
RESEARCH POSTER PRESENTATION DESIGN © 2015

www.PosterPresentations.com

INTRODUCTION OBJECTIVES RESULTS

CONCLUSIONS

REFERENCES

(1) Hoover-Plow J and Huang M (2013) Metabolism 62:479-491

(2) Nordestgaard BG et al. (2010) Eur. Heart J. 31:2844-2853

(3) Clarke R et al. (2009) N. Engl. J. Med. 361:2518-2528

(4) Kampstrup PR et al. (2009) JAMA 310:2331-2339

(5) Woodell CI et al. (2008) J. Gene Med. 10:551-563

(6) Frazer KA et al. (1995) Nat. Genet. 9:424-431

(7) Huang M et al. (2014) Am. J. Pathol. 184:1503-1517

(8) Sha J et al. (1997) J. Thromb. Haemost. 3:2281-2289

(9) Schneider M et al. (2005) J. Lipid Res. 46:769-778

ACKNOWLEDGEMENTS

We thank all members of Arrowhead Discovery Biology, Discovery Chemistry, Project 

Management  and Laboratory Animal Research groups for all their involvement in this work.

This publication was made possible in part by Grant Number P51 RR000167 from the National 

Center for Research Resources (NCRR), a component of the National Institutes of Health (NIH), 

to the Wisconsin National Primate Research Center, University of Wisconsin-Madison. This 

research was conducted in part at a facility constructed with support from Research Facilities 

Improvement Program grant numbers RR15459-01 and RR02141-01. This publication’s contents 

are solely the responsibility of the authors and do not necessarily represent the official views of 

NCRR or NIH.

RESULTS

Stacey Melquist1, Darren Wakefield1, Holly Hamilton1, Christine Chapman1, Jessica Grondolsky2, Aaron Almeida1, Lauren Almeida1, Julia Hegge1, Qili Chu1, Vladimir Trubetskoy1,

Jane Hoover-Plow2, David Rozema1, David Lewis1 and Steven Kanner1

1Arrowhead Pharmaceuticals, Madison, WI; 2Department of Molecular Cardiology, Cleveland Clinic Lerner Institute, Cleveland, OH

Lipoprotein(a) targeting with RNAi delivery platforms in transgenic mice and cynomolgus monkeys

Dynamic PolyConjugate (DPC™) for liver delivery

DPC™ (ARC-EX1)

• Amphipathic peptide 

for endosomal 

escape

• Peptide amines 

“masked” with pH-

labile moiety, 

unmasked in 

endosome

• Targeted to liver with 

NAG

• Co-injected IV with 

RNAi trigger

RNAi trigger

• Canonical siRNA or 

other format

• Liver-tropic targeting 

ligand (eg. 

cholesterol)

DPC™ and RNAi trigger do NOT form a 

complex, they are separately targeted to 

the liver

Peptide 

backbone

Cholesterol
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(N-acetyl
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RESULTS

Two-point in vitro screen of LPA RNAi triggers

• Huh7 cells co-transfected with a plasmid containing both LPA-

Renilla luciferase fusion & constitutively expressed firefly 

luciferase, and RNAi triggers at 1nM or 0.1 nM

• Knockdown measured by Renilla/firefly ratio compared to ‘no 

trigger’ control transfections

Summary of EC50 values (in vitro screening)

ARC-LPA screening funnel

Initial LPA chol-RNAi trigger in vivo screen (IV)

Confirmation of RNAi trigger activity in Lp(a) 

transgenic mouse model

Evaluating ARC-LPA candidates in non-human 

primates

Evaluating ARC-LPA candidates in multiple dose 

mouse studies

Further iteration of SQ RNAi trigger modification

• Single 8 mg/kg (mpk) LPA RNAi trigger/ARC-EX1 dose, IV injection, n=3 per 

group

• Serum SEAP activity measured and values were normalized to pre-treatment 

and saline control

First iterations of SQ RNAi trigger modification

• Single 4 mpk AD01196/ARC-EX1 dose, IV injection, n=3 mice per group

• Apo(a) levels measured by ELISA 

• Lp(a) levels measured by clinical chemistry analyzer

• Modifications to AD01765 improved both knockdown (97%) and 

duration of effect (~90% at 1 month)

• Single high dose of chol-RNAi triggers showed substantial 

knockdown of up to 99.9%

• AD01196 (AD00621 family) exhibited >2 log10 as measured by SEAP 

activity for >1 month

• Intravenous (IV) Administration

• Subcutaneous (SQ) Administration

RNAi trigger (sole component)

• Canonical siRNA or other 

format

• Liver-tropic targeting ligand

Bioinformatic selection of RNAi trigger sequences specific for LPA – filter to 

identify human/NHP cross-reactive triggers

Human/NHP RNAi trigger synthesis and in vitro screening by dual 

luciferase (DLR) assay 

Synthesis of chol-RNAi triggers and in vivo screening by 

intravenous (IV) administration

Lead 

Candidate = 

ARC-LPA

Synthesis and in vivo testing of RNAi triggers amenable for subcutaneous 

(SQ) administration 

Proof of Concept for 

disease modification in 

Lp(a) Tg mice

In vitro tox,

dose range finding 

tox (non-GLP)

