AMERICAN COLLEGE OF RHEUMATOLOGY CONVERGENCE | NOVEMBER 10-15, 2023 | SAN DIEGO, CA, USA

Dual Blockade of ICOS and CD28 with Acazicolcept (ALPN-101) Reveals Non-Redundant Roles of T Cell Costimulation Pathways in Systemic Lupus Erythematosus

Elizabeth Repash, Tiffany C. Blair, Amanda Enstrom, Lawrence S. Evans, Susan Debrot, Katherine E. Lewis, Armand Bankhead Ill, Stanford L. Peng, and Stacey R. Dillon

Alpine Immune Sciences Inc., Seattle, United States of America

BACKGROUND: Figure 2: Acazicolcept Target-Related Genes are Upregulated in the T and B cells of Figure 4: Acazicolcept Downregulates Genes Implicated in the Pathogenesis of SLE Figure 6. Acazicolcept Reduces Pathogenic Hyper-lgG and
CD28 and inducible T cell costimulator (ICOS) play nonredundant  §| E patients Compared to Healthy Subjects More Potently than Inhibition of the CD28 or ICOS Pathways, Alone or Combined Glomerular IgG Deposition in the bm12 Mouse Lupus Model
roles in T cell activafion and inhibiting these pathways can C [ abbrevison | subsetname Acazicolcept vs Prezalumab Acazicolcept vs Abatacept Acazicolcept vs Aba + Prez restatices nraperitonea (P)dosing, 2x weekly:
ameliorate  an  (auto)immune response.  Systemic  lupus e ey ot B hoatacap 400 i dos
( . ) . p y . p A CD28 ,COS CD8O CD86 Thl T helper 1 cells A 10.01 h WWCa 036 B 10.04 C h UPtngUc'Zi;ZrbV E’rcn DownA;eguIated by A Aﬁ:ziiolc:;:fgo ugg/;ldose B 0.0411
erythematosus (SLE) is characterized by the dysregulation of T and e os (| [ ] ! i e L _— Q cs7mL/oN o , |
4 4 * * =m - ...- X - -Logi, (g value) Tfh T follicular helper cells ‘“Fj” Y:I?E 1117 1 ! ‘?’TQB L > 7 - 31 >0.9999 0.0753
B cell acftivation. Transcriptional analyses have reveadled e - L | B — S e | e i ‘Q/ ’ o 5 I
R . . o 1 Fr.ll eTreg Fraction Il effector regulatory Tcells | [ ©*R& ‘FFBX‘;W' :A:;if TGFB'xc Aim AAAAAA A . ini i g v t\j’ :
upregulation of CD28 and ICOS ligand/receptor genes in SLE!, but e A . r% i 608 Q N A e . . e L Y— j“t—’ P ection 2 5 ‘ Eaf | ‘
. . o [ . . . . Il eTreg o ) (I} Naive CD8 Naive CD8 T cells § 5.01 —_daun Vi?::h‘ - “:gg‘wgcvfusz 3; 5 5 " Pgé:é(LFz " SPIEnOCyes Z i ‘ &) v
single pathway inhibition has not proven clinically effective in SLE vaive Oog 11T s T I cozs ||| |I|| [] ; o g & BT ' ol b Sucycav? ¢ T % S
1 2 3 H 1 1 (E:m ggg _i]_m— .l__m—- ll: ) : C)Qb‘ Qob‘ &é\ 4@’/\({\’\ <& «\39 ,\@9 «@g QQ% é)tb C;Q‘b oo‘b TEMRA CD8 CD8+ T effector memory CD45RA+ cells chS;F::;j ; égﬁfgcébf&“::“ SZ":‘%”‘ 3 ""’,"{"“'” Start Serum E 14 vy ‘-L E 1- % ‘%’
and related diseases.»> Acazicolcept (ALPN-101) is an Fc fusion 0 1 4 ! : o SEGT of Wl 3 12625/ = 1 s | v &
. . . . . NK -1 F t t A USM B Unswitched memory Beells | | L | o 1 3 %
protein of a human variant ICOS-ligand (ICOSL) domain designed [ Nave sl | ! b E | L ' i ' Y E— ) i
. . o Sw Mem B cell | | | ¢ —0—- 4 CcD86 DN B Double Negative B cells 0.01 209 001 Week \0\ Q,\' Qa\ N \0\ ) Q,\ RN 2
to block both CD28 and ICOS. We conducted Iin vitro assays with Plsmebiast | : SR L s ? é + 2 PENCAN s & ,ﬁ,o“Q &
. CL Monocyte - | | I- —— --- NK Natural Killer cells ane one QO v < (<0 ?p(b' O'b'\
+Monocyte — | | 'S —m—- - S O DS DA @ @@ OO O o pop——— " IgG IHC IgG IHC v v
