Evaluation of Small Iaterfering RNAs Containing Cyclohexenyl
Nucleosides™ J. Am. Chem. Soc. (2007} 129(30): 9340-9348.
NCEP “Third Report of the National Cholestercl Education Pro-
gram{NCEP) Expert Panel on Detection, Evaluation, and Treatment
of High Blood Cholesterol in Adults { Adult Treatment Panel 11T}
final report.” Circulation (2002) 106:3143-421.

New England Biolabs 1998/99 Calalog (cover page and pp. 121 and
284).

Nordestgaard et al., “Large lipoproteins are excluded from the
arterial wall in diabetic cholesterol-fed rabbits™ J Lipid Res (1988)
29:1491-1500,

Nordestgaard et al., “Reduced atherogenesis in cholesterol-fed
diabetic rabbits. Giant lipoproteins do not enter the arterial wall.”
Arteriosclerosis (1988) 8:421-428.

Normand-Lauziere et al., “Increased postprandial nonesterified famy
acid appearance and oxidation in lype 2 diabetes is not fully
established in offspring of diabetic subjects.” PLoS One (2010) 5:
¢l0956.

Onat et at_, “Apolipoprotein C-IT1, a strong discriminant of coronary
risk in men and a determinant of the metabolic syndrome in both
genders.” Atherosclerosis (2003) 165:81-89.

Ooi et al., “Apolipoprotein C-IIL: understanding an emerging car-
diovascular risk factor” Clinical Science (2008) [14:611-624.
Orum et al, “Locked nucleic acids: A promising molecular family
for gene-function analysis and antisense drug development” Curr.
Opinion Mol. Ther. (2001) 3:239-243.

Pal-Bhadra et al., “Heterochromatic Silencing and HP1 Localization
in Drosophila are Dependent on the RNAI Machinery™ Science
(2004) 303: 669-672.

Reynolds et al., "Rational siRNA design for RNA interference™
Nature Biotechnology {2004) 22(3):326-33(.

Robeyns et al., “Oligonucleotides with cyclohexene-nucleoside
building blocks: crystallization and preliminary X-ray studies ol a
lefi-handed sequence GTGT ACAC™ Acta Crystallographica, Sec-
tion F: Structural Biology and Crystallization Communications
(2005) FoI(G): S85-386.

Robeyns el al, “Struclure of the Fully Modified Lefi-Handed
Cyclohexene Nucleic Acid Sequence GTGTACAC” J. Am. Chem.
Soc. (2008) 130(6): 1979-1984.

Sacks et al., “VLDL, apolipoproteins B, CITI, and E. and risk of
recurrent coronary events in the Cholesterol and Recurrent Events
(CARE) trial.” Circulation (20040) 102: 1886-1892.

Sanghvi et al., “Heterocyclic Base Modifications in Nucleic Acids
and Their Applications in Antisense Oligonucleotides™ Antisense
Research and Applications (1993) pp. 273-288.

Shachter NS, “Apolipoproteins C-I and C-III as important modu-
lators of lipoprotein metabolism.” Curr. Opin. Lipidol (2001)
12:297-304.

Singh et al, “LNA (locked nucleic acids): synthesis and high-
affinity nucleic acid recognition” Chem. Commun. {1998) 455-456.
Singh et al., “Synthesis of 2"-amino-LNA: a novel conformationally
restricted high-affinity oligonucleotide analogue with a handle™ J.
Org. Chem. (1998) 63: 10035-10039.

Smith et al.. “Comparison of biosequences” Adv. Appl. Math.
(1981} 2(4):482-489.

Srivastava et al, “Five- and Six-Membered Conformationally
Locked 2" 4'-Carbocyclic ribo-Thymidines: Synthesis, Structure,
and Biochemical Studies™ 1. Am. Chem. Soc. (2007) 1 29(26):8362-
8379.

Toskes PP, “Hyperlipidemic pancreatitis™ Gastroenterol Clin North
Am (1990) 19:783-791.

Tremblay et al., “Etiology and risk of lactescent plasma and severe
hypertriglyceridemia” Journal of Clinical Lipidology (2011) 5:37-
44,

Verbeure et al, "RENase H mediated cleavage of RNA by
cyelohexene nucleic acid (CeNA)™ Nucleic Acids Research (2001)
29(24%: 4941-4947.

Verdel ef al., “BNA-Mediated Targeting of Heterochromatin by the
RITS Complex™ Science (2004) 303: 672-676.

Volpe et al., “Regulation of heterochromatic silencing and histone
H3 lysine-9 methylation by RNAL" Science (2002) 297(5588):
1833-1837.

Wahlestedt et al., “Potent and nontoxic antisense oligonucleotide
containing locked nucleic acids™ Proc. Natl. Acad. Sci. USA (2000)
97: 5633-5638.

Wang et al., *A Straightforward Stereoselective Synthesis of D- and
L-5-Hydroxy-4-hydroxymethyl-2-cyclohexenylguanine™ 1. Org.
Chem. (2001) 66: S478-8482.

Wang et al., “Cyclohexene Nucleic Acids (CeNA) Form Stable
Duplexes With RNA and Induce RNASE H Activity”"Nucleosides,
Nucleotides & Nucleie Acids (2001) 20(4-7) 785-788.

Wang et al., “Cyclohexene Nucleic Acids (CeNA): Serum Stable
Migonugleotides that Activate RNase H and Increase Duplex Sta-
bility with Complementary RNA™ J. Am. Chem. (20007 122:
B595-8602.

Wang et al., “Stereocontrolled Synthesis of Ara-Type Cyclohexenyl
Nucleosides™ J. Org. Chem. (2003 ) 68: 4499-4505.




Case 2:25-cv-08609 Document 1-2  Filed 09/11/25 Page 7 of 50 Page ID #:72

US 9,593,333 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Watts et al.. “Differential regulation of lipoprotein kinetics by
atorvastatin and fenofibrate in subjects with the metabolic syn-
drome.” Diabetes (2003) 52:803-811.

Weinstock et al,, “Severe Hypertriglyceridemia, Reduced High
Density Lipoprotein, and Neonatal Death in Lipoprotein Lipase
Knockout Mice™ 1. Clin. Invest. (1995) 96:2555-2568.
Weissglas-Volkov et al., “Genetic causes of high and low serum
HDL-cholesterol.” T Lipid Res (2010) 51:2032-2057.

Wooll et al. “Specificity of antisense oligonucleotides in
vivo"PNAS (1992) 89:7305-7309.

Yuan et al., “Hypertriglycernidemia: its etiology, effects and treat-
ment”™ CMAJ (2007) 176(8):1113-1120.

Zhang et al., “PowerBLAST: A New Network BLAST Application
for Interactive or Automated Sequence Analysis and Annotation™
Genome Res, (1997} 7:649-656.

Zhou et al., “Fine Tuning of FElectrostatics around the
Internucleotidic Phosphate through Incorporation of Modified 2',4'-
Carbocyelic-IL.NAs and -ENAs Leads to Significant Modulation of
Antisense Properties™ J. Org. Chem. (2009) 74:118-134,

Search report for EP 14751337.6 dated Sep. 23, 2016.

Gandet et al., “Targeting APOC3 in the Familial Chylomicronemia
Syndrome”™ New England Jouranl of Medicine (2014) 371: 2200-
2206.

Norata et al., “Apolipoprotein C-III: From Pathophysiology to
Pharmacology™ Trends in Pharmacological Sciences (2015) 36:
675-687.

* cited by examiner




Case 2:25-cv-08609 Document 1-2

Filed 09/11/25

Page 8 of 50 Page ID #:73

US 9,593,333 B2

1

MODULATION OF APOLIPOPROTEIN C-III
(APOCII) EXPRESSION IN LIPOPROTEIN
LIPASE DEFICIENT (LPLD) POPULATIONS

CROSS REFERENCED TO RELATED
APPLICATIONS

This application is a U.S, National Phase {iling under 35
U.S.C. §371 claiming priority to International Serial No.
PCT/US2014/016546 filed Feb. 14, 2014, which claims
priority to 1.8, Provisional Application No. 61/880,779,
filed Sep. 20, 2013, and U.S. Provisional Application No.
61/764,969, filed Feb, 14, 2013, each of which is incorpo-

rated herein by reference in its entirety.
SEQUENCE LISTING

The present application is being filed along with a
Sequence Listing in electronic format. The Sequence Listing
is provided as a file entitled BIOLO218USASEQ_ST25.1x1,
created on Aug. 13, 2015 which 15 16 Kb in size. The
information in the electronic format of the sequence listing
is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION

Provided herein are methods, compounds, and composi-
tions for reducing expression of Apolipoprotein C-II1
(ApoCIII) mRNA and protein, reducing triglyceride levels
and increasing high density lipoprotein (HDL) levels or
HDL activity in Fredrickson Tvpe I dvslipidemia patients.
Also, provided herein are compounds and compositions for
use in treating Fredrickson Type I dyslipidemia or associated
disorders thereof.

BACKGROUND

Lipoproteins are globular, micelle-like particles that con-
sist of a non-polar core of acvlglyeerols and cholesteryl
esters surrounded by an amphiphilic coating of protein,
phospholipid and cholesterol. Lipoproteins have been clas-
sified into five broad categories on the basis of their func-
tional and physical properties: chylomicrons, very low den-
sity lipoproteins (VLDL), intermediate density lipoproteins
(IDL), low density lipoproteins (LDL). and high density
lipoproteins (HDL). Chylomicrons transport dietary lipids
from intestine to tissues. VL.IDLs, IDLs and LDLs all trans-
port triacylglycerols and cholesterol from the liver to tissues.
HDLs transport endogenous cholesteral from tissues to the
liver

Apolipoprotein C-111 (also called APOC3, APOC-III,
ApoCII1, and APO C-III) is a constituent of HDIL and of
triglyceride (TG)-rich lipoproteins. Elevated ApoCIIT is
associated with elevated TG levels and diseases such as
cardiovascular disease. metabolic syndrome, obesity and
diabetes (Chan et al., fnt J Clin Pract, 2008, 62:799-809;
Onat et at., Atherosclerosis, 2003, 168:81-89; Mendivil et
al., Circulation, 2011, 124:2065-2072; Mauger et al., J
Lipid Res, 2006. 47; 1212-1218; Chan et al., Clin. Chem,
2002. 278-283; Ooi et al., Clin. Sei, 2008. 114: 611-624;
Davidsson et al., J. Lipid Res. 2005. 46: 1999-2006; Sacks
et al., Circulation, 2000, 102: 1886-1892; Lee et al., Arfe-
rioscler Thromb Vase Biol, 2003, 23: 853-858). ApoCIII
slows clearance of TG-rich lipoproteins by inlubiting lipoly-
sis, both through inhibition of lipoprotein lipase (LPL) and
by interfering with lipoprotein binding to cell-surface gly-
cosaminoglycan matrix (Shachter, Curr: Opin. Lipidol,

)
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2001, 12, 297-304). As ApoCIII inhibits LPL leading to a
decrease in lipolysis of TGs. it would be unexpected that
inhikition of ApaCTIl would have a beneficial effect in LPL
deficient (LPLID) subjects.

LPLD is characterized by the inability of affected indi-
viduals to produce functionally active LPL. LPL is mainly
produced in skeletal muscle, fat tissue, and heart muscle and
has multiple key functions. among which is the catabolism
aof TG-rich lipoproteins (eg. VLDL) and chylomicrons
(CM). Off-loading TG from CM (and VLDL) normally
protects against excessive postprandial rise in CM mass and
TG, In LPLD, LPL is dysfunctional and more than 12 hours
after meals hyperTG and chylomicronaemia are still present
and visible as lipemia.

The Fredrickson system is used to classify primary (ge-
netic) causes of dyslipidemia such as hypertriglyceridemia
in patients. Fredrickson Type 1 (also known as LPLD or
Famihlial Chylomicronemia Syndrome (FCS)) 1s usually
caused by mutations of either the LPL gene, or of the gene’s
cofactor ApoC-11, resulting in the inability of affected indi-
viduals to produce functionally active LPL (i.e. LPLD).
Patients have mutations that are either homozygous (having
the same mutation on each allele) or compound heterozy-
gous (having different mutations on each allele). The preva-
lence is approximately 1 in 1,000,000 in the general popu-
lation and much higher in South Africa and Fastern Quebec
as a result of a founder effect.

Currently, Fredrickson Type I, FCS, LPLD. patients
respond mimimally, or not at all, to TG-lowering drugs such
as statins, fibrates and mcotinie acid (Tremblay et al.. ] Clin
Lipidol, 2011, 5:37-44; Brisson et al.., Pharmacogenet
Genom, 2010, 20:742-747). Clinical management of Fre-
drickson Tvpe I, FCS, LPLD, patients generally consist of
severe reduction in all dietary fat t0 much less than 20% of
caloric intake and the use of medium-chain TG, which are
absorbed via the portal system and therefore do not directly
enter into plasma. Such a life-long dietary regimen presents
significant compliance issues for patients. Even when
patients are compliant to the diet and are tightly followed in
a lipid clinic by a dietician and a medical team. TGs often
do not decrease below the threshold of increased pancreatitis
risk. Recently, a gene therapy product (Glyberad) has been
approved in Europe for treating adult LPLD patients suffer-
ing {rom severe or multiple pancreatitis attacks despite
dietary fat restrictions. Patients treated with Glybera®
require administration of an immunosuppressive drug prior
1o and following Glybera® treatment. Glybera® will only be
offered through dedicated centers with expertise in freating
LPLD and by specially trained doctors 1o ensure ongoing
safety of the treatment (http://www.uniqure.com/products/
glybera/).

Accordingly. there is still a need to provide patients with
Fredrickson Type 1 dyslipidemia, FCS, LPLI, novel treat-
ment options. Antisense technology is emerging as an effec-
tive means for reducing the expression of certain gene
products and may prove to be uniquely useful in a number
of therapeutic, diagnostic, and research applications for the
modulation of ApoCII1. We have previously disclosed com-
positions and method for inhibiting ApoCIIl by antisense
compounds in US 20040208856 (U.S. Pat. No. 7,598.227),
US 20060264395 (U.S. Pat. No. 7.750,141), WO 2004/
093783 and WO 2012/149495, all incorporated-by-refer-
ence herein, An antisense oligonucleotide targeting ApoCIII
has been tested in a Phase [ clinical trial and was shown to
be safe. Currently, an antisense oligonucleotide targeting
ApoCIIl is in Phase 11 clinical trials to assess its effective-
ness in the treatment of diabetes or hypertriglyceridemia.
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SUMMARY OF THE INVENTION

Certain embodiments provide a method of treating, pre-
venting, delaying or ameliorating Fredrickson Type I dys-
lipidemia, FCS, LPLD, comprising administering a thera-
peutically effective amount of a compound comprising an
ApoCIIT specific inhibitor to the animal. Certain embodi-
menis provide an ApoCIID specific mhibitor for use in
treating, preventing, delaying or ameliorating Fredrickson
Type 1 dyslipidemia, FCS, LPLD.

Certain embodiments provide a method of reducing tri-
glyceride levels in an animal with Fredrickson Type 1
dyslipidemia, FCS, LPLD, comprising administering a
therapeutically effective amount of a compound comprising
an ApoClll specific inhibitor to the animal.

Certain embodiments provide a method of increasing
HDL levels and/or improving the ratio of TG to HDL in an
amimal with Fredrickson Type [ dyshpidemia, FCS. LPLD,
comprising administering a therapeutically effective amount
of a compound comprising an ApoCIIl specific inhibitor to
the animal.

Certain embodiments provide a method of preventing,
delaying or ameliorating a cardiovascular and/or metabolic
disease, disorder, condition, or symptom thereof, in an
animal with Fredrickson Type [ dyslipidemia, FCS, LPLD,
camprising administering a therapeutically effective amount
of a compound comprising an ApoCIII specific inhibitor to
the animal.

Certain embodiments provide a method of preventing,
delaying or ameliorating pancreatitis, or svmptom thereol, in
an animal with Fredrickson Type 1 dyslipidemia. FCS,
LPLD, comprising administering a therapeutically effective
amount of a compound comprising an ApoCIII specific
inhibitor to the animal.

In certain embodiments, the ApoCIIl specific inhibitor is
a nucleic acid, peptide, antibody, small molecule or other
agent capable of inhibiting the expression of ApoCIIL In
certain embodiments, the nucleic acid is an antisense com-
pound. [n certain embodiments. the antisense compound is
an oligonucleotide targeting ApoCIIlL In certain embodi-
ments, the oligonucleotide is a modified oligonucleotide
targeting ApoCIIL In certain embodiments, the moditied
oligonucleotide has a nucleobase sequence comprising at
least 8 contiguous nucleobases of a nucleobase sequence of
SEQ 1D NO: 3. In certain embodiments, the modified
oligonucleotide consists of the nucleobase sequence of SEQ
1D NO: 3.

Certain embodiments provide a method of reducing tri-
glyeeride levels in an animal with Fredrickson Type 1

dyslipidemia, FCS, LPLD, comprising administering to the s

animal a therapeutically effective amount of a compound
comprising a modified oligonucleotide having the sequence
of SEQ 1D NO: 3 wherein the modified oligonucleotide
comprises: a gap segment consisting of 10 linked deoxy-

nucleosides, a1 5 wing segment consisting of 5 linked 5

nucleosides, and a 3' wing segment consisting 5 linked
nucleosides; wherein the gap segment is positioned imme-
diately adjacent to and between the 5' wing segment and the
3" wing segment, wherein each nucleoside of each wing
segment comprises a 2'-O-methoxyethyl sugar, wherein
each cytosine is a S5-methyleytosine, and wherein each
internucleoside linkage is a phosphorothioate linkage.
Certain embodiments provide a method of increasing
HDL levels and/or improving the ratio of TG to HDL in an
animal with Fredrickson Type I dyslipidemia, FCS, LPLD,
by administering to the animal a therapeutically effective
amount of a compound comprising a modified oligonucle-
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otide having the sequence of SEQ 1D NO: 3 wherein the
modified oligonucleotide comprises: a gap segment consist-
ing of 10 linked deoxynucleosides, a 5' wing segment
consisting of 5 linked nucleosides, and a 3' wing segment
consisting 5 linked nucleosides; wherein the gap segment is
positioned immediately adjacent to and between the 5 wing
segment and the 3' wing segment, wherein each nucleoside
of each wing segment comprises a 2'-O-methoxyethyl sugar,
wherein each cytosine is a 5-methyleytosine, and wherein
each internucleoside linkage is a phosphorothioate linkage.

Certain embodiments provide a method of preventing,
delaying or ameliorating a cardiovascular and/or metabolic
disease, disorder, condition, or symptom thereof, in an
animal with Fredrickson Type I dyslipidemia, FCS, LPLD,
by administering to the animal a therapeutically eflective
amount of a compound comprising a madified oligonucle-
otide having the sequence of SEQ 1D NO: 3 wherein the
modified oligonucleotide comprises: a gap segment consist-
ing of 10 linked deoxynucleosides, a 5' wing segment
consisting of 5 linked nucleosides, and a 3' wing segment
consisting 5 linked nucleosides; wherein the gap segment is
positioned immediately adjacent to and between the 5' wing
segment and the 3' wing segment, wherein each nucleoside
of each wing segment comprises a 2'-O-methoxyethyl sugar,
wherein each cviosine 1s a S-methyleyviosine, and wherein
each internucleoside linkage is a phosphorothioate linkage.

Certain embodiments provide a method of preventing.
delaying or ameliorating pancreatitis or symptom thereof,, in
an animal with Fredrickson Type I dyslipidemia, FCS,
LPLD, by administering lo the amimal a therapeutically
effective amount of a compound comprising a modified
oligonucleotide having the sequence of SEQ ID NO: 3
wherein the modified oligonucleotide comprises: a gap
segment consisting of' 10 hinked deoxynucleosides, a §' wing
segment consisting of 5 linked nucleosides, and a 3' wing
segment consisting 5 linked nucleosides; wherein the gap
segment is positioned immediately adjacent to and between
the 5" wing segment and the 3" wing segment, wherein each
mucleoside of each wing segment comprises a 2'-O-
methoxyethyl sugar, wherein each cytosine 1s a S-methyl-
cytosine, and wherein each internucleoside linkage is a
phosphorothioate linkage.

In certain embodiments, the ApoCTII specific inhibitor is
a nucleic acid, peptide, antibody, small molecule or other
agent capable of inhibiting the expression of ApoCIIL In
certain embodiments, the nucleic acid is an antisense com-
pound targeting ApoCIIL In certain embodiments, the anti-
sense compound is an antisense oligonucleotide. In certain
embodiments, the antisense ohigonucleotide is a modified
oligonucleotide. In certain embodiments, the modified oli-
gonucleotide has a nucleobase sequence comprising at least
8 contiguous nucleobases of ISIS 304801, AGCTTCTT-
GTCCAGCTTTAT (SEQ 1D NO: 3). In certain embodi-
ments. the modified oligonucleotide is at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, at least 95%,
at least Y8% or at least 100% complementary to SEQ 1D NO:
1. SEQ ID NO: 2 or SEQ 1D NO: 4.

DETAILED DESCRIPTION OF THE
INVENTION

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory only and are not restrictive of the
invention, as claimed. Herein, the use of the singular
includes the plural unless specifically stated otherwise. As
used herein, the use of “or” means “and/or™ unless stated
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otherwise. Furthermore, the use of the term “including™ as
well as other torms. such as “includes™ and “included”. is
not limiting. Also. terms such as “element” or “component”
encompass both elements and components comprising one
unit and elements and components that comprise more than
one subunit. unless specifically stated otherwise.

The section headings used herein are for organizational
purposes only and are not to be construed as limiting the
subject matter described. All documents, or portions of
documents, cited in this application, including, but not
limited to. patents, patent applications, articles, books. and
treatises, are hereby expressly incorporated by reference for
the portions of the document discussed herein. as well as in
their entirety.

DEFINITIONS

Unless specific defimitions are provided, the nomenclature
utilized in connection with, and the procedures and tech-
niques of, analytical chemistry, synthetic organic chemistry,
and medicinal and pharmaceutical chemistry described
herein are those well known and commonly wsed in the art.
Standard techniques may be used for chemical synthesis,
and chemical analysis. Where permitted. all patents. appli-
cations, published applications and other publications,
GENBANK Accession Numbers and associated sequence
information obtainable through databases such as National
Center for Biotechnology Information (NCBI) and other
data referred to throughout in the disclosure herein are
incorporated by reference for the portions of the document
discussed herein, as well as in their entirety.

Unless otherwise indicated, the following terms have the
following meanings:

“2'-0-methoxvethyl” (also 2'-MOE, 2'-O(CH,),—OCH,
and 2'-0-(2-methoxyethyl)) refers to an O-methoxy-ethyl
modification of the 2' position of a furosyl ring. A 2'-0-
methoxyethy]l modified sugar is a modified sugar.

“2'-0-methoxvethyl nucleotide™ means a nucleotide com-
prising a 2'-O-methoxyethyl modified sugar moiety.

“3" target site” refers to the nucleotide of a target nucleic
acid which is complementary to the 3'-most nucleotide of a
particular antisense compound.

“5" target site” refers 1o the nucleotide of a target nucleic
acid which is complementary to the 5'-most nucleotide of a
particular antisense compound.

“S-methylcytosine™ means a cytosine modified with a
methyl group attached to the 5 position. A 5-methylcytosine
is a modified nucleobase.

“About” means within £10% of a value, For example, if

it is stated, “a marker may be increased by about 50%”, it is s

implied that the marker may be increased between 45%-
55%.

“Active pharmaceutical agent™ means the substance or
substances in a pharmaceutical composition that provide a

therapeutic benefit when administered to an individual. For s

example, in certain embodiments an antisense oligonucle-
otide targeted to ApoCIII is an active pharmaceutical agent.

“Active target region” or “target region” means a region
to which one or more active anfisense compounds is tar-
geted. “Active antisense compounds™ means antisense com-
pounds that reduce target nucleic acid levels or protein
levels.

“Administered concomitantly” refers to the co-adminis-
tration of two agents in any manner in which the pharma-
cological effects of both are manifest in the patient at the
same time. Concomitant administration does not require that
both agents be administered in a single pharmaceutical
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composition, in the same dosage form. or by the same route
of administration. The effects of both agents need not
manifest themselves at the same time. The effects need only
be overlapping for a period of time and need not be
coextensive.

“Administering™ means providing a pharmaceutical agent
to an individual, and includes, but is not limited to admin-
istering by a medical professional and sell-administering.

“Agent” means an active substance that can provide a
therapeutic benefit when administered to an animal. “First
Agent” means a therapeutic compound of the invention. For
example, a first agent can be an antisense oligonucleotide
targeting ApoCIIl, “Second agent” means a second thera-
peutic compound of the invention (e.g. a second antisense
oligonucleotide targeting ApoCIIl) and/or a non-ApoCIIl
therapeutic compound.

“Amelioration” refers to a lessening of at least one
indicator, sign, or symplom ol an associated disease, disor-
der, or condition. The seventy of indicators may be deter-
mined by subjective or objective measures, which are
known to those skilled in the art.

“Animal™ refers to a human or non-human animal, inelud-
ing, but not limited to. mice, rats, rabbits, dogs, cats, pigs,
and non-human primates, including, but not limited to.
monkeys and chimpanzees.

“Antisense activity” means any detectable or measurable
activity attributable to the hybridization of an antisense
compound to its target nucleic acid. In certain embodiments.
antisense activity 1s a decrease in the amount or expression
of a targel nucleic acid or protein encoded by such target
nucleic acid.

“Antisense compound” means an oligomeric compound
that 1s capable of undergoing hybridization to a target
nucleic acid through hvdrogen bonding, Examples of anti-
sense compounds include single-siranded and double-
stranded compounds, such as, antisense oligonucleotides.
siRNAs, shRNAs, ssRNAi and occupancy-based com-
pounds.

“Antisense inhibition™ means the reduction of target
nucleic acid levels or target protein levels in the presence of
an antisense compound complementary to a target nucleic
acid compared to target nucleic acid levels or target protein
levels in the absence of the antisense compound.

“Antisense oligonucleotide™ means a single-stranded oli-
gonucleotide having a nucleobase sequence that permits
hybridization to a corresponding region or segment of a
target nucleic acid. As used herein, the term “antisense
ohigonucleotide™ encompasses pharmaceutically acceptable
derivatives of the compounds described herein.

“ApoAS”, “Apolipoprotein A-V" or “ApoA-V" means
any nucleic acid or protein sequence encoding ApoAS.

“ApoCIT™, “Apolipoprotein C-11" or “ApoC2" means any
nucleic acid or protein sequence encoding ApoCIIl. The
ApoClI protein is a component of chylomicrons and VLDL
particles and activates LPL to hydrolyze TGs.

“ApoClIT”, “Apolipoprotein C-11I" or “ApoC3” means
any nucleic acid or protein sequence encoding ApoCIIL For
example. in cerfain embodiments, an ApoCIIl includes a
DNA sequence encoding ApoCIIl, a RNA sequence tran-
scribed from DNA encoding ApoCll (including genomic
DNA comprising introns and exons), a mRNA sequence
encoding ApoCIIL or a peptide sequence encoding ApoCIII.

“ApoCIII specific inhibitor™ refers to any agent capable of
specifically inhibiting the expression of ApoCIIT mRNA
and/or the expression or activity of ApoCIIl protein at the
molecular level. For example, ApoCIIl specific inhibitors
include nucleic acids (including antisense compounds), pep-
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tides, antibodies, small molecules, and other agents capable
of inhibiting the expression of ApoCIll mRNA and/or
ApoCIII protein. In certain embodiments, the nucleic acid is
an antisense compound. In certain embodiments, the anti-
sense compound is a an oligonucleotide targeting ApoCIIL
In certain embodiments, the oligonucleotide targeting
ApoCIII is a modified oligonucleotide targeting ApaClIL In
certain embodiments, the oligonucleotide targeting ApoCIIT
has a sequence as shown in SEQ ID NO: 3 or another
sequence, for example. such as those disclosed in U.S. Pat.
No. 7,598,227, U.S. Pat, No. 7,750,141, PCT Publication
WO 2004/093783 or WO 2012/149495, all incorporated-
by-reference herein. In certain embodiments. by specifically
modulating ApoClll mRNA level and/or ApoCIII protein
expression, ApoCIII specific inhibitors may affect compo-
nents of the lipogenic pathway. Similarly. in certain embodi-
ments, ApoClll specific inhibitors may affect other molecu-
lar processes in an animal.

“ApaCIT mRNA™ means a mBNA encoding an ApoCIIT
protein.

“ApoCIl protein” means any protein sequence encoding
ApoCIIL

“Atherosclerosis” means a hardening ol the arteries

affecting large and medium-sized arteries and is character- 2

ized by the presence of fatty deposits. The fatty deposits are
called “atheromas™ or “plaques,” which consist mainly of
cholesterol and other fats. calcium and scar tissue. and
damage the lining of arleries.

“Bicyelic sugar” means a furosyl ring modified by the
bridging of two non-geminal ring atoms. A bicyclic sugar is
a modified sugar.

“Bicyclic nucleic acid™ or “BNA™ refers to a nucleoside
or nucleotide wherein the furanose portion of the nucleoside
or nucleotide includes a bridge connecting two carbon atoms
on the furanose ring, thereby forming a bicyclic ring system.

“Cap structure™ or “terminal cap molety” means chemical
modifications. which have been incorporated at either ter-
minus of an antisense compound.

“Cardiovascular disease™ or “ecardiovascular disorder”
refers to a group of conditions related to the heart. blood
vessels, or the circulation. Fxamples of cardiovascular dis-
eases include, but are not limited to, aneurysm, angina,
arrhythmia, atherosclerosis, cerebrovascular  disease
{stroke), coronary heart disease. hypertension, dyslipidemia,
hyperlipidemia, hypertriglyceridemia and hypercholester-
olemia.

“Chemically distinet region” refers to a region of an
antisense compound that is in some way chemically different

than another region of the same antisense compound. For 5

example, a region having 2'-O-methoxyethyl nucleotides is
chemically distinct from a region having nucleotides without
2'-0-methoxyethy]l modifications.

“Chimeric antisense compound™ means an anfisense com-
pound that has at least two chemically distinet regions.

“Cholesterol™ 15 a sterol molecule found in the cell
membranes of all animal tissues. Cholesterol must be trans-
poried in an animal’s blood plasma by lipoproteins including
very low density lipoprotein (VLDL), intermediate density
lipoprotein (IDL), low density lipoprotein {LDL). and high
density lipoprotein (HDL). “Plasma cholesterol” refers to
the sum of all lipoproteins (VDL, IDL, LDL, HDL) esteri-
fied and/or non-esterified cholesterol present in the plasma
Or serm.

“Cholesterol absorption inhibitor” means an agent that
inhibits the absorption of exogenous cholesterol obtained
from diet.

=

40

45

a0

65

8

“Co-administration” means administration of two or more
agents to an individual. The two or more agents can be in a
single pharmaceutical composition, or can be in separate
pharmaceutical compositions. Hach of the two or more
agents can be administered through the same or different
routes of administration. Co-administration encompasses
parallel or sequential administration.

“Complemeniarity” means the capacily for pairing
between nucleobases of a first nucleie acid and a second
nucleic acid. In certain embodiments, complementarity
between the first and second nucleic acid can be between
two DNA strands, between two RNA strands, or between a
DNA and an RNA strand. In certain embodiments, some of
the nucleobases on one strand are matched to a complemen-
tary hydrogen bonding base on the other strand. In certain
embodiments. all of the nuclecbases on one strand are
matched to a complementary hydrogen bonding base on the
other strand. In certain embodiments, a first nucleic acd 1s
an antisense compound and a second nucleic acid is a target
mucleic acid. In certain such embodiments. an antisense
oligonucleotide is a first nucleic acid and a target nucleic
acid is a second nucleic acid.

“Contiguous nucleobases” means nucleobases immedi-
ately adjacent to each other.

“Constrained ethyl™ or “clit” refers to a bicyclic nucleo-
side having a furanosyl sugar that comprises a methyl
{methyleneoxy) (4'-CH({CH,)0-2") bridge between the 4'
and the 2' carbon atoms,

“Cross-reaclive” means an oligomeric compound targei-
ing one nucleic acid sequence can hybridize o a different
nucleic acid sequence. For example, in some instances an
antisense oligonucleotide targeting human ApoCIIl can
cross-react with a murine ApoCIIl. Whether an oligomeric
compound cross-reacts with a nucleic acid sequence other
than its designated target depends on the degree of comple-
mentarity the compound has with the non-target nucleic acid
sequence, The higher the complementarity between the
oligomeric compound and the non-target nucleic acid, the
more likely the oligomeric compound will cross-react with
the nucleic acid.

“Cure”™ means a method that restores health or a pre-
scribed treatment for an illness.

“Coronary heart disease (CHD)” means a narrowing of
the small blood vessels that supply blood and oxygen to the
heart, which is often a result of atherosclerosis.

“Deoxyribonucleotide™ means a nucleotide having a
hydrogen at the 2' position of the sugar portion of the
nucleotide. Deoxyribonucleotides may be modified with any
af a variety of substifuents.

“Diabetes mellitus” or “diabetes” is a syndrome charac-
terized by disordered metabolism and abnormally high
blood sugar (hyperglycemia) resulting from insuflicient lev-
els of insulin or reduced insulin sensitivity, The character-
istic symptoms are excessive urine production (polyuria)
due to high blood glucose levels. excessive thirst and
increased fluid intake (polydipsia) attempting to compensate
for increased urination. blurred vision due to high blood
glucose effects on the eye’s optics. unexplained weight loss,
and lethargy.

“Diabetic dyslipidemia™ or “type 2 diabetes with dyslipi-
demia” means a condition characterized by Tvpe 2 diabetes,
reduced HDL-C, elevated triglycerides, and elevated small,
dense LDL particles.

