Enhanced delivery and expression of mRNA to T-cells using CD8-targeted lipid
nanoparticles with Athebody® Designed Ankyrin Repeat Proteins Iy AC

A

THERAPEUTICS
Grayson Wong', Fan Yan!, Joon Song!, Ghania Chikh'!, Nora Guidotti2, Richard Woods?, Ying K. Tam!, Barbara Mui'

1 Acuitas Therapeutics, Vancouver, BC, Canada; 2Athebio AG, Zurich, Switzerland

Abstract 1n Athebody® DARPin & LNP 2, Evaluation of ligand formats g 3: Improved targeted activity

The use of lipid non-opor’ri-cles- (LNP) for n-ucleic qcid delivery to the liver by GSSOCiqﬁon process On fdl’gefed I.NP qCﬁVity by q"ering PEG-GCYI Chqin
infravenous (IV) administration is well established with approval of Onpattro®, an Ieng‘l‘h ‘l'o kae eC I_N P

»,

LNP-based medicine that contains an siRNA payload, and clinical trials with

" - A | « Very stable monomeric protein A 60 B 60 E S .
MRNA-LNP for gene leflng. Here we shqw ’(ho’r IV-administered LNP can also be (15 - 20 kDa) with no disulfide bonds % i - S
used for effective delivery to extrahepatic tissues and target cells, such as T cells N- . . . . . e >3 i § - e 2 " A known LNP change fo increase circulation
in  circulation, by enabling cellular uptake through the inclusion of active *  Allows forsite-specific conjugation via - ﬂ 8 407 g 1 40007 .—XJT time in vivo has been to exchange the PEG-
targeting ligands and optimizing the LNP composition to achieve extended an engineered cysteine amino acid to a5 ('E)§ I’_I 2 27 80- e lipid species fo have a longer acyl chain
circulation (ec) time in the blood and reduced uptake in the liver. Cellular dileaskablnecsiiicid a maleimide-containing PEG-lipid uézo— Q5 20- é . g _ 3000 which allows for it o remain associated with
uptake of the LNP is enabled by Athebody® DARPins (designed ankyrin repeat 2 o . @ 6o -3 TTe thP(;OS\?F?r' Here Tlhe PZG-EF "FE’I'%'T. Thde
proteins), which are antibody mimetics, to target cell membrane proteins such B l. ‘f 0= 0- §’°- %§ w0 Sg 2000 f:gr?m?r:mg C]\Z%Sicriaiizm\SMAnOmCDélpl
as CD8 on T cells. In mice, we showed that the LNP plasma half-life was (WS e ‘\?}e\%{é\“‘ & P88 & ‘{?@Qg‘@ & ° "2 . DARPIn was conjugated to the above LNP
increased from 25 minutes for a standard LNP optimized for liver delivery to 2 h S 2 e, F S X — 1000- . and injected IV into C57/BIé mice at 0.5
for an ecLNP; further, the circulation half-life was not affected by the % obtes S <s133p .? . mg/kg.
conjugation of an anti-mouse CD8* (mCD8*) DARPiIn onto the LNP. In the spleen, A\ 3 R e 2RI C =3 D g _ o — o- -
: : : : . i~ S S N 25 % 5% C14-PEG C16-PEG C14-PEG C16-PEG
the mCD8* DARPin-conjugated ecLNP was delivered to >95% of splenic CD8* T PN N .-§; i _ NIy = £ o - 2% w . The PEG-C16 LNP showed increased uptake,
cells and an expression of >80% when using mCherry as a reporter at a 0.5 e e MWy :NM»M; o g st \ U et 3, gg » i . Bg « Ba - 1] 19007 (measured using DiD, a lipophilic fluorescent
mg/kg dose. When compared to a standard LNP, the change in composition DARPin/PEG-micelle ¢ 3.{,‘_'-;@ o-or 358 5 38 o | e I I " 2 marker) in splenic CD8+ T cells compared fo
resulted in an 11- and 7.5-fold increase in uptake and expression, respectively. In Jo.":. ,'.:. ',..; (J'-.-':. T :q,: e e «&\\; JRA: %ocl; Native -~ «ﬁ; O %Qc', ) L . - fhe standard TT'-NKP- A rSSUT:ﬂhg 4x 00d|2x Ijold
addition, there was “de-targeting” of the liver marked by >7-fold reduction in & ° .’g.'é Y Xy ‘5“ .'5. 2, L ohsen TS Q\@C‘ & & o ohnen M O\gf’ § S . 8 & - Ty . g‘g‘f;i%‘r:‘ ?;Segfsgly ”\jvereegeaoy od
the level of mCherry expression with the ecLNP, compared to standard LNP. In o Targimp ¢ © §§ §§ ' ' '
. . . , 00, 24