hedlfhy donor ({HD) and SLE pafient PBMCs fo analyze et | : : B IS ed | mm | e D Genes Downregulated withTreatment Compared o e Contral E Top mmune-Related anoniclPathwars
acazicolcept or comparators to suppress inflammatory mediators o | | + A T ot Y — c b &
. . oy e o eutrophil — | } 3 I CL Mono Classical monocytes 4= p=" 4 p=°
that promote disease pathogenesis. Additionally, acazicolcept "Ee ! b - Pathway overlap | ' o | e ~ | b= ]
| 1_ d .n 'I'he bm.l 2 ind Ced mouse mode|4 Of SLE 0 100 200 300 400 500 O 100 200 300 400 TPMO 10 20 30 40 50 O 500 1000 1500 pDC Plasmacytoid dendritic cells p'Value Z-score g |—| g I i(t:)aCt):(:];Jotl
was evalvate | V . :: T:vtr;:iiiltsyeranu|ocytes - \ - 16k IL-23 signaling pathway 3.04E-4 -2.121 g ¥ T ‘T g i Acazicolcept
0 D oRe ' ' 3 [3) O Naive
RNA-Seq expression of acazicolcept target-related genes in sorted peripheral mononuclear cells (PBMC) subsets reported by Ota et al.! A \ T IL-17 signaling 1.19E-10 | -1.300 g 24 v g o4 v
. . . o Transcripts per million (TPM) expression values for healthy sample immune cell subsets. B TPM values were log, transformed and converted to z- IL-12 signaling and production in ] ] 2 S T 2+
F|gure 1: ACOZICO|C6DT Inhibits Both CD28- and ICOS- scores for SLE vs. healthy donor (HD) comparison. Heatmap colors represent negative log,, g-values from Wilcoxon tests between 62 SLE and 79 A macrophages H1OE0 a2 8 . — 8 ]
] O * IL12B + |IL23R + TNF o (D
I\/\edid’red COSﬂmUk}TOTY PCIThWCIYS HDs with positive (olive green) values representing higher SLE patient expression and negative (black) values representing lower SLE patient CIE o E c T Thland Th2 activation pathway | . .0 | 5919 > >
expression. White heatmap values indicate either non-significance (g-values =1) or low expression (subject median expression <10). TPM values TEATE 0 NN 0 R
displayed were upper quartile normalized. C Summary of PBMC immune cell subset classification abbreviations used in A and B. e IL-15 signaling 4.298-7 -0.707 \Ol & Q\' ol & . @
:jrir;r:ausr;e mediated inflammatory 1.75E-57 -0.494 ({000& ?p'z’r&& /,\}00\06 Qooooévp&&@;vo\& N
° . . . . . . ? Q>
Figure 3: Acazicolcept Potently Suppresses Genes Associated with T Cell Activation in A Study desian < v Ceeks 4 and 14 Kid arvestod f ) o e
: ; S Acazicolcept strongly modulates genes associated with T cell activation as compared to A prezalumab, B abatacept, and the C Uay aesign snowing at weeks = an , KIANESYs WETe harvesied from each mouse ang Irozen, sectioned,
SLE PBMCs Stimulated with Artificial APCs and stained with anti-mouse 1gG antibody, and serum was collected at week 12 for total levels of pathogenic
LEGEND combination of abatacept and prezalumab. Acazicolcept more potently suppresses transcription of genes related to T cell activation and : : '
IgG2b and 2c¢ antibodies. B Serum levels of IgG2b and 2¢c (week 12) are plotted. C The extent of mouse IgG
immune inflammation including IL-2, IL-17F, CTLA4, ICOS and IL-6. Volcano plots highlight differentially expressed genes between HD and SLE - : L . : N
APC/B cell : ) o : : , : : : staining was semi-quantitatfively scored; the glomerular IgG deposit scores for each kidney collected for each
Acazicolcept : samples with 516 downregulated and 841 upregulated in SLE patient population. Green dots represent differentially expressed genes that . ) : .
