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Abstract Figure 3: ALPN-202 has elevated PD-L1 and CD28 affinity relative to wild-type CD80 Figure 7: Crystal structure reveals ALPN-202 vigD binds PD-L1 and CD28/CTLA-4 on Figure 11: ALPN-202-mediated increase in CD8* T, cell infiltration requires
INTRODUCTION: Although immune checkpoint inhibitors (CPI) targeting the CTLA-4 and PD-1/PD-L1 pathways have demonstrated oppoging surfaces engqgemenf of both CD28 and PD-L1
significant clinical activity in many cancers, many patients fail to respond, or they develop acquired resistance due at least in part to PD-L1 CTLA-4 CD28 ALPN-202 vIgD
insufficient anti-tumor T cell activation and/or exhaustion. Based on this hypothesis, CPIs have been combined with T cell costimulation and _ _ _ Crvstal structure of a sinale ALPN-202 _ _ _
shown to enhance and sustain anti-tumor responses preclinically. ALPN-202 is a variant CD80 vigD ™-Fc fusion protein that mediates PD- 250007 o ALPN-202 . 000007 o ALPN-202 A 200907 o ALPN-202 Yy . gie (A) Activated CD8* T Cells (B) CD8* Tem Cells C57BL/6 mice bearing MC38/hPD-L1
) . NG . : . . e WT CDSO.F . variable domain bound to wild type + hi lo tumors were staged and then received
L1-dependent CD28 costimulation and inhibits the PD-L1 and CTLA-4 checkpoints (Figure 1). Studies were conducted to characterize the 20000 e - WT CD80-Fc 150004 & WT CD80-Fc CD80 : CD28/CTLA-4 PD-L1 (3.15 A resolution). 20m (CD25%) 100- (CD44n, CD62L') f :
unique mechanism of action of this molecule and further elucidate CD80/PD-L1 biology. w1s000d Fe Control y 40000~ ~¥- Fc Control W ~* Fc Control ’ . 100 g of ALPN-202 and/or anti PD-L1
a a a Contact Residues (durvalumab) or anti mCD28 by IP
EXPERIMENTAL PROCEDURES: X-ray crystallography and cell-based reporter assays were used to demonstrate the simultaneous o000l L L 100007 ALPN-202 vigD : PD-L1 contact +oDo 15+ * +oDo 807 . injection on days 8 and 11. Tumors were
binding of PD-L1 and CD28 to the single CD80 IgV domain of ALPN-202. PD-L1-dependent CD28 costimulation was evaluated using 20000 £000- residues (red) and known CD80 : O O 4o o collected from four animals per group,
primary human T cells stimulated by antigen presenting cells (APC) with or without surface PD-L1. ALPN-202 anti-tumor activity was 5000 CD28/CTLA-4 contact residues (blue). S 10- <+ < e . o © disrupted and the cells were analyzed by
mechanistically evaluated in vivo using a human PD-L1-transduced MC38 tumor model, by combining ALPN-202 treatment with anti PD-L1, 0 0 0 L AN o 2 404 —:— vy flow cytometry. ALPN-202 treatment
anti CTLA-4, or anti CD28 blocking antibodies. Anti-tumor activity was evaluated by serial tumor volume measurements, and intratumoral 0.001001 01 1 10 100 1000 0.001001 01 1 10 100 1000 0.001001 01 1 10 100 1000 IS N © -$- . o resulted in increased activated CD8+ T
immune responses were assessed by flow cytometry and/or RNA-Seq analyses. Test Article [nM] Test Article [nM] Test Article [nM] ' PD-L1 ECD 8 7 o O —- % S 204 e vy cells (A) and CD8 T effector memory cell
DATA SUMMARY: The CD80 vigD:PD-L1 crystal structure was elucidated at a resolution of 3.15 A, revealing a non-overlapping binding CHO cells stably expressing PD-L1 or CTLA4, or Jurkat cells endogenously expressing CD28, were used to measure ALPN-202 binding CD80 : PD-L1 0 L vy o . (T%m) ingltr?]tion (B).bThiScli ac_tir\]/ity was
interface distinct from the previously published CD28:CD80 interaction (Figure 2). Using cell-based reporter and cytokine release assays, it g . A e s i N ) : ' y ' ! ' y ! ! ! ! ! ! reduced when combine with anti PD-L1
monomeric and dimeric CD80 vigD domains elicited conditional CD28 costimulation which was blocked when combined with anti PD-L1 or affinity by flow cytometry. ALPN-202 displayed higher affinity for PD-L1 and D28 than wild-type CD80-Fc. Contact Residues Q&"\’ é,%& O’\:\/ Oo‘f’b 0’\'\/ Ooq"b Q&‘\’ é,q?q’ O,\?’ Oo'ﬁ’ 0'\'\' ooqib or anti CD28.