Structure Activity Relationship (SAR) on RNAi triggers for SQ 

administration with in vivo testing 
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LPA RNAi Trigger ID (AD#)

1nM 0.1nM

Top Candidate

RNAi triggers

Trigger ID EC50 (pM)

AD00576 38.3

AD00575 73.5

AD00579 82.8

AD00621 99.6

AD00578 112.1

AD00635 577.4

EC50 = 38.3 pM
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Since LPA is not expressed in mice, the following animal models were 

used for screening :

• Transiently transgenic mice
– Plasmid containing Secreted Embryonic Alkaline Phosphatase (SEAP) with LPA

trigger sequences in the 3’UTR injected into wt mice by hydrodynamic tail vein 

injection5

– SEAP activity in serum was used to monitor potency of LPA RNAi trigger sequences

– Phased out after stably transgenic mice were sufficiently available 

• Transgenic mice

– apo(a) Tg mice (YAC)6 and  apo(a) Tg mice (cDNA)7,8

• Measure apo(a) levels

– Lp(a) Tg mice (Tg apo(a) x Tg apoB-100)9

• Measure apo(a) and Lp(a) levels

• Median pretreatment value (range) = 51.4 mg/dL (15.2-92.4)

• Non-human primate (NHP) (Cynomolgus monkey)
– Measure apo(a) and Lp(a) levels 

– Median pretreatment values (range) =51.6 mg/dL (20.9-108.7)

• Similar reductions achieved for both apo(a) and Lp(a), with 

maximum apo(a) knockdown of 92% and maximum Lp(a) reduction 

of 98% 

• Long duration of effect with ~1 log10 knockdown for >1 month

• Screening of in vitro-active LPA RNAi triggers in Tg mice identified 

those that exhibited substantial and sustained knockdown of 

serum apo(a) and Lp(a) levels

• RNAi trigger sequences were active in both IV and SQ platforms

• SAR studies allowed identification of a lead RNAi trigger that 

demonstrated >98% maximum knockdown after a single 3 mg/kg 

SQ dose in transgenic mice

• In NHPs, 85-90% reduction of serum Lp(a) levels with >1 month 

duration of effect was observed after three weekly 3 mpk SQ doses

Single 10 mpk SQ dose 

apo(a) Tg mice

• Modifications to AD02001 to yield AD02619 improved knockdown 

(98%) and duration of effect (>85% at 6 weeks)

• Single 3 mpk SQ dose in Lp(a) Tg Mice, n=3 per group

Single SQ dose 

Lp(a) Tg mice

Log scale

Subcutaneous (SQ) RNAi Trigger Development

In vitro 

format IV format

SQ format

1o 

modified

2o

modified

3o

modified

AD00621 AD01196 AD01532 AD01765 AD02001 AD02619

basic 

• Iterative modifications to the backbone pattern (not the sequence) 

enhanced both depth and duration of knockdown

Liver-tropic 

targeting 

ligand

• Three weekly 3 mpk SQ doses (3xqw)

• Potency of AD02001 and AD02619 appears similar in both depth 

and duration of apo(a) knockdown and Lp(a) reduction in NHPs

• Lp(a) levels show knockdown of 85-90% between days 29 and 43, 

with >75% knockdown observed 6 weeks after final dose

• Three weekly 3 mpk SQ doses (3xqw) in Lp(a) Tg mice, n=4 per group

• Dose response observed for both AD02001 and AD02619

• In multiple-dose studies, both AD02001 and AD02619 appear 

similar in both depth and duration of knockdown  

Log scale
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HYPOTHESIS: Reduction of Lp(a) in patients with elevated Lp(a) 

levels (>30 mg/dL) by RNAi interference will reduce risk for 

cardiovascular events

• Lp(a) is a heterogeneous lipoprotein particle expressed predominantly in 

liver 

– Lp(a) is an LDL-like particle is composed of apo(a) protein linked to LDL 

via disulfide bond to apoB-100

– Restricted to humans and non-human primates

– apo(a) length varies dependent on the number of Kringle IV-2 (KIV-2) 

repeats (2 to >40)                                                         

– Expression is inversely correlated with protein size

– Half-life in serum:  3 – 4 days

• Lp(a) levels in humans are genetically defined 

– Levels do not change significantly with diet, exercise, etc.  

– Normal levels are 0.1 – 25 mg/dL

– ~25% of US population has >30 mg/dL

• Lp(a) is an independent risk factor for cardiovascular disease (CVD) 

through its atherogenic potential

– Higher levels of Lp(a) correlate with increased risk of CVD2-4

– Indications include myocardial infarction, stroke, calcific aortic valve 

stenosis

1

• n=3 per group
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