( A Artificial APC imulated T ) : : treatment group at week 4 (left) and week 14 (right) are shown. D Representative sections (original
CD80/86 f Unstimulated PBMC SLE patient vs HD pass significance threshold with a p-value <0.001 and a log, fold change cutoff with an absolute value greater than 0.58. Light blue dots pass Feation. 10X] f " - Sata sh B and C ’ - dividual mice: horizontal b
0 87 ICOSL Abatacept S22 K562/0K T3/CD80/CD86/ICOSL B Healthy donor vs SLE patient samples C Unstimulated PBMC samples the p-value cutoff but not the fold change threshold, dark blue dots pass a fold change cutoff but not the p-value threshold, and gray dofs modgm 'CTQ |o|n, )bor eac scorTe ﬁ\re SNOWN. Odq > OIVPQ'E dan T.Orel rosr;n ’Ir'nT' V! ”uo.m[cre, ?”é?? @i bars
- ¢ Antagonists Target(s) 30-[ S ——— (e ) are not significant. Additionally, using Ingenuity Pathway Analysis (IPA, v24302991, QIAGEN) indicates that acazicolcept significantly gg’rwézrnlircégfrzoern’r o:(s)urefziseerg oss:ss%rccj)g/?o ?rislgivgollis ’r,e sr’ref/vpi’rehcLlj\r/wf:c»;.rrecc’lrelsdl%%rz/n’S;g’rrgsl’r(':orj volluzgegocgg
r— Belataept SR | downregulates genes associated with systemic autoimmune syndromes (IPA z-score =-1.357, IPA p-value = 5.95E-15) and helper T lymphocyte were considered s‘ro’rgigsﬂcopll sianificant. Naive aroun was not included in statistical analvses P '
CTLA-4-g : | / | o WT ICOSL-Fc Igv % 3 Icos B o differentiation (IPA z-score = -1.374, IPA p-value = 6.77E-6) pathways compared to abatacept + prezalumab highlighting the advantage of Y519 ' group y38s.
(e.g., Abatacept n Acazicolcept " Anti-ICOSL 4 o & cos . OLE ) = | ke | | dual inhibition over independent pathway blockade. D Venn diagram analysis of downregulated differentially expressed genes from Fig 3E-H .
or Belatacept) — N (e.g., Prezalumab) — Prezalumab =33 Acazicolcept =& > D28 ) 1 F (that pass significance threshold with a p-value <10E-06 and a log, fold change cutoff less than 0.58) comparing individual treatment SummCIry and Conclusions
- 8 oo ] Ps conditions in SLE patient samples to Fc control highlighting the downregulation of key pro-inflammatory regulators of interest. E Differentially . _ . _ :
'°°5=/) Abatacept CD80/ 5 | B RERS  jehvocs expressed genes from Fig 3H were analyzed using IPA to identify top immune-related canonical pathways that were downregulated with AC(_]ZICOIC?epT (ALPN ]Q] . l_COSL Vlg.D FC) 5 d .. dual CDQS and ICOS T S:e”
\J ) - EB ~ Yy oo Ly 7 N ! poums4 caa Il oA TXLNG
Belatacept CcD86 2 G I P el S R acazicolcept. Multiple pathways implicated in the pathogenesis of SLE were downregulated including IL-17 signaling, IL-23 signaling, and  COStimulation pathway inhibitor targeting both naive and activated pathogenic T
cb28 coscsne T cell Sk Q‘P Icos cD28 e i e o Th1/Th2 activation. cells.
PR s eS8 8pm0000, Prezaimab == e@@micos. | | * / N\. . [ S T R . ) . ) . . . .
o Y \ g cD80ICD8E 22 J Y Figure 5: Acazicolcept Suppresses Pro-Inflammatory Cytokine Production in Acazicolcept target-related genes (ICOS, CD80, CD86) are upregulated in the T
b 4 N SR é PBMC/aAPC Co-Cultures More Potently than Inhibifion of the CD28 or ICOS and B cells of SLE patients compared to healthy subjects.
T cell activation icosL —0 Pathway, Alone or Combined G e Acazicolcept suppresses pro-inflammatory cytokine production and expression of
Y (Treatment) Cytokine = . amato . . . . . . .
SLE PBMIC | | n genes implicated in the pathogenesis of SLE more potently than inhibitors of the
i IL-17A TNF . . :
D aAPC/PBMC co-culture E Abatacept vs Fc control F Prezalumab vs Fc control G Aba + Prez vs Fc control H Acazicolcept vs Fc control A 2500 " B 250- o o | . H 5 NN . CD28 or |COS pCIThWCIYS O'Oﬂe (or ofTen When COmblned), InCIUdlng NUMEerous
_ _ _ . e _ 20007 % ¥ cosony | = enes associated with T cell activation.
