Priming strategy with sub-50 nanometer capsules and RNAIi cargo (“GS-10") to enhance RNAIiI and immunotherapy responses
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HARNESSING RNAIi IN CANCER GS-10 ENGAGES MULTIPLE RISC MECHANISMS GS-10 PRIMES RISC, MODULATES PD-L1 + 2

STRATEGY FOR ENHANCING MECHANISMS IMMUNOCOMPROMISED, XENOGRAFT MODELS IMMUNOCOMPROMISED, SYNGENEIC MODEL
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IV priming + syngeneic model > mRNA cleavage at Day 3 SQ priming - target protein knockdown

n = 6. bolus dosing, S8A

BACKGROUND ) RNAi mechanisms underlying GS-10 anti-tumor efficacy vary based on regimen.

To date, strategies for RNAi-treatment of solid tumor cancers have been sub-optimal due to, at least in part, the varied levels c .

: ) . : . L ell stress + CK2 biology Ago 2 * B Tumor Weight (g)
of RNA degradatlon machinery across cancer patients, tumors gnd tissues. For example, we have found_ wide variation in Low mRNA cleavage, high protein knockdown suggests In CK2 biology, upon stress 104 2331:2 T = s v —
Ago2 protein levels, a key RISC component for RNA cleavage, in human head and neck cancer (HNC) tissues. Here we potential Ago4 mechanism for low-dose regimens T, sl e C f—=tiithis S ' B 2 ok
investigate a novel combination strategy for potentially overcoming challenges of RNAI therapy in solid tumors by: ' alternate catalytic kinase %1 3 NLRP3 it
1) Enhancing intracellular delivery B Tumor Weight (g) subunit (alpha or alpha

il Il 25 mgkg SQ
n =6, bolus dosing, SBA
2) Engaging and elevating Ago2 and Ago4 proteins, and B CK2a vanserip CK2 Protein Levels (Red Signal) __ prime) is rapidly
3) Modulating PD-L1 and PD-L2 levels 71 E3 ck2a'ranscript B. Wkly Cisplatin , C. GS-10 100 ug/kg SQ Daily upregulated and protein is
n =7 per group : recruited to the nucleus to
overdrive inflammation and
survival pathways (4).
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Hence, rapid knockdown is . &

important in suppressing v < A Y
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tumor adaptation. More In fully mouse syngeneic model on nude backgrouna, IV priming shows significant SQ priming'(blue) decreased both
rapid kinetics from Ago2- IV priming increases Ago2/4 40-50% against diluent,  20-25% mRNA cleavage, nuclear/cytosolic CK2aa’ and major
mediated cleavage may be and 3x against IP or diluent at 3 days post-priming. relative to 0% cleavage at target, p65 NFKappa-B, consistent with
beneficial in this respect D3 in xenograft model. CK2 PK data (Fig. 3) showing increased

iti i : ®  and prompted further In this model DND-1 shows no change, but e . , S :
Initial observations of - & investigation of “priming". NLRP3/NALP3, a downstream signaling component PUaI‘EOIfSG'[IC? gyl_s;eg:l/asted in g:lurr?l s\g%?#el?-’uon. Will investigate SQ

Ago2 in human HNC: Higher mRNA cle.avage for regimen with bOIUS. dosing of NOD2 indicates inflammasome activation, despite
TRtk Soniiies suggests potential Ago2 elevation + mechanism for no serum cytokines at 24 hrs Model: CT26.CL25 murine colon carcinoma cells in CRL FoxN

regimens with "priming" - prlmlng groups also showed outbred nude, 1e5 cells, wait 10 dats, starting size: 150-350 cu.
significant reduction from diluent in brain burden.
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FIG. 1.

1A. Ago2 levels in tumors can vary significantly 1B. Argonaute proteins have different functions
from patient to patient, suggesting potential in RNAi that can potentially be exploited as
implications for RNAi-mediated cancer therapies. mechanistic targets.
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Tissue array from HNC patient tumors RNAi and the life cycle of an mRNA

CK2 alpha

mRNA

- No correspondence
with tumor staging z\'&%@ . : e Model: HPV-(+) SCC-47 HNC cells in NIH athymic outbred nude, 2e6 cells,
’ RNAseH wait two weeks, starting size: 6-80 cu. mm.

v Lo - No correspondence ‘ - |
O Nasaghanngen with baseline Ago2 mRNA GS-10 Priming decreases both PD-L1 and PD-L2 on tumor cells at Day 3 via IV or SQ route.

