Abstract 1703 Development of NAV-005, a humoral immuno-suppressor antagonist for the treatment of CA125-expressing cancers
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ABSTRACT - Tumors employ a variety of mechanisms to avoid host cellular and Figures 3 & 4. Discovery of a novel tandem di-peptide Results showed that Fc fusions containing two or more PEP5 domains (FC-2 and FC-3) | 1 gl i A [\ TANVE0 [0 o] (ool [ d g (=0 g =t = (o Lo g o i @AW P A0 V7 g BT T [Tl
humoral immune responses. Recent findings have found that the tumor- that overcomes the immune-effector (IE) inhibitory bound CA125 stronger than the fusion containing a single PEP5 domain (FC-1). Further
produced MUC16/CA125 protein elicits humoral immunosuppressive effects on activitv of CA125 analysis found that constructs with two PEP5 domains were similar to those with three or | While NAV-005 has utility in rescuing the CDC and ADCC activities of antibodies that are directly
antibody-mediated tumor cell killing. This effect is facilitated via direct binding y more so the FC-2 construct was pursued. We mapped the binding of PEP5 to the C- | bound by the immunosuppressive CA125 protein, another mechanism of immune suppression is
to SIGLEC regulatory receptors on natural killer (NK) cells as well as through | In order to identify agents that can potentially block CA125 binding to an affected | terminal extracellular region of CA125 and used this fragment to measure the binding | the direct impact of CA125 on suppressing NK cell activation via binding to negative regulatory
direct binding to therapeutic antibodies that blocks Fc-y-receptor and Clq Ab, we employed our Block Removed Immunoglobulin Technology (BRITE) | affinity of FC-1 and FC-2_ to CA125 _via surfage plasmon resonance (SPR) by tethering | receptors (4,5). We have been studying the impact of NAV-005 on rescuing ADCC activity of
antibody engagement, leading to suppressed antibody dependent cellular | Platform to screen chemical and peptide libraries for potential inhibitors that could the FC-1 or FC-2 to a blc_)sensc_)r_chlp and usmg_the CA125 frag_me_nt as gr]alyte. FC-2 | antibodies using the Jurkat-CD16a reporter activation assay (Prom(_ega_Corp), human.peripheral
cytotoxicity (ADCC) and complement dependent cytotoxicity (CDC) activities, specifically block the CA125-RTX interaction. As shown in Fig. 3A, a peptide | was found to have a binding affinity of 15 pM while FC-1 has a binding affinity of 65 pM | blood mononuclear cells (PBMCs) and primary NK cells. As shown in Fig. 7, CA125 binds to the

respectively. We have engineered a human IgG1 Fc fusion protein, called NAV- (referred to as PEP5) appeared to suppress CA125 binding to RTX as compared | (Fig. 5B). Based on these data, we pursued development of FC-2 (renamed NAV-005). SIGLEC-9 receptor, which is expressed on NK cells and shown to suppress NK cell killing via
. . ) . . ) . to controls. This peptide was further evaluated in various assays for its ability to ADCC (as reported by others, ref 4), but does not bind other family members such as SIGLEC-1.
005, that binds to CA125 with high affinity and blocks its binding to SIGLEC overcome the suppressed IE activity of RTX in the presence of CA125. As CA125 | A B Moreover, NAV-005 (FC-2) is able to block the binding of CA125 to SIGLEC-9 and potentially
receptors and affected antibodies, thus enabling efficient humoral immune | ihhibits ADCC via the suppression of CD16a or CD32a binding to antibody Fc, - hulgG1 Fe FC-1 - overcome the inhibitory effects on NK/effector cell activation and ADCC activity.
mediated tumor cell killing. NAV-005 is being developed as a novel therapeutic | PEP5 was tested for the ability to overcome CA125 suppressed CD16a binding - FC-1 KD 65 pM o 000
agent to treat humoral immuno-suppressed, CA125 expressing cancers. to RTX via ELISA. RTX coated plates were probed with biotinylated human “ hulgG1 Fc FC-2 604 0'4500 P =0.0008
CD16a probe +/- varying amounts of PEP5 or a nonspecific peptide (PEP1). As 1 i )
CONC"US’ONS. i ) ) o o shown in Fig. 3B, PEP5 was able to antagonize CA125’s suppressed CD16a ... hulgG1 Fc FC-3 i g
* The novel dipeptide-Fc fusion NAV-005 binds with high affinity to CA125 binding to RTX at levels similar to CD16a-RTX binding alone. A similar effect was 2 fg
v WU B EE @ e (e SEaer (1) (e e e . observed using biotinylated C1q protein to probe immobilized RTX +/- CA125 0,900 g 'ul
*  NAV-005 restores ADCC and CDC mediated killing of CA125 expressing tumors plus PEP5 (Fig. 3C). Moreover, an ELISA using biotinylated PEP5 showed that it i
* NAV-005 blocks the binding of CA125 to both cancer-targeting antibodies as well as elicits its effect via direct binding to CA125 (Fig. 3D).
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Rituximab (RTX) is a commercially approved antibody (Ab) based drug for the