anti-CD28 antibodies. In vivo, ALPN-202 demonstrated activity superior to PD-L1 blockade alone, while coadministration with either v\? ‘.\\X\Q .\\,6‘ ;\\X@ .\\<° V\S .\\xg ,\\ﬁ .&\x\Q .\\,6‘
anti CD28 or anti PD-L1 prevented ALPN-202-mediated conditional CD28 costimulation resulting in reduced anti-tumor activity and RNA . . . . . . .. . v x'é‘\ x‘?§\ NS qu x’<‘§\
signatures consistent with lower T cell infiltration and activation (Figures 3 and 4).. FIgUI'e 4 ALPN-202 OI’\TOQOI’]IZGS PD-L1 and CTLA-4 FlgUre 8 A S|n9|e ALPN-202 V|9D domain induces PD-L1 'dependenT CD28 agonism q/gq’ Q’& ,19’1' ,,9’1'
CONCLUSIONS: The CD80 IgV domain utilizes separate, non-competing epitopes to bind CD28 and PD-L1. Exploitation of this attribute via (A) Jurkat/IL2 reporter assay (B) Primary T Cell + aAPC assay v\g v\g v\gé v\’Q
directed evolution-based discovery has yielded ALPN-202, a variant CD80 vigD-Fc fusion protein capable of simultaneously engaging PD-L1 :
on tumor cells and CD28 or CTLA-4 on T cells, conferring the unique abilities to block both the PD-L1 and CTLA-4 checkpoints as well as ALPN-202 blocks PD-1/PD-L1 ALPN-202 blocks CTLA-4/CD80 100007 ALPN-202 vigD 1000007 o ALPN-202
eliciting conditional CD28 costimulation only in the presence of PD-L1. The significantly superior activity of ALPN-202 over CPl-only 30007 600007 9 _ . ALPN02VIGD PD-L1 Fi 12: ALPN-202 i tent fh i d sianifi Hy i fh
therapies in vitro and in vivo suggests that conditional CD28 costimulation, together with checkpoint inhibition, may result in meaningfully 80001 -=- ALPN-202 vigD + a”t'_'CD28 ~ 75000~ Ig !Jre . T IS .pO ent mono-tnera peU IC .Clﬂ Slgr.“ |an Yy Improves e
improved clinical anti-tumor responses. 20001 40000 - 60001 - ALPN-202 vigD + anti-PD-L1 % i R anti-ftumor CICTIVITy of anti CTLA-4 mAb when givenin combination
- - - S 50000 ooz
S = & i = — |
R ". 10004 - ALPN-202 20000 - ALPN-202 4000 9 Anti-tumor activity of ALPN-202 ALPN-202 increases T cell effector mRNA
eSUITS " (ant-PO-L1) Gnt-CTLA-4) 2000- = 250007 | Is superior to aCTLA-4 transcripts more effectively than aCTLA-4
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Flg ure 1: ALPN-202 is comprlsed of a variant CD80 IgV domain (vIgDTM)fused fo an oo [1;)&(]) 10000100002.000000 10 100 [15&? 10000100000.000000 100 1000 10000 100000 1000000 10 100 1000 10000 100000 1000000 (A) % : iﬁiﬁ;ggtml (8) IFNy ©) Granzyme B
effectorless IgG Fc ALPN-202 vigD (pM) Conc (pM) S Loge] - ATCTLAGmAY 80 800-
CHO cells §tably expressi_ng human PD-L1 (A) or CTLA-4 (B) were pla_ted_ with titrat_ed ALPN-202_ or antibody controls. Cells were washed K562 artificial APC (aAPC) expressing anti-human CD3 (OKT3) and WT PD-L1 were plated in the presence of Jurkat/IL2 reporter cells (A) = cag =7 ALPN-202 + Anti-mCTLA-4 mAb
Monoclonal Antibody ALPN-202 before adding AF647-conjugated WT PD-1 or CD80-Fc respectively. Binding of conjugated proteins was measured by flow cytometry. or primary human T cells (B) and incubated with a titration of ALPN-202 alone or with anti CD28 or anti PD-L1 control antibodies. IL-2 = 607 6007 T
reporter activity after 5 hours (RLU) or IL-2 production at 24 hours was measured. E > 500 *k = X T
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H . H H H H H o . . . . 3} ok dkkx
(~78 kDa) Figure 5: CD28 costimulation requires TCR signal and expression of PD-L1 on the APC Figure 9: Antibodies can differentiate ALPN-202 bound to CD28 or PD-L1, Y . S e = = G o T w0 |
| _ _ o CD28 costimulation when No CD28 costimulation in No CD28 costimulation in corroborgﬂng different binding epitopes 0 > > 13 ®%15 20 25 . .