Eglgé\:vgleﬁ\nl?F?i(riLVNVZSeiEfcuigsdute/hggcgorigé(?recg\gprlgis? gfnéj g;ﬁ:&oozcgéescejryel@ i?] DARPins are a class of anfibody mimefics composed of fwo caps (N-cap and C-cap) and 2-4 A commercially available mCD8" mAb (clone 53-6.7) was conjugated fo LNP and compared side-by-side with £ E5 s001 However, use of PEG-C16 is not preferred as

: ' 2 library modules that contain the variable (farget binding) region (A). The LNP used in these studies DARPIn-LNP. Both mAb and DARPIn-LNP can elicit targeted binding (A) and expression (B) in CD8 T cells. The 20- it can inhibit activity and can contribute to
the peripheral blood and lymphoid tissue at 0.25 and 0.75mg/kg doses. These are composed of a cationic lipid, distearoylphosphocholine (DSPC), cholesterol and a PEG-lipid. overall activity of DARPIN-LNP was significantly better than mAb-LNP while the viability (data not shown) and an adaptive immune response.
findings have supported advancement of the targeted-ecLNP platform to GMP DARPIN-LNP were made by insertion of a DARPIN-PEG-lipid conjugate fo the LNP (B). DARPIn- activity in other cells types were not significantly affected (C & D). No cage-side observations were found for 0- —— 0- =
manufacturing for clinical development. conjugated LNP developed in collaboration with Athebio AG. Created with BioRender.com DARPIN-LNP, but reduce activity and piloerection were seen with mAb-LNP animals at 0.5 mg/kg (E). C14-PEG Cl6-PEC C14-PEG C16-PEG

4, Alternative compositional changes 48 | 5 Improved targeted activity with % 6. Complete B cell depletion using targeted-ecLNP (t-ecLNP)
to generate ecLNP ‘ alternative ecLNP A