treatment of FL. It's mode of function has been shown to involve ADCC and CDC,

as well as Ab-induced apoptosis. CA125 binds RTX and suppresses its ADCC and

CDC activity and its over-expression has been associated with the reduced clinical I
. . . . . . . . 0.000

response in patients treated with RTX in the front-line setting, suggesting that it may BN PEDL HEks DEDS CAIIS DEDY CALZE 4 BEDS RTXonly  RTX + CA125 RTXonly  RTX + CAL2S PEPS.-biotin

have an inhibitory role in clinical response in patients with CA125-postive FL. probe: CD16a-biotin probe: Clq-biotin Fig.5. PEP5-Fc fusion proteins retain high affinity CA125 binding. A, ELISA plates were coated with CA125 and
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Fig. 7 Siglec binding to CA125. ELISA plates coated with BSA or 15 KU/mL of CA125 were probed with 1-5 ug/mL of Siglec-1-
His or Siglec-9-His +/- 5 ug/mL NAV-005 (FC-2) or Fc fragment. Binding was detected using anti-His-HRP antibody. As shown,
CA125 directly binds CA125 and is blocked by NAV-005 (FC-2). All experiments are done in triplicate.
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1.0 - probe: ritusmabbioin probed with biotin-FC, FC-1, FC-2, or FC-3. Dimeric (FC-2) and trimeric (FC-3) fusions exhibited greatest . . - :
:W Fig.3. Discovery and characterization of NAV-005 peptide (PEPS). A, PEP5 can block CA125 binding gﬂ;‘g'ﬂ%ﬁ:ﬁ o o ZL;:,QSS'FC Lials el e e e e Figure 8. NAV-005 enhances humoral immune activities of RTX via
N — to RTX. 96 well ELISA plates coated with human serum albumin (HSA) or CA125 were probed with 1 : . . - . .
- -='| 'OW CA125 pug/mL biotin-RTX +/- 1 ug/mL PEP5 or an irrelevant peptide (PEP1) in triplicate. Panels B-D, PEP5 bIOCkade Of CA125 blndlng as We" as immune effeCtor ce" activation
0.8 '1. o specifically binds CA125 and antagonizes its IE suppression on RTX. ELISA plates were coated with
£ -1 4 RTX and probed with biotin-CD16a (B), or biotin-C1q (C) +/- 15 KU/mL CA125 and 1 ug/mL PEPL1 or . . . . o oL _ - : _ : : :
=] - PEPS. D, PEPS ditectly binds to CA125. ELISA plates were coated with HSA, RTX, or 15 KUJmL TN N\ LR (VST Wl el (=TT WAVY (ol T TR [ TR YT T[Ty W A | The JurkatCD16a reporter assay monitors antibody-CD16a Fc receptor activation using a
e - T high CA125 CA125 and probed with biotin-PEP5. P < 0.001 in panels B-D using T-test. - luciferase readout. If antibody binds target cells and engages with Jurkat-CD16a, luciferase is
2 o5 CA125 on RTX target cell killing activated and is quantified by luminescent signal intensity. Importantly, Jurkat-CD16a cells do not
T : Similar effects were observed in cell-based assays using Chinese hamster ovary express SIGLEC-9 inhibitory receptor. Primary PBMCs and NK cells both express SIGLEC-9 (as
- cells stably expressing human CD20 (CHO-CD20), whereby CA125 significantly | We next examined if NAV-005’s (FC-2) ability to bind CA125 could restore immuno- | Well as other regulatory receptors) and are CD16a-postive effector cells. These features enable the
i dependent manner by PEP5 (Fig. 4). effectively restore CD16a, CD32a and Clq binding to RTX in the presence of CA125. |as RTX) as well as on IE activity of antibodies that it does not directly bind (such as anti-HER2
- e 0% These effects were also observed in cellular assays measuring the effect of CA125 on | Pertuzumab, PTZ). We have generated a target cell line (OV-CD20) that naturally produces high