. . . . o -
Variant CD80 IgV domain (vigD™) PD-L1is expressed on APC absence of PD-L1 on APC absence of TCR activation Detection of ALPN-202 bound to PD-L1 on monocytes SRS Db N
= 600001 000007 - Fc Control 60000 APC/Tumor o bay & , cf\\y Qéﬁ/ 6\\,‘? <@ , o Qén/ o
000 50000- - Fo oo - on0d o ALPN-202 e g w00 By 2-way repeated-measures ANOVA: ?S‘\\\' v & é\&\' R &
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E 400001 -~ ;\:rz:j:\zb( PD-L1) E %] T oom i B £ 40000~ e & 200 ** p < 0.01 for ALPN-202 vs. CTLA-4 mAb Q@"% <
Effectorless human IgG Fc S 0000- o ¢ 3 20000- - durvalumab (anti-PD-L1) £ 3 ®eex by < 0.0001 for ALPN-202 vs. Fel.1 & &
(No Fcy receptor binding) 5 ALPIa02 T dumalumab (GPOLD ~ £ 300007 < 20 *x < 0,0001 for combination vs. Fcl.1 or CTLA-4 mAb N 7
Y P g %) 200001 ~~ ALPN-202 + FR104 (0.CD28) Y 20000- ¥ 200004 ALPN-202 o ¥
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10002 ..................................... 10000 100007 e ST T T T T T T T @& @& C57BL/6 mice were implanted s.c. with MC38/hPD-L1 cells on day 0 and staged on day 7. On days 8, 11, and 14, mice received 100 pg of
- 1 10 100 1000 10000 100000 o100 1000 10000 100000 S 100 10000 o000 Detection of ALPN-202 bound to CD28 on T cells ALPN-202 and/or anti-mouse CTLA-4 antibody (mlgG2b) by IP injection. (A) Tumor volumes were measured through day 33. (B, C) 72 hours
Conc (pM) Conc (pM) Conc (pM) 2500 after second dose, a subset of tumors (n=5/group) was collected, RNA isolated and RNAseq performed. Data as reads per kilobase of
. . . . . aAPC: K562/0KT3/PD-L1 aAPC: K562/0KT3 aAPC: K562/PD-L1 T 2000 transcript, per million mapped reads (RPKM) (mean + SEM).
Figure 2: ALPN-202 was engineered for three mechanisms of action: \
PD-L1 and CTLA-4 Qn’rggonism combined with conditional CD28 ngnism K562 artificial APC (aAPC) stably expressing transmembrane anti-human CD3 and/or human PD-L1 were plated in the presence of primary 3 1000
human T cells and a titration of ALPN-202 or controls. Culture supernatants were harvested at 24 hours and human IL-2 measured by ELISA. g so0 Visit Poster #467 (K. Lewis, et al): “ALPN-202, a Conditional CD28 Costimulator and
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T vation ALPN-202 (CDS80 vigD-Fc*) mediates PD-L1-dependent . . ST T ETT T I F T T F Dual Checkpoint Inhibitor, Enhances the Activity of Multiple Standard of Care Modalities
CD28 costimul ationi I igure 6: ALPN-202 activity in vitro is mor tent than | checkpoint inhibition
inhibition g(;’ € . TCR OT CICl 1_, Y 015 ore poie d dUCI Checkpo b © A panel of 17 mouse anti ALPN-202 antibodies were screened for detection of ALPN-202 bound to CD28 on T cells or PD-L1 on activated °
and reqguires STIiMuIdtion . monocytes. Two distinct groups of antibodies were identified suggesting ALPN-202 binds CD28 on one epitope and PD-L1 on a separate, s m d C I
9 (B) E6HPVTCR+T cells + HLA-A2+/HPV+ Target Cells non-competing epitope. U m q ry q n O n C USIO ns
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CD80/86 50001 |FN'Y 20001 IL-2 ° . . . .
(A) CMV Recall Assay = o] - AN Figure 10: Selective blockade of ALPN-202 targets in vivo confirms PD-L1-dependent - ALPN-202 is a conditional CD28 agonist and a dual PD-L1 and CTLA-4 antagonist
AP0 g oy § 100 = P Contel CD28 agonism is a major contributor to anti-tumor activity S | _ _
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(A) ALPN-202 binds PD-L1 expressed on tumor, blocking PD-L1/PD-1 interactions. (B) Localized, tethered ALPN-202 is able to provide a ' oM ' oM 0 5 10 15 20 25 30 0 5 10 15 20 25 30 best-in-class immunothera for cancer patients oot o Te Teed® 0o s3iles "io
trans CD28 signal to T cells making contact with the tumor (PD-L1-dependent CD28 costimulation). (C) Additionally, ALPN-202 binds (A) PBMC were stimulated with CMV lysate in the presence of ALPN-202, anti PD-1(nivolumab), anti CTLA-4(ipilimumab), or the Day Day Py P RITOI A t I T
CTLA-4 expressed on T cells, decreasing competition for CD28 signaling, lowering CD3/CD28 signaling thresholds, and promoting TCR combination and IL-2 production measured at 48hr. (B) E6 TCR-transgenic T cells were cultured with the HPV+ tumor line SCC-152. C57BL/6 mice were subcutaneously implanted with human PD-L1 transduced MC38 cells on day 0 and staged on day 7. On days 8, 11, and 14, mice . . .. . . . T Tttt ee Se 2.
repertoire expansion in the periphery. ALPN-202 activity was more potent than anti PD-L1 alone (durvalumab) and dependent on TCR stimulation. received 100ug of ALPN-202 and/or anti PD-L1 (A) or anti mCD28 (B) antibody by IP injection. Tumor volumes were measured through day 27. ¢ Afirst-in-human clinical StUdy with ALPN-202 is in preparation A TP