Acazicolcept (ALPN-101), an ICOSL variant Immunoglobulin (Ig) s X Elfais ﬁ oot | S . . . .
domain (vigD™) fused to an “effectorless” IgG Fc, is a first-in-class & e TR g M F o0 ; % % Inibition Acazicolcept reduces pathogenic hypergammaglobulinemia and glomerular
dual inhibit £ the D28 and 1COS T cell " I’t th . 5‘9 6 4,0 o WL N %»i i - LS T T 5 ; 100 IgG deposition in the bm12 mouse model of lupus.
ual Innipitor o e an cell costimulator atnways. 3 3 e 3 L | i , sak “e | C T : e ey
yP y 5 ;hﬁ a® y o ; ; Rl R o T HD . o EE These findings indicate that simultaneously inhibiting ICOS and CD28 pathways
g v o Abatacept ol g Ao ol ol PR ki o%{; o w  PalE f A - - . . . opo . . o . . . o e
. & IR o O searpe D e P ol 2 wn o R e L comony | . ] 50 with acazicolcept may significantly improve disease activity in lupus, with acfivity
& Acazicolcept “od bt | e some compg il 07 i ce e ‘ | | . . .
2 ggﬂéﬂ 55 e T 7 S E— WV """""""""""""""""" = & ‘ C o IL-21 D o000 IL-2 v Fccontrol - EET superior fo agents targeting only one of these pathways, alone or combined.
o i i : i : i i N N v , Prezalumab wre | B L | .. . . . . .
Dysregulation of T cell OC“VOT'OSH is a significant confributor to - vgg"’% - e e e A s € T ] o]  Drezame O [l n . O Clinical investigation of acazicolcept for the treatment of SLE remains strongly
. . o . v Log, fold change Log; fold change Log; fold change ,, 0g; f g % Vv' :‘ E W oo* "‘::-F:SF - . . . .
autoimmune diseases, including SLE>. . Py rezalumab ;:: . g |1 : 2 100000 B Aba+Prez supported. A global, randomized, placebo-controlled, double-blind, phase 2 trial
. . . o Abatacept Prezalumab &~ N Acazicolcept &< ¥ 500- * R L'y . | | | _ ) i i .
« CD28 and ICOS are both Ig superfamily proteins with structural | S AU " - o . © %% { Lj ﬁ Acazicolcept naace e L of acazicolcept in SLE (NCT04835441/Synergy) is currently enrolling.
similarities, but distinct downstream signaling pathwaysé. CD28 o NS LogsFC © ovalve - pvalue andlog, FC T T R - R References
stimulation is crucial for activation of naive and memory CD4+ T cells, . . . . . . . - . . . |
. . . . A Visual schematic of experimental design; PBMC from 8 HD or 30 SLE patients were stimulated with arfificial anfigen presenting cells IL-13 IFNy | .I_I. 1. Ofaetal (2021) Cell 184 (11): 3006-21. 8.  Dillon et al. (2020) Digestive Disease Week Annual Meeting,
augmenting and prolonging the production of IL-2, and promofing T (QAPCs) expressing anti-CD3 (OKT3), CD80, CD86, and ICOSL for 48n with 100 nm of Fc control protein, acazicolcept, or comparators E F oo = | T NEEEn 2. Cheng et al. (2018) Arfhr Rheumatol 70(7): 1071-6. Poster Mo1093.
cell survival. ICOS stimulation triggers clonal expansion of T cells and T directed against the CD28 (abatacept; [CTLA-4-Ig]) or ICOS (prezalumab; [anti-ICOS-L  monoclonal antibody]) pathways or combined e = soooo0d § w o e e j Elomcr'lr: efT Oll'((22(?1250))JC\I/”'7 Exp i?gg)maggggé(@:mzz ?0 igzrr]neeffoclu'l(f§§§é)1r27;£:if&n:;o:2753(531;-]sggjf;é
. ] I . e it At : : E v £ 1000007 N o L2 || | _ || _ . arquist et al. is Exp. e . . . : .
cell-dependent antibody production and can also initiate germinal (abatacept + prezolumop). B PBMCs that were not exposed fo artificial .C]APC‘S e?<h|b|T disfinct clus’rerlng.of healthy donor and SLE patfient sl ¥ S o ¥§ . comicos | ‘ ‘ N ‘ BE ‘ m 5. Mol JT. (2013). Clin Immunol 148(3):369-75. 11, Orvain ef al. (2022) Arthritis Res Ther 24(1):13.