0.0 ] —— ey —— — . ) — 80% ADCC using human primary periphera' blood mononuclear cells (PBMCS) as well as levels Of CA125 and also expresses the CD20 and HER2 antlgenS, which allows for Compara.tl\./e
0.0 37.5 ' 75.0 _ 112.5 150.0 0% CDC using human complement and CHO-CD20 target cells (Fig. 6B). Based on these ana!yS|s of RTX and PTZ on effector cell systems. In bo_th systems, RTX and PTZ had activity
progression free survival (months) ® 60% findings and the potential need for novel agents to help combat Ab-based therapies in | 29ainst the OV-CD20 target cells. However, when used in combination with NAV-005 (FC-2) in
Fig.1. Follicular lymphoma patients with elevated CA125 have reduced response to RTX thera é: 50% CAl25-expressing cancers, including RTX in FL, further development of NAV-005 is J!Jrkat-C[.)]'Ga assays, significant enhancement of activity was ObserYEd. with RTX, as CA125
— i a - Z Lo being pursued for in vivo validation and optimal dosing. directly binds to RTX but no enhanced effect was observed for PTZ, which is not bound by CA125
2 30; (Fig. 8). However, both RTX and PTZ ADCC activity was enhanced when either was used in
; 20; A B combination with NAV-005 (FC-2) in PBMC assays. This effect was reversed if >10 fold molar
Figure 2. Soluble CA125 inhibits RTX ADCC activity in vitro 1072 * * amounts of soluble SIGLEC-9 were added to the assay, sugge_stin.g the effect is SIGLEC-9
o - . - . . . 0.900 100% mediated. These data support a process where PBMC ADCC activation is perturbed in part by
. - 0 o . . * _ . o
Several studies have recently described mechanisms by which CA125 impacts Ab PEP1 PEP5 RTX RTX+ RTX+ PEP1 PEP5 RTX RTX+ RTX+ 0.800 o 90% CALZOSICLECAS Wt ieD
immune-effector (IE) functions. Kline et al. reported that CA125 was capable of PEP1  PEPS PEP1  PEPS ° £ 80% 100.0% P = 0.00009
binding to a subset of IgG1-type Abs via the Fab domain that in turn perturbed . v 0,700 * = 70%
) ) : i . media only CA125 < ‘g = B80.0%
their Fc interaction with the CD16a and CD32a Fc-y-activating receptors on NK a) X = 60% - P < 0.0017
and myeloid cells as well as with the C1q complement initiating protein (1,2). In Fig.4. PEP5 can block CA125 CDC immune-effector suppression on rituximab (RTX). CHO-CD20 cells O 0.600 T : € oo0% P < 0.0066 T ——
. . . . were plated in triplicate in 96 well plates in complement-containing growth media +/- 15 KU/mL CA125 - - . e
Figure 2, we targeted Daudi (CD20+) lymphoma cells with RTX for ADCC using along with PEP1, PEP5, RTX alone or in combination After 1.5 hours, cell viability was analyzed as a © 0.500 :: 50% <
human PBMCs as a source of effector cells +/- soluble CA125. In the presence of readout of CDC killing using Cell Titer-GLO (Promega). As shown, CA125 suppression of RTX CDC was 3 v 40% x § 40.0%
soluble CA125, significant inhibition of RTX ADCC activity was observed. blocked by addition of PEPS. P < 0.001 using T-test. g 0.400 o 30% ¥ .‘E’
20.0%
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3 50 ~ .+CA125 Flgure 5. Generatlon and CharaCterlzatlon o PEPS Fc g 0 200 10 ’ none FC-2 RTX RTX + RTX + PTZ PTZ+ PTZ+ none FC-2 RTX RTX + RTX + PTZ P!+ PTZ +
:§ fusion roteins = U, 0% ) ) FC-1 FC-2 FC-1 FC-2 FC-1 FC-2 FC-1 FC-2
é a0 | P < 0.001 p @0 0.100 : q f:, m n g n' ﬂ n 20.0% Jurkat-CD16a human PBMCs
- = . . Py . = - - - i - Fig.8. NAV-005 (FC-2) enhances CD16a activation of RTX and ADCC activity of RTX and PTZ on CA125-producing target cells.
-lg 30 | Hls_torlcally, the use of peptides in medicine have been_ challenging becausg of I I ' . q < - q < Left side shows enhanced activation of Jurkat-CD16a reporter cells in the presence of FC-2 using RTX. Note PTZ does not bind