“Dilvent” means an ingredient in a composition that lacks
pharmacological activity, but is pharmaceutically necessary
or desirable. For example. the diluent in an injected com-
position may be a liquid, e.g. saline solution.
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“Dyslipidemia™ refers to a disorder of lipid and/or lipo-
protein metabolism. including lipid and/or ipoprotein over-
production or deficiency. Dyslipidemias may be manifested
by elevation of lipids such as chylomicron, cholesterol and
triglycerides as well as lipoproteins such as low-density
lipoprotein (LDL) cholesterol. An example of a dyslipi-
demia is chylomicronemia or hypertriglyceridemia.

“Dosage unit” means a fonm in which a pharmaceutical
agent is provided, e.g. pill, tablet, or other dosage unit
known in the art. In certain embodiments. a dosage unit is a
vial containing lyophilized antisense oligonucleotide. In
certain embodiments, a dosage unit is a vial containing
reconstituted antisense oligonucleotide,

“Diose™ means a specilied quantity of a pharmaceutical
agent provided in a single administration, or in a specified
time period. In certain embodiments, a dose can be admin-
istered in one, two, or more boluses, tablets, or injections.
For example, in certain embodiments where subcutaneous
administration is desired, the desired dose requires a volume
not easily accommodated by a single injection, therefore,
two or more injections can be used to achieve the desired
dose. In certain embodiments, the pharmaceutical agent is
administered by infusion over an extended period of time or
continuously. Doses can be stated as the amount of phar-

maceutical agent per hour, day, week, or month. Doses can 2

also he stated as mg/kg or g/kg.

“Effective amount™ or “therapeutically effective amount™
means the amount of active pharmaceutical agent sufficient
o eflectuate a desired physiological oulcome in an indi-
vidual in need of the agent. The effective amount can vary
among individuals depending on the health and physical
condition of the individual o be treated, the taxonomic
group of the individuals to be treated, the formulation of the
composition, assessment of the individual’s medical condi-
tion, and other relevant factors.

“Fibrates” are agonists of peroxisome proliferator-acti-
vated receptor-ct (PPAR-a). acting via transcription factors
regulating various steps in lipid and lipoprotein metabolism.
By interacting with PPAR-ca, fibrates recruit different cofac-
tors and regulate gene expression. As a consequence, fibrates
are effective in lowering fasting TG levels as well as
post-prandial TG and TR remnant particles. Fibrates also
have modest LDL-C lowering and HDL-C raising effects.
Reduction in the expression and levels of ApoC-lIl is a
consistent effect of PPAR-a agonists (Hertz et al. J Biol
Chem, 1995, 270(22):13470-13475). A 36% reduction in
plasma ApoC-111 levels was reported with fenofibrate treat-
ment in the metabolic syndrome (Watts et al. Diabetes,
2003, 52:803-811). However, fibrates have been ineffective
in treating LPLD subjects with hypertriglyceridemia.

The “Fredrickson™ system is used to classify primary
{genetic) causes of dyslipidemia into several subgroups or
types. Dyslipidemia types that may be amenable to therapy
with the compounds disclosed herein include, but are not
limited to. Fredrickson Type 1, FCS, LPLD.

“Fredrickson Type I" is also known as “Lipoprotein lipase
deficiency”, “LPLD™, “Familial Chylomicronemia Syn-
drome” or “FCS” and exists in several forms: Type la (also
known as Buerger-Gruesiz svndrome) is a lipoprotein lipase
deficiency commonly due to a deficiency of LPL or altered
ApoC-1I; Type Ib (also known as familial apoprotein CII
deficiency) is a condition caused by lack of lipoprotein
lipase activator apoprotein C-11; and Type Ic is a chylomi-
cronemia due to circulating inhibitor of lipoprotein lipase.
Type 1 is a rare disorder that usually presents in childhood.
It is characterized by severe elevations in chylomicrons and
extremely elevated TG levels (always reaching well above
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1000 mg/dl and not infrequently rising as high as 10,000
mg/dl. or more) with episodes of abdominal pain, recurrent
acule pancreatitis, eruplive cutaneous xanthomata., and
hepatosplenomegaly. Patients rarely develop atherosclero-
sis, perhaps because their plasma lipoprotein particles are
too large to enter into the arterial intima (Nordestgaard et al.,
J Lipid Res, 1988, 29:1491-1500; Nordestgaard et al., Arte-
riosclerosis, 1988, 8:421-428). Type I is usually caused by
mutations of either the LPL gene, or of the gene’s cofactor
ApoC-Il. resulting in the inability of affected individuals to
produce sufficient functionally active LPL. Patients are
either homozygous for such mutations or compound het-
erozvgous, Fredrickson Type I can also be due to mutations
in the GPTHBP1, APOAS, LMF1 or other genes leading to
dysfunctional LPL. Brunzell, In: Pagon R A, Adam M P,
Bird T D, Dolan C R, Fong C T, Stephens K. editors.
GeneReviews™ [Internet]. Seattle (Wash.): University of
Washington. Seattle; 1993-2013. 1999 Oet. 12 [updated
2011 Dec. 15|. Further, Fredrickson Type I in some
instances. can be due to the presence of LPL inhibitors (e.g..
anti-LPL antibodies) in an individual causing dystunctional
LPL. The prevalence of Fredrickson Type 1 is approximately
1 in 1,000,000 in the general population and much higher in
South Africa and Eastern Quebec as a result of a founder
effect. Patients respond minimally, or not at all. to TG-
lowering drugs (Tremblay et al. J Clin Lipidol. 2011,
5:37-44; Brisson et al., Phammacogenet Genom. 2010,
20:742-747) and hence restriction of dietary fat to 20
grams/day or less 1s used (o manage the symploms of this
rare disorder.

“Predrickson Type 1" is the most common form of
primary hyperlipidemia. It is further classified into Type Ila
and Tvpe IIb, depending mainly on whether there is eleva-
tion in VLDL in addition to LDL cholesterol (LDL-C). Tvpe
Ila (familial hypercholesterolemia) may be sporadic (due lo
dietary factors), polygenic, or truly familial as a result of a
mutation in either the LDL receptor gene on chromosome 19
(0.2% of the population) or the apolipoprotein B (apoB)
gene (0.2%). The familial form is characterized by tendon
xanthoma, xanthelasma and premature cardiovascular dis-
ease. The incidence of this disease is about 1 in 500 for
heterozygotes, and 1 in 1,000,000 for homozygotes. Type [Th
{also known as familial combined hyperlipoproteinemia) is
a mixed hyperlipidemia (high cholesterol and TG levels),
caused by elevations in LDL-C and in VLDL. The high
VLDL levels are due to overproduction of substrates. includ-
ing TG. acetyl CoA, and an increase in B-100 synthesis.
They may also be caused by the decreased clearance of
LDL. Prevalence in the population is about 10%.

“Fredrickson Type I (also known as dysbetalipopro-
teinemia) is a remnant removal disease, or broad-beta dis-
ease (Fern et al., J Clin Pathol, 2008, 61:1174-118). It is due
o cholesterol-rich VLDL (B-VLDL). Typically, patients
with this condition have elevated plasma cholesterol and TG
levels because of impaired clearance of chylomicron and
VLDL remnants (e.g. IDL). The impaired clearance 15 due to
a defect in apolipoprotein E (apoE). Normally functioning
apok contained on the remnants would enable binding to the
LDL receptor and removal from the circulation, Accumula-
tion of the remnants in affected individuals can result in
xanthomatosis and premature coronary and/or peripheral
vascular disease. The most commen cause for Type 11T is the
presence of apoll E2/E2 genotype. Its prevalence has been
estimated to be approximately 1 10,000,

“Fredrickson Type IV™ (also known as familial hypertri-
glyceridemia) is an autosomal dominant condition occurring
in approximately 1% of the population. TG levels are
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clevated as a result of excess hepatic production of VLDL or
heterozygous LPL deficiency, but are almost always less
than 1000 mg/dl.. Serum cholesterol levels are usually
within normal limits. The disorder is heterogeneous and the
phenotype strongly influenced by environmental factors,
particularly carbohydrate and ethanol consumption.

“Fredrickson Type V™ has high VLDL and chylomicrons.
It 1s characterized by carriers of loss-of-function LPL gene
variants associated with LPL activity of at least 20% (i.e.
partial L.PL deficiency as compared to Fredrickson Type I).
These patients present with lactescent plasma and severe
hypentriglyceridemia because of chylomicrons and VLDL.
TG levels are invariably greater than 1000 mg/dL and 1otal
cholesterol levels are always elevated. The LDL-C level is
usually low. It is also associated with increased risk for acute
pancreatitis, glucose intolerance and hyperuricemia. Symp-
toms generally present in adulthood (=35 years) and,
although the prevalence 1s relatively rare, it 1s much more
common than homozygous or compound heterozygous LPL
deficient patients.

“Fully complementary™ or “100% complementary’
means each nucleobase of a nucleobase sequence of a first
nucleic acid has a complementary nucleobase in a second
nuclenhase sequence of a second nucleic acid. In certain

I

embodiments, a first nucleic acid is an antisense compound 2

and a second nucleic acid is a target nucleic acid.

“Gapmer™ means a chimeric antisense compound in
which an internal region having a plurality of nucleosides
that support RNase H cleavage 1s positioned between exter-
nal regions having one or more nucleosides, wherein the
nucleosides comprising the internal region are chemically
distinet from the nucleoside or nuclensides comprising the
external regions. The internal region may be referred to as a
“gap” or “gap segment” and the external regions may be
referred to as “wings” or “wing segments.”

“Gap-widened” means a chimeric antisense compound
having a gap segment of 12 or more contiguous 2'-deoxy-
ribonucleosides positioned between and immediately adja-
cent to 5 and 3' wing segments having from one to six
nucleosides.

“(Genetic screening” means to screen for genotypic varia-
tions or mutations in an animal. In some instances the
mutation can lead to a phenotypic change in the animal. In
certain instances the phenotypic change is, or leads lo, a
disease, disorder or condition in the animal. For example,
mutations in the LPL or ApoC-IT genes can lead to Fredrick-
son Type I dyslipidemia, FCS, LPLD. Genetic screening can
be done by any of the art known techniques, for example,
sequencing of the LPL or ApoC-1T gene or mRNA to detect

mutations. The sequence of the animal being screened is s

compared to the sequence of a normal animal to determine
whether there is any mutation in the sequence. Alternatively,
for example, identification of mutations in the LPL or
ApoC-11 gene or mRNA can be performed uvsing PCR
amplification and gel or chip analysis.

“Glucose™ 1s a monosaccharide used by cells as a source
of energy and inflammatory intermediate. “Plasma glucose™
refers to glucose present in the plasma.

“High density lipoprotein™ or “HDL” refers to a macro-
molecular complex of lipids (cholesterol. triglycerides and
phospholipids) and proteins (apolipoproteins (apo) and
enzymes ). The surface of HDL contains chiefly apolipopro-
teins A, C and E. The function of some of these apoproteins
15 to direct HDL from the peripheral tissues to the liver.
Serum HDL levels can be affected by underlying genetic
causes (Weissglas-Volkov and Pajukanta, J Lipid Res, 2010,
51:2032-2057). Epidemiological studies have indicated that
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increased levels of HDL protect against cardiovascular dis-
ease or coronary heart disease (Gordon et al., Am. J. Med.
1977. 62: 707-714). These effects of HDL are independent
of triglyceride and L.DL concentrations. In clinical practice,
a low plasma DL is more commonly associated with other
disorders that increase plasma triglycerides, for example,
central obesity, insulin resistance, type 2 diabetes mellitus
and renal disease (chronic renal [ailure or nephrotic pro-
teinuria) (Kashyap. Am. 1. Cardiol. 1998, 82: 42U-48LJ).

“High density lipoprotein-Cholesterol” or “HDL-C™
means cholesterol associated with high density lipoprotein
particles. Concentration of HDL-C in serum (or plasma) is
typicallv guantified in mg/dl. or nmel/l.. “HDL-C” and
“plasma HDL-C" mean HDL-C in serum and plasma.
respectively.

“HMG-CoA reductase inhibitor” means an agent that acts
through the inhibition of the enzyme HMG-CoA reductase,
such as atorvastatin, rosuvastatin, uvastatin, lovastatin,
pravastatin, and simvastatin.

“Hybridization™ means the annealing of complementary
nucleic acid molecules. In certain embodiments, comple-
mentary nucleic acid molecules include an antisense com-
pound and a target nucleic acid.

“Hypercholesterolemia™ means a condition characterized
by elevated cholesterol or circulating (plasma) cholesterol.
LDL-cholesterol and VLDL-cholesterol. as per the guide-
lines of the Expert Panel Report of the National Cholesterol
Educational Program (NCEP) of Detection, Evaluation of
Treatment of high cholesterol in adults (see, Arch. Int. Med.
(1988) 148, 36-39),

“Hyperlipidemia™ or “hyperlipemia™ is a condition char-
acterized by elevated serum lipids or circulating (plasma)
lipids. This condition manifests an abnormally high concen-
tration of fats. The lipid fractions in the circulating blood are
cholesterol, low density lipoproteins, very low density lipo-
proteins, chylomicrons and triglycerides. The Fredrickson
classification of hyperlipidemias is based on the pattern of
TG and cholesterol-rich lipoprotein particles, as measured
by electrophoresis or ultracentrifugation and is commonly
used to characterize primary causes of hyvperlipidemias such
as hypertriglyceridemia (Fredrickson and Iee. Circulation.
1965, 31:321-327; Fredrickson et al.. New Fing | Med, 1967,
276 (1) 34-42).

“Hypertriglyceridemia™ means a condition characterized
by elevated triglyceride levels. Hypertriglveeridemia is the
consequence of increased production and/or reduced or
delayed catabolism of triglyceride (TG)-rich lipoproteins:
VLDL and, to a lesser extent, chylomicrons (CM). Its
eltiology includes primary (i.e. genetic causes) and second-
ary (other underlying causes such as diabetes. metabolic
syndrome/insulin resistance, obesity, physical inactivity.
cigarette smoking, excess alcohol and a diet very high in
carbohydrates) factors or, most ofien, a combination of both
(Yuan et al. CMA4J, 2007, 176:1113-1120). Hypertriglyceri-
demia is a common clinical trait associated with an
increased risk of cardiometabolic disease (Hegele et al.
2009, Hum Mol Genet, 18: 4189-4194; Hegele and Pollex
2009, Mol Cell Biochem, 326: 35-43) as well as of occur-
rence of acute pancreatitis in the most severe forms (Toskes
1990, Gastroenterol Clin North Am, 19: 783-791: Gaudet et
al. 2010, Atherosclerosis Supplements, 11: 55-60; Catapano
et al. 2011, Atherosclerosis, 217S: S1-544; Tremblay et al.
2011, I Clin Lipidol, 5: 37-44). IExamples of cardiometa-
bolic disease include, but are not limited to, diabetes,
metabolic syndrome/insulin resistance, and genetic disor-
ders such as familial chylomicronemia syndrome (FCS),
familial combined hyperlipidemia and familial hypertriglyc-
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eridemia. Borderline high TG levels (150-199 mg/dL) are
commonly found in the general population and are a com-
mon component of the metabolic syndrome/insulin resis-
tance states. The same 15 true for high TG levels (200-499
mg/dlL) except that as plasma TG levels increase, underlying
genetic factors play an increasingly important etiologic role.
Very high TG levels (2300 mg/dL) are most often associated
with elevated CM levels as well, and are accompanied by
increasing risk for acute pancreatitis. The risk of pancreatitis
is considered clinically significant if TG levels exceed 880
mg/dL (=10 mmol) and the Buropean Atherosclerosis Soci-
ety/European Society of Cardiology (EAS/ESC) 2011
guidelines state that actions to prevent acute pancreatitis are
mandatory {(Catapano et al. 2011, Atherosclerosis, 2178:
51-S44). According to the FAS/ESC 2011 guidelines,
hypertriglyceridemia is the cause of approximately 10% of
all cases of pancreatitis, and development of pancreatitis can
occur at TG levels between 440-880 mg/dL. Based on
evidence from clinical studies demonstrating that elevated
TG levels are an independent risk factor for atherosclerotic
CVD, the guidelines from both the National Cholesterol
Education Program Adult Treatment Panel [11 (NCEP 2002,
Circulation, 106: 3143-421) and the American Diabetes
Association (ADA 2008, Diabetes Care, 31: S12-5854.) rec-
ommend a target TG level of less than 150 mg/dL to reduce
cardiovascular risk.

“ldentifying” or “diagnosing”™ an animal with a named
disease, disorder or condition means identifving, by art
known methods. a subject prone to, or having, the named
disease, disorder or condition.

“Identilying” or “diagnosing™ an animal with Fredrickson
Type 1 dyslipidemia means to identify a subject prone to, or
having, Predrickson Type 1 (a, b or ¢) dyslipidemia, FCS,
LPLD. Identification of subjects with Fredrickson Type 1,
FCS, LPLD, can done by an examination of the subject’s
medical history in conjunction with any art known screening
technique e.g.. genetic screening or screening for LPL
inhibitors. For example, a patient with a documented medi-
cal history of fasting TG above 750 mg/dL is then screened
for mutations in the LPL gene or genes affecting the LPL
such as ApoC2, ApoAS. GPIHBP1 or LMF1.

“Identifying” or “diagnosing”™ an animal with metabolic
or cardiovascular disease means identifying a subject prone
to, or having, a metabolic disease, a cardiovascular disease,
or a metabolic syndrome: or, identifying a subject having
any symplom of a metabolic disease, cardiovascular disease,
or metabolic syndrome including, but not limited to. hyper-

cholesterolemia, hyperglycemia, hyperlipidemia, hypertri- -

glyceridemia, hypertension increased insulin resistance,
decreased insulin sensitivity, above normal body weight,
and/or above normal body fat content or any combination
thereof. Such identification can be accomplished by any
method, including but not limited to, standard clinical tests
or assessments, such as measuring serum or circulating
{plasma) cholesterol, measuring serum or circulating
(plasma) blood-glucose, measuring serum or circulating
(plasma) triglycerides, measuring blood-pressure, measur-
ing body fat content, measuring body weight, and the like.

“Improved cardiovascular cutcome™ means a reduction in
the cccurrence of adverse cardiovascular events, or the risk
thereof. Examples of adverse cardiovascular events include,
without limitation, death, reinfarction, stroke, cardiogenic
shock, pulmonary edema, cardiac arrest, and atrial dysrhyth-
mia.
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“Immediately adjacent™ means there are no intervening
elements between the immediately adjacent elements. for
example, between regions, segments, nucleotides andfor
nucleosides.

“Increasing HDL™ or “raising HDL™ means increasing the
level of HDL in an animal after administration of at least one
compound of the invention, compared (o the HDL level in an
animal not admimstered any compound.

“Individual” or “subject” or “animal” means a human or
non-human animal selected for treatment or therapy.

“Induce”, “inhibit”, “potentiate™, “elevate™, “increase™,
“decrease”, “reduce” or the like denote quantitative differ-
ences between two states. For example, “an amount effective
to inhibit the activity or expression of ApoCIII" means that
the level of activity or expression of ApoClIl in a treated
sample will differ from the level of ApaCIIl activity or
expression in an untreated sample. Such terms are applied
to, for example, levels of expression, and levels of activity.

“Inhibiting the expression or activity™ refers to a reduc-
tion or blockade of the expression or activity of a RNA or
protein and does not necessarily indicate a total elimination
of expression or activity.

“Insulin resistance™ is defined as the condition in which
normal amounts of insulin are inadequate to produce a
normal insulin response from fat, muscle and liver cells.
Insulin resistance in fat cells results in hyvdrolysis of stored
triglyeerides, which elevates free fatty acids in the blood
plasma. Insulin resistance in muscle reduces glucose uptake
whereas insulin resistance in liver reduces glucose storage,
with both effects serving to elevate blood glicose. IHigh
plasma levels of insulin and glucose due to insulin resistance
often leads to metabolic syndrome and type 2 diabetes.

“Insulin sensitivity™ is a measure of how effectively an
individual processes glucose. An individual having high
insulin sensitivity effectively processes glucose whereas an
individual with low insulin sensitivity does not effectively
process glucose,

“Internucleoside linkage” refers to the chemical bond
between nucleosides.

“Intravenous administration” means administration into a
vein.

“Linked nucleosides™ means adjacent nucleosides which
are bonded together.

“Lipid-lowering™ means a reduction in one or more lipids
in a subject. “Lipid-raising” means an increase in a lipid
{e.g., HDL) in a subject, Lipid-lowering or lipid-raising can
occur with one or more doses over time.

“Lipid-lowering therapy™ or “lipid lowering agent™ means
a therapeutic regimen provided to a subject to reduce one or
more lipids in a subject. In certain embodiments. a lipid-
lowering therapy is provided to reduce one or more of CETP,
ApoeB, total cholesterol, LDL-C, VLDL-C, IDL-C, non-
HDL-C, triglycerides, small dense LDL particles. and Lp(a)
in a subject. Examples ol lipid-lowering therapy include
statins, fibrates, MTP inhibitors.

“Lipoprotein”, such as VLIDL, LDL and HDL, refers to a
group of proteins found in the serum, plasma and lymph and
are important for lipid transport. The chemical composition
of each lipoprotein differs in that the HDL has a higher
proportion of protein versus lipid, whereas the VLDL has a
lower proportion of protein versus lipid.

“Lipoprotein Lipase™ or “LPL™ refers to an enzyme that
hydrolyzes TGs found in lipoproteins, such as CM or VLDL,
into free fatty acids and monoacylglycerols. LPL requires
apo C-11 as a cofactor to function in hydrolyzing TGs. LPL
is mainly produced in skeletal muscle, fat tissue, and heart




Case 2:25-cv-08609 Document 1-2

Filed 09/11/25

Page 15 of 50 Page ID #:80

US 9,593,333 B2

15

muscle. Hydrolysis and removal of TG from CM and VLDL
normally protects against excessive postprandial rise in CM
mass and TG.

“Lipoprotein lipase deficient”, “lipoprotein lipase defi-
ciency”, “LPL deficiency™ or “LPLD" is also known as
“Fredrickson’s Type [ dyslipidemia®, “chylomicronemia®™,
“Familial Chylomicronemia  Syndrome™ or “FCS™.
Although subjects with LPLD generally lack LPL or LPL
activity necessary [or effective breakdown ol fatty acids
such as TGs. these subjects may still have a minimal LPL
activity or express a minimal level of LPL. In some
instances, a LPLD subject may express LPL or have LPL
activity up 1o about, or no more than, 20%, 19%. 18%, 17%,
16%, 15%. 14%., 13%, 12%, 11%. 10%, 9%, 8%, 7%. 6%,
5%, 4%, 3%, 2% or 1% activity. In other instances, the
LPLD subject has no measurable LPL or LPL activity. One
embodiment of LPLD encompasses subjects with “hyperli-
poproteinemia type la” (also known as “Fredrickson’s Type
[a™) and refers to the inability of the subjects to produce
sufficient functional lipoprotein lipase enzymes necessary
for effective breakdown of fatty acids such as TGs. The
wnability to breakdown TGs leads to hypertriglyceridemia in
the subject and, often more than 12 hours after meals,
hyperTG and chylomicronemia are still present and visible

as lipemia. Type la is commonly caused by one or more 2

mutations in the LPL pene. As disclosed herein. LPLD also
encompasses subjects that have dysfunctional lipoprotein
lipase such as those subjects with “hyperlipoproteinemia
type 1b” (also known as “Fredrickson's Type [b™) and
“hyperlipoproteinemia type le” (also known as “Fredrick-
son’s Type I¢”). Type Ib is caused by lack of lipoprotein
lipase activator apoprotein C-I1. Type I¢ 15 due to a circu-
lating inhibitor of lipoprotein lipase. As with Type la, Tvpe
1b/lc subjects suffer from an inability to breakdown TGs
leading 1o hypertriglveeridemia and hyperTG and chylomi-
cronemia are still present and visible as lipemia often more
than 12 hours after meals. In certain embodiments, LPLD is
associated with at least one mutation in the LPL gene such
as P207L., G188L or DYN or other mutations that affect LPL
(Brunzell, In: Pagon R A, Adam M P, Bird T D, Dolan C R,
Fong C T, Stephens K. editors. GeneReviews™ [Internet].
Seattle (Wash.): University of Washington, Seattle; 1993-
2013, 1999 Oct. 12 [updated 2011 Dec. 15]).

“Low density lipoprotein-cholesterol (LDL-C)" means
cholesterol carried in low density lipoprotein particles. Con-
centration of LDL-C in serum (or plasma) is typically
quantified in mg/dl. or nmol/L. *Serum LDL-C™ and
“plasma LDL-C" mean LDL-C in the serum and plasma,
respectively.

“Major risk factors™ refers to factors that contribute to a s

high risk for a particular disease or condition. In certain
embodiments, major risk factors for coronary heart disease
include, without himitation, cigarette smoking, hypertension,
low HDL-C, family history of coronary heart disease. age,
and other factors disclosed herein.

“Metabolic disorder” or “metabolic disease™ refers to a
condition characterized by an alteration or disturbance in
metabolic function. “Metabolic” and “metabolism™ are
terms well known in the art and generally include the whole
range of biochemical processes that occur within a living
organism. Metabolic disorders include, but are not limited
to, hyperglycemia, prediabetes, diabetes (type 1 and type 2),
obesity, insulin resistance. metabolic syndrome and dyslipi-
demia due to type 2 diabetes.

“Metabolic syndrome” means a condition characterized
by a clustering of lipid and non-lipid cardiovascular risk
factors of metabolic origin. In certain embodiments. meta-
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bolic syndrome is identified by the presence of any 3 of the
tollowing factors: waist circumference of greater than 102
cm in men or greater than 88 cm in women: serum triglyc-
eride of at least 150 mg/dL: HDL-C less than 40 mg/dL in
men or less than 50 mg/dL in women; blood pressure of at
least 130/85 mmHg; and fasting glucose of at least 110
mg/dl., These determinants can be readily measured in
clinical practice (JAMA, 2001, 285: 2486-2497).

“Mismaich™ or “non-complementary nucleohase™ refers
to the case when a nucleobase of a first nucleic acid is not
capable of pairing with the corresponding nucleobase of a
second or targel nucleic acid.

“Mixed dyslipidemia” means a condition characterized by
elevated cholesterol and elevated triglycerides.

“Modified internucleoside linkage” refers to a substitution
or any change from a naturally occurring internucleoside
bond. For example, a phosphorothioate linkage is a modified
internucleoside linkage.

“Madified nucleobase™ refers to any nuclechase ather
than adenine, cytosine, puanine, thymidine, or uracil. For
example, S-methyleytosine is a modified nucleobase. An
“unmodified nucleobase™ means the purine bases adenine
(A) and guanine (G). and the pyrimidine bases thymine (T).
cytosine (C), and uracil (U).

“Meodified nucleoside™ means a nucleoside having at least
one modified sugar moiety, and/or modified nucleobase.

“Maodified nucleotide™ means a nucleotide having at least
one modified sugar moiety, modilied internucleoside linkage
and/or modified nucleobase,

“Modified oligonucleotide” means an oligonucleotide
comprising at least one modified nucleotide,

“Modified sugar™ refers to a substitution or change from
a natural sugar, For example, a 2'-O-methoxyethy] modified
sugar is a modified sugar.

“Motif” means the pattern of chemically distinet regions
in an antisense compound.

“Naturally oceurring internucleoside linkage™ means a 3'
to 5' phosphodiester linkage.

“Natural sugar moiety” means a sugar found in DNA
(2'-H) or RNA (2-OH).

“Nicotinic acid” or “niacin™ has been reported to decrease
fatty acid influx to the hiver and the secretion of VLDL by
the liver. This effect appears (0 be mediated in part by the
effects on hormone-sensitive lipase in the adipose tissue.
Nicotinic acid has key action sites in hoth liver and adipose
tissue. In the liver. nicotinic acid is reported to inhibit
diacylglycerol acyltransferase-2 (DGAT-2) that results in the
decreased secretion of VLDL particles from the liver, which
is also reflected in reductions of both IDL and LDL particles.
in addition, nicotinic acid raises HDL-C and apo Al pri-
marily by stimulating apo Al production in the liver and has
also been shown to reduce VLDL-ApoCIII concentrations in
patients with hyperlipidemia (Wahlberg et al. Acta Med
Scand 1988; 224:319-327). The elfects of nicotinic acid on
lipolysis and fatty acid mobilization in adipocytes are well
established. However, nicotinic acid has not been effective
in treating LPLD subjects with hypertriglveeridemia.

“Nucleic acid™ refers to molecules composed of mono-
meric nucleotides. A nucleic acid includes ribonucleic acids
(RNA), deoxyribonucleic acids (DNA), single-stranded
nucleic acids (ssDNA), double-stranded nucleic acids (ds-
DNA), small interfering ribonucleic acids (siRNA), and
microRNAs (miRNA). A nucleic acid may also comprise a
combination of these elements in a single molecule.

“Nucleobase™ means a heterocyclic moiety capable of
pairing with a hase of another nucleic acid.
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“Nucleobase complementarity™ refers to a nucleobase that
is capable of base pairing with another nucleobase. For
example, in DNA, adenine (A} is complementary to thymine
(T). For example, in RNA, adenine (A) is complementary to
uracil (U). In certain embodiments, complementary nucle-
obase refers to a nucleobase of an antisense compound that
is capable of base pairing with a nucleobase of its target
nucleic acid. For example, if a nucleobase at a certain
position of an antisense compound is capable of hydrogen
bonding with a nucleobase at a certain position of a target
nucleic acid, then the oligonucleotide and the target nucleic
acid are considered 1o be complementary at that nucleobase
pair.

“Nucleobase sequence” means the order of contiguous
nucleohases independent of any sugar, linkage. or nucle-
obase modification.

“Nucleoside” means a nucleobase linked to a sugar.

“Nucleoside mimetic™ includes those structures used to
replace the sugar or the sugar and the hase, and not neces-
sarily the linkage at one or more positions of an oligomeric
compound; for example nucleoside mimetics having mor-
pholino, cyclohexenyl, cyclohexyl, tetrahydropyranyl, bicy-
clo or tricyclo sugar mimetics such as non-lurmnose sugar
units.

“Nucleotide™ means a nucleoside having a phosphate
group covalently linked to the sugar portion of the nucleo-
side.

“Nucleotide mimetic” includes those structures used (o
replace the nucleoside and the linkage al one or more
positions of an oligomeric compound such as for example
reptide nucleic acids or morpholines (morpholines linked
by — N(H) C(—0) O or other non-phosphodiester
linkage).

“Oligomeric compound” or “oligomer™” means a polymer
of linked monomeric subunits which is capable of hybrid-
izing to a region of a nucleic acid molecule. In certain
embodiments, oligomeric compounds are oligonucleosides.
In certain embodiments, oligomeric compounds are oligo-
nucleotides. In certain embodiments, oligomeric compounds
are antisense compounds. In certain embodiments, oligo-
meric compounds are antisense oligonucleotides. In certain
embodiments, oligomeric compounds are chimeric oligo-
nucleotides.

“Oligonucleotide’” means a polymer of linked nucleosides
each of which can be modified or unmodified, independent
from one another.

“Parenteral administration™ means adminmstration through
injection or infusion. Parenteral administration includes

subcutaneous administration, intravenous administration, s

intramuscular administration. intraarterial administration,
intraperitoneal administration. or intracranial administra-
tion, e.g. intrathecal or intracerebroventricular administra-
tion. Administration can be continuous, chronic, short or
intermittent.

“Peptide” means a molecule formed by linking at least
two amino acids by amide bonds. Peptide refers to poly-
peptides and proteins.

“Pharmaceutical agent” means a substance that provides
a therapeutic benefit when administered to an individual. For
example, in certain embodiments, an antisense oligonucle-
otide targeted to ApoCIII is pharmaceutical agent.

“Pharmaceutical composition™ or “composition” means a
mixture of substances suitable for admimstering to an mndi-
vidual. For example, a pharmaceutical composition may
comprise one or mare active agents and a pharmaceutical
carrier, such as a sterile aqueous solution.
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“Pharmaceutically acceptable carrier™ means a medium or
diluent that does not interfere with the structure of the
compound. Certain of such carriers enable pharmaceutical
compositions to be formulated as, for example, tablets, pills.
dragees, capsules, liquids, gels, syrups, slurries, suspension
and lozenges for the oral ingestion by a subject. Certain of
such carriers enable pharmaceutical compositions to be
formulated for injection. infusion or topical administration.
For example, a pharmaceutically acceplable carrier can be a
sterile aqueous solution.

“Pharmaceutically acceptable derivative” or “salts”
encompasses derivatives of the compounds described herein
such as solvates, hydrates, esters, prodrugs. polvmorphs.
isomers, isotopically labelled wvarants, pharmaceutically
acceptable salts and other derivatives known in the art.

“Pharmaceutically acceptable salts” means physiologi-
cally and pharmaceutically acceptable salts of antisense
compounds, 1.e., salts that retain the desired biological
activity of the parent compound and do not impart undesired
toxicological effects thereto. The term “pharmaceutically
acceptable salt” or “salt” includes a salt prepared from
pharmaceutically acceptable non-toxic acids or bases,
including inorganic or organic acids and bases. Pharmaceu-
tically acceptable salts of the compounds described herein
may be prepared by methods well-known in the art. For a
review of pharmaceutically acceptable salts, see Stahl and
‘Wermuth, Handbook of Pharmaceutical Salts: Properties,
Selection and Use (Wiley-VCH, Weinheim. Germany.
2002). Sodium salts of antisense oligonucleotides are useful
and are well accepled lor therapeutic administration o
humans. Accordingly, in one embodiment the compounds
described herein are in the form of a sodium salt.

“Phosphorothioate linkage™ means a linkage between
nucleosides where the phosphodiester bond 1s modified by
replacing one of the non-bridging oxygen atoms with a
sulfur atom. A phosphorothioate linkage is a modified inter-
nucleoside linkage.