—— levels in normal Ago 154, i i ' “Prime” i effi
oral tissue. sorting to Acute Study: GS-10 loading dose activates RISC proteins to “Prime” tumor for enhanced RNA.i efficacy.

Ead " G-bodies -
A OeVY %0 = o . . . . » SQ priming decreased PD-L1 97% and
i!‘ {‘ At D3, Priming regimen elevates Ago 4 proteins; other RISC proteins trend upward. corregpondgd with significant inhibi?ion of

Nomai | TNM1Z | TNM3s At D21 (from Fig. 4 study), FISH shows reduction of alternate kinase transcript and shift from nuclear CK2 and NFKappa-B (Fig. 7). PDL

“active” perinuclear localization to “diffuse” cytoplasmic localization consistent with sequestration. ligands are known to increase by inflammation
- in normal biology.
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Ago 2 level variability in HNC was investigated in an paraffin tissue T Moldcular Gan, Parker & Sheth, 2007 _

. . . n =4, bolus dosing
array (Biomax) of duplicate cores from 10 HNC patient tumor samples B3 Ago 2VDAC Novel findings regarding DND-1
and 2 normal oral mucosal tissues by confocal indirect Current model describes mRNAs as cycling BRI Ago 4VDAC DND-1 is present and is modulated
immunofluorescence (Ago2 clone 11A9, Sigma), A-C. Fluorescence between translation, repression and [ OND-1 downward in human xenograft HNC
. . . . . . ’ Gwi182 t imed with bolus IV GS-10
intensity was assessed as mean density by image analysis and is degradation depending on relative abundance umor primed with bolus .

plotted in D. and competition of various “factors”

* PD-L2 may be regulated differently from PD-
L1 as both IP and SQ priming decreased PD-
L2 similarly while SQ was significantly more
effective in decreasing PD-L1.
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DND-1(for animals, Dead End S « Retrospective analysis of chronically treated
homqlog-1) is an RNA-.bmdmg : tumor tissue indicate PDL ligands can be
protein knqwn to nega}wgly Diluent ! o i reduced further and in a sustained fashion by
regulate miRISC activity in Mutant p53, a sensitive target of anti-CK2 3 3 : continued dosing (data not shown).

mammglian germ cell§ (5), but, is strategies, was modestly modulated by IV priming
otherwise poorly studied. However, and has been reported to regulate PD-L1 through

I LI, ol o) VD) IS e el mIR34a (7). Potentially GS-10 engages other | | |
stress, DND-1 (for plants, defense mechanistic pathways (e.g., NFKappa-B.). Model: CT26.CL25 murine colon carcinoma cells in CRL FoxN outbred nude,

not death) is downregulated by 1e5 cells, wait 10 dats, starting size: 150-350 cu. mm.

mutp53 + PDL-1
D3 relative protein (VDAC ratio)

2A. GS-10 is a “synthetic phage” comprising a 2B. GS-10 novel delivery + single-strand
unique 20 nm drug delivery platform, applied to oligo cargo potentially addresses Ago2
target and treat solid tumor cancers. variability with Ago2 / Ago4 /| GW-182

Raft/ caveolar path (<50nm) Clathrin path (<200nm)

CK2 alpha transcript K14 + transcript

D3 tumor ratio (Ago 2/4 to VDAC, wiw)
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mwm@ © the plant orthologs of the NOD
o Gt target e . cytosolic PAMP (RNA) receptors to
- fumoe cola with Microtubule i i -CO-
CELL-TARRGETING terasce roceplze Mechanism of action ‘ | s AP actlv'ate RNAI thr.ou_gh HDAC19-co
L MAARD SHEY S regbhens Capaule Lrgels O vosom Vodel: HPV 47 NG oells in NIH atfom ) | mediated transcriptional
Terdbgen” > bl 43 tumee ¢ ; o_de. -(+) SCC_— 7 _ (?ce s in athymic outbred nude, 2e6 cells, Control SRR & B corepression (6).
3 DYONN 8L wait two weeks, starting size: 6-80 cu. mm.