Dose Dose Dose
1t dose 2d dose 3 Dose 25007 ¢ \ \ & Vahicle .E 1009 0 T m o “5‘ :: ms o
; -+ CD20-BBI bt 50
A -o- native LNP B A '_|1.7x s000~ 11X B 0.4 (025 mg/kg) (025 mg/kg) (0.25 mg/kg) - 20007 %' 757 * :: 28
- tLNP 2 3 1500 3 0 0
-v- Native ecLNP R _ Y ¢ 10004 K 504 0oq Mg, Medeare
150 Plasma -+ t-ecLNP 25000 Bone Marrow = _ 2 4000 > @ o
° \ _ _ o L o . - . 500 ¢ [ 25_ 75 75
£ 3 g 2o B =5 Liver LNP 3 . Dosing —> ; e s0l o o
i z g 1o 58 55 Accumulation = 0- ¥ oSG
o = = 10000 G k3 2000 g - Day 0 Day 3 Day 6 Oflf’ N '5‘1:’ L R PN AP P > o @ 2 25
g g 5000 § 3 Day 8 > > \oo \ﬁa % & o [1]
§ 1004 " " u 7 take-down Study Days ¥ R o oty o o
w
§ ! Time (h) “ ’ Time (h) “ NP tooNP tLNP  t-ecLNP CLNP - t-ehLNP
"G B CD8+ T cells CD4+ T cells
2 3000 7.5x 049 10x Vehicl by b
£ 15000 Adrenal Glands T : — 1st dose 2nd dose Dose Dose -#- Vehicle + 804 80+
X 504 s s 5 ) (0.75 mg/kg) (0.75 mg/kg) 8001 } -+ CD20-41BBE _§ 1009 0 £9 P9 3 6o 601
< § 10000 - N 5 034 ; o * S 40 40-
2 s . 3 g% 2000 2 1 600 o 75+ * 20 20-
g 3 5000 §|_ > . . ? 0.2+ = b - 0- 0-—'1'—“4‘—?'—
© © g2 52 Liver Expression 2 L 3 501 NK Monocyie
24. i o ) # 2 CE) 2 (é 8 1000, 2 3 ; 100+ 100
0 LI B S B R S I R S S B S | Time (h) Time (h) 0\3 2 E’ 017 Dosing - @ S 25+ 801 801
0 1 2 3 4 5 = e 2 . :g- 60
. 1 40
Time Post-Dose (h) #EE native LNP B t-LNP native ecLNP [l t-ecLNP 0- 0 t-LNP  t-ecLNP Day 0 Day 6 Day 8 oz: ﬁ; \‘: é 20 Ij 20
t-LNP  t-ecLNP t-LNP  t-ecLNP j & D 0- o
take-down Q}"-'* ;.,Q\ & o b‘:' o 0""‘”‘"“@ hﬁs
A standard LNP and an ecLNP made through compositional changes were conjugated to a mCD8* DARPIn. LNP
]
Non-PEG-lipid compositional changes were made to increase LNP circulation time and de-target the liver. A standard dghvery (DiD) and reporter mCh?W expression was measured in spleen cells (FAC.S) and Il\{er ’r|.ssue of C57/BLé t-ecLNP encapsulating a CD20 CAR mRNA targeted with a hCD8* DARPin was infused 1V into non-human primates (NHP) at a dose of 0.25mg/kg x 3 (A) or 0.75mg/kg
LNP and an ecLNP were conjugated with a mCD8* DARPin and the cationic lipid distribution was measured by LC/MS in mice 24n after a 0.5 mg/kg IV injection. In splenic CD8 T cells, a 11 and 7.5x fold increase in DID and mCherry x 2 (B). Complete B cell depletion was observed in the peripheral blood following each infusion and a durable reduction was observed >2 days after the final dose.
mice 24 h after a 0.5 mg/kg IV injection. The compositional changes led to an increased plasma half-life from 15min fo MFI's, respectively, were seen. In contrast, no significant changes in CD8- upfake and expression were observed Similarly, complete B cell depletion was observed in the spleen, bone marrow (BM), and mesenteric lymph nodes (mLN). Target specificity of t-ecLNP resulted in >60%
2hrs (A). The addition of the DARPIn increased the lipid accumulation in T-cell rich tissue, while avoiding the liver (B). (not shown). (A). In the liver, a 2x and 10x fold lower LNP accumulation and mCherry expression, respectively, CAR expression only on CD8* leukocytes . Data generated in collaboration with Create Medicines.

were seen (B).

Summqry LNP can be effectively delivered to cells outside the liver 2p This was demonsirated in mice in vivo using a mCD8* A hCD8* Athebody® DARPIn has been used with our ecLNP

by changing the LNP composition to increase its Athebody® DARPin-conjugated to an optimized ecLNP. in PoC NHP studies leading to complete depletion of B cells Scan for presentation access

circulation time and incorporating a targeting ligand to At 0.5 mg/kg, LNP was delivered to >90% CD8 T cells through expression of anti-CD20 CAR RNAs by our partners.
facilitate cell uptake. while mCherry expression was detected in >80%. Scale-up and GMP production of the tLNP are underway.
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