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IntrOdUCtiOn Delivery of sIRNA into the cytoplasm and HBsAg knockdown correlates with 5°P full-length GS in the liver
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5 phosphorylatlon Of SIRNA gUIde Strand Transiently transgenic NOD SCID mice expressing the entire human HBV genome in the liver were given a single injection of 2, 4 or 8 mg/kg ARC-520.
Dynamlc Polyconjugates (DPCs) are a class of RNAI trigger ICR mice were given a single injection of 8 mg/kg ARC-520. Using the PNA HBV S antigen (HBsAg) in the serum and siRNA GS in the liver were measured at the indicated times.
(SIRNA) delivery agents composed | _Of _reVerS|b|Y'maS!<e_d, hybridization assay, SIRNA GS in the liver was measured at time points from —A— HBsAg on Day 8
membrane active polymers whose activity is revealed within 5 - 60 minutes after the injection. -=- 5'P FL GS (AD0009 + AD0010) _ 10000 ;
endosomes. The DPC in the RNAi-based therapeutic ARC-520 for =IgEIFE%S | A0 5 1ia O HBsAg
the treatment of chronic hepatitis B virus infection consists of a 100000, 5P FL GS o 14 | % < | . 1000 A - gsoto?kic ?\llg\%)sl\ﬁLP |
biodegradable melittin-like peptide (MLP) as the membrane—active — 10000, < 5 80 0 32 Tas mg/kg ARGEop e
polymer conjugated to N-acetylgalactosamine (NAG) for hepatocyte g % | GI_D s 0.1 100 g aY
targeting. Co-injection of NAG-MLP with hepatotropic cholesterol- E 100 - 0.1 160 o N =Q
coni L : . . . e hd @ | —_ = < £  siRNA
jugated RNAI trigger (chol-siRNA) results in rapid, high level S 100; N N N Al = g ] 10 S |
knockdown of HBV mRNAs. To characterize the kinetics of DPC- = 10. . i B ] g 0.0 1_' g = 0.01; T o . g (I)DPFI-ELGGSS(I(AAI?IZI’_I?SZZC)(%)
mediated chol-siRNA delivery and processing events that correlate 2 . = 20 = Z : 1 © -O- Total GS (API-520)
with RNAI activity, we employed a fluorescent probe hybridization/ g " < | | 2 - é
AEX HPLC method that allows measurement of the siRNA guide 0.1; 0.001- . . . —Lo 0.001 ; T 10 15 20 o5 30<LLOQ
strand (GS) and its metabolites from plasma and tissue extracts. dia. 0 2 4 6 8 Dy of stud
This sensitive method allows separate measurement of full-length 5m |15m [30m |60m | 5m [15m |30m |60m ARC-520 dose (mg/kg) ay ot study
GS that has a 5-phosphate (5P FL GS) or that is 5 AD0009 AD0010 HBsAg knockdown correlated with the amount of 5’P FL GS present in the liver.
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D ic Polyconjugates Mechanism of Action moreased over fe course of 1 hour e |
yn amic y J g » One hour post-injection, a total of 1.7% of the total GS in the liver was _ _ _ _ _ _
B 5'P FL GS. Quantitation of sIRNA guide strands in RISC and In
e - TN ey N / total liver lysate
| l"gjg ;e}?ﬁ:g‘n;g;g ﬁ f —— & Y | Homogenize liver (Total lysate)
e A Fomdl / MAgudestend — J : : : : - —-o— AD0009 Total GS (Total lysate)
e AN = ) \C T’ Delivery of siIRNA (API-520) into the cytoplasm requires the NAG-MLP Ago2 immunoprecipitation(IP) —e— AD0009 5'P FL GS (Total lysate)
el S — —_—12,3] . 1040d; o- AD0009 Total GS (IP)
DPC polymer and siRNA DPC polymer and siRNA are DPC polymer and siRNA Polymer induces siRNA engages the cell’s // g e ADOOOQ 5'P FL GS (IP)
e B s s R s o e e ADO0009 in PLASMA AD0010 in PLASMA A\RISC . . @ 1000: 4~ miR-122 Total GS (IP)
surface. in polymer unmasking. into the cell cytoplasm. g)f(;g;toa(.ene s aS e
100000 100000, I Total 63, . T 2
The Active Pharmaceutical Ingredients of ARC-520 (API-520) are 1:1 AD0009 + ~ 10000 S—— SPFLGS 9 - 2 1%
AD0010. NAG-MLP and API-520 are mixed prior to injection. E = N> et — Elute £
All HBV genes are targeted by co-injecting NAG-MLP and API-520. Theses siRNAs > 1000 ?:” 1000 ? 2 10;
target highly conserved HBV sequences [1]. = 100 E 100 G o -E
© 10 © Hybridize PNA probes for g 14
. = 10 = i
] : : 7 ? ADO0009, AD0010, miR-122 c
Phosphorylation of guide strands in the o 1 e 1 .