“Portion™ means a defined number of contiguous (i e
linked) nucleobases of a nucleic acid. In certain embodi-
ments, a portion is a defined number of contiguous nucle-
obases of a target nucleic acid. In certain embodiments, a
portion is a defined number of contiguous nucleobases of an
antisense compound.

“Prevent” refers to delaying or forestalling the onset or
development of a disease, disorder, or condition for a period
of time from minutes to indefinitely. Prevent also means
reducing risk of developing a disease, disorder, or condition.

“Prodrug™ means a therapeutic agent that is prepared in an
inactive form that is converted to an active form (i.e., adrug)
within the body or cells thereof by the action of endogenous
enzymes or other chemicals or conditions.

“Raise” means to increase in amount. For example, to
raise plasma HDL levels means o increase the amount of
HDL in the plasma.

“Ratio of TG to HDL” means the TG levels relative to
HDL levels. The occurrence ol high TG and/or low HDL has
been linked to cardiovascular disease incidence. outcomes
and mortality. “Improving the ratio of TG to HDL™ means to
decrease TG and/or raise HDL levels.

“Reduce™ means to bring down to a smaller extent. size,
amount, or number. For example, to reduce plasma triglyc-
eride levels means to bring down the amount of triglyceride
in the plasma.

“Region” or “target region” 1s defined as a portion of the
target nucleic acid having at least one identifiable structure,
function. or characteristic. For example, a target region may
encompass a 3 UTR, a 5" UTR, an exon, an intron, an
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exonfintron junctien, a coding region, a translation initiation
region, translation termination region, or other defined
nucleic acid region. The strucwrally defined regions lor
ApoCIll can be obtained by accession number from
sequence databases such as NCBI and such information is
incorporated herein by reference. In certain embodiments, a
target region may encompass the sequence from a 5' target
site of one target segment within the farget region lo a 3'
larget sile of another target segment within the targel region.

“Ribonuclectide” means a micleotide having a hydroxy at
the 2' position of the sugar portion of the nucleotide.
Ribonucleotides can be modified with any of a variety of
substituents.

“Second agent” or “second therapeutic agent” means an
agent that can be used in combination with a “first agent™.
A second therapeutic agent can include, but is not limited to,
an siRNA or antisense oligonucleotide including antisense
oligonucleotides targeting ApoCIIL A second agent can also
include anti-ApoCllI antibodies, ApoCIlI peptide inhibitors,
DGATI inhibitors, cholesterol lowering agents, lipid low-
ering agents, glucose lowering agents and anti-inflammatory
agents.

“Segments” are defined as smaller, sub-portions of
regions within a nucleic acid. For example, a “target seg-

ment™ means the sequence of nucleotides of a target nucleic 2

acid to which one or more antisense compounds is targeted.
“5 target site” refers to the 5'-most nucleotide of a target
segment. 3" target site” refers to the 3-most nucleotide of
a largel segment.

“Shortened™ or “truncated” versions of antisense oligo-
nucleotides or target nucleic acids taught herein have one,
two or more nucleosides deleted.

“Side effects” means physiological responses attributable
o a treatment other than the desired effects. In certain
embodiments, side eflects include injection site reactions,
liver function test abnormalities, renal function abnormali-
ties, liver toxicity, renal toxicity, central nervous system
abnormalities, myopathies, and malaise. For example,
increased aminotransferase levels in serum may indicate
liver toxicity or liver function abnormalitv, For example,
increased bilirubin may indicate liver toxicity or liver func-
tion abnormality.

“Single-stranded oligonucleotide”™ means an oligonucle-
otide which is not hybridized to a complementary strand.

“Specifically hybridizable™ refers to an antisense com-
pound having a sufficient degree of complementarity to a
target nucleic acid to induce a desired effect, while exhib-
iting minimal or no effects on non-target nucleic acids under
conditions in which specific binding is desired, i.e. under

physiological conditions in the case of in vivo assays and 5

therapeutic treatments.

“Statin” means an agent that inhibits the activity of
HMG-CoA reductase, Statins reduce synthesis of cholesterol
in the liver by competitively inhibiting HMG-CoA reductase
activitv. The reduction in intracellular cholesterol concen-
tration induces [.DL receptor expression on the hepatocyle
cell surface, which results in increased extraction of LDL-C
from the blood and a decreased concentration of circulating
LDL-C and other apo-B containing lipoproteins including
TG-rich particles. Independent of their effects on LDL-C
and LDL receptor, statins lower the plasma concentration
and cellular mRNA levels of ApoC-IIT (Ooi et al. Clinical
Sei, 2008, 114:611-624). As statins have significant effects
on mortality as well as most cardiovascular disease outcome
parameters, these drugs are the first choice to reduce both
total cardiovascular disease risk and moderately elevated TG
levels. More potent statins (atorvastatin, rosuvastatin, and
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pitavastatin} demonstrate a robust lowering of TG levels.
especially at high doses and in patients with elevated TG.
However, statins have been ineflective in treating LPLD
subjects with hypertriglyceridemia,

“Subcutaneous administration”™ means adminisiration just
below the skin.

“Subject” means a human or non-human animal selected
for treatment or therapy.

“Sympiom of cardiovascular disease or disorder” means a
phenomenon that arises from and accompanies the cardio-
vascular disease or disorder and serves as an indication of it.
For example. angina; chest pain; shortness of breath; palpi-
tations: weakness; dizziness; nausea; sweating: tachycardia:
bradycardia; arrhythmia: atrial fibrillation: swelling in the
lower extremities: cyanosis; fatigue: fainting: numbness of
the face; numbness of the limbs; claudication or cramping of
muscles; bloating of the abdomen: or fever are symptoms of
cardiovascular disease or disorder.

“Targeting” or “targeted”™ means the process of design and
selection of an antisense compound that will specifically
hybridize to a target nueleic acid and induce a desired effect.

“Target nucleic acid,” “target RNA.” and “target RNA
transeript™ all refer to a nucleic acid capable of being
targeted by antisense compounds.

“Therapeutic lifestyle change™ means dietary and lifestyle
changes intended 1o lower fat/adipose tssue mass and/or
cholesterol. Such change can reduce the risk of developing
heart disease, and may includes recommendations for
dietary intake of total daily calories, total fat, saturated fat,
polyunsaturated fat, monounsaturated fat, carbohydrate,
protein, cholesterol. insoluble fiber, as well as recommen-
dations for physical activity.

“Ireat” refers to administering a compound of the inven-
tion to effect an alteration or improvement of a disease,
disorder, or condition.

“Triglyceride” or “TG” means a lipid or neutral fat
consisting of glycerol combined with three fatty acid mol-
ecules.

“Type 2 diabetes,” (also known as “tvpe 2 diabefes
mellitus”, “diabetes mellitus, type 27, “non-insulin-depen-
dent diabetes (NIDDM)”, “obesity related diabetes™, or
“adult-onset diabetes™) is a metabolic disorder that is pri-
marily characterized by insulin resistance, relative insulin
deficiency, and hyperglycemia,

“Unmodified nucleotide™ means a nucleotide composed
of naturally occurring nuclecbases, sugar moieties, and
internucleoside linkages. In cerain  embodiments, an
unmodified nucleotide is an RNA nucleotide (i.e. fi-1D-
ribonucleosides) or a DNA nucleotide (1.e. f-D-deoxyribo-
nucleoside).

“Wing segment” means one or a plurality of nucleosides
modified to impart to an oligonucleotide properties such as
enhanced inhibitory activity, increased binding affinity for a
target nucleic acid, or resistance to degradation by in vivo
nucleases.

Certain Embodiments

Certain embodiments provide a method of reducing
ApoClIl levels in an animal with Fredrickson Type I dys-
lipidemia, FCS, LPLD, comprising administering a thera-
peutically effective amount of a compound comprising an
ApoCIII specific inhibitor to the animal. In certain embodi-
ments, ApoCIII levels are reduced in the hver, adipose
tissue, heart, skeletal muscle or small intestine.

Certain embodiments provide a method of treating, pre-
venting, delaying or ameliorating Fredrickson Type T dys-
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lipidemia, FCS, LPLD, in an animal comprising adminis-
tering a therapeutically effective amount of a compound
comprising an ApoCIII specific inhibitor to the animal, In
certain embodiments, a cardiovascular and/or metabolic
disease or disorder. or symptom or risk thereof, related to
Fredrickson Type I dyslipidemia, FCS, LPLD, is improved.

Certain embodiments provide a method of treating, pre-
venling, delayving or amelioraling pancreatiis in an animal
with Fredrickson Type 1 dyslipidemia, FCS, LPLD, com-
prising administering a therapeutically effective amount of a
compound comprising an ApoCIIT specific inhibitor o the
animal. In certain embodiments, pancreatitis, or a symptom
or risk thereof, is improved,

Certain embodiments provide a method of reducing TG
levels in an animal with Predrickson Type 1 dyslipidemia,
FCS, LPLD, comprising administering a therapeutically
effective amount of a compound comprising an ApoCIII
specific inhibitor to the ammal.

In certain embodiments. the animal has a TG level of at
least =1200 mg/dl, =1100 mg/dl.. =1000 mg/dL, =900
mg/dl, =880 mg/dl, =850 mp/dl., =800 mg/dl., =750
mg/dL, =700 mg/dL, =650 mg/dL, =600 mg/dL, =550
mg/dlL, =500 mg/dl, =450 mg/dL, =440 mg/dL, =400
mg/dlL, =350 mg/dl, =300 mg/Mdl, =250 mg/dl, =200

mg/dl, =150 mg/dl. In certain embodiments, the animal has 2

a history of TG level =880 mg/dL., fasting TG level 2750
mg/dL and/or TG level =440 mg/dL after dieting.

In certain embodiments, the compound decreases TGs
{posiprandial or [asting) by at least 90%, by at least 80%, by
al least 70%, by at least 60%, by at least 50%, by al least
45%, at least 40%. by at least 35%, by at least 30%, by at
least 25%, by at least 20%, by at least 153%, by at least 10%,
by at least 5% or by at least 1% from the baseline TG level.
In certain embodiments, the TG (postprandial or fasting)
level 1s 1900 mg/dL. =1800 mgrdL, <1700 mg/dL. <1600
mg/dL, =1500 mg/dL, <1400 mg/dL, =1300 mg/dL, <1200
mg/dL, =1100 mg/dL. s1000 mg/dL, =900 mg/dL, =800
mg/dL, =730 mg/dL, =700 mg/dL, =650 mg/dL, =600
mg/dl, =530 mg/dl, =500 mg/dl., =450 mg/dl, =400
mg/dl, =350 mg/dl, <300 mg/dl, =250 mg/dl, =200
mg/dl., =150 mg/dl. or =100 mg/dl..

Certain embodiments provide a method of increasing
HDL levels andfor improving the ratio of TG to HDL in an
amimal with Fredrickson Type [ dyslipidemia, FCS. LPLD,
comprising administering a therapeutically efective amount
of a compound comprising an ApoCIII specific inhibitor to
the animal. In certain embodiments, the compound increases
HDL (postprandial or fasting) by at least 90%, by at least
80%, by at least 70%, by at least 60%, by at least 50%, by

at least 45%, at least 40%, by at least 35%, by at least 30%, s

by at least 25%, by at least 20%, by at least 15%, by at least
10%, by at least 5% or by at least 1% from the baseline [DL
level.

In certain embodiments, the compound decreases ApoCIII

by about 81%, decreases TG by about 69%. decreases s

VLDL ApoClll by about 80%. increases HDL by about
T8%, decreases non-HDL-C hy about 58% and/or decreases
ApoB by about 13%.

Certain embodiments provide a method of preventing,
delaying or ameliorating a cardiovascular and/or metabolic
disease, disorder, condition, or symptom thereof, in an
animal with Fredrickson Type T dyslipidemia, FCS, LPLD,
comprising administering a therapeutically effective amount
of a compound comprising an ApoCIII specific inhibitor to
the animal. In certain embodiments, the compound prevents,
delays or ameliorates the cardiovascular and/or metabolic
disease, disorder, condition. or symptom thereof. in the
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animal with Fredrickson Type I dyslipidemia, FCS, LPLD,
by decreasing TG levels, wncreasing HDL levels in the
animal and/or improving the ratio of TG to HDL.

Certain embodiments provide a method of preventing,
delaying or amelioraling pancreatitis, or symptom thereof, in
an animal with Fredrickson Type | dyslipidemia, FCS,
LPLD, comprising administering a therapeutically effective
amount of a compound comprising an ApoCIIl specific
inhibitor to the animal. In certain embodiments. the com-
pound prevents, delays or ameliorates pancreatitis, or symp-
tom thereof, in the ammal with Fredrickson Type I dyslipi-
demia. FCS, LPLD, by decreasing TG levels, increasing
HDL levels in the animal and/or improving the ratio of TG
w HDL,

Certain embodiments provide a method of preventing,
delaying or ameliorating pancreatitis, or symptom thereof, in
an animal with Fredrickson Type [ dyslipidemia, FCS,
LPLD, comprising administering a therapeutically elfective
amount of a compound comprising an ApoCIIT specific
inhibitor to the animal. In certain embodiments. the com-
pound prevents, delays or ameliorates the pancreatitis, or
symptom thereof, in the animal with Fredrickson Type |
dyslipidemia, FCS, LPLD, by decreasing TG levels. increas-
ing HDL levels in the animal and/or improving the ratio of
TG to HDL.

Certain embodiments provide a method of preventing,.
treating, ameliorating, delaying the onset, or reducing the
risk of, a cardiovascular disease, disorder or condition in an
animal with Fredrickson Type I dyslipidemia, FCS, LPLD,
comprising adminisiering a therapeutically effective amount
of a compound comprising an ApoCIII specific inhibitor o
the animal. In certain embodiments, the compound prevents,
treats, ameliorates, delays the onset, or reduces of the risk of
the cardiovascular disease, disorder or condition in the
animal with Fredrickson Tvpe [ dyslipidemia, FCS, LPLD,
by decreasing TG levels, increasing HDL levels andfor
improving the ratio of TG to HDL,

Certain embodiments provide a method of decreasing
CETP, VLDL, VLDL ApoCIIl, cholesterol, chylomicrons
and/or ApoB levels in an animal with Fredrickson Type |
dyslipidemia, FCS. LPLD. comprising administering a
therapeutically eftective amount of a compound comprising
an ApoCIIT specific inhibitor to the animal. In certain
embodiments, the ApoB is ApoB-48 or ApoB-100. In certain
embodiments, the amount of ApoB-48 reflects the amount of
chylomicrons in the animal. In certain embodiments. the
cholesterol is total cholesterol or non-HDL-cholesterol.

Certain embodiments provide a method of increasing
ApoAl, PONI1, fat clearance, chylomicron-triglyceride
(CM-TG) elearance and/or HDL in an animal with Fredrick-
son Type | dyslipidemia. FCS, LPLD. comprising adminis-
tering a therapeutically effective amount of a compound
comprising an ApoCIIl specific inhibitor to the animal.
Certain embodiments provide a methed for improving the
ratio of TG 1o HDL in an animal with Fredrickson Type |
dyslipidemia, FCS, LPLD comprising administering a thera-
peutically effective amount of a compound comprising an
ApoCIIl specific inhibitor to the animal.

Certain embodiments provide a method for treating adult
patients with Fredrickson Type | dyslipidemia, FCS, LPLD
suffering from severe or multiple pancreatitis attacks com-
prising comprising administering a therapeutically effective
amount of a compound comprising an ApoCIII specific
inhibitor to the patient. In certain embodiments, the patient
sullers from pancreatitis despite dietary fat restrictions.

Certain embodiments provide a method for identifying a
subject suffering from Fredrickson Type | dyslipidemia,
FCS. LPLD. comprising genetically screening the subject.
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Certain embodiments provide a method for identifying a
subject at risk for Fredrickson Type [ dyslipidemia, FCS,
LPLD, comprising genetically screening the subject. In
certain embodiments the genetic screening is performed by
sequence analysis of the gene or RNA transcript encoding
LPL or ApoC-Il. In certain embodiments, the subject is
genetically sereened [or at least one mutation in the LPL
gene such as P207L, G188L, DIN or other mutations that
affect LPL {Brunzell, In: Pagon R A, Adam M P, Bird T D,
Dalan C R, Fong C T, Stephens K, editors. GeneReviews™
|Internet]. Seattle (Wash.): University of Washington,
Seattle; 1993-2013. 1999 Oct. 12 [updated 2011 Dec. 15]).

Certain embodiments provide a method for identifying a
subject suffering from Fredrickson Type | dyslipidemia,
FCS, LPLD, comprising screening the subject for the pres-
ence of LPL inhihiting antibodies. Certain embodiments
provide a method for identifying a subject at risk for
Fredrickson Type 1 dyslipidemia, FCS, LPLD, comprising
screening the subject for the presence of LPL inhibiting
antibodies.

In certain embodiments, the level of LPL expression in a
LPLD subject is undetectable. In certain embodiments, the
level of LPL in a LPLD subject is detectable. In certain

embodiments, the level of LPL in the LPLD subject is at 2

most 25%, at most 24%, at most 23%, at most 22%., at most
21%, at most 20%, at most 19%, at most 18%, at most 17%,
at most 16%, at most 15%, at most 14%, at most 13%, at
most 12%, at most 11%, al most 10%, al most 9%, at most
8%, at most 7%, al most 6%, al most 5%, al most 4%, at
most 3%, at most 2% or at most 1% of the LPL level of a
non-LPLD subject.

In cerfain embodiments, the level of LPL activity in a
LPLD subject is undetectable, In certain embodiments, the
level of LPL activity in a LPLD subject is detectable. In
certain embodiments, the level of LPL activity in the LPLD
subject 1s at most 25%, at most 24%, at most 23%. at most
22%, at most 21%, at most 20%. at most 19%, at most 18%,
at most 17%,. at most 16%, at most 15%, at most 14%, at
most 13%, at most 12%, at most 11%, at most 10%, at most
9%, at most 8%, at most 7%, at most 6%, at most 5%, at
most 4%, at most 3%, at most 2% or at most 1% of the L.PL
activity level of a non-LPLD subject. In certain embodi-
ments, the ApoClIl nucleic acid is any of the sequences set
forth in GENBANK Accession No. NM_000040.1 (incor-
porated herein as SEQ 11> NO: 1), GENBANK Accession
No. NT_033899.8 truncated from nucleotides 20262640 to
20266603 (incorporated herein as SEQ [D NO: 2), and
GenBank Accession No. NT_0335088.1 truncated from

nucleotides 6238608 to 6242565 (incorporated herein as 3

SEQ ID NO: 4).

In certain embodiments, the ApoCIII specific inhibitor is
a nucleic acid, peptide, antibody, small molecule or other
agent capable of inhibiting the expression of ApoCIIL In

certain embodiments, the nucleic acid is an antisense com- 5

pound targeting ApoClIIL In certain embodiments, the anti-
sense compound is an antisense oligonucleotide. In certain
embodiments, the aniisense oligonucleotide is a modified
oligonucleotide. In certain embodiments, the modified oli-
gonucleotide has a sequence complementary to SEQ 1D NO:
1,SEQID NO: 2 or SEQ ID NO: 4, In certain embodiments,
the modified oligonucleotide is at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, at least
98% or at least 100% complementary to SEQ 1D NO: 1,
SEQ ID NO: 2 or SEQ ID NO: 4.

In certain embodiments, the modified oligonucleotide has
a nucleohase sequence comprising at least 8 contiguous
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nucleobases of an antisense oligonucleotide complementary
to an ApoCIIL In certain embodiments, the modified oligo-
nucleotide has a nucleobase sequence comprising at least 8
contiguous nucleobases of 18IS 304801 (SEQ 1D NO: 3). In
certain embodiments, the modified oligonucleotide has a
nucleobase sequence of 1SIS 304801 (SEQ 1D NO: 3). In
certain embodiments, the modified oligonucleotide targeting
ApoCTII has a sequence other than that of SEQ ID NO: 3.
In certain embodiments, the modified oligonucleotide has a
nuclenbase sequence comprising at least 8 contigunous nucle-
obases of a sequence selected from any sequence disclosed
in U.S. Pat. No. 7.598,227. U.S. Pat. No. 7,750,141, PCT
Publication WO 2004/093783 or PCT Publication WO
2012/149495, all incorporated-by-reference herein. In cer-
tain embodiments, the medified oligonucleotide has a
sequence selected from any sequence disclosed in ULS. Pat.
No. 7.598,227, U8, Pat. No. 7,750,141, PCT Publication
WO 2004/093783 or PCT Publication WO 2012/149495, all
incorporated-by-reference herein.

In certain embodiments, the modified oligonucleotide
consists of a single-stranded modified oligonucleotide.

In certain embodiments, the modified oligonucleotide
consists of 12-30 linked nucleosides.

In certain embodiments, the modified oligonucleotide
consists of 20 linked nucleosides. In certain embodiments.
the modified oligonucleotide consists of 20 linked nucleo-
sides and the nucleobase sequence of I1SIS 304801 (SEQ 1D
NO: 3.

In certain embodiments. the compound comprises at least
one modified internucleoside linkage. In certain embodi-
ments, the internucleoside linkage is a phosphorothioate
internucleoside linkage. In certain embodiments, each inter-
mucleoside linkage is a phosphorothivate internucleoside
linkage.

In certain embodiments. the compound comprises at least
one nucleoside comprising a modified sugar. In certain
embodiments, the at least one modified sugar is a bicvelic
sugar, In certain embodiments, the at least one modified
sugar comprises a 2'-O-methoxyethyl.

In certain embodiments, the compound comprises at least
one nucleoside comprising a modified nucleobase. In certain
embodiments, the modified nucleobase is a 5-methyleyto-
sine,

In certain embodiments, the compound comprises a modi-
fied oligonucleotide comprising: (i) a gap segment consist-
ing of linked deoxynucleosides; (ii) a 5 wing segment
consisting of linked nucleosides: (iii) a 3' wing segment
consisting of linked nucleosides, wherein the gap segment 1s
positioned immediately adjacent to and between the §' wing
segment and the 3' wing segment and wherein each nucleo-
side of each wing segment comprises a modified sugar.

[n certain embodiments, the compound comprises a modi-
fied oligonucleotide comprising: (i) a gap segment consisi-
ing of 8-12 linked deoxynucleosides; (i1) a 5' wing segment
consisting of 1-5 linked nucleosides; (iii) a 3' wing segment
consisting ol 1-5 linked nucleosides, wherein the gap seg-
ment is positioned immediately adjacent to and between the
5" wing segment and the 3" wing segment, wherein each
nucleoside of each wing segment comprises a 2'-O-
methoxyethyl sugar, wherein each cytosine is a 5-methyl-
cytosine, and wherein each internucleoside linkage is a
phosphorothioate linkage.

In certain embodiments, the compound comprises a modi-
fied oligonucleotide comprising: (1) a gap segment consist-
ing of ten linked deoxynucleosides; (ii) a 5' wing segment
consisting of five linked nucleosides: (iii) a 3' wing segment
consisting of five linked nucleosides, wherein the gap seg-
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ment is positioned immediately adjacent to and between the
5" wing segment and the 3' wing segment, wherein each
nucleoside of each wing segment comprises a 2-0-
methoxyethyl sugar. wherein each cytosine is a 5-methyl-
cvtosine, and wherein each internucleoside linkage is a
phosphorothicate linkage.

Certain embodiments provide a method of reducing the
risk of a cardiovascular disease in an animal with Fredrick-
son Type [ dyslipidemia, FCS, LPLD, by administering 1o
the animal a therapeutically eftective amount of a compound
comprising a modified oligonucleotide consisting of 12 10 30
linked nucleosides, wherein the modified oligonucleotide is
complementary to an ApoCIII nucleic acid and wherein the
modified oligonucleotide decreases TG levels. increases
HDL levels and/or improves the ratio of TG to HDL. In
certain embodiments, the ApoCIII nucleic acid is SEQ 1D
NO: 1, SEQ ID NO: 2 or SEQ ID NO:; 4. In certain
embodiments, the modified oligonucleotide is at least 70%,
least 75%, least 80%, al least 85%. at least 90%, at least
95%, at least 98% or 100% complementary to SEQ 112 NO:
1, SEQ ID NO: 2 or SEQ ID NO: 4. In certain embodiments,
the modified oligonucleotide comprises at least 8 contiguous
nucleobases of an antisense oligonucleotide targeting
ApoCIIL In further embodiments, the modified oligonucle-

otide comprises at least 8 contiguous nucleobases of the 2

nucleobase sequence of ISIS 304801 (SEQ 1D NO: 3).
Certain embodiments provide a method of preventing,

treating, ameliorating, or reducing at least one symptom of

a cardiovascular disease in an animal with Fredrickson Type
1 dyslipidemia, FCS, LPLD, comprising administering 1o the
animal a therapeutically effective amount of a compound
comprising a modified oligonucleotide consisting of 12 to 30
linked nucleosides and is complementary to an ApoCIII
nucleic acid. In certain embodiments, the ApoCIIl nucleic
acid is either SEQ IDNO: 1. SEQ ID NO: 2 or SEQ ID NO:
4. In certain embodiments, the modified oligonucleotide is at
least 70%, least 75%, at least 80%, at least 85%, at least
0%, at least 95%, at least 98% or 100% complementary to
SEQ D NO: 1, SEQ 1D NO: 2 or SEQ 1D NO: 4. In further
embodiments, the modified oligonucleotide administered to
the animal prevents, treats, ameliorates or reduces at least
one symptom of the cardiovascular disease by decreasing
TG levels, increasing HDL levels and/or improving the ratio
ol TG to HDL. In certain embodiments, the modified oli-
gonueleotide comprises at least 8 contiguous nucleobases of
an antisense oligonucleotide targeting ApoCIIL In further
embodiments, the modified oligonucleotide comprises at
least 8 contiguous nucleobases of SIS 304801 (SEQ 1D NO:
3).

In further embodiments, symptoms of a cardiovascular 3

disease include, but are not limited to, angina; chest pain;
shortness of hreath; palpitations: weakness: dizziness; nan-
sea: sweating, tachycardia; bradycardia; arrhythmia; atrial
fibrillation; swelling in the lower extremities; cyanosis;

fatigue:; fainting; numbness of the face; numbness of the s

limbs: claudication or cramping of muscles; bloating of the
ahdomen; or fever.

Certain embodiments provide a method of decreasing TG
levels, raising HDL levels and/or improving the ratio of TG
to HDL in an animal with Fredrickson Type | dyslipidemia,
FCS, LPLD, by administering to the animal a therapeutically
effective amount of a compound consisting of a modified
oligonucleotide targeting ApoClIIL Further embodiments
provide a method of preventing, treating, ameliorating or
reducing at least one symptom of a cardiovascular and/or
metabolic disease, disorder, condition, or symptom thereof,
in the animal by administering to the animal a compound
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consisting of a modified oligonucleotide targeting ApoCI11,
thereby decreasing TG levels, increasing the HDL levels
and/or improving the ratio of TG to HDL in the animal.

Certain embodiments provide a method of decreasing TG
levels, raising HDL levels and/or improving the ratio of TG
to HDL in an animal with Fredrickson Type I dyslipidemia,
FCS, LPLD, by administering to the animal a therapeutically
effective amount of a compound consisting of the nucle-
obase sequence of 1SIS 304801 (SEQ I NO: 3). Further
embodiments provide a method of preventing., treating.
ameliorating or reducing at least one symptom ol a cardio-
vascular and/or metabolic disease, disorder, condition, or
symptom thereof, in the animal by administering to the
animal a compound consisting of the nuclecbase sequence
of ISIS 304801 (SEQ 1D NO: 3). thereby decreasing TG
levels, increasing the HDL levels and/or improving the ratio
of TG to HDL in the animal.

Certain embodiments provide a method of decreasing TG
levels, raising HDL levels and/or improving the ratio of TG
to HDL in an animal with Fredrickson Type [ dyslipidemia.
FCS. LPLD, by administering to the animal a therapeutically
effective amount of a modified oligonucleotide having the
sequence of ISIS 304801 (SEQ ID NO: 3). wherein the
modified oligonucleotide comprises: (1) a gap segment con-
sisting of ten linked deoxynucleosides; (ii) a 5' wing seg-
ment consisting of five linked nucleosides; (1i) a 3' wing
segment consisting of five linked nucleosides, wherein the
gap segment is positioned immediately adjacent to and
between the 5" wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
2-0-methoxyethyl sugar, wherein each cytosine is a 5-meth-
yleytosine, and wherein each internucleoside linkage is a
phosphorothioate linkage.

Certain embodiments provide a method of preventing,
delaying, treating. ameliorating, or reducing at least one
symptom of a cardiovascular and/or metabolic disease,
disorder, condition, or symptom thereof, in an animal with
Fredrickson Type [ dyslipidemia, FCS, LPLD, by adminis-
tering to the amimal a therapeutically effective amount of a
modified oligonucleotide targeting ApoCIII, wherein the
modified oligonucleotide of the compound comprises: (1) a
gap segment consisting of ten hinked deoxynucleosides; (i1)
a 5" wing segment consisting of five linked nucleosides; (iii)
a 3 wing segment consisting of five linked nucleosides.
wherein the gap segment is positioned immediately adjacent
to and between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
2-0-methoxyethyl sugar, wherein each cytosine is a 5-meth-
vlcytosine, and wherein each internucleoside linkage is a
phosphorothioate linkage.

Centain embodiments provide a method of preventing,
delaying, treating. ameliorating, or reducing at least one
svmptom of a cardiovascular and/or melabolic disease,
disorder, condition, or symptom thereof. in an animal with
Fredrickson Type [ dyslipidemia, FCS, LPLD, by adminis-
tering to the animal a therapeutically effective amount of a
modified oligonucleotide having the sequence of ISIS
304801 (SEQ 1D NO: 3), wherein the modified oligonucle-
otide of the compound comprises: (1) a gap segment con-
sisting of ten linked deoxynucleosides; (ii) a 5' wing seg-
ment consisting of five linked nucleosides: (iii) a 3' wing
segment consisting of five linked nucleosides, wherein the
gap segment is positioned immediately adjacent to and
between the 5 wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a
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2'-O-methoxyethyl sugar, wherein cach cytosine is a §-meth-
vleytosine, and wherein each internucleoside linkage is a
phosphorothioate linkage.

Certain embodiments provide a method of decreasing TG
levels, raising the HDL levels and/or improving the ratio of
TG to HDL in an animal with Fredrickson Type I dyslipi-
demia, FCS, LPLD, by administering 1o the animal a thera-
peutically effective amount of a compound comprising a
modified oligonuclentide consisting of 12 10 30 linked
nucleosides. wherein the modified oligonucleotide is
complementary te an ApoCIIT nucleic acid. In certain
embodiments, the ApoCIIl nucleic acid is either SEQ 1D
NO: 1, SEQ ID NO: 2 or SEQ ID NO: 4. In certain
embodiments, the modified oligonucleotide is at least 80%,
at least 85%, at least 90%, at least 95%, at least 98% or at
least 100% complementary to SEQ 11D NO: 1, SEQ 11 NO:
2 or SEQ 1D NO: 4.

Certain embodiments provide a method of preventing,
delaying. treating. ameliorating, or reducing at least one
symptom of a cardiovascular and/or metabolic disease,
disorder, condition, or symptom thereof, in an animal with
Fredrickson Type I dyslipidemia, FCS, LPLD, by adminis-
tering to the animal a compound comprising a therapeuti-
cally eflective amount of a modified oligonucleotide con-

sisting of 12 to 30 linked nucleosides, wherein the modified 2

oligonucleotide is complementary to an ApoClll nucleic
acid, and decreases TG levels and/or raises the HDL levels
in the animal. In certain embodiments, the ApoCIIT nucleic
acid 1s either SEQ ID NO: 1, SEQ 1D NO: 2 or SEQ 1D NO:
4. In certain embodiments. the modified oligonucleotide is at
least 804, at least 85%. at least 90%, at least 5%, at least
98% or at least 100% complementary to SEQ 1D NO: 1,
SEQ ID NO: 2 or SEQ ID NO: 4.

In certain embodiments. the animal is human.

In certain embodiments, the cardiovascular disease is
aneurysm., angina, arrhythmia, atherosclerosis, cerebrovas-
cular disease, coronary heart disease, hypertension, dyslipi-
demia, hyperlipidemia, hypertriglyceridemia or hypercho-
lesterolemia. In certain embodiments, the dyslipidemia is
hypentriglyceridemia or chylomicronemia (e.g., FCS). In
certain embodiments, the metabolic disease is diabetes,
obesity or metabolic syndrome.

In certain embodiments, the animal with Fredrickson
Type | dyslipidemia, FCS, LPLD, is at risk for pancreatitis.
In certain embodiments, reducing ApoClII levels in the liver
andfor small intestine prevents pancreatitis. In certain
embodiments, reducing TG levels, raising HDL levels and/
or improving the ratio of TG to HDL prevents pancreafitis.

In certain embodiments, reducing ApeCTIT levels in the

liver and/or small intestine of an animal with Fredrickson s

Type 1 dyslipidemia. FCS, LPLD. enhances clearance of
postprandial TG. In certain embodiments, raising TTDL
levels and/or improving the ratio of TG 0 HDL enhance
clearance of postprandial TG in an animal with Fredrickson

Type 1 dyslipidemia, FCS, LPLD. In certain embodiments, 5

reducing ApoClll levels in the liver and/or small intestine
lowers postprandial triglyceride in an animal with Fredrick-
son Type | dyslipidemia, FCS, LPLD. In certain embodi-
ments, raising HDL levels and/or improving the ratio of TG
to HDL lowers postprandial TG.

In certain embodiments, reducing ApoClIIl levels in the
liver and/or small intestine of an animal with Fredrickson
Type I dyslipidemia, FCS, LPLD, improves the ratio of TIDL
o TG.