. . . . samples by variance stabilized transformed (VST) gene counts plotted using principal component analysis (PCA) (PC1 = 76%; PC2 = 5%). C 2 Sa LT z : - EEEEEEEERC EREeCoCEC B REEE . : _ . o :
5 u £ 50000 - N | | 6.  Wikenheiser & Stumhofer (2016) Front Immunol 7:304. 12. Wilson et al. (2023) Trans! Vis Sci Technol 12(3):27.
centfer formation and isotype switching of B cells. Volcano plots (total genes = 11868) highlight differentially expressed genes between HD and SLE samples, with 516 downregulated and 841 = so00; Eii % ) S e i , o I_. NEEEENECEE NECE EEE 7. Dilon ef al., (2018) American Neurological Association Annudl
. . . . . . i ' ion. ‘ ' ianifi ' - A 2 VA ' Meeting, Poster $254.
. Acozmolcep’r is an Fc fusion pro’rem of a human variant ICOSL domain upregulated in the SLE patient population Gregn dots represent differentially expressed.genes that pass significance threshold with a p AFEREN T RE . RIS 4 _ ’ eeting, Poster
i R ) . value < 10E-06 and a log, fold change cutoff with an absolute value greater than 0.58. Light blue dofts pass the p-value cutoff but not the Acazicoleent d et . rokine inhibiti dto F rol. abat , | 6. A-F Individual cviokine level FiﬂClﬂCiCll DiSClOSUfGS/ACkﬂOWled emenis
designed fo inhibit CD28 and ICOS co-stimulation and has fold change threshold, dark blue dots pass a fold change cutoff but not the p-value threshold, and gray dots are not significant. D PCA was COZ'CLO feﬁ)L 17imTol\r|]|§ rclLe;SLIJfgnﬁr]gy © Cljnﬁzl\lln f' mon as Copnpfcrﬁ © Tcdcfon r%éﬁco C/lCPeCp O ?Trezo Umg ' b c? N,:- UC;AC?L\O ne levei g
i i iNi ’ is7 f d transformed gene expression data from each SLE PBMC sample co-cultured with aAPCs in the presence of differin [eg/ml) forIL-17A, TFa, IL-21, IL-2, IL-13, and [Py from supernatants harvested from JAAPC co-culiures as described In Fig. 3A. Acazicolcep i i
demonSTrOTed efflcgcy In preC“nICOl mOdels Of mUlTIple SCIGrOSIS ’ per orme on g p p ) ] . ) p ) g suppresses key Cy'l'ok|nes produced by activated T cells and mye|o|d cells that have been |mp||co'|'ed N SLE pthogeneSB- G Inhibition Of Cy'l'ok|nes A” CIUThOI’S are CUITenT or fOI’meI’ emp|0yees Of A|p|ne |mmUﬂe SCIeﬂCGS We ThCIﬂk our CO||eCIgUGS OT HOOke
i i 8 i itic9 B} B} freatments (abatacept, prezalumab, abafacept + prezalumab, Fc conirol and acazicolcept). PCA identified acazicolcept clustering away for abatacept, prezalumab, aba + prez, and acazicolcept were normalized to Fc control to demonsirate enhanced suppression, indicating — Laboratories (Lawrence, MA) for conducting the bm12 mouse model study, Jennifer Austin (Biocraft Studio)
inflammatory bowel diseased, inflammatory arthritis”, graft-versus-host ; Sl ; . . . ot . . . .
. 10 . 1 e 19 from Fc control. E-H Volcano plofs displaying differentially expressed genes comparing each freafment (E abatacept, F prezalumab, G inhibition of both CD28 and ICOS pathways vield decreased inflammatory cytokines compared to single-agent molecules. Statistically significantly — for illustrations, Julie Crider for medical writing support, and the rest of our team at Alpine Immune Sciences
disease ', SYSTemK: sclerosis'', and uveiltis'<. abatacept + prezalumab (aba + prez), H acazicolcept) versus Fc control for SLE patient samples. (p<0.5) enhanced suppression of IFNy, IL-2, and IL-6 by acazicolcept vs. combined aba + prez was observed in SLE PBMC cultures. for their contributions to the development of acazicolcept.

AlpinelmmuneSciences.com @AlpinelmmunesSci © 2023 Alpine Immune Sciences, Inc. All rights reserved.



	Slide 1