'5  — 3 . T
cytoplasm of the hepatocyte 5  4a O g4 Detect SiRNA guide 24 8 19 22 29
The chol-siRNAs were synthesized without a 5'P on the GS. NAG-MLP and chol- 0.01 strands by AEX/HPLC Day
SIRNA are taken up by endocytosis. NAG-MLP disrupts the membrane of the ' 1hr 96hr 1hr 96hr 0.01;
endosome, releasing into the cytoplasm any chol-siRNA molecules that are in the & alta ARC.ESD | Bralka APLES ) Days after a single injection of 8 mg/kg ARC-520
same endosomes. The GS has been shown to become 5’ phosphorylated by CLP-1 MYIKg ARL- Mgikg AFl-9<0 alone 6 mg/kg ARC-520 | 8 mg/kg API-520 alone Day 2 Day 4 Day 8 Day 15 Day 22 | Day 29
kinase in the cytoplasm [4].
) _ _ Knockdown of HBsA 65+6% | 95+1% |99.6+0.4%|99.3+1.4% | 97+5% |86+ 15%
5" chol o ADO0009 in LIVER AD0010 in LIVER :
- Total GS Total GS 5'P FL GS in liver
100000 100000:
Y FLoe I Y FLoS (ng AD0O009 GS/q liver tissue)| 333+ 61 | 137 +15 | 70+7 35+ 6 15+2 |35+1.1
5’ chol = 10000 = 10000
cytoplasm I [ _ 5'P FL GS in RISC
endosome £ 1000 g 1000 (ng AD0009 GS/q liver tissue)| 13.1+1.5| 252+7.2 | 112+13*| 99+26 | 46+0.6  1.0+0.4
© ©
S 100 S 100,
release - S 5P FL GS in liver
7 10 7 10
5' chol ) ) (ng AD0010 GS/g liver tissue)| 169 + 50 51+7 17 £ 2 5+1 0.5+0.7 | <LLOQ
OH 5 3 1 5 1,
O O 5'P FL GS in RISC
l CLP-1 kinase 01 Oy (ng AD0010 GS/g liver tissue)| 4.3+0.5 | 109+2.9 | 51+12* | 1.8+04 | 0.7+0.1 | 01+0.1
' 0.01 - 0.01- . * e -
5’ chol ® /: 1SC loading 1hr 96hr 1hr 96hr 1hr 96hr n=2 (one falled [P sample) .