In certain embodiments. the compound is parenterally
administered. In further embodiments, the parenteral admin-
istration is subcutaneous.
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In certain embodiments, the compound is co-administered
with a second agent or therapy. In certain embodiments, the
second agent is an ApoCIII Jowering agent, Apo C-II low-
ering agent, DGATI lowenng agent, LPL raising agent.,
cholesterol lowering agent. non-HDL lipid lowering agent.
LDL lowering agent, TG lowering agent, cholesterol low-
ering agent, HDL raising agenl. fish oil, niacin (nicotinic
acid), fibrate, statin, DCCR (salt of diazoxide), glucose-
lowering agent or anti-diabetic agents. In certain embodi-
ments, the second therapy is dietary fat restriction.

In certain embodiments, the ApoCIll lowering agents
include an ApoClIl antisense oligonucleotide different from
the first agent. fibrate or an Apo B antisense oligonucleotide.

In certain embodiments, the DGAT]1 lowering agent is
LOCQYOS.

In certain embodiments, the LPL raising agents include
gene therapy agents that raise the level of LPL (e.g.. Gly-
bera®, normal copies of ApoC-II. GPTHBPI, APOAS.
LMF1 or other genes that, when mutated, can lead to
dysfunctional T.PL).

In certain embodiments, the glucose-lowering and/or anti-
diabetic agents include, but are not limited to, PPAR agonist,
a dipeptidyl peptidase (IV) inhibitor, a GLP-1 analog, insu-
lin or an insulin analog, an insulin secretagogue, a SGL12
inhibitor, a human amylin analog, a biguanide, an alpha-
glucosidase inhibitor, metformin, sulfonylurea, rosiglita-
zone, meglitinide, thiazolidinedione, alpha-glucosidase
inhibitor and the like. The sulfonylurea can be acelohexam-
ide, chlorpropamide, tolbutamide, tolazamide, glimepiride,
a glipizide, a glyburide. or a gliclazide. The meglitinide can
be nateglinide or repaglinide. The thiazolidinedione can be
pioglitazone or rosiglitazone. The alpha-glucosidase can be
acarbose or miglitol.

In certain embodiments, the cholesterol or Lipid lowering
agents include, but are not limited to, statins, bile acids
sequesirants, nicotinic acid and fibrates. The statins can be
atorvastatin, fluvastatin, lovastatin, pravastatin, rosuvastatin
and simvastatin and the like. The bile acid sequestrants can
be colesevelam, cholestyramine, colestipol and the like. The
fibrates can be gemfibrozil. fenofibrate, clofibrate and the
like. The therapeutic lifestyle change can be dietary fat
restriction.

In certain embodiments, the HDL increasing agents
include cholesteryl ester transfer protein (CETP) inhibiting
drugs (such as Torcetrapib). peroxisome proliferation acti-
vated receptor agonists, Apo-Al, Pioglitazone and the like.

In certain embodiments, the compound and the second
agent are administered concomitantly or sequentially,

In certain embodiments, the compound is a salt form. In
further embodiments, the compound further comprises of a
pharmacentically acceptable carrier or diluent.

Centain embodiments provide a compound comprising an
ApoCIII specific inhibitor for use in the preparation of a
medicament for treating, preventing, delaying or ameliorat-
ing Fredrickson Type [ dyslipidemia, FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoClll specific inhibitor in the preparation of a
medicament for decreasing ApoCIII levels in an animal with
Fredrickson Type | dyslipidemia, FCS, LPLD. In certain
embodiments, ApoCllI levels are decreased in the liver or
small intestine.

Certain embodiments provide a use of a compound com-
prising an ApoClIIl specific inhibitor in the preparation of a
medicament for decreasing TG levels, increasing HDL lev-
els and/or improving the ratio of TG to HDL in an animal
with Fredrickson Type I dyslipidemia, FCS, LPLD.
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Certain embodiments provide use of a compound com-
prising an ApoCIIT specific inhibitor in the preparation of a
medicament for preventing, treating. amelioraling or reduc-
ing at least one symptom of a cardiovascular or metabolic
disease by decreasing TG levels, increasing HDL levels
and/or improving the ratio of TG to HDL in an animal with
Fredrickson Type 1 dyslipidemia, FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoCTIl specific inhibitor in the preparation of a
medicament for treating an animal with Fredrickson Type 1
dyshipidemia, FCS, LPLD, at risk for or having pancreatitis.

In certain embodiments, the ApoCIII specific inhibitor
used in the preparation of a medicament is a nucleic acid,
peptide, antibody, small molecule or other agent capable of
inhibiting the expression of ApoCIIL In certain embodi-
ments, the nucleic acid is an antisense compound. In certain
embodiments, the antisense compound is a modified oligo-
nucleotide targeting ApoClIIL In certain embodiments, the
modified oligonucleotide has a nucleobase sequence com-
prising at least 8 contiguous nucleobases of ISIS 304801
(SEQ 1D NO: 3). In certain embodiments, the modified
oligonucleotide is at least 70%, at least 75%. at least 80%,
at least B5%, at least 90%, at least 95%, at least 98% or at
least 100% complementary to SEQ 11D NO: 1, SEQ D NO:
2 or SEQ ID NO: 4.

Certain embodiments provide a compound comprising an
ApoClIl specific inhibitor for use in treating, preventing,
delaying or ameliorating Fredrickson Type 1 dyslipidemia,
FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoClII specific inhibitor for decreasing ApoCIIT
levels in an animal with Fredricksen Type I dyslipidemia,
FCS, LPLD. In certain embodiments, ApoCIII levels are
decreased in the liver or small intestine,

Certain embodiments provide a use of a compound com-
prising an ApoCIII specific inhibitor for decreasing TG
levels, increasing HDL levels and/or improving the ratio of
TG to HDL in an animal with Fredrickson Type I dyslipi-
demia, FCS. LPLD.

Certain embodiments provide use of a compound com-
prising an ApoClI1I specific inhibitor for preventing, treating,
ameliorating or reducing at least one symptom of a cardio-
vascular disease by decreasing TG levels, increasing HDL
levels and/or improving the ratio of TG to HDL in an animal
with Fredrickson Type I dyslipidemia, FCS, LPLD.

Certain embodiments provide use of a compound com-
prising an ApoCIII specific inhibitor for treating an animal
with Fredrickson Type 1 dyslipidemia, FCS, LPLD, at risk
for or having pancreatitis.

In certain embodiments, the ApoCIIl specific inhibitor s

used is a nucleic acid, peptide, antibody, small molecule or
other agent capable of inhibiting the expression of ApoCIII.
In certain embodiments, the nucleic acid is an antisense
compound. In certain embodiments, the antisense compound

is a modified oligonucleotide targeting ApoCIIL In certain 5

embodiments, the modified oligonucleotide has a nucle-
obase sequence comprising at least 8 contiguous nucle-
obases of ISIS 304801 (SEQ ID NOx: 3). In certain embodi-
ments, the modified oligonucleotide is at least 70%, at least
T5%, at least 8%, at least 85%. at least 90%, at least Y5%,
at least 98% or at least 100% complementary to SEQ 1D NO:
1, SEQ ID NO: 2 or SEQ 1D NO: 4.

Certain embodiments provide a composition comprising
an ApoCIIl specific mhibitor for use in: reducing TG levels
in an animal with Fredrickson Type [ dyslipidemia, FCS,
LPLD: increasing HDL levels and/or improving the ratio of
TG to HDL in an animal with Fredrickson Type T dyslipi-
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demia, FCS, LPLD; preventing, delaying or ameliorating a
cardiovascular and/or metabolic disease, disorder, condition.
or a symptom thereof, in an animal with Fredrickson Type
I dyshipidemia, FCS, LPLD: and/or preventing, delaying or
ameliorating pancreatitis, or a symptom thereof; in an ani-
mal with Fredrickson Type 1 dyslipidemia. FCS, LPLD. In
certain embodiments, the ApoCIIT specific inhibitor is a
nucleic acid, peptide, antibody, small molecule or other
agent capable of mhibiting the expression of ApoCIIL In
certain embodiments, the nucleic acid is an antisense com-
pound. In certain embodiments. the antisense compound 1s
a modified oligonucleotide targeting ApoClll. In certain
embodiments. the modified oligonucleotide has a nucle-
obase sequence comprising at least 8 contiguous nucle-
obases of ISIS 304801 (SEQ 113 NO: 3). In certain embodi-
ments, the modified oligonucleotide is at least 70%, at least
T5%, at least 80%, at least 85%, at least 90%, at least 95%.
at least 98% or at least 100% complementary to SEQ 1D NO:
1. SEQ ID NO: 2 or SEQ ID NO: 4.

Certain embodiments provide a composition to reduce TG
levels in an animal with Fredrickson Type T dyslipidemia,
FCS, LPLD; increase HDL levels and/or improving the ratio
of TG to HDL in an animal with Fredrickson Type |
dyslipidemia, FCS, LPLD:; prevent, delay or ameliorate a
cardiovascular and/or metabolic disease, disorder, condition.
or a symptom thereof, in an animal with Fredrickson Type
I dyslipidemia, FCS, LPLD; and/or prevent, delay or ame-
liorate pancreatitis, or a symptom thereof. in an animal with
Fredrickson Type | dyslipidemia, FCS, LPLD, comprising
an ApoCIII specific inhibitor. In certain embodiments, the
ApoeCIIT specific inhibitor is a nucleic acid, peptide, anti-
body, small molecule or other agent capable of inhibiting the
expression of ApoClIL In certain embodiments, the nucleic
acid 1s an antisense compound. In certain embodiments. the
antisense compound is a modified oligonucleotide targeting
ApoCTIL In certain embodiments, the modified aligonucle-
otide has a nuclecbase sequence comprising at least 8
contiguous nucleobases of 1SIS 304801 (SEQ [D NO: 3). In
certain embodiments, the modified oligonucleotide is at least
TO%, at least 75%, at least 80%, at least B5%, at least 90%.
at least 95%, at least 98% or at least 100% complementary
o SEQ ID NO: 1, SEQ ID NO: 2 or SEQ 1D NO: 4,
Antisense Compounds

Oligomeric compounds include, but are not limited 1o,
oligonucleotides, oligonucleosides, oligonucleotide analogs.,
oligonucleotide mimetics, antisense compounds. antisense
ohigonucleotides, and siRNAs. An oligomeric compound
may be “antisense” to a target nucleic acid, meaning that it
is capable of undergoing hybridization to a target nucleic
acid through hydrogen bonding.

Antisense compounds provided herein refer to oligomeric
compounds capable of undergoing hybridization 1o a target
nucleic acid through hydrogen bonding, Examples of anti-
sense compounds include single-stranded and double-
stranded compounds, such as, antisense oligonucleotides.
siIRNAs, shRNAs, and miRNAs.

In certain embodiments, an antisense compound has a
nucleobase sequence that, when written in the 3 w 3'
direction, comprises the reverse complement of the target
segment of a target nucleic acid to which it is targeted. In
certain such embodiments, an antisense oligonucleotide has
a nucleobase sequence that, when written in the 5' to 3'
direction, comprises the reverse complement of the target
segment of a target nucleic acid to which it is targeted.

[n certain embodiments, an antisense compound targeted
to an ApoCIIT nucleic acid is 12 to 30 nucleotides in length.
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In other words. antisense compounds are from 12 to 30
linked nucleobases. In other embodiments, the antisense
compound comprises a modified oligonucleotide consisting
of 8 to 80, 10 to 80, 12 to 50, 15 to 30, 18 to 24, 19 to0 22,
or 20 linked nucleobases. In certain such embodiments, the
antisense compound comprises a modified oligonucleotide
consisting of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 365,
37,38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52,
53, 54, 55, 56, 57, 58, 59, 60, 61. 62, 63, 64, 65, 66, 67, 68,
69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, or 80 linked
nucleobases in length, or a range defined by any two of the
above values. In some embodiments, the antisense com-
pound is an antisense oligonucleotide.

In certain embodiments, the antisense compound com-
prises a shortened or truncated modified oligonucleotide.
The shortened or truncated modified oligonucleotide can
have one or more nucleosides deleted from the 5' end (5
truncation), one or mare nucleosides deleted from the 3' end
(3" truncation) or one or more nucleosides deleted from the
central portion. Alternatively, the deleted nucleosides may
be dispersed throughout the modified oligonucleotide, for
example, in an antisense compound having one nucleoside

deleted from the 5' end and one nucleoside deleted from the 2

3' end.

When a single additional nucleoside is present in a
lengthened oligonucleotide, the additional nucleoside may
be located at the central portion, 5' or 3' end of the oligo-
nucleotide. When two or more additional nucleosides are
present, the added nucleosides may be adjacent to each
other, for example, in an oligonucleatide having two nucleo-
sides added to the central portion, to the 5' end (5" addition),
or alternatively o the 3' end (3' addition). of the oligonucle-
otide. Alternatively, the added nucleosides may be dispersed
throughout the antisense compound, for example, in an
oligonucleotide having one nucleoside added to the 5' end
and one subunit added to the 3' end.

It is possible to increase or decrease the length of an
antisense compound, such as an antisense oligonucleotide,
and/or introduce mismatch bases without eliminating activ-
ity. For example, in Woolf et al. (Proc. Natl. Acad. Sci. USA
89:7305-7309, 1992), a series of antisense ohgonucleotides
13-25 nucleobases in length were tested lor their ability to
induce cleavage of a target RNA in an oocyte injection
model. Antisense oligonucleotides 25 nucleohases in length
with 8 or 11 mismatch bases near the ends of the antisense
oligonucleotides were able to direct specific cleavage of the
target mRMNA, albeit to a lesser extent than the antisense

oligonucleotides that contained no mismatches. Similarly, s

target specific cleavage was achieved using 13 nucleobase
antisense oligonucleotides, including those with 1 or 3
mismatches,

Gautschi et al (1. Natl. Cancer Inst. 93:463-471, March

2001 ) demonstrated the ability of an oligonucleotide having s

100% complementarity to the bel-2 mRNA and having 3
mismatches to the bel-xI. mRNA to reduce the expression of
both bel-2 and bel-xL in vitro and in vivo. Furthermore, this
oligonucleotide demonstrated potent anti-tumor activity in
vivo.

Maher and Dolnick (Nuc. Acid. Res. 16:3341-3358,
1988) tested a series of tandem 14 nucleobase antisense
oligonucleotides, and 28 and 42 nucleobase antisense oli-
gonucleotides comprised of the sequence of two or three of
the tandem antisense oligonucleotides, respectively, for their
ability to arrest translation of human DHFR in a rabbit
reticulocyte assay. Each of the three 14 micleobase antisense
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oligonucleotides alone was able to inhibit translation, albeit
at a more modest level than the 28 or 42 nuclechase
antisense oligonucleotides.

Antisense Compound Motifs

In certain embodiments, antisense compounds targeted to
an ApoCIII nucleic acid have chemically modified subunits
arranged in patterns, or molifs, 1o confer w the antisense
compounds properties such as enhanced inhibitory activity,
increased binding affinity for a target nucleic acid, or resis-
tance to degradation by in vive nucleases.

Chimeric antisense compounds typically contain at least
one region modified so as to confer increased resistance o
nuclease degradation, increased cellular uptake. increased
binding aflinity for the target nucleic acid. and/or increased
inhibitory activity. A second region of a chimeric antisense
compound may optionally serve as a substrate for the
cellular endonuclease RNase H. which cleaves the RNA
strand of a RNA: DNA duplex.

Antisense compounds having a gapmer motif are consid-
ered chimeric antisense compounds. In a gapmer an internal
region having a plurality of nucleotides that supports RNase
H cleavage is positioned between external regions having a
plurality of nucleotides that are chemically distinet from the
nucleosides of the internal region. In the case of an antisense
oligonucleotide having a gapmer motif, the gap segment
generally serves as the substrate for endonuclease cleavage,
while the wing segments comprise modified nucleosides. In
ceriain embodiments, the regions of a gapmer are difleren-
tated by the types of sugar moleties comprising each
distinct region. The types of sugar moieties that are used to
differentiate the regions of a gapmer may in some embodi-
ments include B-D-ribonucleosides, p-D-deoxyribonucleo-
sides, 2*-modified nucleosides (such 2'-modified nucleosides
may include 2'-MOE. and 2'-O—CH,. among others), and
bicyclic sugar modified nucleosides (such bicyclic sugar
modified nuclensides may include those having a 4'-(CH2)
n-0-2' bridge, where n=1 or n=2). Preferably, each distinct
region comprises uniform sugar moieties. The wing-gap-
wing motif is frequently described as “X-Y-Z", where “X"
represents the length of the 5" wing region. Y™ represents
the length of the gap region. and “/” represents the length
of the 3' wing region. As used herein, a gapmer described as
“X-Y-Z" has a configuration such that the gap segment is
positioned immediately adjacent to each of the 5" wing
segment and the 3' wing segment. Thus, no intervening
nucleotides exist between the 5' wing segment and gap
segment, or the gap segment and the 3' wing segment. Any
of the antisense compounds described herein can have a
gapmer motif. In some embodiments, X and 7 are the same:
in other embodiments they are different. In a preferred
embodiment, Y is between 8 and 15 nucleotides. X, Y or 7
can be anv of 1, 2, 3,4, 5, 6.7, 8, 9,10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or
more nucleotides. Thus, gapmers include, but are not limited
to, for example 5-10-5, 4-8-4, 4-12-3_ 4-12-4, 3-14-3_ 2-13-
5, 2-16-2, 1-18-1, 3-10-3, 2-10-2, 1-10-1, 2-8-2, &-8-6.
5-8-5, 1-8-1, 2-6-2, 2-13-2, 1-8-2, 2-8-3, 3-10-2, 1-18-2 or
2-18-2.

In certain embodiments, the antisense compound as a
“wingmer” motif, having a wing-gap or gap-wing configu-
ration, i.c. an X-Y or Y-Z configuration as described above
for the gapmer configuration. Thus, wingmer configurations
include, but are not limited to, for example 5-10, 8-4, 4-12,
124, 3-14, 16-2, 18-1, 10-3, 2-10, 1-10, 8-2, 2-13 or 5-13.

In certain embodiments. antisense compounds targeted to
an ApoCTIT nucleic acid possess a 5-10-5 gapmer motif.
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In certain embodiments, an antisense compound targeted
to an ApoCIII nucleic acid has a gap-widened motif.
Target Nucleic Acids. Target Regions and Nucleotide
Sequences

Nucleotide sequences that encode ApoCIII include, with-
out limitation, the following: GENBANK Accession No.
NM_000040.1 (incorporated herein as SEQ D NO: 1),
GENBANK Accession No. NT_033899.8 truncated from
nucleotides 20262640 to 20266603 (incorporated herein as
SEQ ID NO: 2) and GenBank Accession No. NT_035088.1
truncated from nucleotides 6238608 to 6242565 (incorpo-
rated herein as SEQ 1D NO: 4).

It is understood that the sequence set forth in each SEQ 1D
NO in the Examples contained herein is independent of any
modification to a sugar moiety, an internucleoside linkage,
or a nuclenbase. As such, antisense compounds defined by a
SEQ ID NO may comprise, independently, one or more
modifications to a sugar moiety, an internucleoside linkage,
or a nucleohase. Antisense compounds described by Isis
Number (Isis No) indicate a combination of nucleobase
sequence and motif.

In certain embodiments, a target region is a structurally
defined region of the target nucleic acid. For example, a

target region may encompass a 3' UTR, a 5 UTR. an exon, 2

an intron, an exon/intron junction, a coding region, a trans-
lation initiation region, translation termination region, or
other defined nucleic acid region. The structurally defined
regions [or ApoClll can be obtained by accession number
from sequence databases such as NCBI and such informa-
tion is incorporated herein by reference. In certain embodi-
ments, a target region may encompass the sequence from a
5' target site of one target segment within the target region
to a 3" target site of another targel segment within the target
region.

In certain embodiments. a “target segment™ is a smaller,
sub-portion of a farget region within a nucleic acid. For
example, a target segment can be the sequence of nucleo-
tides of a target nucleic acid to which one or more antisense
compounds are targeted. “5' target site” refers to the 5'-most
nucleotide of a target segment. “3' target site”™ refers to the
3'-most nucleotide of a target segment.

A target region may contain one or more target segments.
Multiple target segments within a target region may be
overlapping. Alternatively, they may be non-overlapping. In
certain embodiments, target segments within a target region
are separated by no more than about 300 nucleotides. In
certain embodiments, target segments within a target region
are separated by a number of nucleotides that is, is about, is

no more than, is no more than about, 250, 200, 150, 100, 90, s

80, 70, 60, 50, 40, 30, 20, or 10 nucleotides on the target
nucleic acid, or is a range defined by any two of the
preceding values. In certain embodiments, target segments
within a targef region are separated by no more than, or no

more than about, 5 nucleotides on the target nucleic acid. [n 5

certain embodiments, targel segments are contiguous. Con-
templated are target regions defined by a range having a
starting nucleic acid that is any of the 5' target sites or 3'
target sites listed, herein.

Targeting includes determination of at least one target
segment to which an antisense compound hybridizes, such
that a desired effect occurs. In certain embodiments, the
desired effect is a reduction in mRNA target nucleic acid
levels. In certain embodiments. the desired effect 1s reduc-
tion of levels of protein encoded by the target nucleic acid
or a phenotypic change associated with the target nucleic
acid.
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Suitable target segments may be found within a § UTR.
a coding region, a 3 UTR, an intron, an exon. or an
exon/intron junction. Targel segments containing a start
codon or a stop codon are also suitable target segments. A
suitable target sepment may specifically exclude a certain
structurally defined region such as the start codon or stop
codon.

The determination of suvitable target segments may
include a comparison of the sequence of a target nucleic acid
to other sequences throughout the genome. For example, the
BLAST algorithm may be used to identify regions of simi-
larity amongst different nucleic acids. This comparison can
prevent the selection of antisense compound sequences that
may hybridize in a non-specific manner to sequences other
than a selected target nucleic acid (i.e., non-target or off-
target sequences).

There can be variation in activity (e.g., as defined by
percent reduction of target nucleic acid levels) of the anti-
sense compounds within an active targel region. In cerlain
embodiments, reductions in ApoCIlI mRNA levels are
indicative of inhibition of ApoCIIl expression. Reductions
in levels of an ApoCIII protein can be indicative of inhibi-
tion of target mRNA expression. Further, phenotypic
changes can be indicative of inhibition ol ApoCIII expres-
sion. For example, an increase in HDL level, decrease in
LDL level. or decrease in TG level are among phenotypic
changes that may be assayed for inhibition of ApoCIlI
expression. Other phenotypic indications, e.g.. symptoms
associaled with a cardiovascular or metabolic disease, may
also be assessed; [or example, angina; chest pain; shortness
of breath: palpitations: weakness; dizziness: nausea: sweat-
ing; tachycardia; bradycardia; arrhythmia; atrial fibrillation:
swelling in the lower extremities; cyanosis; fatigue; fainting;
numbness of the face: numbness of the limbs; claudication
or cramping of muscles: bloating of the abdomen: or fever.
Hybridization

In some embodiments, hybridization occurs between an
antisense compound disclosed herein and an ApoCIll
nucleic acid. The most common mechanism of hybridization
involves hydrogen bonding (e.g., Watson-Crick, Hoogsteen
or reversed Hoogsteen hydrogen bonding) between comple-
mentary nucleobases of the nucleic acid molecules.

Hybridization can occur under varying conditions. Strin-
gent conditions are sequence-dependent and are determined
by the nature and composition of the nucleic acid molecules
to be hybridized.

Methods of determining whether a sequence is specifi-
cally hybridizable to a target nucleic acid are well known in
the art (Sambrook and Russell, Molecular Cloning: A Labo-
ratory Manual, 3™ Ed., 2001, CSHL Press). In certain
embodiments, the antisense compounds provided herein are
specifically hybridizable with an ApoCIIT nucleic acid.
Complementarity

An antisense compound and a target nucleic acid are
complementary to each other when a sufficient number of
nucleobases of the antisense compound can hydrogen bond
with the corresponding nucleobases of the target nucleic
acid, such that a desired effect will occur (e.g.. antisense
inhibition of a target nucleic acid, such as an ApoCIll
nucleic acid).

An antisense compound may hybridize over one or more
segments of an ApoCIIT nucleic acid such that intervening or
adjacent segments are not involved in the hybridization
event {e.g., a loop structure, mismatch or hairpin structure).

In certain embodiments, the antisense compounds pro-
vided herein. or a specified portion thereof, are, or are at
least, T0%, 75%, 80%, 85%, 86%. 87%, 88%, 89%, 90%,
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91%, 92%, 93%. 94%, 95%, 96%, 97%. 98%, 99%, or 100%
complementary to an ApoCIIl nucleic acid. a target region,
target segment, or specified portion thereof. Percent comple-
mentarity of an antisense compound with a target nucleic
acid can be determined using routine methods.

For example, an antisense compound in which 18 of 20
nucleobases of the antisense compound are complementary
to a target region, and would therefore specifically hybrid-
ize, would represent 90 percent complementarity. In this
example. the remaining non-complementary nucleobases
may be clustered or interspersed with complementary nucle-
obases and need not be contiguous to each other or lo
complementary nucleobases. As such, an antisense com-
pound which is 18 nucleobases in length having 4 (four)
non-complementary nucleobases which are fanked by two
regions of complete complementarity with the target nucleic
acid would have 77.8% overall complementarity with the
target nucleic acid and would thus fall within the scope of
the present invention. Percent complementarity of an anti-
sense compound with a region of a target nucleic acid can be
determined routinely using BLAST programs (basic local
alignment search tools) and PowerBLAST programs known
in the art (Altschul et al., J. Mol. Biol.. 1990, 215, 403 410;
Zhang and Madden, Genome Res., 1997, 7, 649 656).
Percent homology, sequence identity or complementarity,
can be determined by, for example, the Gap program (Wis-
consin Sequence Analysis Package, Version 8 for Unix,
Genetics Computer Group, University Research Park, Madi-
son Wis. ), using default settings, which uses the algorithm of
Smith and Waterman (Adv. Appl. Math.. 1981, 2, 482-489).

In certain embodiments, the antisense compounds pro-
vided herein, or specified portions thereof, are fully comple-
mentary (1.e. 100% complementary) to a target nucleic acid,
or specilied portion thereof. For example. an antisense
compound may be fully complementary to an ApoCIII
nucleic acid, or a target region, or a target segment or target
sequence thereof. As used herein, “fully complementary™
means each nucleobase of an antisense compound is capable
of precise base pairing with the corresponding nucleobases
of a target nucleic acid. For example, a 20 nucleobase
antisense compound is fully complementary to a target
sequence that is 400 nucleobases long, so long as there is a
corresponding 20 nucleobase portion of the target nucleic
acid that is fully complementary to the antisense compound.
Fully complementary can also he used in reference to a
specified portion of the first and/or the second nucleic acid.
For example, a 20 nucleobase portion of a 30 nucleobase
antisense compound can be “fully complementary™ (o a

target sequence that is 400 nucleobases long. The 20 nucle- s

obase portion of the 30 nucleobase oligonucleotide is fully
complementary to the target sequence if the target sequence
has a corresponding 20 nucleobase portion wherein each
nucleobase is complementary to the 20 nucleobase portion

of the antisense compound. At the same time, the entire 30 5

nucleobase antisense compound may or may not be fully
complementary to the target sequence, depending on
whether the remaining 10 nucleobases of the antisense
compound are also complementary to the target sequence,
The location of a non-complementary nucleobase(s) can
be at the 5' end or 3' end of the antisense compound.
Alternatively, the non-complementary nucleobase(s) can be
atan internal position of the antisense compound. When two
or more non-complementary nucleobases are present, they
can be contiguous (ie. linked) or non-contiguous. In one
embodiment, a non-complementary nucleobase is located in
the wing segment of a gapmer antisense oligonucleatide.
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In certain embodiments, antisense compounds that are, or
are up to, 12, 13, 14, 15, 16, 17, 18, 19, or 20 nucleobases
in length comprise no more than 4, no more than 3. no more
than 2, or no more than 1 non-complementary nucleohase(s)
relative to a target nucleic acid, such as an ApoCIII nucleic
acid, or specified portion thereof.

In certain embodiments, antisense compounds that are, or
are up to, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27. 28, 29, or 30 nucleohases in length comprise no
more than 6. no more than 5, no more than 4. no more than
3. no more than 2, or no more than 1 non-complementary
mucleobase(s) relative to a target nucleic acid, such as an
ApoClIII nucleic acid, or specified portion thereof.

The antisense compounds provided herein also include
those which are complementary to a portion of a target
nucleic acid. As used herein. “portion™ refers to a defined
mumber of contiguous (i.e. linked) nucleobases within a
region or segment of a target nucleic acid. A “portion”™ can
also refer (o a delined number of contiguous nucleobases of
an antisense compound. In certain embodiments, the anti-
sense compounds are complementary to at least an 8 nucle-
obase portion of a target segment. In certain embodiments,
the antisense compounds are complementary to at least a 10
nuclenbase portion of a target segment. In certain embodi-
ments, the antisense compounds are complementary to at
least a 12 nucleobase portion of a target segment. In certain
embodiments, the antisense compounds are complementary
o at least a 15 nuclenbase portion of a target segment. Also
contemplated are antisense compounds that are complemen-
tary 1o at leasta 9, 10, 11, 12, 13. 14, 15, 16, 17, 18, 19, 20,
or more nucleobase portion of a target segment. or a range
defined by any two of these values.

Identity

The antisense compounds provided herein may also have
a defined percent identity to a particular nucleotide
sequence, SEQ ID NO, or sequence of a compound repre-
sented by a specific Isis number, or portion thereof. As used
herein, an antisense compound is identical to the sequence
disclosed herein if it has the same nucleobase pairing ability.
For example, a RNA which contains uracil in place of
thymidine in a disclosed DNA sequence would be consid-
ered identical to the DNA sequence since both uracil and
thymidine pair with adenine. Shortened and lengthened
versions of the antisense compounds described herein as
well as compounds having non-identical bases relative to the
antisense compounds provided herein also are contemplated.
The non-identical bases may be adjacent to each other or
dispersed throughout the antisense compound. Percent iden-
tity of an antisense compound is caleulated according to the
mumber of bases that have identical base pairing relative to
the sequence to which it is being compared.

In certain embodiments, the antisense compounds, or
portions thereof, are at least 70%, 75%, 80%, 85%, 90%,
95%, 96%, 97%, 98%, 99% or 100% identical to one or
more of the antisense compounds or SEQ [D NOs, or a
portion thereof, disclosed herein.

Modifications

A nucleoside 1s a base-sugar combination. The nuclecbase
(also known as base) portion of the nucleoside is normally
a heterocyclic base moiety. Nucleotides are nucleosides that
further include a phosphate group covalently linked to the
sugar portion of the nucleoside. For those nucleosides that
include a pentofuranosyl sugar, the phosphate group can be
linked to the 2', 3' or 5 hydroxyl moiety of the sugar.
Oligonucleotides are formed through the covalent linkage of
adjacent nucleosides to one another. to form a linear poly-
meric oligonucleotide. Within the oligonucleotide structure,
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the phosphate groups are commonly referred to as forming
the internucleoside linkages of the oligonucleotide.

Modifications to antisense compounds encompass substi-
tutions or changes to internucleoside linkages, sugar moi-
eties, or nucleobases. Medified antisense compounds are
often preferred over native forms because of desirable
properties such as, for example, enhanced cellular uptake,
enhanced aflinity for nucleic acid target, increased stabilily
in the presence of nucleases, or increased inhibitory activity.

Chemically modified nucleosides can also be employed to
increase the binding affinity of a shortened or truncated
antisense oligonucleotide for its target nucleic acid. Conse-
quently, comparable results can often be obtained with
shorter antisense compounds that have such chemically
modified nucleosides.

Modified Internucleoside Linkages

The naturally occurring internucleoside linkage of RNA
and DNA 1s a 3' o 5 phosphodiester linkage. Antisense
compounds having one or more modified, 1.e. non-naturally
occurring, internucleoside linkages are often selected over
antisense compounds having naturally occurring inter-
nucleoside linkages because of desirable properties such as,
for example, enhanced cellular uptake. enhanced affinity for
target nucleic acids, and increased stability in the presence
of nucleases.

Oligonucleotides having modified internucleoside link-
ages include internucleoside linkages that retain a phospho-
rus atom as well as internucleoside linkages that do not have
a phosphorus atom. Representative phosphorus containing
internucleoside linkages nclude, but are not limited o,
phosphodiesters, phosphotriesters, methylphosphonates,
phosphoramidate, and phosphorothioates. Methods  of
preparation of phosphorous-containing and non-phospho-
rous-containing linkages are well known.

In certain embodiments. antisense compounds largeted Lo
an ApoCIII nucleic acid comprise one or more modified
wternucleoside linkages. In certain embodiments, the modi-
fied internucleoside linkages are phosphorothioate linkages.
In certain embodiments, each internucleoside linkage of an
antisense compound is a phosphorothicate internucleoside
linkage.

Modified Sugar Moieties

Antisense compounds of the invention can optionally
contain one or more nucleosides wherein the sugar group
has been modified. Such sugar modified nucleosides may
impart enhanced nuclease stability, increased binding affin-
ity. or some other beneficial biological property to the
antisense compounds, [n certain embodiments, nucleosides
comprise chemically modified ribofuranose ring moieties.

Examples of chemically modified ribofuranose rings include s

without limitation, addition of substitutent groups (including
5" and 2' substituent groups, bridging of non-geminal ring
aloms o form bicyelic nucleic acids (BNA), replacement of
the ribosyl ring oxygen atom with S, N(R). or C(R, J(R,) (R,
R, and R, are each independently H, C,-C,. alkyl or a
protecting group) and combinations thereof. Examples of
chemically modified sugars include 2'-F-5-methy] substi-
tuted nucleoside (see PCT International Application WO
2008/101157 Published on Aug. 21, 2008 for other disclosed
5'.2'-bis substituted nucleosides} or replacement of the ribo-
syl ring oxygen atom with S with further substitution at the
2'-position (see published U.S. Patent Application US2005-
0130923, published on Jun. 16, 2005) or alternatively
S'-substitution of a BNA (see PCT International Application
WO 2007/134181 Published on Nov. 22, 2007 wherein LNA
is substituted with for example a $-methyl or a 5-vinyl

group).
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Examples of nucleosides having modified sugar moieties
include without limitation nucleesides comprising 3'-vinyl,
S-methyl (R or 8), 4-8, 2.F, 2-0OCH,, 2'-OCH,CH;.
2-0CH,CH.F and 2'-O(CH,);OCH, substituent groups.
The substituent at the 2' position can also he selected from
allyl, amino, azido, thio, O-allyl. O--C,-C,, alkyl, OCF,.
OCH,F, O(CH,),SCH4, O(CH,),—O—N(R, IR,
O—CH,—C{—0)—N(R,)R,), and O—CH,—C(—0)
N(R)—{(CH,),—N(R,,XR,,). where each R, R, and R, s,
independently. H or substituted or unsubstitwted C,-C,,
alkyl.