O their short steady-state serum levels due to degradation and renal secretion. 0.000 v v v o CA125 and therefore no enhanced activation is observed +/- FC-2. Right side shows enhanced ADCC killing of OV-CD20 target
@) Fusion to the human IgG1l Fc domain has frequently been employed to generate Fc FC-2 Fc FC2 Fc FC2 L :J cells by PBMC effectors using FC-2 in the presence of RTX or PTZ as compared to OV-CD20 cultures treated with Ab alone.
8 20 - larger, more stable polypeptides for mgdicinal use. We hypc_)thesized t_hat PEPS d O REFERENCES
< 10 could be formatted as an IgGl Fc fusion proteln with mUItlpIe repeatlng PEPS CD].GG' CD323_ cm_biotin i k. 1. Kline JB, Kennedy RP, Albone E, Chao Q, Fernando S, McDonough JM, Rybinski K, Wang W, Somers EB, Schweizer C, Grasso L,
2 domains and could be more effective at antagonizing CA125 |IE suppression. We biot biot NicolaidestFC. Tumor antigen CA125 sug)presses agtgazoct)jzgdgggggezné f;:llular cytotoxicity (ADCC) via direct antibody binding and
. . . . . . suppressed Fc-y receptor engagement. Oncotarget 8: - , .
0 engmeered PEP5-human IgGl Fc fusions Contammg 1 - 3 PEP5 domains linked lotin lotin ADCC CDC 2. Kline JB, Fernando S, Ross EN, Grasso L, Nicolaides NC. Tumor shed antigen CA125 blocks complement-mediated killing via suppression
via a 5 amino acid spacer into a high-titer mammalian expression vector - ;s - ivi : of Clg-antibody binding. Eur J Immunol 48:1872-1882, 2018.
1ug/mL RTX S _ _ _ Fig.6. NAV-005 overcomes CA125 suppressive effects on RTX IE activity. A, ELISA plates were coated with 15 : , : : : : , .
&/ containing the zeocin selection marker. Constructs were stably transfected into KU/mL CA125 and 5 ug/mL RTX and probed with biotinylted-CD16a, -CD32a, or -Clq proteins in the presence of 3. x’e{,?,gfg';,arg‘?;[f;”ngngé ;Cgf“:('aarz%;fﬁ'fgﬁ d'\gmslfeh;“(;;fjbls:'m:ge;l; el S¢. oﬁiglish:égﬁ%&rgyﬁbggg sﬁ;gggg;\?gﬁgtyo‘;a
Fig.2. RTX ADCC activity is inhibited by soluble CA125. 2x105 Daudi cells were placed in culture with human 293 cells, selected and screened for secreted PEP5-Fc fusion proteins ECC()I—:CI):(C::-SZ(()NS\r/gig?i)e.IIQ‘:v sreoggétgc?\v&?r?i 'IYV)?Z nilblce:Afizgeslil?;\e/ (t))(;r;dl(r;%ozf) t())(:t(r:]orffrorle;r?)rt);?rzz i{:\n&ecgrcést(e)nsg)éll‘ weekly farletuzumab in combination with carboplatin and taxane in patients with ovarian cancer in first platinum-sensitive relapse. J Clin
. ; . 0 ; : : : : Bref ] - ' . v Oncol 34:2271-8227, 2016.
R TR [ ekl e Ml RS G ke e ol B R 1 W R ) S 2 sl ST S using mouse anti-human-Fc-HRP as a probe via ELISA. Fc fusions containing 1, PBMCs (ADCC) or complement (CDC). As shown, NAV-005 could rescue the immune-effector suppression elicited 4. Bglci:sie JA, Horibata S, Gubbels, JA, et al. Identification of Siglec-9 as the receptor for MUC16 on human NK cells, B cells, and monocytes.

using LDH release as follows: 2 and 3 PEP5 domains on the N-terminus were successfully generated (Fig. 5A), by CA125 on RTX. Values are from at least triplicate. P < 0.001 using T-test. Mol Cancer 9:118-132, 2010.

(% cytotoxicity = RTX treated cells — effector cells without RTX / triton X lysed cells — effector cells only) purified and tested for CA125 binding. 5. :]andus C, Bo!i"gan KITJ, (C::Ir_lijiloke O,ll_ziz Ts 1e(t) a;ggger;gtlizns between Siglec-7/9 receptors and ligands influence NK cell-dependent tumor
immunosurveillance. in Invest 124: - : :