5
\ HEPATOCYTE / 6 mg/kg ARC-520 8 mg/kg API-520 alone 6 mg/kg ARC-520 8 mg/kg API-520 alone C O n C I u S I O n S
_ _ Biodistribution studies performed using the PNA hybridization method indicated that one
ADO0009 in KIDNEY ADO0010 in KIDNEY hour after injection the levels of FL GS were highest in liver. In contrast, levels in the other
- - - - Total GS Total GS I I _h - I I -
Measurement of SiRNA g uide strands in tissues 100000 noP FL GS 100000; IE%PFT_LG%S tissues and plgsma were lower, with a half life of 2_ 4_hours irrespective of NAG-MLP
: 10000 10000 Injection. Maximal levels of total GS in liver were similar whether or not NAG-MLP was co-
and plasma of ARC-520-treated animals 2 2 Injected with the chol-siIRNA, indicating that NAG-MLP does not influence the overall
2 1000 g 1000/ J . . g . . _
Full length AD0009 5’ % % amount of chol-siRNA delivered into the liver. Interestingly, although the injected RNAI
AP'J\?ZO =ADO009 + AD0OO10 ohosphorylated standard £ 100 £ 100, trigger lacks a 5’P, a 5'P FL GS was detected in the liver within 5 minutes and levels
6000 AD0009 5 M standard f ® 10 ® 10 reached a maximum at one hour, but only when NAG-MLP was co-injected. The only
. ampie rre . . . y
JAD0009 5 nMpnon.__pr?osphorylated standard Full length AD00OS 3 g 3 X other tissue in which 5'P FL GS was detected was the spleen, but levels were two orders
20008 Eull lereth ADOOOS non phosphorylated 3 3 of magnitude less than in the liver. The 5’P FL GS was detected in the liver up to 4 weeks
20004 | pﬁoszrsfwlate Lo ol 0.1 i post-injection, corresponding with the duration of HBV knockdown. Others have shown
1 | (« 0.01 - - 0.01; - - that incorporation of siRNA into RISC requires a 5P in the loaded strand [5]. We show
] - i 1hr 96hr 1hr 96hr 1hr 96hr 1hr 96hr , . . . L
30008 - | that 5'P FL GS was present in RISC by performing Argonaute 2 immunoprecipitation
; | b Mgy ARE-SES | & BagikgAFi=S2lalons bimgiig ARG=S20' | Simgileg AFI-520 alana followed by GS detection. These studies suggest that NAG-MLP enables endosomal
20000 \ AD0009 f | escape of the chol-siRNA into the cytoplasm where it is 5' phosphorylated, possibly by the
| | metabolites | ADO0009 in SPLEEN ADO0010 in SPLEEN cytoplasm-localized kinase CLP1, then incorporated into RISC. Together, these studies
10006 ->n Ce .
; \\> | /\ 100000 I-rl;glgal: 6s 100000. IESS"F oS show that the hybridization/AEX HPLC method may be used to enhance understanding of
= o YN N L) 5'P FL GS 5'P FL GS the pharmacokinetics of RNAI triggers and elucidate the processing events involved in
8.5 9.0 9.5 00 105 10 115 12.0 min & 10000 & L their metabolism and activity.
g 1000 e 1000
Full length AD0O009 5’ st = References
phosphorylated = 100 = 100 1. Wooddell et al. (2013). Hepatocyte-targeted RNAi Therapeutics for the Treatment of Chronic Hepatitis B Virus
1. Tissues from siRNA-treated animals were homogenized in a lysis solution and ﬁ 10 ﬁ 10 Infection. Mol Ther 21: 973-985.
then centrifuged. ° ° 2. Ro_zema et al. (2007). Dynamic PolyConjugates for targeted in vivo delivery of siRNA to hepatocytes. Proc Natl Acad
2. The supernatant was incubated with a fluorescent peptide-nucleic acid (PNA) S 1 S 1; SCl U S A 104: 12982-12987. | | |
probe that hybridized to the siRNA guide strand o 01 o 01 3.Wong et al. (2012). Co-Injection of a Targeted, Reversibly Masked Endosomolytic Polymer Dramatically Improves the
) - . - L Efficacy of Cholesterol-Conjugated Small Interfering RNAs In Vivo. Nucleic Acid Ther 22: 380-390.
3. The probe-GS hybrids were analyzeq by !_I.PLC anion gxchgnge Chrgmatog’raphy. 4. Weitzer and Martinez (2007). Cytoplasmic hClIp1 is responsible for 5’-phosphorylation of sSIRNA. Nature 447: 222-
4. Peaks on the chromatographs were identified by retention time relative to 5’P FL 0.01 T SEhe thr S8 0.01- Thr ST 296,
GS and noP FL GS Standards.-ThIS met_hod also distinguishes metabolites that 5.Nykanen, A., Haley, B., Zamore, P.D. (2001). ATP requirements and small interfering RNA structure in the RNA
are 215 bases long; these are included in the “total GS.” 6 mg/kg ARC-520 8 mg/kg API-520 alone 6 mg/kg ARC-520 8 mg/kg API-520 alone interference pathway. Cell 107, 309-321.