As used herein, “bicyclic nucleosides™ refer to modified
nucleosides comprising a bicyelic sugar moiety. Examples
of bicvelic nucleic acids (BN As) include without limitation
nucleosides comprising a bridge between the 4' and the 2'
ribosyl ring atoms. In certain embodiments, antisense com-
pounds provided herein include one or more BNA nucleo-
sides wherein the bridge comprises one of the formulas:
4-(CH,)—0-2" (LNA); 4-(CH,)S8-2. 4-(CH,),O-2'
(ENA): 4-CH(CH;}—0-2' and 4'-CH(CH,OCH,)—0-2"
(and analogs thereol see U.S. Pat. No. 7,399,845, issued on
Jul. 15, 2008); 4'-C{CH;)(CH;)—0-2' {and analogs thereof
see PCT/US2008/068922 published as WO/2009/006478,
published Jan. 8, 2009); 4'-CH,—N({OCH,)-2' (and analogs
thereof see PCT/TIS2008/064591 published as WO/2008/
150729, published Dec, 11, 2008); 4-CH, O N(CH;)-2'
(see published U.S. Patent Application US2004-0171570,
published Sep. 2, 2004); 4'-CH,—N(R)}—0O-2', wherein R is
H, C,-C, alkyl. or a protecting group (see U.S. Pal. No.
7.427.672. issued on Sep. 23, 2008); 4-CH,—C(H)(CH, -2
(see Chattopadhyaya et al., J. Ore. Chem., 2009, 74, 118-
134); and 4'-CH,—C—(—CH,)-2' (and analogs thereof see
PCT/US2008/066154 published as WO 2008/154401, pub-
lished on Dec. 8, 2008).

Further bicyclic nucleosides have heen reported in pub-
lished literature (see for example: Srivastava et al., J. Anr.
Chem. Soc., 2007, 129(26) 8362-8379: FPrieden et al.
Nucleic Acids Research, 2003, 21. 6365-6372: Elayadi et al..
Curr, Opinion Invens. Drugs, 2001, 2, 558-561; Braasch et
al., Chem. Biol., 2001, 8, 1-7; Orum et al., Curr Opinion
Mol. Ther., 2001, 3, 239-243; Wahlestedt et al., Proc. Natl.
Acad. Sei. U.5.A, 2000, 97, 5633-5638; Singh et al., Chem.
Commun., 1998, 4, 455-456; Koshkin et al., Tetrahedron,
1998, 54, 3607-3630; Kumar et al., Bioorg. Med. Chem.
Leti., 1998, 8. 2219-2222; Singh et al.. S Org. Chem., 1998,
63, 10035-10039; U.S. Pat. Nos. 7,399,845; 7,053,207;
7.034.133; 6,794,499; 6,770,748, 6,670,461, 6,525,191
6.268.490; 1S, patent Publication Nos.: US2008-0039618;
US2007-0287831; US2004-0171570; U.S. patent applica-
tions, Ser. Nos. 12/129.154: 61/099,844: 61/097,787:
61/086,231; 61/036,564: 61/026,998; 61/026,995; 60/989,
574; International applications WO 2007/134181; WO
2005/021570; WO 2004/106356; WO 94/14226; and PCT
International Applications Nos.: PCT/US2008/068922;
PCT/US2008/066154; and PCT/US2008/064591). Each of
the foregoing bicyclic nucleosides can be prepared having
one or more stereochemical sugar configurations including
for example a-L-ribofurancse and [i-D-ribofuranose (see
PCT international application PCT/DKY98/00393, published
on Mar. 25, 1999 as WO 99/14226).

As used herein. “monocyclic nucleosides™ refer to nucleo-
sides comprising modified sugar moieties that are not bicy-
clic sugar moieties. In certain embodiments, the sugar
moiety, or sugar moiety analogue, of a nucleoside may be
modified or substituted at any position.
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wherein:
Bx is a heterocyclic base moiety;
“QQ4-Q.- is —CH,—NR_.)—CH,—, —C(=0)—N

ing a furanose ring comprising a bridge connecting two
carbon atoms of the furanose ring connects the 2' carbon
atom and the 4' carbon atom of the sugar ring.

In certain embodiments, bicyclic sugar moieties of BNA
nucleosides include, but are not limited 1o, compounds
having at least one bridge between the 4' and the 2' carbon
atoms of the pentofuranosyl sugar moiety including without
limitation, bridges comprising 1 or from 1 to 4 linked groups

independently selected from —[C{R_WR,)],— —C(R_)—
CR,— —C(R,)=N— —C(=NR,)}— —C(=0)—,
—C(=8)—, —0— —S8iR,),— —8(=0)—, and

—N(R,)—: wherein: xis 0, 1, or 2: n is 1. 2, 3, or 4; each
R, and R, is, independently, 1. a protecting group, hydroxyl,
C,-C, alkyl, substituted C,-C , alkyl. C,-C, , alkenyl, sub-
stituted C,,-C |, alkenyl, C,-C, , alkynyl, substituted C,-C,,
alkynyl, Cs-C,, aryl, substituted C.-C,, aryl. heterocycle
radical. substituted heterocycle radical, heteroaryl, substi-
tuted heteroaryl, C,-C. alicyclic radical, substituted C,-C,
alicyclic radical, halogen, OJ,, NI, 1., 81,, N, COQJ,, acyl
{(C(=0)—H). substituted acyl, CN, sulfonyl (8(=0),-1,).
or sulfoxyl (S(=0}-], ) and

each I, and 1. is. independently, H, C,-C,, alkyl, substi- 2

tuted C,-C, , alkyl, C.-C,, alkenyl. substituted C,-C, alk-
enyl, C.-C . alkynyl, substituted C,-C,, alkynyl, C;-C,
aryl, substituted C5-C,, aryl, acyl (C{=0)—H), substituted
acyl. a heterocycle radical. a substituted heterocycle radical,
C,-C,, aminoalkyl, substituted C,-C, , aminoalky] or a pro-
tecting group.

In certain embodiments, the bridge of a bicyclic sugar
moiety is, —|CRR)],— —ICRIR,],—O—,
—C(R,R,}—N(R)—O— or —C(R,R,)—O—N(R)}—. In
certain embodiments, the bridge is 4'-CH,-2', 4'-(CH,),-2',
4'-(CH,),-2", 4-CH,—0-2', 4#~(CH, ),—0-2", 4-CH,—0O
N{R)-2" and 4'-CH,—N(R)—0O-2'- wherein each K is, inde-
pendently, H, a protecting group or C -C, alkyl.

In certain embodiments, bicyclic nucleosides are further
defined by 1someric configuration. For example. a nucleo-
side comprising a 4'-(CH, ) 0-2' bridge, may be in the a-L
configuration or in the §-D configuration. Previously, a-L-
methyleneoxy (4'-CH,—0-2) BNA’s have been incorpo-
rated into antisense oligonucleotides that showed antisense
activity (Frieden et al., Nucleic Acids Research, 2003, 21,
6365-6372).

In certain embodiments, bicyelic nucleosides include
those having a 4' to 2' bridge wherein such bridges include
without limitation, ¢-1.-4'-(CH,)—O-2', i-D-4'-CH,—0-2',

4'(CH,)a—0-2, 4-CH,—O—N(R)-2', 4-CH,—N(R)}—0- 3

2, 4'-CH(CH,)—0-2", 4-CH,—S8-2, 4-CH,—N(R)-2
4-CH, CH(CH,)-2', and 4'-(CH,),-2". wherein R is I, a
protecting group or C,-C,, alkyl.

In certain embodiment, bicyelic nucleosides have the
formula:
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(R)—CHy—, —CH;—O-N{R_)—,
O— or —N(R_)—0O—CH.,:
R_is C,-C, alkyl or an amino protecting group; and
T, and T, are each, independently H, a hydroxyl protect-
ing group, a conjugate group. a reactive phosphorus group.
a phosphorus moiety or a covalent attachment to a support
medium,

—CH,—N(R_)—

In certain embodiments. bicyclic nucleosides have the
formula:

T,—0 0. Bx

wherein:

Bx is a heterocyclic base moiety:

T, and T, are each, independently H, a hydroxyl protect-
ing group, a conjugate group. a reactive phosphorus group,
a phosphorus moiety or a covalent attachment to a support
medium;

7,15 C-C, alkyl, C,-C, alkenyl, C,-C, alkynyl, substi-
tmted C,-C; alkyl, substituted C,-C, alkenyl, substituted
C,-C, alkynyl, acyl. substituted acyl. substituted amide.
thiol or substituted thiol.

In one embodiment, each ol the substituted groups, is,
independently, mono or poly substituted with substituent
groups independently selected from halogen, oxo, hydroxyl.
OJ, NI, SI, N, OC(—X)J_ and NJC(—XNJ_J,
wherein each I_. 1, and I, s, independently, H, C,-C,, alkyl.
or substituted C,-C, alkyl and X is O or NJ_.

In certain embodiments, bicyclic nucleosides have the
formula:

—

Bx
Z

—_—,

=

wherein:

Bx is a heterocyclic base moiety:

T, and T, are each, independently H, a hydroxyl protect-
ing group, a conjugate group. a reactive phosphorus group.
a phosphorus moiety or a covalent attachment to a support
medium;

7, is C-C; alkyl, C,-C, alkenyl, C,-C, alkynyl, substi-
tted C,-C; alkyl, substituted C,-C; alkenyl, substituted
C,-C, alkvnyl or substituted acyl (C(—0)—).
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In certain embodiments, bicyclic nucleosides have the
formula:

Ha Qi
T,—0 & Bx
& ot
Qt N
(IJRJ
wherein:

Bx is a heterocyclic base moiety:

T, and T, are each, independently I, a hydroxy! protect-
ing group, a conjugate group, a reactive phosphorus group,
a phosphorus moiety or a covalent attachment to a support
medium;

R, is C-C; alkyl, substituted C -C,; alkyl, C,-C, alkenyl,
substituted C,-C, alkenyl., C,-C; alkynyl or substituted
C,-C, alkynyl;

each q,. q,, q. and q; is. independently, H. halogen, C,-C,
alkyl, substituted C,-C, alkyl, C,-C; alkenyl, substituted

C.-C, alkenyl, C,-C, alkynyl or substituted C,-C alkynyl, ~

C,-C, alkoxyl, substituted C,-C, alkoxyl, acyl, substituted
acyl. C,-C, aminoalkyl or substituted C,-C, aminoalkyl:

In certain embodiments, bicyclic nucleosides have the
formula:

Yo Ha
Ta—9 o Bx
% O=T
&4 o
wherein:

Bx is a heterocyclic hase moiety;

T, and T, are each, independently I, a hydroxy! protect-
ing group, a conjugate group, a reactive phosphorus group,
a phosphorus moiety or a covalent attachment to a support
medium;

9 95 9. and g-are each, independently, hydrogen, halo-
gen, C,-C, , alkyl, substituted C,-C , alkyl, C,-C, , alkenyl,
substituted C.-C,, alkenyl, C.-C,, alkynyl, substituted
C,-C 5 alkynyl, C-C,, alkoxy, substituted C,-C,, alkoxy,

01,. 81, 801, 80, NJJ,. N5, CN, C(=0)0J,, C(=0) s

NIJ. C(=0), O—C(—O)NIJ,. NEDC(—NINII,,
N(H)C(—O)NIJ, or N(H)C(—S)NJ,J;:

or g, and g, together are —Cig, ), )

q, and g, are each, independently. H, halogen. C,-C,,
alkyl or substituted C,-C,, alkyl.

The synthesis and preparation of adenine, cylosine, gua-
nine, S-methyl-cytosine, thymine and uracil bicyclic nucleo-
sides having a 4'-CH,—0O-2' bridge. along wiih their oli-
gomerization, and nucleic acid recognition properties have
been described (Koshkin et al., Yetrahedron, 1998, 54,
3607-3630). The synthesis of bicyclic nucleosides has also
been described in WO 98/39352 and WO 99/14226.

Analogs of various bicyclic nucleosides that have 4" to 2'
bridging groups such as 4'-CH,—O-2' and 4'-CH,—S-2',
have also been prepared (Kumar et al., Bioorg. Med. Chem.
Leit., 1998, 8, 2219-2222). Preparation of oligodeoxyribo-
nucleotide duplexes comprising bicyclic nucleosides for use
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as substrates for nucleic acid polymerases has also been
described (Wengel et al., WO 94/14226). 'urthermore, syn-
thesis of 2-amino-BNA, a novel conformationally restricted
high-aflinity oligonucleotide analog has been described in
the art (Singh et al., J. Org. Chem., 1998, 63, 10035-10039).
In addition, 2-amino- and 2'-methylamino-BNA’s have
been prepared and the thermal stability of their duplexes
with complementary RNA and DNA strands has been pre-
viously reported.

In certain embodiments. bicyclic nucleosides have the
formula:

T,—0

i

wherein:

Bx is a heterocyclic base moiety;

T, and T, are each, independently H, a hydroxyl proteci-
ing group, a conjugate group, a reactive phosphorus group,
a phosphorus moiety or a covalent attachment to a support
medium;

each q,, q;. q; and g, is, independently, H. halogen, C,-C,,
alkyl, substituted C,-C, alkyl, C,-C,, alkenyl, substituted
C,-C,, alkenyl, C,-C,, alkynyl, substituted C,-C |, alkynyl.
C,-C,, alkoxyl, substituted C,-C,, alkoxyl. O, 8J, 80J.
SO,1, NI, Ny, CN, C(—0)0J,, C(—ONLJ,, C(—O0)I,.
O C(—O)NJ . N(H)C(—NH)NIJ,. N(C(—O)NIJ, or
N{H)C(=S)NJ J;; and

q, and g, or q, and g, together are —C{q_)(q,). wherein q_
and q,, are each, independently, H, halogen, C -C,, alkyl or
substituted C,-C, alkyl.

One carboeycelic bicyclic nucleoside having a 4'-(CFH, ),-2'
bridge and the alkenyl analog bridge 4'-CH—CH-—CH,-2"
have been described (Frier et al., Nucleic Acids Research,
1997, 25(22), 4429-4443 and Albaek et al.. J. Ore. Chem.,
2006, 71, 7731-7740). The synthesis and preparation of
carboeyelic bicyelic nucleosides along with their oligomer-
ization and biochemical studies have also been described
(Srivastava et al., L Am. Chem. Soc. 2007, 129(26), 8362-
8379

In certain embodiments. bicyelic nucleosides include, but
are not limited to, (A) a-L-methyleneoxy (4'-CH,—0-2)
BNA (B) p-D-methyleneoxy (4'-CH,—0-2) BNA (C) eth-
yleneoxy (4'-(CH,),—0-2") BNA, (D} aminooxy (4'-CH,—
O—N{(R)-2") BNA, (E) oxyamino (4'-CH,—N(R)—0-2)
BNA, (F) methyl{methyleneoxy) (4'-CH(CH,)—0-2) BNA
(also referred to as constrained ethyl or cEt), (G) methylene-
thio (4'-CH, - 8-2') BNA. (H) methylene-amino (4'-CH,
N(R}-2") BNA, (1) methyl carboeyclic (4'-CH,— CH{CH,)-
2) BNA, (J) propylene carbocyclic (4'-(CH, );-2') BNA, and
(K) vinyl BNA as depicted below.

(Al
0
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(B) (I}
0 Bx 5 9 Bx
Q i CH;
|
[8)]
()
4] Bx
(8} Bx 15
—0 1K}
20
) Bx
(D)
25
CH,

wherein Bx is the base moiety and R is, independently, H.

30 a protecting group, C,-C, alkyl or C,-C; alkoxy.
As used herein, the term “modified tetrahydropyran
(E) nucleoside” or *modified THP nucleoside” means a nucleo-
side having a six-membered tetrahydropyran “sugar”™ sub-
stituted for the pentofuranosvl residue in normal nucleosides
35 and can be referred to as a sugar surrogate. Modified THP
nucleosides include, but are not limited to, what is referred
10 in the art as hexitol nucleic acid (HNA), anitol nucleic
acid (ANA), manitol nucleic acid (MNA) (see Leumann.
Bioorg. Med. Chem., 2002, 10, 841-854) or fluoro HINA
an (F-HNA) having a tetrahydropyranyl ring system as illus-

trated below.

{F)
45
7 Bx
F OCH;
HO o
(G) 50
Ho™ Bx
55 In certain embodiment. sugar surrogates are selected
having the formula:
(H)

a0

65
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wherein:

Bx is a heterocyclic base moiety:

Ty and T, are each, independently, an internucleoside
linking group linking the tetrahydropyran nucleoside analog
to the oligomeric compound or one of T, and T, is an
internucleoside linking group linking the tetrahydropyran
nucleoside analog to an oligomeric compound or oligonucle-
otide and the other of T, and T 1s H, a hydroxyl protecting
group, a linked conjugate group or a 5' or 3'-terminal group;

s Gor Gar Gae 9s. G and g5 are each independently, H,
C-C, alkyl, substituted C,-C alkyl, C,-C, alkenyl, substi-
tuted C,-C, alkenyl. C.-C, alkynyl or substituted C,-C,
alkynyl; and

one of R, and R, is hydrogen and the other is selected
from halogen, substituted or unsubstituted alkoxy. NJ, 1.,
81, Ny, OC(—X)J,, OC(—X)NI,1,. NI,C(—X)NJ,], and
CN, wherein X is O, 8§ or NI, and each J,. 1, and 1, is,
independently, H or C,-C, alkyl.

In certain embodiments. q,, 4., Q5. Js. 9s. g, and g, are
each I1. In certain embodiments, at least one of q,, q,. s, 4,
Qs. 4 and g4 15 other than H. In certain embodiments, at least
one of q,. Q2. Qs Q4s 9s- 95 and g, is methyl. In certain

embodiments, THP nucleosides are provided wherein one of
R, and R, is F. In certain embodiments, R, is fluoro and R, 2

is H; R, is methoxy and R, is H, and R, is methoxyethoxy
and R, is H.

In certain embodiments, sugar surrogates comprise rings
having more than 5 atoms and more than one heteroatom.
For example nucleosides comprising morpholino sugar moi-
eties and their wse in oligomeric compounds has been
reported (see for example: Braasch et al., Biochemistry,
2002, 41, 4503-4510; and U.5. Pat. Nos, 5,698,685; 5,166,
315; 5,185.444; and 5.034.506). As used here, the term
“morpholine”™ means a sugar surrogate having the following
formula:

Yy
ki

In certain embodiments, morpholinos may be modified, for
example by adding or altering various substituent groups
from the above morpholino structure. Such sugar surrogates
are referred to herein as “modified morpholines.”

Combinations of modifications are also provided without
limitation, such as 2'-F-5'-methyl substituted nucleosides
{see PCT International Application WO 2008/101157 pub-
lished on Aug. 21, 2008 for other disclosed 5',2"-bis substi-
tuted nucleosides) and replacement of the ribosyl ring oxy-
gen atom with S and further substitution at the 2™-position
{see published U.S. Patent Application US2005-0130923,
published on Jun. 16, 2005) or alternatively 3'-substitution
of a bicyclic nucleic acid (see PCT International Application
WO 2007/134181, published on Nov. 22, 2007 wherein a
4-CH,—0-2" bicyclic nucleoside is further substituted at
the 5' position with a 5'-methy] or a 5'-vinyl group). The
synthesis and preparation of carbocyclic bicyclic nucleo-
sides along with their oligomerization and biochemical
studies have also been described (see, e.g., Srivastava et al.,
J Am. Chem. Soc. 2007, 129(26), B362-8379).
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In certain embodiments, antisense compounds comprise
one or more modified cyclohexenyl nucleosides, which is a
nucleoside having a six-membered cyclohexenyl in place of
the pentofuranosyl residue in naturally occurring nucleo-
sides. Modified cyclohexenyl nucleosides include, but are
not limited to those described in the art (see for example
commonly owned, published PCT Application WO 2010/
036696, published on Apr. 10, 2010, Robeyns et al., J. Amr.
Chem. Soc., 2008, 130(6), 1979-1984; Horvath et al., Ter-
rahedron Letters, 2007, 48, 3621-3623; Nauwelaerts et al..
JoAm. Chem. Soc., 2007, 129(30), 9340-9348; Gu et al.,
Nucleosides, Nucleatides & Nucleic Acids, 2005, 24(5-7).
093-908; Navwelaerts et al.. Nucleic Acids Research, 2005,
33(8), 2452-2463; Robevns et al., dcta Crystallographica,
Section I': Structural Biology and Crystallization Comnii-
nications, 2005, F61(6), 585-586; Gu et al., Tetrahedron,
2004, 60(9), 2111-2123: Gu et al., Migonucleotides, 2003,
13(6), 479-489: Wang et al.. J. Org. Chen., 2003, 68,
4499-4505; Verbeure et al., Nucleic Acids Research, 2001,
29(24), 4941-4947; Wang et al., J. Org. Chem., 2001, 66,
B478-82; Wang et al., Nucleosides, Nucleotides & Nucleie
Acids, 2001, 20(4-7), 785-788; Wang et al.. .. Am. Chem.,
2000, 122, 8595-8602; Published PCT application, WO
06/047842: and Published PCT Application WO 01/049687:
the text of each is incorporated by reference herein, in their
enlirety). Certain modified cyclohexenyl nucleosides have
Formula X.

£ oA

Ty

s

wherein independently for each of said at least one
cyclohexenyl nucleoside analog of Formula X:

Bx is a heterocyclic base moiety;

T, and T, are each, independently, an internucleoside
linking group linking the cyclohexenyl nucleoside analog to
an antisense compound or one of T, and T, is an internucleo-
side linking group linking the tetrahydropyran nucleoside
analog to an antisense compound and the other of T; and T,
is H, a hydroxyl protecting group, a linked conjugate group,
or a 5'- or ¥'-terminal group; and

91 92 930 94s 90 G G G and g are each, independently.
H, C,-C4 alkyl, substituted C,-C, alkyl, C,-C, alkenyl,
substituted Co-C; alkeny], C5-Cy, alkynyl, substituted C,-C,
alkynyl or other sugar substituent group.

Many other monoceycelic, bicyelic and tricyclic ring sys-
tems are known in the art and are suitable as sugar surrogales
that can be used to madify nucleosides for incorporation into
oligomeric compounds as provided herein (see for example
review article: Leumann, Christian J. Bicorg., & Med
Chem., 2002, 10, 841-854). Such ring systems can undergo
various additional substitutions to further enhance their
activity.

As used herein, “2'-modified sugar™ means a furanosyl
sugar modified at the 2' position. In certain embodiments,
such modifications include substituents selected from: a
halide. including, but not limited to substituted and unsub-
stituted alkoxy, substituted and unsubstituted thioalkyl, sub-
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stituted and unsubstituted amino alkyl, substituted and
unsubstituted alkyl, substituted and unsubstituted allyl, and
substituted and unsubstituted alkynyl. In certain embodi-
ments, 2' modifications are selected from substituents
including, but not limited to: O[(CHL,),0],CH,, O(CH,),
NH,, O{CH,),CH,, O(CH,),F, O{CH,),ONH,, OCH.C
(—O)N(H)CH,. and O(CH,),ON[(CH,),CH;].. where n
and m are from 1 to about 10, Other 2'-substituent groups
can also be selected from: C-C |, alkyl, substituted alkyl,
alkenyl. alkynyl, alkaryl. aralkyl, O-alkaryl or O-aralkyl,
SH, 8CH;, OCN, CI, Br, CN, F, CF,, OCF;, SOCH,,
S50,CH,. ONO,, NO,, Ny, NH., heterocycloalkyl. hetero-
cveloalkaryl, aminoalkylamino, polyalkylamino, substituted
silyl, an RNA cleaving group, a reporter group. an interca-
lator, a group for improving pharmacokinetic properties, or
a group for improving the pharmacodynamic properties of
an antisense compound, and other substituents having simi-
lar properties. In certain embodiments, modified nucleosides
comprise a 2-MOE side chain (Baker et al., J. Biol. Chem.,
1997, 272, 11944-12000). Such 2'-MOL substitution have
been described as having improved binding affinity com-
pared to unmodified nucleosides and to other modified
nucleosides, such as 2'-O-methyl, O-propyl, and O-amino-
propyl. Oligonucleotides having the 2-MOE substituent
also have been shown to be antisense inhibitors of pene
expression with promising features for in vivo use (Martin,
Helv. Chim. Acta, 1995, 78, 486-504; Altmann et al.,
Chimia, 1996, 50, 168-176; Altmann et al.. Biochem. Soc.
Trans., 1996, 24, 630-637; and Altmann et al., Nucleosides
Nucleotides, 1997, 16, 917-926).

Asused herein, *“2"-modified” or “2'-substituted” refers to
a nucleoside comprising a sugar comprising a substituent at
the 2' position other than H or OH. 2"-modified nucleosides,
include, but are not limited to. bieyelic nucleosides wherein
the bridge connecting two carbon atoms of the sugar ring
connects the 2' carbon and another carbon of the sugar ring;
and nucleosides with non-bridging 2' substitvents. such as
allyl, amino, azido, thio, O-allyl, O C,-C,, alkyl, —OCF,,
O—(CH,),—0—CH,. 2-0O(CH,),SCH,. O—(CH,),—
O—N({R, MR, ). or O—CH,—C{—=0)—N(R, }R,), where
each R, and R, is. independently, Il or substituted or
unsubstituted C,-C,, alkyl. 2-meodified nucleosides may
further comprise other modifications, for example at other
positions of the sugar and/or at the nuecleobase.

As used herein, “2'-F” refers 1o a nucleoside comprising
a sugar comprising a fluoro group at the 2' position of the
sugar ring.

As used herein, “2'-OMe™ or “2'-OCH,", “2'-0-methyl"”
or “2-methoxy™ each refers to a nucleoside comprising a

sugar comprising an —OCH, group at the 2' position of the 3
sugar ring.
As used herein, *MOE" or *2-MOE™ or “2'-

OCH,CH-OCH;™ or “2'-O-methoxyethy]l™ each refers 1o a
nucleoside  comprising a  sugar  comprising a

—OCH,CH,OCH, group at the 2' position of the sugar ring. 5

Methods for the preparations of modified sugars are well
known to those skilled in the art. Some representative U.S.
patenis that teach the preparation of such modified sugars
include without limitation, U.S. Pat. Nos. 4,981,957; 5.118,
8O0, 5.319.080; 5,359.044; 5393.878: 5.446.137; 5.4606,
786; 5,514,785; 5,519,134; 5.567.811; 5,576.427, 5,591,
722, 5,597.909; 5,610,300; 5,627.053; 5.639.873; 5,646,
265, 5,670.,633; 5,700,920, 5,792,847 and 6,600,032 and
International Application PCT/US2005/019219. filed Jun. 2,
2005 and published as WO 2005/121371 on Dec. 22, 2005,
and each of which is herein incorporated by reference in its

entirety.
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As used herein, “oligonucleotide™ refers to a compound
comprising a plarality of linked nucleosides. In certain
embodiments, one or more of the plurality of nucleosides is
modified. In certain embodiments, an oligonucleotide com-
prises one or more ribonuclecsides (RNA) and/or deoxyri-
bonucleosides {(DNA).

In nucleotides having modified sugar meieties, the nucle-
obase moleties (natural, modified or a combination thereof)
are maintained for hvbridization with an appropriate nucleic
acid target.

In certain embodiments, antisense compounds comprise
one or more nucleosides having modified sugar moieties. In
certain embodiments, the modified sugar moiety is 2'-MOE.
In certain embodiments, the 2-MOE modified nucleosides
are arranged in a gapmer motif. In certain embodiments, the
modified sugar moiety is a bicyclic nucleoside having a
{(4'-CH(CH,)—0-2") bridging group. In certain embodi-
ments, the (4'-CH(CH,)—0-2') modified nucleosides are
arranged throughout the wings of a gapmer motif.
Modified Nucleobases

Nucleobase (or base) modifications or substitutions are
structurally  distinguishable from, yet functionally inter-
changeable with, naturally occurring or synthetic unmodi-
fied nucleobases. Both natural and modified nucleobases are
capable of participating in hydrogen bonding. Such nucle-
obase modifications may impart nuclease stability, binding
affinity or some other beneficial biclogical property to
antisense compounds. Modified nucleobases include syn-
thetic and natural nucleobases such as, lor example, 5-meth-
yleytosine (5-me-C). Cerlain nucleobase substitutions,
including 5-methyleytosine substitutions, are particularly
useful for increasing the binding aflimity of an antisense
compound for a target nucleic acid, For example, 5-meth-
yleytosine substitutions have been shown to increase nucleic
acid duplex stability by 0.6-1.2° C. (Sanghvi. Y. 5., Crooke,
S. T. and Lebleu, B., eds., Antisense Research and Appli-
cations, CRC Press, Boca Raton. 1993, pp. 276-278).

Additional modified nucleobases include 5-hydroxym-
ethyl cytosine, xanthine, hypoxanthine, 2-aminoadenine,
6-methyl and other alkyl derivatives of adenine and guanine,
2-propyl and other alkyl derivatives of adenine and guanine,
2-thiouracil, 2-thiothymine and 2-thiocytosine, 5-halouracil
and cytosine, S-propynyl (— C=C-—CH,) uracil and cyto-
sine and other alkynyl derivatives of pyrimidine bases, 6-azo
uracil, eytosine and thymine, S-uracil (pseudouracil), 4-thio-
uracil, 8-halo, 8-amino, 8-thiol, 8-thioalkyl, 8-hydroxyl and
other B-substituted adenines and guanines. 5-halo particu-
larly 5-bromo, S-trifluoromethyl and other S-substituted
uracils and cytosines, 7-methylguanine and 7-methylad-
enine, 2-F-adenine, 2-aminoadenine, 8-azaguanine and
8-azaadenine, 7-deazaguanine and 7-deazaadenine and
3-deazagnanine and 3-deazaadenine.

Heterocyelic base moieties may include those in which
the purine or pyrimidine base is replaced with other hetero-
cycles, for example 7-deaza-adenine, 7-deazaguanosine,
2-aminopyridine and 2-pyridone. Nucleobases that are par-
ticularly useful for increasing the binding affinity of anti-
sense  compounds include  S-substitwted  pyrimidines,
G-azapyrimidines and N-2, N-6 and O-6 substituted purines.
including 2 aminopropyladenine, 5-propynyluracil and
S-propvnyleytosine.

In certain embodiments, antisense compounds targeted to
an ApoCIIl nucleic acid comprise one or more modified
nucleobases. In certain embodiments, gap-widened anti-
sense oligonucleotides targeted to an ApoCIII nucleic acid
comprise one or more modified nucleobases. In certain
embodiments. the modified nuclechase is 5-methylcytosine.
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In certain embodiments, each cytosine is a 5-methyleyto-
sine.
RNAI Compounds

In certain embodiments, antisense compounds are inter-
fering RNA compounds (RNAi), which include double-
stranded RNA compounds (also referred to as short-inter-
fering RNA or siRNA) and single-stranded RNAi
compounds (or ssRNA), Such compounds work at least in
part through the RISC pathway to degrade and/or sequester
a target nucleic acid (thus, include microRNA/microRNA-
mimic compounds). In certain embodiments. antisense com-
pounds comprise modifications that make them particularly
suited for such mechanisms.

1. ssRNA Compounds

In certain embodiments, antisense compounds including
those particularly suited for use as single-stranded RNAi
compounds (ssRNA) comprise a modified 5'-terminal end.
In certain such embodiments, the 5'-terminal end comprises
a modified phosphate moiety. In certain embodiments, such
modified phosphate is stabilized (e.g.. resistant 1o degrada-
tion/cleavage compared to unmodified 5'-phosphate). In
certain embodiments, such 5'-terminal nucleosides stabilize
the 5'-phosphorous moiety. Certain modified 5'-terminal

nucleosides may be found in the art, for example in ,

WO/2011/139702.

In certain embodiments, the 5'-nucleoside of an ssRNA
compound has Formula Tlc:

Ile

wherein:

T, is an optionally protected phosphorus moiety:

T, is an internucleoside linking group linking the com-
pound of Formula e to the oligomeric compound:

A has one of the formulas:

Q, and Q, are each, independently, H, halogen, C,-C,
alkyl, substituted C,-C, alkyl. C-C, alkoxy, substituted
C,-Cy alkoxy, C,-C; alkenyl, substituted C_-C; alkenyl,
C,-C,; alkynyl, substituted C,-C, allynyl or N{R,)(R,):

Q, is O, 8, N(R.) or C(R,)(R.);

each R;, R, Rs. Ry and R, is, independently. H, C,-C;
alkyl, substituted C,-C, alkyl or C,-C, alkoxy:

M, is O. 5. NRy,. C(R 5)(R, ). C(R5)(R, 6)C(R, 7)(R, ),
CRs}—C(Ry5), OC(RsHR 6) or OC(R 5)(Bx,);

50
R4 is H. C,-Cy alkyl, substituted C -C, alkyl. C,-Cy
alkoxy, substituted C,-C alkoxy, C,-C, alkenyl, substituted
C,-C, alkenyl, C,-C, alkynyl or substituted C,-C,; alkynyl:
R,s. Ry Ry5 and R, are each, independently, H, halogen.