Composition of GS-10 for solid tumer cancers - f@;,iﬁs;:‘.c - =g - e activation of R(resistance)-proteins,
= = 3
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ANAI DRUG R o GS-10 is effective as a single agent in prime/maintenance dose regimen.
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bt moecular 13000 o o Consistent with tissue-specific s50 targeting, GS-10 engages — o o e
= 125 murine colorectal carcinoma B 2RFVII, IV 10 mgikg+100ughkg SQ

Pbody
the innate immune system in a tumor-s pQCifiC manner. i 100 ugkg SQ Daily [ Prime IV'5 mg/Kg +100ughg SQ S8C immunocorrelates for 10 mg/kg priming group

= Prime IV 10mghg + 100 ugkg SQ Daly, 2RFVII

- DweniPrine 3 y=-0.39 (log MLR) +1.25

Diffraction pattern il
GS-10 is a tumor-targeted 20 nm S s ” . . . s b R=-0.76 (-0.91 for Vo)
crystalline capsule bearing single-strand "’ !(.—.. s50 capsule mechanism of lipid raft uptake where GS-10 but not sugar-bearing ASOR-ligand (hepatocyte) RNAi capsules ; 207

RNAI oligos against Protein Kinase CK2 (CK2), and a multivalent, mechanically stable capsid-like capsule capsules elevate NOD2 in tumor. but not GS-10 elevates NOD2 in liver. o °

ligand-coated shell derived from Tenascin-C (tenfibgen). 1) engages multiple surface receptors, enters cell NOD2 levels in tumor tissue 72 hours NOD2 levels in matching liver tissue. e
TN-C is upregulated in chronic wounds and tumor matrix through lipid raft avoiding endosomes (1), 2) trafficks after priming IV dosing at 10 mg/kg Results confirmed by western blot.
and is a promising ligand for the tumor throughout it's via microtubules to the perinuclear region (unpublished), IV 50 sugar IV GS-10 Control Diluent GS-10 Hepatocyte-targeted

lifecycle (1). CK2 modulates > 300 proteins, and is not 3) uncoats possibly by protease action to release oligo c1 B1 c1 = = S ALIEA M| m7 8=l z a0 12 3 4
modulated by other kinases. The ultrasmall “s50” capsule for RISC loading on or near nuclear membrane together : : o - Mid Loy Rosponce
: _ H H Wlth A 0 2 2 or 4 A 0 4 thlS OSter . A 02_Com Iexes S8C CT26.CL25 murine colorectal carcinoma . -
SIZ((:Ia etr)]'?fle’;s o Or:' . ttree’]ttment, rtahft n’:edll'ated de“VEe;yl’Q subseguen’fl )traffiz: t(?c to(sol (g) A9 P In this tumor line, priming was required In mixed lymphocyte proliferation In subanalysis of 10 mg/kg priming
anc abiifty 0 Teach Metasiases WItOLR refiance on ' g y y ' for anti-tumor efficacy, potentially due to studies (MLR) at Day 21, only 10 mg/kg group MLR response, an inverse
low Ago2 baseline showed splenocyte response to correlation was found between the
challenge from CT26.wt (not Bgal-(+)) magnitudg of MLR response and D21
SQ delivery of tumor-targeted, tenfibgen-ligand capsules results in more favorable biodistribution B2 5 mg/kg group tumors cleared by 14 tumor cell lysate prepared by sonication tumor weights and V/Vo. Higher MLR
. \ . ; . . . . . days in PBS. responses also cleared faster.
profile than IV delivery in tumor-bearing mice — potentially due to lymphatic trafficking.
Fadu FoxN Dy165m NAA U Additional studies will be examining mechanisms and efficacy in murine syngeneic, immunocompetent models.
Spike R
I:i)r): Iiv%lr ﬁssi?&? : - 2 S8 Model: n = 5, 7e5 CT26.cl25 cells in CRL Balb/C mice, wait 5 days
1 ;&[] L til 80 cu. mm flank tumors.
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*NOD proteins are elements of the innate immune system that serve as cytosolic receptors for viral RNA.
*NOD?2 is key element of the inflammasome and as such serves as a sensor for intracellular stress, e.g.
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crystalline particles, elevated ROS and pH shift, initiating engagement of the innate immune system CONCLUSIONS