3 C,-C, alkyl, substituted C,-C, alkyl, C,-C alkoxy, substi-
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tted C,-C, alkoxy. C4-C, alkenyl. substituted C.-C, alk-
enyl, C5-C, alkynyl or substituted C5-C; alkynyl:

Bx, 1s a heterocyclic base moiety;

or if Bx, 1s present then Bx, is a heterocyelic base moiety

and Bx, is H, halogen. C,-C; alkyl, substituted C -C
alkyl, C,-C; alkoxy, substituted C,-C, alkoxy, C,-C,
alkenyl, substituted C,-C; alkenyl. C,-C, alkynyl or
substituted C,-C, alkynyl:

1,..J;. ] and J; are each, independently, H, halogen, C -C,
alkyl, substituted C-C; alkyl. C-C; alkoxy. substituted
C,-C, alkoxy, C,-C, alkenyl, substituted C,-C, alkenyl.
C,-C, alkynyl or substituted C,-C, alkynyl,

or J, forms a bridge with one of J5 or J, wherein said
bridge comprises from 1 to 3 linked hiradical groups
selected from O, S, NR,,. C(Rup)(Ry,), C(Ryn)l=CiRy,).
Cl—=C(Rap)(Rs, )] and C(=—0) and the other two of I, J, and
J are each, independently, H. halogen, C,-C, alkyl, substi-
tted C,-C, alkyl, C,-C, alkoxy, substituted C-C, alkoxy,
C,4-Cy alkenyl, substituted C,-C, alkenyl, C,-C; alkynyl or
substituted C,-C alkynyl;

each R, R., and R, is, independently, H. C,-C alkyl.
substituted C,-C, alkyl, C,-C, alkoxy, substituted C,-C,
alkoxy, C,-C, alkenyl, substituted C,-C; alkenyl, C,-C,
alkynyl or substituted C,-C, alkynyl:

G is H, OH, halogen or O [C(R )Ry},
Xl

each R and R, is, independently, H, halogen, C,-C, alkyl
or substituted C,-C; alkyl:

X, is O, 5 or N(E, ),

Z is H, halogen, C-C, alkyl, substituted C,-C, alkyl.
C,-Cy alkenyl, substituted C.-C,; alkenyl, C.-C; alkynyl.
substituted C,-C, alkynyl or N(E_)(E,):

E,. E; and E, are each, independently, H. C,-C; alkyl or
substituted C,-C, alkyl:

n is from 1 to about 6;

m is 0 or 1;

jis0or1;

each substituted group comprises one or more optionally
protected substituent groups independently selected from
halogen, OF,, N(J,)(1,), =NJ,. 81,, N;, CN, OC(=X,)J,.
OC—X,)—N(J,)(12) and C(—X,)N{J, 1)

X, is O, S or NI;;

each J,. J, and J, is. independently, H or C,-C, alkyl:

when j is 1 then Z is other than halogen or N(E,)(E,); and

wherein said oligomeric compound comprises from 8 to
40 monomeric subunits and is hvbridizable to at least a
portion of a target nucleic acid,

In certain embodiments, M, is O, CH—CH, OCH, or
OC(H)(Bx,). In certain embodiments, M, is O.

In certain embodiments, I, 15, J; and J; are each H. In
certain embodiments, J, forms a bridge with one of I, or I..

In certain embodiments, A has one of the formulas:

[(C=0},,

(13
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wherein:

), and (), are each, independently, H, halogen, C,-C,
alkyl, substituted C,-C,; alkyl, C,-C; alkoxy or substituted
C,-C, alkoxy. In certain embodiments, Q, and Q, are each
H. In certain embodiments, Q, and Q, are each, indepen-
dently, H or halogen. In certain embodiments, (3, and (), is
H and the other of Q, and Q) is F, CH; or OCHs;.

In certain embodiments, T, has the formula;

wherein:

R, and R are each. independently, protected hydroxyl,
protecied thiol, C,-Cg alkyl, substituted C,-C alkyl, C,-C,
alkoxy, substituted C,-C alkoxy, protected amino or sub-
stituted amino; and

R, is O or 8. In certain embodiments, R, is O and R, and
R_ are each, independently, OCH,, OCH,CH, or CH(CH, ).

In certain embodiments. G is halogen, OCH,, OCH.F,
OCHF,, OCF,, OCH,CH,, O(CH,),F, OCH,CHI,,
OCH,CF,. OCH,—CH-—CH,, O(CH,),—OCH,. O(CH,),

SCH;,  O(CH,), - OCF;,  O(CHy)s N(R )R, ),
O{CH, ), ON(R,0)(R,;),  O(CH,); O(CH,),  N(R,)
(Ry;).  OCHC(—=O}—NR)R,). OCHLC(—O}—N

(R ,—CH, ) ,—NR,)R,,) or OCH,),—N{R ,)—C
(—NRSIN(R,  XR, )] wherein R, R, . R, and R, are
each, independently, H or C,-C, alkyl. In certain embodi-
ments, G is halogen, OCH,, OCF,, OCH.CH,, OCH.CF,,
OCH,—CH—CH,, O(CH,),—0CH,, O(CH,),—0O(CH,),
—N(CH,),., OCH,C(—0)—N(H)CH,, OCH,C(—0}—N
(H}F—~CH,),—N(CH;), or OCH,—N(H)}—C(=NH)NH,.
In certain embodiments, G 1s F. OCH; or O(CH, ), OCH,.
In certain embodiments, G is O(CH,),  OCH,.

In certain embodiments, the 5'-terminal nucleoside has
Formula [le:

lle
Q, OH
N,/

HO/ 0,

In certain embodiments, antisense compounds, including

those particularly suitable for ssRNA comprise one or more s

type of modified sugar moieties and/or naturally occurring
sugar moieties arranged along an oligonucleotide or region
thereof in a defined pattern or sugar modification motif.
Such motifs may include any of the sugar modifications
discussed herein and/or other known sugar modifications.
In certain embodiments, the oligonucleotides comprise or
consist of a region having uniform sugar modifications. In
certain such embodiments, each nucleoside of the region
comprises the same RNA-like sugar modification. In certain
embodiments, each nucleoside of the region is a 2'-F nucleo-
side. In certain embodiments, each nucleoside of the region
is a 2-OMe nucleoside. In certain embodiments, each

o
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nucleoside of the region is a 2'-MOE nucleoside. In certain
embodiments. each nucleoside of'the region is a clit nucleo-
side. Tn certain embodiments, each nucleoside of the region
is an LNA nucleoside. In certain embodiments, the uniform
region constitutes all or essentially all of the cligonucle-
ofide. In certain embodiments, the region constitutes the
entire oligonucleotide except for 1-4 terminal nucleosides.

In certain embodiments, oligonucleoiides comprise one or
more regions of alternating sugar modifications, wherein the
nuclensides alternate between nucleotides having a sugar
modification of a first type and nucleotides having a sugar
modification of a second type. In certain embodiments,
nucleosides of both types are RNA-like nucleosides. In
certain embodiments the alternating nucleosides are selected
from: 2'-OMe, 2-I, 2'-MOL, LNA, and cEt. In certain
emhbodiments, the alternating modifications are 2'-F and
2-0OMe. Such regions may be contiguous or may be inter-
rupted by differently modified nucleosides or conjugated
nucleosides.

In certain embodiments, the alternating region of alter-
nating modifications each consist of a single nucleoside (i.e..
the pattern is (AB) A, wherein A is a nucleoside having a
sugar modification of a first type and B is a nucleoside
having a sugar modification of a second type; x is 1-20 and
y is O or 1). In certain embodiments, one or more alternating
regions in an alternating motif’ includes more than a single
nuclenside of a type. For example, oligonucleotides may
include one or more regions of any of the following nucleo-
side motifs:

BABBAR
EBEABE;

ARBARE ;
ABERBRREEE;
RERBAR;
ARBABRE;
AERBAA;
REERREERBRERA;

BABERAREBABABAR ;
or

ABABBAABBAEABRA;

wherein A is a nucleoside of a first type and B is a
nucleoside of a second type. In certain embodiments, A and
B are each selected from 2'-F, 2'-OMe. BNA. and MOE.

In certain embodiments, oligonucleotides having such an
alternating motif also comprise a modified 5' terminal
nucleoside, such as those of formula llc or lle.

In certain embodiments, oligonucleotides comprise a
region having a 2-2-3 motif. Such regions comprises the
following motif:

(AL (B (A (Ch( Al

whereln: A is a first type of modified nucleoside;

B and C, are nucleosides that are differently modified than
A, however, B and C may have the same or different
modifications as one another:

x and y are from 1 to 15.

In certain embodiments, A is a 2-0OMe modified nucleo-
side. In certain embodiments. B and C are both 2'-F modified
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nucleosides. In certain embodiments, A is a 2-OMe modi-
fied nucleoside and B and C are both 2'-F modified nucleo-
sides.

In certain embodiments, oligonucleosides have the fol-
lowing sugar motif:

S {QIABLA D).
wherein:

Q is a nucleoside comprising a stabilized phosphate
moiety. In certain embodiments, () is a nucleoside having
Formula Ilc or Ile:

A is a first type of modified nucleoside:

B is a second tvpe of modified nucleoside;

D is a modified nucleoside comprising a modification
different from the nucleoside adjacent to it. Thus, if y is 0,
then D must be differently modified than B and if' v is 1, then
D must be differently modified than A. In certain embodi-
ments, [ dilfers from both A and B.

X is 5-15;

YisOorl;

7 is 0-4.

In certain embodiments, oligonucleosides have the fol-
lowing sugar motif:

3-(Q)-(A) D)

wherein:

Q 1s a nucleoside comprising a stabilized phosphate
moiety. In certain embodiments, Q 15 a nucleoside having
Formula llc or lle;

A s a first type of modified nucleoside:

D is a modified nucleoside comprising a modification
different from A,

X is 11-30;

Z is 0-4,

In certain embodiments A. B, C. and D in the above motifs
are selected from: 2°-OMe, 2'-F, 2'-MOE, LNA, and cEt. In
certain embodiments, D represents terminal nucleosides. In
certain embodiments, such terminal nucleosides are not
designed to hybridize to the target nucleic acid (though one
or more might hybridize by chance). In certain embodi-
ments, the nuclenbase of each DD nucleoside is adenine,
regardless of the identity of the nucleobase at the corre-
sponding, position of the target nucleic acid. In certain
embodiments the nucleobase of each D nucleoside 1s thy-
mine.

In certain embodiments, antisense compounds, including
those particularly suited for use as ssRNA comprise modi-
fied mnternucleoside linkages arranged along the oligonucle-
otide or region thereof in a defined pattern or modified

internucleoside linkage motif. In certain embodiments. oli- 5

gonucleotides comprise a region having an alternating inter-
nucleoside linkage motif. In certain embodiments. oligo-
nucleotides comprise a region of uniformly modified
internucleoside linkages. In certain such embodiments, the
oligonucleotide comprises a region that 1s uniformly linked
by phosphorothicate intemnucleoside linkages. In cerlain
embodiments, the oligonucleotide is uniformly linked by
phosphorothioate  internucleoside linkages. In  certain
embodiments, each internucleoside linkage of the oligo-
nucleotide is selected from phosphodiester and phosphoro-
thicate. In certain embodiments, each intemucleoside link-
age of the oligonucleotide is selected from phosphodiester
and phosphorothioate and at least one internucleoside link-
age 15 phosphorothioate.

In certain embediments, the oligonucleotide comprises at
least 6 phosphorothicate internucleoside linkages. In certain
embodiments, the oligonucleotide comprises at least 8 phos-
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phorothioate internucleoside linkages. In certain embodi-
ments, the oligonucleotide comprises at least 10 phospho-
rothioate internucleoside linkages. In certain embodiments,
the oligonucleotide compnises at least one block of at least
6 consecutive phosphorothioate internucleoside linkages. In
certain embodiments, the oligonucleotide comprises at least
one block of at least 8 consecutive phosphorothivate inter-
mucleoside hinkages. In certain embodiments, the oligo-
nucleotide comprises at least one block of at least 10
consecutive phosphorothioate internucleoside linkages. In
certain embodiments, the oligonucleotide comprises at least
one block of at least one 12 consecutive phosphorothioate
internucleoside linkages. In certain such embodiments, at
least one such block is located at the 3' end of the oligo-
nucleotide. In certain such embodiments, at least one such
block is located within 3 nucleosides of the 3' end of the
oligonucleotide.

Oligonucleatides having any of the various sugar motifs
described herein, may have any linkage motif. For example.
the oligonucleotides. including but not limited to those
described above, may have a linkage motif selected from
non-limiting the table below:

5" maost linkage Central region J-region
Ps Alternating PO'PS 6 Ps
s Alternating POPS 7rs
Ps Alternating PO/PS 2P

ii. siRNA Compounds

In certain embodiments, antisense compounds are double-
stranded RNAI compounds (siRNA). In such embodiments.,
one or both strands may comprise any modification motif
described above for ssRNA, In certain embodiments, ssRINA
compounds may be unmodified RNA. In certain embodi-
ments, siRNA compounds may comprise unmodified RNA
mucleosides, but modified internucleoside linkages.

Several embodiments relate to double-stranded composi-
tions wherein each strand comprises a motif defined by the
location of one or more modified or unmodified nucleosides.
In certain embodiments, compositions are provided com-
prising a lirst and a second oligomeric compound that are
fully or at least partially hybridized to form a duplex region
and further comprising a region that is complementary to
and hybridizes to a nucleic acid target. It is suitable that such
a composition comprise a first oligomeric compound that 1s
an antisense strand having full or partial complementarity to
a nucleic acid target and a second oligomeric compound that
is a sense strand having one or more regions of comple-
mentarity to and forming at least one duplex region with the
first oligomeric compound,

The compositions of several embodiments modulate gene
expression by hvbridizing to a nucleic acid target resulting
in loss of its normal function. In some embodiments. the
target nucleic acid 15 ApoCIIL In certain embodiment, the
degradation of the targeted ApoCIIl is facihtaied by an
activated RISC complex that is formed with compositions of
the invention.

Several embodiments are directed to double-stranded
compositions wherein one of the strands is useful in, for
example, influencing the preferential loading of the opposite
strand into the RISC (or cleavage) complex. The composi-
tions are useful for targeting selected nucleic acid molecules
and modulating the expression of one or more genes. In
some embodiments. the compositions of the present inven-
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tion hybridize to a portion of a target RNA resulting in loss
of normal function of the target RNA.

Certain embodiments are drawn 1o double-stranded com-
positions wherein both the strands comprise a hemimer
motif, a fully modified motif, a positionally modified motif
or an alternating motif. Each strand of the compositions of
the present invention can be modified to fulfill a particular
role in for example the siRNA pathway, Using a diflerent
molil’ in each strand or the same motf with different
chemical modifications in each strand permits targeting the
antisense strand for the RISC complex while inhibiting the
incorporation of the sense strand. Within this model, each
strand can be independently modified such that i is
enhanced for its particular role. The antisense strand can be
maodified at the 5'-end to enhance its role in one region of the
RISC while the 3'-end can be modified differentially to
enhance its role in a different region of the RISC.

The double-stranded oligonucleotide molecules can be a
double-stranded polynueleotide molecule comprising self-
complementary sense and antisense regions, wherein the
antisense region comprises nucleotide sequence that is
complementary to nucleotide sequence in a target nucleic
acid molecule or a portion thereof and the sense region
having nucleotide sequence corresponding to the target

nucleic acid sequence or a portion thereof. The double- 2

stranded oligonucleotide molecules can be assembled from
two separate oligonucleotides, where one strand is the sense
strand and the other is the antisense sirand, wherein the
antisense and sense strands are sell~complementary (i.e.
each strand comprises nucleotide sequence that is comple-
mentary to nucleotide sequence in the other strand: such as
where the antisense strand and sense strand form a duplex or
double-stranded structure, for example wherein the double-
stranded region is about 15 (o about 30, e.g., about 15. 16,
17,18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29 or 30 base
pairs; the antisense strand comprises nucleotide sequence
that is complementary to nucleotide sequence in a target
nucleic acid molecule or a portion thereof and the sense
strand comprises nucleotide sequence corresponding to the
target nucleic acid sequence or a portion thereof {e.g., about
15 to about 25 or more nucleotides of the double-stranded
oligonucleotide molecule are complementary to the target
nucleic acid or a portion thereof). Alternatively, the double-
stranded oligonucleotide is assembled [rom a single oligo-
nucleotide, where the sell~complementary sense and anti-
sense regions of the siRNA are linked by means of a nucleic
acid based or non-nucleic acid-based linker(s).

The double-stranded oligonucleotide can be a polynucle-
otide with a duplex, asymmetric duplex, hairpin or asym-

metric hairpin secondary structure, having self-complemen- 3

tary sense and antisense regions, wherein the antisense
region comprises nucleotide sequence that is complemen-
tary to nucleotide sequence in a separate larget nucleic acid
molecule or a portion thereof and the sense region having

nucleotide sequence corresponding to the target nucleic acid s

sequence or a portion thereof. The double-stranded oligo-
nucleotide can be a circular single-stranded polynucleotide
having two or more loop structures and a stem comprising
self-complementary sense and antisense regions, wherein
the antisense region comprises nucleotide sequence that is
complementary to nucleotide sequence in a target nucleic
acid molecule or a portion thereof and the sense region
having nucleotide sequence corresponding to the target
nucleic acid sequence or a portion thereof, and wherein the
circular polynucleotide can be processed either in vivo or in
vitro to generate an active siRNA molecule capable of
mediating RNAi.
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In certain embodiments, the double-stranded oligonucle-
otide comprises separate sense and antisense sequences or
regions, wherein the sense and antisense regions are cova-
lently linked by nucleotide or non-nucleotide linkers mol-
ecules as is known in the art, or are alternately non-
covalently linked by ionic interactions. hydrogen bonding,
van der Waals interactions, hydrophobic interactions, and/or
stacking interactions. In ceriain embodiments, the double-
stranded oligonucleotide comprises nucleotide sequence that
is complementary to nucleotide sequence of a target gene. In
another embodiment, the double-stranded oligonucleotide
interacts with nucleotide sequence of a target gene in a
manner that causes inhibition of expression of the target
gene.

As used herein, double-stranded oligonucleotides need
not be limited to those molecules containing only RNA, but
further encompasses chemically modified nucleotides and
non-nueleotides. In certain embodiments, the short terfer-
ing nucleic acid molecules lack 2™-hydroxy (2'-OH) contain-
ing nucleotides. In certain embodiments short interfering
nucleic acids optionally do not include any ribonucleotides
{e.g., nucleotides having a 2'-OH group). Such double-
stranded oligonucleotides that do not require the presence of
ribonucleotides within the molecule to support RNAi can
however have an attached linker or linkers or other attached
or associated groups. moieties, or chains containing one or
more nucleotides with 2'-OH groups. Optionally, double-
stranded oligonucleotides can comprise ribonucleotides at
about 5. 10, 20, 30, 40, or 50% of the nucleotide positions.
As used herein, the term siRNA is meant (o be equivalent to
other terms used to describe nucleic acid molecules that are
capable of mediating sequence specilic RNA4, for example
short interfering RNA (siRNA)., double-stranded RNA
(dsRNA), micro-RNA (miRNA), short hairpin RNA
(shRNA), short interfering oligonucleotide, short interfering
nucleic acid, short interfering modified oligonucleotide.
chemically modified siRNA, posi-transcriptional gene
silencing RNA (ptgsRNA), ssRNAJ and others. In addition.
as used herein, the term RNAI is meant to be equivalent to
other terms used to describe sequence specific RNA inter-
terence, such as post transcriptional gene silencing, trans-
lational inhibition, or epigenetics. For example, double-
stranded oligonucleotides can be wsed to epigenetically
silence genes at both the posi-transcriptional level and the
pre-transeriptional level. In a non-limiting example, epigen-
etic regulation of gene expression by siRNA molecules of
the invention can result from siRNA mediated modification
of chromatin structure or methylation pattern to alter gene
expression (see, for example, Verdel et al., 2004, Science,
303, 672-676; Pal-Bhadra et al., 2004, Science, 303, 669-
672: Allshire, 2002, Science, 297, 1818-1819; Volpe et al.,
2002, Science, 297, 1833-1837; Jenuwein, 2002, Science,
297, 2215-2218; and Hall et al.,, 2002, Science, 297, 2232-
2237).

It is contemplated that compounds and compositions of
several embodiments provided herein can target ApoClII by
a dsRNA-mediated gene silencing or RNA1 mechanism.,
including, eg.. “hairpin” or stem-loop double-stranded
RNA effector molecules in which a single RNA strand with
self-complementary sequences is capable of assuming a
double-stranded conformation, or duplex dsENA effector
molecules comprising two separate strands of RNA. In
various embodiments, the dsRNA consists entirely of ribo-
nucleotides or consists of a mixture of nbonucleotides and
deoxynucleotides, such as the RNA/DNA hybrids disclosed.
for example, by WO 00/63364, filed Apr. 19, 2000, or U.S.
Ser. No. 60/130,377, filed Apr. 21, 1999. The dsRNA or
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dsRNA effector molecule may be a single molecule with a
region of self-complementarity such that nucleotides in one
segment of the molecule base pair with nucleotides in
another segment of the molecule. In various embodiments,
a dsRNA that consists of a single molecule consists entirely
of ribonucleotides or includes a region of nbonucleotides
that is complementary (o a region of deoxyribonucleotides.
Altemnatively, the dsRNA may include two different strands
that have a region of complementarity to each other.

In various embodiments, both strands consist entirely of
ribonucleotides, one strand consists entirely of ribonucle-
olides and one strand consists entirely of deoxyribonucle-
otides, or one or both strands contain a mixture of ribo-
nucleotides and  deoxyribonucleotides. In  certain
embodiments, the regions of complementarity are at least
70, 80, 90, 95, 98, or 100% complementary to each other and
to a target nucleic acid sequence. In certain embodiments,
the region of the dsRNA that is present in a double-stranded
conformation includes at least 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 50, 75, 100, 200, 500, 1000, 2000 or 5000
nucleotides or includes all of the nucleotides in a ¢cDNA or
other target nucleic acid sequence being represented in the
dsRNA, In some embodiments, the dsRNA does not contain
any single stranded regions, such as single stranded ends, or
the dsRNA is a hairpin. In other embodiments. the dsRNA
has one or more single stranded regions or overhangs. In
certain embadiments, RNA/DNA hybrids include a DNA
strand or region that is an antisense strand or region (e.g, has
at least 70, 80, 90, 95, 98, or 100% complementarily 1o a
target nucleic acid) and an RNA strand or region that is a
sense strand or region (e.g, has at least 70, 80, 90, 93, 98, or
100% identify to a target nucleic acid), and vice versa.

In various embodiments, the RNA/DNA hybrid is made in
vitre using enzymatic or chemical synthetic methods such as
those described herein or those described in WO 00/63364,
filed Apr. 19, 2000, or U.S. Ser. No. 60/130,377, filed Apr.
21, 1999, In other embodiments, a DNA strand synthesized
in vitro is complexed with an RNA strand made in vivo or
in vitro before, after, or concurrent with the transformation
of the DNA strand into the cell. In yet other embodiments,
the dsRNA is a single circular nucleic acid containing a
sense and an antisense region, or the dsRNA includes a
circular nucleic acid and either a second circular nucleic acid
or a linear nucleic acid (see, for example, WO 00/63364,
filed Apr. 19, 2000, or U.S. Ser. No. 60/130.377, filed Apr.
21, 1999.) Exemplary circular nucleic acids include lariat
structures in which the free §' phosphoryl group of a
nucleotide becomes linked to the 2' hydroxyl group of
another nucleotide in a loop back fashion.

In other embodiments, the dsRNA includes one or more
modified nucleotides in which the 2' position in the sugar
contains a halogen (such as fluorine group) or contains an
alkoxy group (such as a methoxy group) which increases the

half-life of the dsRNA in vitro or in vivo compared to the s

corresponding dsRNA in which the corresponding 2' posi-
tion contains a hydrogen or an hydroxyl group. In yet other
embodiments, the dsRNA includes one or more linkages
between adjacent nucleotides other than a naturally-oceur-
ring phosphodiester linkage. Examples of such linkages
include phosphoramide, phosphorothioate, and phosphoro-
dithioate linkages. The dsRNAs may also be chemically
modified nucleic acid molecules as taught in U.S. Pat. No.
6,673,661, In other embodiments, the dsRNA contains one
or two capped strands, as disclosed, for example, by WO
00/63364, filed Apr. 19, 2000, or U.S. Ser. No. 60/130.377,
filed Apr. 21, 1999,
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In other embodiments, the dsRNA can be any of the at
least partially dsRNA malecules disclosed in WO 00/63364,
as well as any of the dsRNA molecules described in 1S,
Provisional Application 60/3949,998; and U.S. Provisional
Application 60/419,532, and PCT/US2003/033466, the
teaching of which is hereby incorporated by reference. Any
of the dsRNAs may be expressed in vitro or in vivo using the
methods described herein or standard methods, such as those
described in WO 00/63364,

Compositions and Methods for Formulating Pharmaceutical
Compositions

Antisense compounds may he admixed with pharmaceu-
tically acceptable active or inert substance for the prepara-
tion of pharmaceutical compositions or formulations. Com-
positions and methods for the formulation of pharmaceutical
compositions are dependent upon a number of criteria.
including, but not limited to, route of administration, extent
of disease. or dose o be administered.

Antisense compounds targeted to an ApoCIII nucleic acid
can be utilized in pharmaceutical compositions by combin-
ing the antisense compound with a suitable pharmaceutically
acceptable diluent or cartier.

In certain embodiments, the “pharmacentical carrier”™ or
“excipient™ is a pharmaceutically acceptable solvent, sus-
pending agent or any other pharmacologically inert vehicle
tor delivering one or mare nucleic acids to an animal. The
excipient can be liquid or solid and can be selected, with the
planned manner of administration in mind, so as to provide
for the desired bulk, consisiency. etc., when combined with
a nuecleic acid and the other components of a given phar-
maceutical composition. Typical pharmaceutical carriers
include, but are not limited 1o, binding agents (e.g., prege-
latinized maize starch, polyvinylpyrrolidone or hydroxypro-
pyl methylcellulose, ete.): fillers (e.g.. lactose and other
sugars, microcrystalline cellulose, pectin, gelatin, calcium
sulfate, ethyl cellulose, polyacrylates or caleium hydrogen
phosphate, etc.): lubricants (e.g.. magnesium stearate, talc,
silica. colloidal silicon dioxide, stearic acid, metallic stear-
ates, hydrogenated vegetable oils, corn starch, polyethylene
glycols, sodium benzoate, sodium acetate, etc.); disinte-
grants (e.g., starch, sodium starch glycolate, etc.); and
wetting agents (e.g.. sodium lauryl sulphate, etc.).

Pharmaceutically acceptable organic or inorganic excipi-
ents, which do not deleteriously react with nucleic acids,
suitable for parenteral or non-parenteral administration can
also be used to formulate the compositions of the present
invention. Suitable pharmaceutically acceptable carriers
include, but are not limited to, water, salt solutions, alcohols,
polyethylene glyeols, gelatin, lactose, amylose, magnesinm
stearate, talc, silicic acid, viscous paraflin, hydroxymethyl-
cellulose, polyvinylpyrrolidone and the like.

A pharmaceutically acceptable diluent includes phos-
phate-buflered saline (PBS). PBS is a diluent suitable for use
in compositions fo be delivered parenterally. Accordingly, in
one embodiment. employed in the methods described herein
is @ pharmaceutical composition comprising an antisense
compound targeted to an ApoCIIT nucleic acid and a phar-
maceutically acceptable diluent. In certain embodiments, the
pharmaceutically acceptable diluent is PBS. In certain
embodiments, the antisense compound 1s an antisense oli-
gonucleotide.

Pharmaceutical compositions comprising antisense com-
pounds encompass any pharmaceutically acceptable salts,
esters, or salts of such esters. or an oligonucleotide which.
upon administration to an animal, including a human, is
capable of providing (directly or indirectly) the biologically
active metabolite or residue thereof. Accordingly, for
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example, the disclosure is also drawn to pharmaceutically
acceptable salts of antisense compounds, prodrugs, pharma-
ceutically acceptable salts of such prodrugs. and other
bicequivalents. Suitable pharmaceutically acceptable salts
include, but are not limited to, sodium and potassium salts.

A prodrug can include the incorporation of additional
nucleosides at one or both ends of an antisense compound
which are cleaved by endogenous nucleases within the body,
1o form the active antisense compound,

Conjugated Antisense Compounds

Antisense compounds may be covalently linked to one or
more moieties or conjugates which enhance the activity,
cellular distribution or cellular uptake of the resulting anti-
sense oligonucleoiides. Typical conjugate groups include
cholesterol moieties and lipid moieties. Additional conjugate
groups include carbohydrates, phospholipids, biotin,
phenazine, folate, phenanthridine, anthraquinone. acridine,
Muoresceins, rhodamines, coumarins, and dyes.

Antisense compounds can also be modified o have one or
more stabilizing groups that are generally attached to one or
both termini of antisense compounds to enhance properties
such as. for example, nuclease stability. Included in stabi-
lizing groups are cap structures. These terminal modifica-
tions protect the antisense compound from exonuclease

degradation. and can help in delivery and/or localization 2

within a cell. The cap can be present at the 5'-terminus
(3'-cap), or at the 3'-terminus (3'-cap), or can be present on
both termini. Cap structures are well known in the art and
include. for example, inverted deoxy abasic caps. Further 3'
and §'-stabilizing groups that can be used to cap one or both
ends of an antisense compound to impart nuclease stability
include those disclosed in WO 03/004602 published on Jan.
16, 2003,
Cell Culture and Antisense Compounds Treatment

The effects of antisense compounds on the level, activity
or expression of ApoCIII nucleic acids or proteins can be
tested in vitro in a variety of cell types. Cell types used for
such analyses are available from commercial vendors (e.g.
American Type Culture Collection. Manassas, Va.: Zen-Bio,
Inc., Research Triangle Park, N.C.; Clonetics Corporation,
Walkersville, Md.) and cells are cultured according to the
vendor's instructions using commercially available reagents
{e.g. Invitrogen Life Technologies, Carlsbad, Calif.). Illus-
trative cell types include, but are not limited 1o, HepG2 cells,
Hep3B cells, Huh7 (hepatocellular carcinoma) cells, pri-
mary hepatocytes, A549 cells, GM0428]1 fibroblasts and
LLC-MK2 cells.
In Vitro Testing of Antisense Oligonucleotides

Described herein are methods for treaiment of cells with

antisense oligonucleotides. which can be modified appro- 5

priately for treatment with other antisense compounds.

In general, cells are treated with antisense oligonucle-
otides when the cells reach approximately 60-80% conflu-
ence in culture.

One reagent commonly used to introduce antisense oli- 5

gonucleotides into cultured cells includes the cationic lipid
transfection reagent LIPOFECTIN® (Invitrogen, Carlsbad,
Calif'). Antisense oligonucleotides are mixed with LIPO-
FECTIN® in OPTI-MEM® 1 (Invitrogen, Carlsbad, Calif.)
to achieve the desired final concentration of antisense oli-
gonucleotide and a LIPOFECTIN® concentration that tvpi-
cally ranges 2 to 12 ug/mL per 100 nM antisense oligo-
nucleotide.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes LIPOFECTAMINE
2000® (Invitrogen, Carlsbhad, Calif). Antisense oligonucle-
otide is mixed with LIPOFECTAMINE 2000® in OPTI-
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MEM® 1 reduced serum medium (Invitrogen, Carlshad.
Calif.) to achieve the desired concentration of antisense
oligonucleotide and a LIPOFECTAMINER concentration
that typically ranges 2 to 12 ug/ml. per 100 nM antisense
oligonucleotide.

Another reagent used to introduce antisense oligonucle-
otides into cultured cells includes Cytofectin® (Invitrogen,
Carlsbad, Calill). Antisense oligonucleoiide 1s mixed with
Cyflectin® in OPTI-MEM® 1 reduced serum medium
(Invitrogen, Carlsbad, Calit.) to achieve the desired concen-
tration of antisense oligonucleotide and a Cytofectin® con-
centration that typically ranges 2 to 12 ng/mL per 100 nM
antisense oligonucleotide.

Another reagent used io introduce antisense oligonucle-
otides into cultured cells includes Oligofectamine™ ([nvit-
rogen Life Technologies, Carlsbad, Calif.). Antisense oligo-
nucleotide is mixed with Oligofectamine™ in Opti-
MEM™-1  reduced serum medium  (Invitrogen Life
Technologies, Carlsbad, Calill) to achieve the desired con-
centration of oligonucleotide with an Oligofectamine™ to
oligonucleotide ratio of approximately 0.2 to 0.8 pl. per 100
nM.

Another reagent used to introduce antisense aligonucle-
otides into cultured cells includes FuGENE 6 (Roche Diag-
nostics Corp.. Indianapolis, Ind.). Antisense oligomeric
compound was mixed with FuGENE 6 in 1 ml of serum-
free RPMI to achieve the desired concentration of oligo-
nueclentide with a FuGENE 6 to oligomeric compound ratio
of 1 to 4 pl. of FuGENE 6 per 100 nM.

Another technigque used o introduce antisense oligonucle-
otides into cultured cells includes electroporation (Sam-
brook and Russell in Molecular Cloning. A Laboratary
Marnuwal. Third Edition. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. 2001).

Cells are treated with antisense oligonucleotides by rou-
tine methods. Cells are typically harvested 16-24 hours after
antisense oligonucleotide treatment, at which time RNA or
protein levels of target nucleic acids are measured hy
methods known in the art and described herein (Sambrook
and Russell in Molecular Cloning. A Labaratory Manual.
Third Edition. Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N.Y. 2001). In general, when treatments are
performed in multiple replicates, the data are presented as
the average of the replicate treatments.

The concentration ol antisense oligonucleotide used var-
ies from cell line to cell line. Methods to determine the
optimal antisense oligonucleotide concentration for a par-
ticular cell line are well known in the art (Sambrook and
Russell in Malecular Cloning. A Laboratory Manwal. Third
Edition. Cold Spring Harbor Laboratory Press. Cold Spring
Harbor. N.Y. 2001). Antisense oligonucleotides are typically
used at concentrations ranging from 1 nM to 300 nM when
transfected  with LIPOFECTAMINE2000®  (Invitrogen,
Carlsbad, Calif)), Lipofectin® (Invitrogen, Carlshad, Calif.)
or Cytofectin™ (Genlantis, San Diego, Calif)). Antisense
oligonucleotides are used at higher concentrations ranging
from 625 to 20,000 nM when transfected using electropo-
raiion.

RNA Isolation

RMNA analysis can be performed on total cellular RNA or
poly(A)+mRNA. Methods of RNA isolation are well known
in the art (Sambrook and Russell in Molecular Cloring. A
Laboratory Manual. Third Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. 2001). RNA is
prepared using methods well known in the art, for example,
using the TRIZOL® Reagent (Invitrogen, Carlsbad, Calif.)
according to the manufacturer’s recommended protocols.
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Analysis of Inhibition of Target Levels or Expression

Inhibition of levels or expression of an ApoCIII nucleic
acid can be assayed in a variety of ways known in the art
{Sambrook and Russell in Molecular Cloning. A Laboratory
Manual. Third Edition. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, N.Y. 2001). For example, target
nucleic acid levels can be quantitated by, e.g., Northern blot
analysis, competilive polvmerase chain reaction (PCR), or
quantitative real-time PCR. RNA analysis can be performed
on total cellular RNA or poly{A)}+mRNA. Methods of RNA
isolation are well known in the art. Northern blot analysis is
also routine in the art. Quantitative real-time PCR can be
conveniently accomplished using the commercially avail-
able ABI PRISM® 7600, 7700, or 7900 Sequence Detection
System. available from PE-Applied Biosystems, Foster City,
Calif. and used according to manufacturer’s instructions.
Quantitative Real-Time PCR Analysis of Target RNA Levels

Quantitation of target RNA levels may be accomplished
by quantitative real-time PCR using the ABI PRISM®: 7600,
7700, or 7900 Sequence Detection System (PE-Applied
Biosystems, Foster City, Calif)) according to manufacturer’s
instructions. Methods of quantitative real-time PCR are well
known in the art.

Prior to real-time PCR. the isolated RNA is subjected to
a reverse transcriptase (RT) reaction, which produces
complementary DNA (¢DNA) that is then used as the
substrate for the real-time PCR amplification. The RT and
real-time PCR reactions are performed sequentially in the
same sample well. RT and real-time PCR reagents are
obtained from Invitrogen (Carlsbad, Calill). RT and real-
time-PCR reactions are carried out by methods well known
to those skilled in the art.

Gene (or RNA) target quantities obtained by real time
PCR can be normalized using either the expression level of
a gene whose expression is constant, such as eyclophilin A,
or by quantifying total RNA using RIBOGREEN® (Invit-
rogen, Inc. Carlsbad, Califl). Cyclophilin A expression is
quantified by real time PCR, hy being run simultaneously
with the target, multiplexing. or separately. Total RNA is
quantified using RIBOGREEN® RNA quantification
reagent {Invitrogen. Inc. Carlsbad, Calit.). Methods of RNA
quantification by RIBOGREEN® are taught in Jones, [.. J.,
et al, (Analytical Biochemistry, 1998, 265, 368-374). A
CYTOFLUOR® 4000 instrument (PE Applied Biosystems,
Foster City. Califl) is used 0 measure RIBOGREENE®E
fluorescence.

Probes and primers are designed to hybridize to an
ApoClII nucleic acid. Methods for designing real-time PCR
probes and primers are well known in the art, and may

include the use of software such as PRIMER. EXPRESSE s

Software (Applied Biosystems, Foster City, Calif.).

Gene target quantities obtained by RT, real-time PCR can
use either the expression level of GAPDH or Cyclophilin A,
genes whose expression are constant, or by quantifying total

RNA using RiboGreen™ (Molecular Probes, Inc. Fugene, s

Oreg.). GAPDH or Cyclophilin A expression can be quan-
tified by RT. real-time PCR, by being run simultaneously
with the target, multiplexing, or separately. Total RNA was
quaniified using RiboGreen™ RNA guantification reagent
{Molecular Probes, Inc. Fugene, Oreg.).
Analysis of Protein Levels

Antisense inhibition of ApoCIII nucleic acids can be
assessed by measuring ApoCII protein levels. Protein levels
of ApoCIIl can be evalvated or quantitated in a variety of
ways well known in the art, such as immunoprecipitation,
Western blot analysis (immunoblotting), enzyme-linked
immunosorbent assay (ELISA), quantitative protein assavs,
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protein activity assays (for cxample, caspase activity
assays). immunohistochemistry, immunocytochemistry or
fluorescence-activated cell sorting (FACS) (Sambrook and
Russell in Molecular Cloning. A Laboratory Manual. Third
Edition. Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, N.Y. 2001). Antibodies directed to a target can be
identified and obtained from a variety of sources, such as the
MSES catalog of antibodies (Aere Corporation, Birming-
ham, Mich.). or can be prepared via conventional monoclo-
nal or polyclonal antibody generation metheds well known
in the art. Antibodies useful for the detection of human and
mouse ApaClIl are commercially available.

In Vivo Testing of Antisense Compounds

Antisense compounds, for example, antisense oligonucle-
otides, are tested in animals to assess their ability to inhibit
expression of ApoClll and produce phenotypic changes.
Testing can be performed in normal animals, or in experi-
mental disease models. For administration to animals, anti-
sense oligonucleotides are formulated in a phanmaceutically
acceptable diluent, such as phosphate-buffered saline.
Administration includes parenteral routes of administration.
Calculation of antisense oligonucleotide dosage and dosing
frequency depends upon factors such as route of adminis-
tration and animal bady weight, Following a period of
treatment with antisense oligonucleotides, RNA is isolated
trom tissue and changes in ApoClIl nucleic acid expression
are measured. Changes in ApoCIII protein levels are also
measured.

Certain [ndications

Novel effects of ApoCII inhibition in patients with Fre-
drickson Type I dyslipidemia, FCS, LPLD, have been iden-
tified and disclosed herein. The example disclosed herein-
below disclose surprising reductions in TG and increases in
HDL among other biomarkers in Fredrickson Tvpe 1 dys-
lipidemia, FCS, LPLD, patients who have little or no detect-
able LPL activity,

Without being bound by any particular theory, two poten-
tial explanations for the surprising results are discussed.
First, inhibiting ApoCIll may activate residual LPL activity
in the Fredrickson Type 1 dyslipidemia, FCS. LPLD,
patients. This is not a very likely explanation as these
patients have little to no detectable LPL activity while
ApoCIII inhibition has profoundly affected TG and HDL
levels. Second, and more likely, is that ApoCIll inhibits
clearance of TG particles mediated by apoE-mediated recep-
tors such as the low density lipoprotein receptor-related
protein 1 (LRP1) or Syndecan 1. Once ApoCIIT is removed
from VLDL and chylomicron particles, they become more
amenable to uptake by the liver. Indeed, these receplor
mediated clearance mechanisms may significantly contrib-
ute to the clinically observed phenotype (e.g., substantial TG
lowering) observed in the Fredrickson Type I dyslipidemia.
FCS. LPLD, patients treated with an ApoCIII inhibitor,

In certain embodiments, provided herein are methods of
treating a subject with Fredrickson Type | dyslipidemia.
FCS. LPLD, comprising administering one or more phar-
maceutical compositions as described herein. In certain
embodiments, the pharmaceutical composition comprises an
antisense compound targeted to an ApoCIIL

In certain embodiments, administration of an antisense
compound targeted to an ApoClIl nucleic acid to a subject
with Fredrickson Type I dyslipidemia, FCS, LPLD, results
in reduction of ApoCIIl expression by at least about 15, 20,
25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or
99%, or a range defined by any two of these values. In
certain embodiments, ApoClIl expression is reduced to =50
mg/L, =60 mg/L, =70 mg/L, =80 mg/L. =90 mg/L. <100
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mg/L, =110 mgT, =120 mg/l, =130 mg/l. =140 mg/l,
=150 mg/L., =160 mg/T.. =170 mg/L, =180 mg/T., =190 mg/L.
or =200 mg/L.

In certain embodiments, the subject has a disease or
disorder related to Predrickson Type | dyslipidemia, FCS,
LPLD. In certain embodiments the disease or disorder is a
cardiovascular or metabolic disease or disorder. In certain
embodiments, the disease is pancreatiiis.

In certain embodiments, the cardiovascular disease
include. but are not limited to, aneurysm. angina. arrhyth-
mia, atherosclerosis, cerebrovascular disease, coronary heart
disease, hypertension, dyslipidemia, hyperlipidemia, hyper-
triglyceridemia, hypercholesterolemia, stroke and the like.
In certain embodiments, the dyslipidemia is chylomicrone-
mia (e.g.. FCS) or hypertriglyceridemia. In certain embodi-
ments, the disease is pancreatitis caused by dyslipidemia.

In certain embodiments, the metabolic disease or disorder
wclude. but are not limited to, hyperglycemia, prediabetes,
diabetes (tvpe [ and type 1), obesity, insulin resistance,
metabolic syndrome and diabetic dyslipidemia.

In certain embodiments, compounds targeted to ApoCIl]
as described herein modulate physiological markers or phe-
notypes of pancreatitis, a cardiovascular or a metabolic
disease or disorder in a subject with Fredrickson Type 1

dyslipidemia, FCS, LPLD. In certain of the experiments, the 2

campounds can increase or decrease physiological markers
or phenotypes compared to untreated animals. In certain
embodiments, the increase or decrease in physiological
markers or phenotypes 1s associated with mhibition of
ApoCIIL by the compounds deseribed herein.

In certain embodiments, physiological markers or pheno-
type of a cardiovascular disease or disorder can be quanti-
fiable, For example, TG or HDL levels can be measured and
quantified by, for example, standard lipid tests. In cerlain
embodiments, physiological markers or phenotypes such as
HDL can be increased by about 3, 10, 13, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range
defined by any wo of these values. In certain embodiments,
physiclogical markers phenotypes such as TG (postprandial
or fasting) can be decreased by about 5, 10, 15, 20, 25, 30,
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or
a range defined by any two of these values. In certain
embodiments, TG (postprandial or fasting) is reduced to
=100 mg/dL., =110 mg/dL., =120 mg/dL., =130 mg/dl., =140

mg/dl, =150 mg/dl, =160 mg/Mdl., =170 mg/dl, =180
mg/dlL, =190 mg/dl, =200 mg/dl, <210 mg/dL, =220
ma/dl, =230 mg/dl, =240 mg/dl., =250 mg/dl., =260
mg/dlL, =270 mg/dL, =280 mg/dl, =290 mg/dlL, =300
mg/dl, =350 mg/dL, =400 mg/dl, =450 mg/dlL, =500
mg/dl, =550 mg/dl, =600 mg/dl., =650 mg/dl, <700 s
mg/dL, =750 mg/dl, =800 mg/dL. =850 mg/dL, =900
mg/dl., =950 mg/dl., <1000 mg/dl.. <1100 mg/dl., <1200

mg/dlL, 1300 mg/dL, 1400 mg/dL, 51500 mg/dL, s1600
mg/dl, s1700 mg/dL. s1800 mg/dL or =1900 mg/dL.

In certain embodiments, physiological markers or pheno- 3

types of a metabolic disease or disorder can be quantifiable.
For example, glucose levels or insulin resistance can be
measured and quantified by standard tests known in the art.
In certain embodiments, physiological markers or pheno-
types such as glucose levels or insulin resistance can be
decreased by about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55,
60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined by
any two of these values. In certain embodiments, physi-
ological markers phenotypes such as insulin sensitivity can
be increased by about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50,
55, 60, 65, 70, 75, 80, 85, 90, 95 or 99%, or a range defined
by any two of these values.
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Also, provided herein are methods for preventing, treating
or ameliorating a symptom associated with a disease or
disorder in a subject with Fredrickson Type T dyslipidemia,
FCS. LPLD with a compound described herein. In certain
embodiments. provided is a method for reducing the rate of
onset of a symptom associated with a disease associated
with Fredrickson Type [ dyslipidemia. FCS, LPLD. In
certain embodiments, provided is a method for reducing the
severity of a sympiom associated with Fredrickson Type |
dyslipidemia, FCS. LPLD. In such embodiments, the meth-
ods comprise administering to an individual with Fredrick-
son Type | dyslipidemia a therapeutically eflective amount
of a compound targeted to an ApoCII nucleic acid. In
certain embodiments the disease or disorder is pancreatitis
or a cardiovascular or metabolic disease or disorder.

Cardiovascular diseases or disorders are characterized by
numerous physical symptoms. Any symptom known to one
of skill in the art to be associated with a cardiovascular
disease can be prevented, treated, ameliorated or otherwise
modulated as set forth in the methods described herein. In
certain embodiments, the symptom can be any of, but not
limited to, angina, chest pain, shortness of breath, palpita-
tions, weakness, dizziness, nausea, sweating. tachyeardia,
bradycardia, arrhythmia, atrial fibrillation, swelling in the
lower extremities. cyanosis, fatigue, fainting, numbness of
the face, numbness of the limbs, claudication or cramping of
muscles, bloating of the abdomen or fever.

Metabolic diseases or disorders are characlerized by
numerous physical symploms. Any symptom known (o one
of skill in the art to be associated with a metabolic disorder
can be prevented, treated, ameliorated or otherwise modu-
lated as set forth in the methods described herein. In certain
embodiments, the symptom can be any of, bul not limited 1o,
excessive urine production (polyuria), excessive thirst and
increased fluid intake (polydipsia). blurred vision, unex-
plained weight loss and lethargy.

Pancreatitis is characterized by numerous physical symp-
toms. Any symptom known to one of skill in the art to be
associated with a pancreatitis can be prevented, treated,
ameliorated or otherwise modulated as set forth in the
methods described herein. In certain embodiments. the
symptom can be any of, but not limited to, abdominal pain.
vomiting, nausea, and abdominal sensitivity to pressure.

In certain embodiments. provided are methods of treating
a subject with Fredrickson Type [ dyslipidemia, FCS, LPLD,
comprising administering a therapeutically effective amount
of one or more phanmaceutical compositions as described
herein. In certain embodiments. administration of a thera-
peutically effective amount of an antisense compound tar-
geted to an ApoCIII nucleic acid is accompanied by moni-
toring of ApoCIII levels or disease markers associated with
Fredrickson Type 1 dyslipidemia, FCS, LPLD, to determine
a subject’s response to the antisense compound. A subject’s
response (0 administration of the antisense compound is
used by a physician to determine the amount and duration of
therapeutic intervention.

In certain embodiments, pharmaceutical compositions
comprising an antisense compound targeted to ApoCIII are
used for the preparation of a medicament for treating a
subject with Fredrickson Type 1 dyslipidemia, FCS, LPLD.
Administration

The compounds or pharmaceutical compositions of the
present invention can be administered in a number of ways
depending upon whether local or systemic treatment is
desired and upon the area to be treated. Administration can
be oral or parenteral.
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In certain embodiments, the compounds and compositions
as described herein are administered parenterally. Parenteral
administration includes intravenous, intra-arterial, subcuta-
neous, intraperitoneal or intramuscular injection or infusion.

In certain embodiments, parenteral administration is by
infusion. Infusion can be chronic or continuous or short or
intermittent. In cerlain embodiments, infused pharmaceuti-
cal agents are delivered with a pump. In certain embodi-
ments, the infusion is infravenous.

In certain embodiments, parenteral administration is by
injection. The injection can be delivered with a syringe or a
pump. In certain embodiments. the injection is a bolus
injection. In certain embodiments, the injection is adminis-
tered directly to a tissue or organ. In certain embodiments,
parenteral administration is subcutaneous.

In certain embodiments, formulations for parenteral
administration can include sterile aqueous solutions which
can also contain buffers. diluents and other suitable additives
such as, but not limited to, penetration enhancers, carrier
compounds and other pharmaceutically acceptable carriers
or excipients.

In certain embodiments, formulations for oral adminis-
tration of the compounds or compositions of the invention

can include, but is not limited 1o, pharmaceutical carriers, 2

excipients, powders or granules, microparticulates, nanopar-
ticulates, suspensions or solutions in water or non-aqueous
media, capsules, gel capsules, sachets, tablets or minitablets.
Thickeners, flavoring agents, diluents, emulsifiers, dispers-
ing aids or binders can be desirable. In certain embodiments,
oral formulations are those in which compounds of the
invention are administered in conjunction with one or more
penetration enhancers, surfactants and chelators.

Dasing

In certain embodiments, pharmaceutical compositions are
administered according to a dosing regimen (e.g.. dose, dose
frequency, and duration) wherein the dosing regimen can be
selected to achieve a desired effect. The desired effect can
be, for example, reduction of ApoCIIT or the prevention,
reduction, amelioration or slowing the progression of a
disease or condition associated with Fredrickson Type 1
dyslipidemia, FCS, LPLD.

In certain embodiments, the variables of the dosing regi-
men are adjusted to result in a desired concentration of
pharmaceutical composition in a subject. “Concentration of
pharmaceutical composition™ as used with regard to dose
regimen can refer to the compound, oligonucleotide, or
active ingredient of the pharmaceutical composition. For

example, in certain embodiments. dose and dose frequency

are adjusted to provide a tissue concentration or plasma
cancentration of a pharmaceutical composition at an amount
sufficient to achieve a desired eflect.

Dosing is dependent on severity and responsiveness of the
disease state to be treated, with the course of treatment
lasting from several days to several months, or until a cure
is effected or a diminution of the disease state is achieved.
Dasing is also dependent on drug potency and metabolism.
In certain embodiments, dosage is from 0.01 pg to 100 mg
per kg of body weight, or within a range of 0.001 mg-1000
mg dosing, and may be given once or more daily, weekly,
monthly or yearly, or even once every 2 to 20 vears.
Following successful treatment, it may be desirable to have
the patient underge maintenance therapy to prevent the
recurrence of the disease state, wherein the oligonucleotide
is administered in maintenance doses, ranging from 0.01 pg
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to 100 mg per kg of hody weight, once or more daily. to once
every 20 years or ranging from 0.001 mg to 1000 mg dosing.
Certain Combination Therapies

In certain embodiments, a first agent comprising the
compound described herein is co-administered with one or
more secondary agents. In certain embodiments, such sec-
ond agents are designed to treat the same disease, disorder,
or condition as the first agent described herein. In certain
embodiments, such second agents are designed 1o treal a
different disease, disorder, or condition as the first agent
described herein. In certain embodiments, a first agent is
designed to treat an undesired side effect of a second agent.
In certain embodiments, second agents are co-administered
with the first agent to treat an undesired effect of the first
agent. In certain embodiments, such second agents are
designed to treat an undesired side effect of one or more
pharmaceutical compositions as described herein. In certain
embodiments, second agents are co-administered with the
first agent 1o produce a combinational effect. In certain
embodiments, second agents are co-administered with the
first agent to produce a synergistic eflect. In certain embodi-
ments, the co-administration of the first and second agents
permits use of lower dosages than would be required to
achieve a therapeutic or prophylactic effect il the agents
were administered as independent therapy. In certain
embodiments. the first agent is administered to a subject that
has failed or become non-responsive to a second agent. In
certain embodiments, the first agent 15 administered 1o a
subject in replacement of a second agent.

In ecertain embodiments, one or more compositions
described herein and one or more other pharmaceutical
agents are administered at the same time. In certain embodi-
ments, one or more compositions of the invention and one
or more other pharmaceutical agents are administered at
dilferent times. In certain embodiments, one or more com-
positions described herein and one or more other pharma-
ceutical agents are prepared together in a single formulation.
In certain embodiments, one or more compositions
described herein and one or more other pharmaceutical
agents are prepared separately.

In certain embodiments, second agents inchude, but are
not limited to, ApoCIIl lowering agent, DGAT] inhibitor,
LPL raising agent, cholesterol lowering agent, non-HDL
lipid lowering (e.g., LDL) agent, HDL raising agent, fish oil,
niaecin (nicotinic acid). Gbrate, statin, DCCR (salt of diaz-
oxide). glucose-lowering agent and/or anti-diabetic agents.
In certain embodiments. the first agent is administered in
combination with the maximally tolerated dose of the sec-
ond agent. In certain embodiments, the first agent is admin-
istered to a subject that fails to respond to a maximally
tolerated dose of the second agent.

Examples of ApoCIII lowering agents include an ApoCIII
antisense oligonucleotide different from the first agent,
fibrate or an Apo B antisense oligonucleotide.

An example of a DGAT] inhibitor is LCQYOR (Novarlis
Pharmaceuticals) currently being tested in a Phase 3 clinical
trial for treating Familial Chylomicronemia Syndrome
(FCS).

LPL raising agents include gene therapy agents that raise
the level of LPL. Examples of such agents include copies of
normal genes that supplement the lack of the normal gene.
For example, Glybera® raises LPL levels by providing
normal copies of the LPL gene to supplement a lack of the
normal LPL gene. In other examples, the LPL raising agent
includes normal copies of ApoC-1I, GPIHBP1, APOAS,
LMF1 or other genes that, when mutated, can lead to
dystunctional LPL. In certain embodiments, the combina-
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tion of the first agent (e.g., ApoCIIT ASO) and the second
agent {e.g., Glybera) provides an additive or synergistic
eflect. In certain embodiments, the first agent (e.g.. ApoCIII
ASQ) is administered to a subject that has failed or become
non-responsive to a second agent (e.g., Glybera®).

Examples of glucose-lowering and/or anti-diabetic agents
include, but is not limited to, a therapeutic lifestyle change,
PPAR agonist, a dipeptidyl peptidase (IV) inhibitor, a GLP-1
analog, insulin or an insulin analog, an insulin secretagogue,
a SGLT2 inhibitor, a human amylin analog. a biguanide, an
alpha-glucosidase  inhibitor, metformin.  sulfonylurea,
rosiglitazone, meglitinide, thiazolidinedione, alpha-glucosi-
dase inhibitor and the like. The sulfonylurea can be aceto-
hexamide. chlorpropamide, tolbutamide. tolazamide,
glimepiride, a glipizide, a glyburide. or a gliclazide. The
meglitinide can be nateglinide or repaglinide. The thiazoli-
dinedione can be pioglitazone or rosiglitazone. The alpha-
glucosidase can be acarbose or miglitol.

The cholestero! or lipid lowering therapy can include, but
is not limited to, a therapeutic lifestyle change, statins, bile
acids sequestrants, nicotinic acid and fibrates. The statins
can be atorvastatin, fluvastatin, lovastatin, pravastatin, rosu-
vastatin and simvastatin and the like. The bile acid seques-
trants can be colesevelam, cholestyramine, colestipol and

the like. The fibrates can be gemfibrozil, fenofibrate, clofi- 2

brate and the like. The therapeutic litestyle change can be
dietary fat restriction.

HDL increasing agents include cholesteryl ester transfer
protein (CETP) inhibiting drugs (such as Torcetrapib). per-
oxisome proliferation activated receplor agonists, Apo-Al,
Pioglitazone and the like.

Certain Treatment Populations

Some types of hypertriglyceridemia can be characterized
by the Fredrickson classification system or by the classifi-
cation system described by Tremblay (Tremblay et al., J Clin
Lipidod, 2011, 5:37-44). In certain embodiments, the com-
pounds, compositions and methods described herein are
useful in treating subjects with Fredrickson Type I dyslipi-
demia, FCS. LPLD.

Subjects with Fredrickson Type | dyslipidemia, FCS,
LPLID, are at a significant risk of pancreatitis. cardiovascular
and metabolic disease. For these subjects, recurrent pancrea-
titis is the most debilitating and potentially lethal compli-
cation; other sequalae include increased tendency for ath-
erosclerosis and diabetes,

Fredrickson Type I, FCS, LPLD, subjects lack a signifi-
cant amount of functionally active LPL. ApoCIII plays an
important role in TG metabolism and is an independent risk
factor for cardiovascular disease in subjects with functional

or partially functional LPL. ApoCIIl is currently in clinical s

trials 1o treat non-Fredrickson Type 1 hypertriglyceridemia
subjects. However, as ApoCIII pathway is thought to work
through the LPL pathway, inhibition of ApoCIIT has not been
considered as a treatment option for Fredrickson Type I,
FCS, LPLD, subjects.

ApoClll inhibition, as shown herein. unexpectedly
decreases TG levels and/or raises HDL levels in Fredrickson
Type I dyshipidemic. FCS, LPLD. subjects. The decrease in
TG and/or increase in HDL can. in turn, prevent, treat, delay
or ameliorate a disease, disorder, or symptom thereof, asso-
ciated with Fredrickson Type 1 dyslipidemia, FCS, LPLD.
Certain Compounds

We have previously disclosed compositions comprising
antisense compounds targeting ApoCIIl and methods for
inhibiting ApoCIIl by the antisense compounds in US
20040208856 (U.S. Pat. No. 7,598,227), US 20060264395
(U.S. Pat. No. 7,750,141), WO 2004/093783 and WO 2012/
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149495, all incorporated-by-reference herein. In these appli-
cations, a series of antisense compounds was designed to
target different regions of the human ApoCTII RNA, using
published sequences (nucleotides 6238608 to 6242565 of
GenBank accession number NT 035088.1, representing a
genomic sequence, incorporated herein as SEQ [ NO: 4,
and GenBank accession number NM_000040.1, incorpo-
rated herein as SEQ 1D NO: 1). The compounds were
chimeric oligonucleotides (“gapmers™) 20 nucleotides in
length, composed of a central “gap™ region consisting of ten
2-deoxynucleotides, which is fanked on both sides (5' and
3 directions) by live-nucleotide “wings”. The wings are
composed of 2-0-(2-methoxyethyl) nucleotides, also
known as (2-MOE) nueleotides, The internucleoside (back-
bone) linkages are phosphorothioate (P—S8) throughout the
oligonucleotide, All cytosine residues are S-methyleylo-
sines.

The antisense compounds were analyzed for their effect
on human ApoClll mRNA levels in HepG2 cells by quan-
titative real-time PCR. Several compounds demonstrated at
least 45% inhibition of ApoCIll mRNA and are therefore
preferred. Several compounds demonstrated at least 50%
inhibition of human ApoCIlI mRNA and are therefore
preferred. Several compounds demonstrated at least 60%
inhibition of human ApoCIIT mRNA and are therefore
preferred. Several compounds demonstrated at least 70%
inhibition of human ApoClI mRNA and are therelore
preferred. Several compounds demonstrated at least 80%
inhibition of human ApoCII mRNA and are therefore
preferred, Several compounds demonstrated at least 90%
inhibition of human ApoCIII mRNA and are therefore
preferred.

The target regions to which these preferred antisense
compounds are complementary are referred to as “preferred
target segments” and are therefore preferred for targeting by
antisense compounds.

EXAMPLES

Mon-Limiting Disclosure and Incorporation by
Reference

While certain compounds, compositions and methods
described herein have been described with specificity in
accordance with certain  embodiments, the following
examples serve only to illustrate the compounds described
herein and are not intended to limit the same. Each of the
references recited in the present application is incorporated
herein by reference in its entirety.

Example 1
ISIS 304801 Clinical Trial

As described herein, an open label study was performed
on patients with Fredrickson Type [ dyslipidemia, FCS,
LPLD, to evaluate the response to, and the pharmacody-
namic effects of, the Study Drug ISIS 304801. ISIS 304801
was previously disclosed in U.S, Pat. No. 7.598,227 and has
the sequence 5'-AGCTTCTTGTCCAGCTTTAL-3" (SEQ 1D
NO: 3) starting at position 508 on SEQ ID NO: 1 (GEN-
BANK Accession No. NM_000040.1) or starting at position
3139 on SEQ ID NO: 2 (GENBANK Accession
NT_033899.8 truncated from nucleotides 20262640 to
20266603). I1SIS 304801 has a 5-10-5 MOE gapmer motif
comprising a gap segment consisting of 10 linked deoxy-
nucleosides, a 5' wing segment consisting of 5 linked
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nucleosides, a 3' wing segment consisting 5 linked nucleo-
sides, wherein the gap segment is positioned immediately
adjacent to and between the 5' wing segment and the 3' wing
segment, wherein each nucleoside of each wing segment
comprises a 2'-O-methyoxyethyl sugar, wherein each cyto-
sine is a S-methylcytosine, and wherein each internucleoside
linkage is a phosphorothioate linkage, 1SIS 304801 has been
shown to be potent in inhibiting ApoC-II1 and tolerable
when administered (o subjects.

Many of the patients recruited for this study have been
diagnosed with Fredrickson Type 1 dyslipidemia, FCS,
LPLD. Fredrickson Type 1. FCS, LPLD, patients with a
history of TG level =880 mg/dL, fasting TG level 2750
mg/dL during screening for the study and/or TG level =440
mg/dl. after dieting but before the start of treatment are
included in the study.

To enlarge the study population. some patients suffering
from hyperTG but not diagnosed with Fredrickson Type 1
dyshipidemma, FCS, LPLD, may be screened for Fredrickson
Type 1 dyslipidemia, FCS, LPLI. In an example, patients
with hyperTG will be identified through their medical his-
tory with a TG level 2880 mg/dL and/or by centrifugation of
the lipids in their blood for fasting TG level =750 mg/dL.
The patients with fasting TG level =750 mg/dL will be

further screened for at least one of the following parameters 2

to confirm the diagnosis of Predrickson Type 1 dyslipidemia,
FCS, LPLD:

(1) homoezygous or compound heterozygous loss-of-fune-
tion mutations in genes such as LPL {e.g., P207L, GI188L,
DAN). ApaC2, GPIHBP1, ApoCS or LMFI known o cause
Iredrickson Type 1 dyslipidemia, FCS, LPLD;

(2) LPL activity =20% of normal; and

(3) anti-LPL antibodies.

For each patient diagnosed with Fredrickson Tvpe 1
dyslipidemia, FCS, LPLD, the participation period consisls
of a =8-week screening period, (which includes a 4-week
tight diet control run-in qualification period), a 1-week study
qualification/baseline assessment period, a 13-week treat-
ment period, and a post-treatment evaluation period of 13
weeks, for a total of 35 weeks of study participation. Patients
with a diet controlled TG level =440 mg/dl. are included in
the study. Concomitant medications and adverse events
{AEs) are recorded throughout all periads of the study.

Patients are placed on a tightly controlled diet (after
screening procedures are performed) for the duration of
study participation. After 28 days on the controlled diet,
patients have baseline measurements and are assessed for
qualification of enrollment into the treatment phase of the
study.

Endpoints to evaluate include: the pharmacodynamic
(PD) effects of ISI8 304801 as measured by fasting lipo-
protein, total ApoC-IIL TG, ApoC-II (total and associated
with VLIIL), apalipoprotein B-100 (apoB-100 and/or apoB-
48), apolipoprotein A-1  (apoA-1), apolipoprotein A-2
{apoA-2), apolipeprotein E (apoE), total cholesterol (TC),
low-density lipoprotein-cholesterol (LDL-C), LDL-TG,
VLDL-C, VLDL-TG. non-high-density lipoprotein-choles-
terol (non-HDL-C), non-HDL-TG, HDL-C, HDL-TG., chy-
lomicron-cholesterol  (CM-C).  chylomicron-iriglveeride
{CM-TG). free fatty acids (FEFA), and glycerol levels: the
post-prandial lipid, apolipoprotein and lipoprotein charac-
teristics and kinetics, and glucose levels; and. the safety,
tolerability and pharmacokinetics (PK) of ISIS 30480].
Additional endpoints to be evaluated may include a decrease
in CETP or an increase in ApoAl, PONI. fat clearance and
triglyceride clearance, and an improvement in the ratio of
HDL to TG.
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Study Drug and Treatment

A solution of the Study Drug ISIS 304801 (200 mg/mL.
1.0 mL) contained in 2-ml stoppered glass vials 1s provided.
Vials are for single-use only. ISIS 304801 solution and
placebo are prepared by a pharmacist (or qualified delegate).
A trained professional administers 300 mg of the Study Drug
as a single SC injection in the abdomen, thigh, or outer area
of the upper arm on each dosing day.

Patients receive 13 doses of the Study Drug administered
by SC injection onee a week for 13 weeks (Days 1, 8, 15, 22,
29, 36, 43, 50, 57, 64, 71, 78, and 85). Patients complete the
treatment visits on Day 1+0 days and on Day 8, 15, 22, 29,
36, 43, 50, 57, 64, 71. 78, and 85 within =1 day. Patients in
an extensive PK group also visit the clinic on Day 2 and
86+0 days relative to Day 1 and 85, respectively, for a 24
hour blood draw, Patients complete the follow-up visits on
Day 92 and 99 within =1 day, Day 127 within £3 days, and
Day 176 within £5 days of the scheduled visit date. Patients
in the post-prandial assessment group also visit the clinic on
Day 103 within +2 days and on the day following the Day
103 wisit for the 24 hour blood draw.

Preceding each visit that includes a blood draw for PD
measurements {Days 8, 15, 29, 43, 57, 71, and 85), patients
are provided a standardized pre-cocked meal for the dinner
on the evening prior to their visit (to ensure equal modera-
tion of fat intake, per patient and per time point) after which
they remain fasted. Alcohol consumption is not allowed for
48 hrs preceding these clinic visits.

Blood is collected after fasting and/or afier a meal for
measurement of VLDL, ApoC-11I and other PD markers on
Days 8, 15, 29, 43, 57, 71, and 85 (prior to Study Drug
administration).

Patients in the post-prandial assessment group consume
standardized pre-cooked meals (lunches and dinners (pro-
vided) and instructions for breakfasts and snacks) for the 2
days prior to the post-prandial evaluations. On each of the
post-prandial evaluation days, following the blood draws,
patients consume a standardized liquid meal, which repre-
sents about a third of the daily caloric requirements, with a
stable radioisotope tracer. followed by serial blood sam-
pling. Patients receive a standardized pre-cooked meal 9 hrs
after consuming the liquid meal, after which they fast until
the 24 hour blood draw the following day.