40 36
through inflammasome and consequent IL-18 activation. A priming strategy can significantly enhance RNAi tumor-killing capabilities

BlluT N Kilvsp BlluT NKilvsp Bl LuT N Kilvp T ST T T TR v e Combination of single-strand oligos + sub-50 nanometer capsules potentially increases access to Ago mechanisms

IV 24hr Naive IV 4hr IV 24hr Sk e Shie 5000 % Casein Kinase 2 is a potentially attractive target for modulating PD-L1 and PD-L2
n=174
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CAPSULE BINDING IN TISSUE
CAPSULE BINDING IN TISSUE

ND = not detected, Brain was ND
organ (Blood, Lung, Primary tumor, Nodal tumor, B . Rationale for transition of GS-10 studies to murine syngeneic (CT26) model
Kidney, Liver, Spleen) organ ( Lung, Primary tumor, Nodal tumor, Liver, Spleen) RE F E RE N C E S AN D AC KN OWL E D G E M E N T S

o ’ H : : H : H (1)Koukoulis, G., et al., Tenascin in normal, reactive, hyperplastic and neoplastic tissues: biologic and pathologic implications. Hu. Pathol, 1991. 22: p. 636-643.
Bolus pharmacokinetics of s50 capsule delivery is followed via bulk neutron activation analysis (NAA) of Dy surrogate marker GS-10’s tenflbgen “gand targets tumors and inflamed fibroblasts in tumor tissue (2)Un;erlgM, Kren BT, Kormarl1 \}L, Kimbrough T“cl; Vggel R, Olndrey FG, Tremlblely Jllj-i, AhlmedIK. Mechanism Iar:d E1I‘ficalcy of SL:Jb-SO-nm Tenfibgen Nanocapsules for
(Dy Dextran cargo) to show on a wet tissue basis: 1) NAA confirms SQ-administered capsule concentration peaks at 48 .GS_'] O’S human CK2 mo|ecu|ar sequence matches Xenog raft tumor. not mouse fibrob|asts Cancer CgII—Directed De!ivery of Anti-QKZ RNAI to Primary anc_i Metas’gatic .Squam'ous Cell Carcinoma. Mol Can Ther Aug 13(3): 2018-29
hours in primary tumor (dose ratio = 11 + 6.2% vs. 1.9 + 1.1%. IV (4 hl’) 2) sSQ s50 capsule (Dy) accumulation is 5 -10x ! (3) Adachi, E., t. Hayashi, and P. Hashimoto, Type V collagen in splenic reticular fibers of the macaque monkey. Acta Anat., 1987. 129: p. 167-175.

- =20 - I =110, ; - . . i i i - . i_ i 4) Ahmed K, et. al., Joining the cell survival d:A ing role f tein ki CK2. Trend in Cell Biology 12: 226-230, 2002.

larger than IV in nodal tumor for 72 hours post bolus dosing, 3) tenfibgen-coated capsules exhibit specific extracellular Result: Mlgratmg fIbI’Obl&lSt? pOSt treatment confounded analyses re'_antl tumor eﬁlc?_cy 5; Kedmdee, M.Zt.il, Rﬁz—lg%dir?gcgrofgirr:“é?\lS?uir?hibitg r?\rir;‘:g%&%xrgfcezrs%otg:rgetlrﬁ;?\m. Ce||,r§807l,nDc$| 1o|28%/j.cen.2007.11.034
binding to collagen V-(+) fibers, abundant in livers and spleens of most mice strains, but for humans, found only in normal -Strategy: Move to syngeneic tumor, analog drug to properly analyze in relevant conditions 6) Zhu, Z et. al, Arapidopsis resistance protein SNC1 activates immune responses through association with a transcriptional corepressor, PNAS, 2010,107(31);13960-65
spleen and fibrotic lungs, liver (3). Nevertheless, SQ administration essentially avoids liver binding (0 — 3 %ID/gm wet wt), 7) Cortez, M. et. al, PDL1 Regulation by p53 via miR-34.INCI,2015,108(1):djv303

even in collagen V-(+) mice. In low collagen V mice, 1V liver dose ratio ranges from 2-15% ID/g wet wt (data not shown). Grant Acknowledgements: These studies were funded in part through NCI SBIR Contract No. HHSN261201300030C