In addition to trough sample collection, patients in the
extensive PK assessment group undergo serial blood sam-
phing for 24 hrs after their first (Day 1-2) and last (Day
85-86) dose of Smdy Dmg. PK parameters such as area
under the curve {AUC), trough concentration (Cmin) and
others will be assessed.

Post-Treatment Fvaluation Period

Patients are followed until Study Day 176. During this
tume, patients return to the study center for outpatient clinic
visits on Study Days 92, 99, 127, and 176 (and Day 103 for
patients in the post-prandial assessment group) for safety
and clinical laboratory evaluations (blood draws), diet coun-
seling and monitoring. concomitant medication usage
recording, and AE event collection.

Blood samples for PK and PD analysis are collected
periodically  throughout the post-treatment  evaluation
period. Laboratory measurements of serum chemistry, wri-
nalysis, coagulation, complement, hematology, immune
function. thyroid function, and full lipid panel are performed
at the various times throughout the study.
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Post-prandial assessments are done in a subset of patients
as described below.

Post-Prandial Meal, Sampling Schedule, and Assessment

Post-prandial assessment for lipoproteins metabolisim are
performed using a radiolabelled meal supplemented with a
labeled tracer, 3H-palmitate (300 nCi, Perkin Elmer Inc.,
Woodbridge, ON, Canada), sonicated into the liquid meal.
Palmitate is a fatty acid that is a common constituent of any
diet. The 3H-palmiiate iracer emiis weak radioactivity,
equivalent to an X-ray. Since dietary palmitate is incorpo-
rated into chylomicrons as they are formed in the entero-
cyles of the gut, this enables monitoring the appearance and
clearance of newly-formed chylomicrons from circulation.
The methodology to be applied for studying post-prandial
kinetics of chylomicrons appearance and clearance is well-
established (Mittendorfer et al. 2003, Mabetes, 52: 1641-
1648; Bickerton et al. 2007; Normand-lauziere et al. 2010,
PLoS. One. 5: ¢l0956).

A liquid meal (similar to a milkshake) containing a small
amount (300 pCi) of radiolabelled fatty acids (3H-palmitate)
will be provided. The liquid meal will provide about a third
of the daily caloric requirements. From 1 hr prior to 9 hrs
after the ingestion of the meal, a constant infusion of

U-13C]-K palmitate (0.01 pmol/kg/min in 100 ml 25% 2
| |-K pa ( m g/

human serum albumin: Cambridge Isotopes Laboratories
Inc., Andover, Mass.) and a primed (1.6 pmol/kg}) continu-
ous (0.05 pmol/kg/min) infusion of [1,1,2,3,3-2H]-glycerol
{Cambridge Isotopes Laboratories Inc.) are administered as
previously deseribed (Nommand-Lavzere et al. 2010, PLoS,
One, 5: €10956). Plasma palmitate and glycerol appearance
rates are caleulated using Steele’s non-steady state equation
assuming a volume of distribution of 90 ml'kg and 230
ml/kg, respectively (Gastaldelli et al. 1999, ] Appl. Physiol,
87: 1813-1822).

Blood samples are drawn at intervals before and after the
wgestion of the radiolabelled meal on days prior to and after
the Treatment phase as noted in the table below. A standard-
ized meal is given to the participants after the 9 hr blood
draw. Blood is collected in tubes containing Na2 EDTA and
Orlistat (30 pg/ml, Roche, Mississauga, Canada) to prevent
in vitro triacylglyceral lipolysis and separate samples will be
collected in NaF tubes for plasma glucose determination.

The following are measured at each time-point:

Plasma and CM fraction levels for 3H-racer

Plasma [U-13C]-K palmitate and [1,1.2,3,3-2H]-glycerol

appearance rates

Plasma and CM fraction levels for TG, TC, and apoB

Plasma and VLDL fraction levels for apo CIII, apo CII,

and apo E

Plasma levels for glucose

Plasma samples may also be used for profiling of drug
binding proteins, bicanalytical method validation purposes,
stability and metabolite assessments, or to assess other
actions of [SIS 304801 with plasma constituents.

Results

Results for three patients diagnosed with Fredrickson
Type I dyslipidemia, FCS, LPLD. recruited for this study are
presented below, Two patients are homozygous for the
P207L null LPL gene mutation and one patient is compound
heterozygous for the P207L and GI88E null LPL gene
mutations. All patients have LPL mass but no or extremely
low levels (<5%) of LPL activity. The patients had a TG
level 2440 mg/dL after dieting but before the start of
treatment. Two of the patients had confirmed past history of
acute pancreatitis and one had been on gene therapy with
Glybera® in December 2007.
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The data for percent change in fasting ApoCIIT levels is
presented in the Table below. The results indicate that
treatment with ISIS 304801 reduced fasting levels of ApoC-
1L *n.d.” indicates that data was not yet collected for that
particular time point.

TABLE 1

Percent change in t‘u.:diug ApoCHI levels

Patient 1 Patient 2 Patient 3
Day 1 0 a 0
Day & n.d. =23 -18
Day 15 n.d. ~-63 44
Day 29 —47 —69 —l
Diay 43 =38 =80 =77
Day 57 =60 ] -85
Day 71 -6 -9 -84
Day 85 -1 -91 -84
Day 92 =71 =90 =81
Day 99 =62 =87 =78
Day 127 =61 =68 =75
Day 176 —-14 -7 -3

Levels of fasting triglyceride levels were also measured.
The data for percent change, as well as absolute levels, of
fasting triglyceride levels, are presented in the Tables below.
“I'he results indicate that treatment with [S1S 304801 reduced
fasting levels of triglycerides.

TABLE 2

Percent change in fasting trighveeride levels

Patient 1 Paticnt 2 Patient 3
Day 1 0 0 i}
Day & -39 -8 -6
Day 15 -35 -57 -63
Day 29 -54 =40 -6l
Diay 43 -4 -63 -&1
Day 57 =35 =68 =82
Day 71 -53 ] —&
Day 85 —4u ~B% =Tl
Day 92 —64 -84 =57
Day 99 -17 =62 -5
Day 127 L] -3 -Ta
Day 176 =6 -58 =16
TABLE 3
Fasting triglyceride levels {mg/dl}
Patient 1 Patient 2 Patient 3
Day 1 1406 2083 2043
Day & #51 1918 1922
Day 15 a1l 8O2 751
Day 29 651 1260 804
Day 43 e TI8 389
Day 57 633 an7 368
Day 71 638 305 234
Day &5 723 251 595
Day 92 510 124 874
Day 99 1167 93 626
Day 127 485 1187 4249
Day 176 1317 BT 1706

Levels of fasting non-HIDL cholesterol levels were also
measured. The data for percent change, as well as absolute
levels, of fasting non-HDL chelesterol levels, are presented
in the Tables below. The results indicate that treatment with
ISTS 304801 reduced fasting levels of non-HDL cholesterol.
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TABLE 6-continued

— Percontchangcin ApoB-d8lewels

Patient 1 Patient 2 Patient 3 _ Patient 1 Patient 2 Patient 3
h]
Day 1 0 1] 1] Day 57 -36 ) =75
Day 8 =23 -24 -15 Day 71 -21 -84 ~80
Day 15 -19 -0 -51 Day 3 11 -RY -0
Tay 22 -38 49 =50 Day 92 =36 =92 =2
Day 43 -43 -64 - Day 99 190 -13 -s5
Day 57 =43 -55 -39 10 Day 127 -39 86 —42
Day 71 -44 =11 =53 Day 176 366 -8 ®
Day 85 —42 -74 -85
Day 92 =51 =75 -53
Day 99 =21 ~60 35
Day 127 -42 47 -56 -
Day 176 -2 -57 -16 i% TABLE 7
ApoB-48 levels {madl )
TABLE 5 Patient 1 Patient 2 Patient 3
Day 1 1.68 340 216
Fasting nen-HDL cholesterol levels (mg/dl) M Day & 2,19 413 .82
Day 13 1.59 LK) 0,748
Patient 1 Patieat 2 Patient 3 Day 20 0.%7 307 1.40
Day 43 1.32 0.59 0.51
Day 1 214 327 244 Day 57 L.07 1.04 0.55
Day & 165 250 207 Day 71 1.32 (.53 0,43
Dey'15 173 131 s 5% Day &5 203 0.36 1.07
Day 29 133 167 123 i Day 92 L.07 0.28 1.53
Day 43 123 118 8% Day 92 487 297 0.58
Day 57 122 116 29 Day 127 103 6,34 1.26
Dy 71 e 96 109 Day 176 7.83 243 277
Day %3 125 83 107 :
Day 92 104 83 115
. O i) 3o
3: ii? {gi ﬁ% ]1[1); The overall lipid profile in fasting FCS patients was
Day 176 210 139 206 measured at the end of treatment and compared 1o baseline.

Levels of ApoB-48, a measure of chylomicrons, were also
measured. The data for percent change, as well as absolute 35
levels, of ApoB-48 levels, are presented in the Tables below.
The results indicate that treatment with 1SIS 304801 reduced
fasting levels of Apol3-48.

The data are presented in the Tables below and indicates that
treatment with ISIS 304801 improved the owverall lipid
profile in the patients.

TABLE 8

Pepcent change (mean} in lipid profile

TABLE 6 a0 %
Percent change in ApoB-48 levels ApoC-111 -81
Triglycerides 69
Fatient 1 Patient 2 Fatient 3 HDL-C +78
VLDL ApoC-III -80
Day 1 0 1] n 45 ApoB -13
Day & 30 21 31 Non-HDL-C =58
Thay 15 13 =71 -64 VLDL -63
Day 26 —48 =10 -35 Total cholestetol -53
Day 43 =21 =71 -76
TABLE 9
Individual patient profile
End of  Absolute
Baseline  treatment  change Mean %
Lipid parameter Patient #  (mg/dL)  (mgidl)  (mgdl) % change change
ApoC-111 1 19 ] =13 =71 -81
2 35 3 -32 -80
3 an 4 —1f —83
Triglveerides 1 1406 al7 =790 =56 =58
2 2083 288 =1796 -8’6
3 2043 735 - 1309 —64
VLDL ApeC-IIT 1 12 5 -4 -6 —8il
2 33 3 =30 =02
3 17 2 15 86
HDL-C 1 14 24 4 30 +T8
2 & 21 13 163
3 14 17 3 21
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TABLE 9-continued
Individual patient profile
End of  Absclute

Baseline  treatment  change Mean %
Lipid parameter Patient # (mg/dL) (mgdL) (mgdL) % change change

Non HDL-C 1 214 115 ~100 -47 -8
2 ki) 84 -243 =74
3 244 111 -133 -55
ApoB 1 109 37 =53 48 =13
2 65 L3 3 5
3 114 120 6 -
Safety Assessment 15 In other laboratory values, or relates SAEs or significant
AFs.

Treatment was tolerated by all the patients with no flu-like
symptoms and infrequent mild site reactions, which was
resolved without treatment. There were no discontinvations
abnormalities in renal function. meaninglul clinical changes due to injection site reactions.

Treatment with ISIS 304801 did not have any issues of
liver enzyme elevations more than three times the ULN,

SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1
«211> LENGTH: 5233

<212> TYPE: DNA

<213> CRGANISEM: Home sapiens
<220 FEATURE:

«221» NAME/KEY: CDS

<222> LOCATION: (47)..(346)

=400~ SEQUENCE: 1

tgetoagtte atccctagag goagotgeobo caggaacaga ggtgec atg cag coa &S
Met Gln Pro
1
ogg gta cte ott gtt gtt goe ote otg geg cbe otg gec tot gee cga 103
Arg Val Leu Leu Val Val Ala Leu Leu Ala Leu Leu Ala Ser Ala Arg
5 10 15

got tea gag goc gag @At goc Lo Ott ote age tte atg cagy got tac 1581
Ala Ser Glu Ala Glu Asp Ala Ser Leu Leu Ser Phe Met Gln Gly Tyr

20 25 a0 i5

atg aag cac goc acc Aag ACT 9o Aaad gat goa <Ly agc ago dtg cag 189
Met Lyeg Hie Ala Thr Lye Thr Ala Lys Asp Ala Leu Ser Ser Val Gln

40 a5 50
gag too cag gty doc cag cag goo add ggc tgg gty aco gat guc tte 247
Glu Ser Gln Val Ala Gln Gln Ala Arg Gly Trp Val Thr Rep Gly Phe
58 (3] 85
agt tooc otg aaa gac tac toy age ace gtt aag gac aag tto tet gag 285
Ser Ser Leu Lys Asp Tyr Trp Ser Thr Val Lys Asp Lys Phe Ser Glu
T0 = 20
tte tgg gat thg gac oot gag gte aga cca act tea goo gty got gec 343
Phe Trp Asp Leu Asp Pro Glu Val Arg Pro Thr Ser Ala WVal Ala Ala
85 90 -1

tga gaccteaata coccaagtoc acctgootat ccatoctgog agotocttgg 306
gtoctgoaat ctocaggget gococtgtag gttgottaaa agggacagta ttotcagtge 458
tctoctacoe cacctcatge ctggoccoco tocaggoatg ctggoctooc aataaagetg 516
gacaagaagc tgctatg 533

<210> SEQ ID NO 2
=211> LENGTH: 3564
<21l2> TYPE: DNA
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-cont inued

=213> ORGAMISHM: Homo sapiens

<400> SEQUENCE: 2

cLadtooagyg <tgtgttoadq ggottgggge tggtggagoy aggggootga aattocaqty 60
tgaaaggety agatgggooe gaggococtyg goctatgtos aagocattic coctotcace 120
agocteotoce tggggagoca gtcagotagyg aaggaatgag ggobooocag goccacoooco 180
agttoctgayg ctcatetggy ctgoaggget ggegggacag cagogtggac toagtetcoot 240
agggatttce caactetooe goccgettge tgcatctgga caccctgect caggocctca 300
totccactgy toagoaggtyg acctttgece agegocctgy gtoctoagtg cotgotgooe 360
tggagatgat ataaaacagg teagaaccct <ctgoctgic tgotcagttic atccotagag 420
goagotgote cagghaatge cctotgggga ggggaaagag gaggygagga ggatgaagay 420
gggeaagagg agotocctge ccagococage <agcaagoct ggagaagcac ttgctagage 540
taaggaagoe toggagcotygd acgggtgece Cocadcocte atcataacct gaagaacaty 600
gaggcooggy aggggtgtca cttgoocaaa gotacacagg gogtggggot ggaagogget [44]
ccaagtgeag gttocccect cattotbcag gottaggget ggaggaagoce ttagacagec 720
cagtcctace ccagacaggg aaactgagge ctggagaggy ccagaaatoa COoCaaagaca 780
cacagcatgt tggotggact ggacggagat cagtocagac cgeaggtgoc ttgatgttca B40
gtotggoggg ttttotgete catcooacce acctecottt gggeoctegat ccctegocee 900
tcaccagtce ¢octtctgag ageccgtatt agcagggage cggoccctac tocttetgge 960
A4ACCCAdCct AAYULCTAC CLLAGUOYCC ACYOCACCLs COoCagugady gguocagagy 1020
catggggace tggggtgeoe ctcacaggac acttocttge aggaacagag gtgocatgoa 1080
Hooocggdta CLOULLYLLY LLYCOULOCT ggcgotocty Jootatygees graagcactt 1140
ggtgggactg ggotggggge agggtggagg <aactigggg ateccagtoe caatgggtgyg 1200
tcaagcadgga gccoagggct cgtccagagy cogatccace coactcagoe cbgotebtte 1260
ctoaggaget tcagaggeoog aggatgectc cottetcage tteatgeagg gttacatgaa 1320
goacdccacc aagaccgoca aggatgoact gagoagodig caggagbccc aggtggocca 1380
goaqgocagqg tacaccoget ggootoodte ©oCatoooos otgocagotg ootocatted 1440
caccogoece tgoooctggty agatccocaac aatggaatgg aggtgctoca goctococty 1500
ggoctgbgee tottcagoct cctotttect <acagggect ttgtcaggot gotgogggag 1560
agatgacaga gttgagactyg cattcotace aggtocctoe tttotoocog gagcaguoct 1620
agggegbgee gttttagoee teatttocat ttteocttteoe ttteoocttte tttototbtte 1680
tatttoftte CELCCLECCE ECLECOCLCC CELCLCLCOCLE ECLETOLLTC tLLCtbEbott 1740
COCCLOLT L CELLOLETOL TLOCTUELOLT totLLCootLt CLLUCLLTOL tLoCLCUCoLT 1800
tebottbett btotbbettte cbbtitettt ctttecotet cttoocttbet ctettbette 1860
ctbctteottt tttttttaat ggagtotece tetgtcacet aggetggagt goagtggtge 1920
catoteogget cactgoaace tocgtotece gggttcaace cattetectg ecteagecte 1980
ccaagtagct gggattacag goacgogoca <¢cacacccoag ctaatttttg tatttttage 2040
agagatgygy tttcaccaty ttggcocaggt tggtcttgaa ttoctgacct caggagatoco 2100
tcctgoctog goctocoaaa gtgotgggat tacaggoatg agocactgog cctggoccca 2160
ttttoctttt ctgaaggtot ggotagagoa gtggtoctca goctttttgg caccagggac 2220
cagbtttgtg gtggacaatt tttcocatggg ¢cagogggga tggttttggg atgaagotat 2280
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-continued
tcoccaccteag atcatcagge attagattot cataaggage octocaccta gatooctgge 2340
atgbgcagtt cacaataggy ttcacactcoe tatgagaatyg taaggocact tgatcotgaca 2400
ggaggoggag ctoaggeggt attgotcact cacccaccac toactteogtg ctgtgoageoco 2480
cggotoctaa cagbtocatgy accagtacct atctatgact tgggggttgg ggaccootgy 2520
gctaggggtt tgocttggga ggoccocacet gacocaatte aagoecgtga gtgottetge 2680
ttbgttoctaa gacctggygge cagtgtgage agaagtgtgt ccttectetc ccatoctgeo 2640
cotgoccate agtacteotoe totococtac toccttotoc accteacoct gactggeoatt 2700
agotggeoata goagaggtgt tcataaacat tettagtooo cagaacogge tttggggtag 2760
gtgttatttt ctcactttge agatgagaaa attgaggcte agagcgatta ggtgacctge 2820
cocagatcac acaactaate aatcctocaa tgactttoca aatgagagge tgoctcecte 28RO
tgtecctacce tgoctcagage caccaggttg tgoaactcoca ggoggtgotg tttgoacaga 2940
asacaatgac agecttgace tttcoacatet ccccacoctg toactttgtg cctcaggese 3000
aggggeataa acatctgagg tgacctggag atggoagggt ttgacttgtg ctggggttoc 3060
tgcaaggata tototbteotoo cagggtggea gotgbggggy atteoctgeoct gaggteotcag 3120
ggctgtogte cagtgaagtt gagagggtgg tgtggtoctg actggtgtog tocagtggog 3180
acatgggtgt gggtoccatyg gtbgoctaca gaggagtbot catgooctge totghtbgett 3240
cooctgactg atttagggge tgggtgacog atggottcag ttocctgaaa gactactgga 3300
goacocgbtaa ggacaagtte tctgagbtot gggatttgga coctgaggto agaccaactt 3360
cageogtgge tgoctgagac ctoaatacoe caagtocace tgeoctatoca tootgogage 3420
tocttgggte ctgeaatete cagggotgoe cctgtaggtbt gottaaaagg gacagtatte 3480
toagtgotot ootacoocas Cchoatgootg gooogootos aggoatgotg gootoocaat 3540
aaagctggac aagaagctge tatgagtggg ccgtogoaag tgtgocatet gtgtotggge 3600
atgggasagg gocgaqgotg ttotgtgggt gggoactggs cagactocag gtoaggeagg 3680
catggaggec agogototat ccaccttotg gtagotggge agtetctggg octoagttte 3720
ttcatcteta aggtaggaat caccoctoegt accckgectt cocttgacage tttgtgegga 3780
aggtcaaaca ggacaataag tttgotgata ctttgataaa ctgttaggtg ctgoacaaca 3840
tgacttgagt gtgtgoeccca tgocagocac tatgectgge acttaagttq tcatcagagt 3900
tgagactgtyg tgtgbttact caaaactgtyg gageotgacct cocotateoca ggoococotag 32960
coct 3964
=<210> SEQ ID NO 3
=211>= LEMGTH: 20
<212> TYPE: DHA
<213> ORGANISM: Artificial sequence
<220= FEATURE:
=223> OTHER INFORMATION: Synthetie ecligonuclectide
<400=> SEQUENCE: 32
agottettgt ccagotttat 20

<210»> SEQ ID HNO 4
<21l> LENGTH: 3558

<21Zz> TYPE

: DNA

<213> ORGANISM: Homo sapiens

=400= SEQUENCE: 4
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ctactcoagg otgtgtteoag ggotigggge tggtggaggg aggggootga aattocagrg &0
tgaaaggety agatgggeoe gaggeoocty gectatgtoc aagecattitce cecteteace 120
agoototace tggggagoeca gtoagotagy aagoaatgag ggotococag goccacecse 180
agttectgay ctcatctggy ctgeaggget ggcgggacay cagegtggac teagteroct 240
agggatttce caactcteoe goccgottge tgcatctgga caccotgect caggecctca ano
totcocactgy toagoaggty acctttgoce agegecotgg gtoctcoagtyg cotgetgooe 360
tggagatgat ataaaacagyg tcagaaccct octgoctgte tgoetcagttc atcoctagay 420

goagotgoete caggtaatge octotgggga ggggaaagag gaggggagga ggatgaagay 480
goggcaagady agoctooctgs CcCagooCage cagcaagoct ggagaagcac ttgctagago 540
taaggaageoe btoggagotgy acgggbgooe cccaccockte atoataacet gaagaacaty E00
gaggocogdy aggggtgtea ctigoocaaa gotacatagy goqtgggact ggaagigdgot 660
coaagtyeay gttococcot cattetboay gotbagyget ggaggaagec ttagacagee 720
cagbcctace ¢cagacaggg aaactgagge CLgadaggy CCagaaatca COCAAAgACA 780
cacageatgt tggotggact ggacggagat cagtcecagac cgeaggtgec ttgatgttea B840
grotggtggg CLttotgete catcocacce acctocottt ggogootegat cocotegoooe 900
tcaccagtoe ¢occttotgag agocogbatt agoagggage cggoocctac tocttotggo 960
agacocadot aaggttotac cttaggggeos acgocaccots cocaggogagg ggtocagagy 1020
catggggace tggggtgooe ctcacaggac acttocttge aggaacagag gtgocatgca 1080
Hoooogdgta JLCLTgttyg TLYCoUtact ggcgetocty JoCtatgacs gUaagcactt 1140
ggtgggactg ggotggggge aggdtggagg <aacttgggg atoccagtoc caatgggtgg 1200
Loaagcayga goccaggygot cgtocatagy <ogatccade ccactoages ctgetentte 1260
ctcaggaget toagaggoog aggatgooto oottotoage ttoatgeagg gotacatgaa 1320
GCACYCCACE aagacogcca aggatgcact gagoagodty caggagtoce aggtagocca 1380
goaggocagg tacaccogot ggoctoooto cccatoocoe otbgocagotg octocattoo 1440
cacccacoce tgooctggiyg agatcocaac aatggaatgg aggtgetoca goctocooty 1500
ggoctgtgos tottoagodt ¢oLoTttact <acagggoct ttgtcaggot gotgogggad 1560
agatgacaga gttgagactg cattcotocce aggtccctoc Lttotoocca gagcagroct 1620
agggeogoges gttttagoee toatttogcat tttoctttee tttoocttte tttocchtte 1680
tatttobtts CELQETECEE ECLECLOCLCC TEECELEECCLT ECLEROLLEC tLTtotthtott 1740
tetttotite ctttctitot tictttictt ctitctitot tiectttctt totottictt 1800
toLLCoCtte CELOOLELLE CELECELtOoC ChLototboot DECLOotoTTth CLLLbotmott 1B8&0
CLLCLLTLLLLT taatggagtce toCctobtgte acccadgcotd gagtgcadtg gtgocatcto 1520
ggotcactyge aacotecgte tovogggttc aacccattot cotgecteag cotoccaagt 1980
agotgggatt acaggoacge gocaccacac ccagotaatt tttgtatttt tagcagagat 2040
gggqtitoas catgitggos aggttggtot tgaattootg acotoagggg atoctootge 2100
ctoggectoe caaagogotg ggattacagg <atgagocac tgogoctgge cocattitec 2160
ttttotgaay gtotggotag agoagtggte ctoagocttt ttggoaccag ggaccagtit 2220
tgtggtggac aatttttcoca tgggocageg gggatggttt tgggatgaag ctgtteocacce 2ZB0O
tcagatcate aggcattaga ttotcataag gagocctoca cctagatccoce tggoatgtge 2340

agttcacaac agggttcaca ctoctatgag aatgtaagge cacttgatet gacaggaggo 2400
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ggagctcagg cggtattgeot cactcaccca ccactcactt egtgeotgtgc agoooggctce 2450
ctaacagtoc atggaccagt acctatctat gacttggagy ttggggaccoo ctgggcotagy 2520
ggtttgoctt gggaggocoe accotgacota attcaagooe gtgagtgeott cbgotttgtt 2580
ctaagaccty gggccagtgt gagcagaagt gtgtoctteoc toteoccatec tgoocctgoeo 2640
catcagtact ctocteoteoe ctactooett ctocaccotea coctgactgg cattagetgg 2700
catagcagay gtgttoataa acattcttag tcoccagaac cggetttggg gtaggtgtta 2760
ttttotoact ttgeoagatga gaaaattgag goteoagageg attaggtgac otgococaga 2820
tcacacaact aatcaatect ccaatgactt tccaaatgag aggetgocte ccototgtoct 28RO
acoctgotoa gagocaccag gtbgtgoaac tocaggoggt gotgtttgoa cagaaaacaa 2840
tgacagoctt gaccttteac atotcoocac cotgteactt tgtgecteag goccagggge 3000
ataaacatct gaggtgacct ggagatggoa gggtttgact tgtgotgggg ttoctgoaag 3060
gatatetott Sctoccagggt ggoagotgty ggggattoct goctgaggre toagggetge 3120
cgtecagtga agttgagagg gtggtgtggt octgactggt gtogtocagt ggggacatgg 3180
gtgtgggtoe catggbtgoe tacagaggag ttotoatgoe ctgeotcotgtt geottececty 3240
actgatttag gggctggghtg accgatggot tcagttcococt gaaagactac tggagoaccog 3300
ttaaggacaa gttobotgag ttotgggatt tggaccootga ggteagacca acttoagocy 33680
tggetgootg agacotcaat acoccaagte cacctgocta tocatoctge cagotocttyg 3420
ggtoctgeaa tctocaggge tgocockgta ggttgettaa aagggacagt attctceagtg 3480
ctotoctace ccaccteatg cotggooooe ¢tocaggeat gotggoctoo caataaaget 3540
ggacaagaag ctgotatgag tgggoogtog caagbtgtgoc atctgtgtot gggcatggoa 3600
aagggoogag gotgttotgt gggtgggeas tggacagact ccaggtoagg caggoatgga 3660
ggocagogcot <ctatccacct tcotggtagot gggcagtcocte tgggeoctcag tttcotteate 3720
tctaaggtag gaatoacoot oogtacostg oottocttga cagotttgtg cggaaggteoa a7a0
aacaggacaa taagtttget gatactttga taaactgtta ggtgotgeoac aacatgactt 3840
gagtgtgtge <ocatgocag coactatgoe tggeacttaa gttgteatoa gagttgagac 3900
tgtgtgtgtt tactfaaaac tgtggagotyg acctoceocta tocaggocac ctagooct 3858

What is claimed is:

1. A method of ireating or ameliorating lipoproiein lipase
deficiency (LPLD) in an animal comprising administering a
therapentically effective amount of a compound comprising
an ApoCIIl specific inhibitor to the animal, wherein:

administering the compound reduces a triglyceride level

by at least 10%. thereby treating or ameliorating I.PLD.

2. The method of claim 1, wherein the ApoCIII specilic
inhibitor comprises a nucleic acid capable of inhibiting the
expression or activity of ApoCIII.

3. The method of claim 1, wherein the ApoCIIl specific
inhibitor comprises an antisense compound targeting
ApoClIL

4. The method of claim 3, wherein the antisense com-
pound comprises a modified oligonucleotide.

5. The method of claim 4, wherein the nucleobase
sequence of the modified oligonucleotide is at least 80%%, at
least 90% or 100% complementary to a nucleobase sequence
of SEQ 11 NO: 1, SEQ ID NO: 2 or SEQ D NO: 4.

6. The method of claim 3, wherein the antisense com-
pound comprises a single-stranded modified oligonucleotide
or a double-stranded modified oligonucleotide.

a0

65

7. The method of claim 4, wherein the modified oligo-
nucleotide consists of 12 1o 30 linked nucleosides.

8. The method of claim 7, wherein the modilied oligo-
nucleotide consists of 20 linked nucleosides.

9. The methed of claim 4, wherein the modified oligo-
nucleotide has at least one modified internucleoside linkage.,
sugar moiety or nuclechase.

10. The method of claim 9, wherein the modified inter-
mucleoside linkage of the modified oligonucleotide is a
phosphorothioate  internucleoside  linkage, the modified
sugar is a bieyelic sugar or 2'-O-methoxyethyl sugar and the
modified nucleobase is a 5-methylcyvtosine.

11. The method of claim 4. wherein the modified oligo-
nucleotide comprises:

{a) a gap segment consisting of linked deoxynucleosides:

(b) a 5" wing segment consisting of linked nucleosides;

and

(c) a 3" wing segment consisting of linked nucleosides:
wherein the gap segment is positioned immediately adjacent
10 and between the 5 wing segment and the 3' wing segment
and wherein each nucleoside of each wing segment com-
prises a modified sugar.

Page 49 of 50 Page ID #:114
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12. The method of claim 4. wherein the modified oligo-
nucleotide comprises:

(a) a pap segment consisting of 10 linked deoxynucleo-

sides:

(b} a 3" wing segment consisting of 5 linked nucleosides;

and

{c) a3 wing segment consisting of 5 linked nucleosides;
wherein the gap segment is positioned immediately adjacent
to and hetween the 5' wing segment and the 3' wing segment
and wherein each nucleoside of each wing segment com-
prises a 2-O-methoxyethyl sugar, wherein each cytosine is
a S-methyleytosine. and wherein each internucleoside link-
age is a phosphorothioate linkage.

13. The method of claim 1, wherein the compound
comprises a modified oligonucleotide having the sequence
of SEQ 1D NO: 3 wherein the modified oligonucleotide
comprises:

{a) a gap segment consisting of 10 linked deoxynucleo-

sides:

(a) a 5' wing segment consisting of 5 linked nucleosides;

and

(b) a 3' wing segment consisting of 5 linked nucleosides;
wherein the gap segment is positioned immediately adjacent
to and between the 5 wing segment and the 3' wing segment,

wherein each nucleoside of each wing segment comprises a

2'-0O-methoxyethyl sugar, wherein each cytosine is a 5-meth-
vleytosine and wherein each internucleoside linkage is a
phosphorothioate linkage.

86

14. The method of claim 1, wherein the compound is
parenterally administered.

15. The method of claim 14, whercin the parenteral
administration is subcutaneous administration.

16. The method of claim 1, further comprising adminis-
tering a second agent.

17. The method of claim 16, wherein the second agent is
selected from an ApoCIIl lowering agent. cholesterol low-
ering agent, non-HDL lipid lowering agent, LDL lowering
agent, TG lowering agent. cholesterol lowering agent. HDL
raising agent, fish oil, niacin, fibrate, statin, DCCR (salt of
diazoxide), glucose-lowering agent or anti-diabetic agents.

18. The method of claim 1, wherein the compound is
administered as a composition further comprising a phar-
maceutically acceptable carrier or diluent.

19. The method of claim 4, wherein the modified oligo-
nucleotide has a nucleobase sequence comprising at least 8
contignous nucleobases of SEQ 1D NO: 3,

20. The method of claim 1. wherein the compound is in
a salt form.

21. The method of claim 1, wherein the amimal has
Familial Chylomicronemia Syndrome (FCS).

22. The method of claim 1, wherein the animal has
Fredrickson Type 1 dyslipidemia,

23. The method of claim 1, wherein the animal is a
human.
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From: Robert Teigen

To: Patrick O"Brien; "Clanni@ionis.com"

Cc: Berniker, Jessamyn

Subject: RE: Letter dated September 3, 2025 and Exhibit A (U59593333)
Date: Friday, September 5, 2025 4:41:58 PM

Dear Chae:

We acknowledge receipt of the letter from Dr. Monia and are evaluating it. Have a nice weekend.
Kind regards,

Bob

q arrowhead

pharmaceulicels

Robert M. Teigen
Deputy General Counsel
Arrowhead Pharmaceuticals, Inc.

From: Patrick O'Brien <pobrien@arrowheadpharma.com>

Sent: Wednesday, September 03, 2025 6:04 PM

To: Robert Teigen <rteigen@arrowheadpharma.com:>

Subject: FW: Letter dated September 3, 2025 and Exhibit A (US5593333)

From: Chae lanni <Clanni@ionis.com>

Sent: Wednesday, September 3, 2025 3:.07 PM

To: Patrick O'Brien <pobrien@arrowheadpharma.com>

Cc: Berniker, Jessamyn <jberniker@wc.com>

Subject: Letter dated September 3, 2025 and Exhibit A (US9593333)

Dear Mr. O'Brien,
Please see the attached letter dated September 3, 2025, and Exhibit A: the '333 Patent.

Thank you.

Best,

Chae lanni
Executive Assistant to
Beth Hougen, EVP, Finance & Chief Financial Officer

i i
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