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Abstract
Immune checkpoint inhibitors (ICIs) have emerged as promising therapies for the treatment of cancer. However, existing ICIs, 
namely PD-(L)1 and CTLA-4 inhibitors, generate durable responses only in a subset of patients. TIGIT is a co-inhibitory 
receptor and member of the DNAM-1 family of immune modulating proteins. We evaluated the prevalence of TIGIT and 
its cognate ligand, PVR (CD155), in human cancers by assessing their expression in a large set of solid tumors. TIGIT is 
expressed on  CD4+ and  CD8+ TILs and is upregulated in tumors compared to normal tissues. PVR is expressed on tumor 
cells and tumor-associated macrophages from multiple solid tumors. We explored the therapeutic potential of targeting 
TIGIT by generating COM902, a fully human anti-TIGIT hinge-stabilized IgG4 monoclonal antibody that binds specifically 
to human, cynomolgus monkey, and mouse TIGIT, and disrupts the binding of TIGIT with PVR. COM902, either alone 
or in combination with a PVRIG (COM701) or PD-1 inhibitor, enhances antigen-specific human T cell responses in-vitro. 
In-vivo, a mouse chimeric version of COM902 in combination with an anti-PVRIG or anti-PD-L1 antibody inhibited tumor 
growth and increased survival in two syngeneic mouse tumor models. In summary, COM902 enhances anti-tumor immune 
responses and is a promising candidate for the treatment of advanced malignancies.
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Introduction

Antibodies targeting checkpoint receptors such as CTLA-4 
or PD-1 have revolutionized cancer treatment. However, 
most patients do not derive long-term benefit from cancer 
immunotherapies due to primary and adaptive resistance 
mechanisms, and one third of treated patients relapse by 
developing acquired resistance [1]. Therefore, targeting of 
additional immune-suppression mechanisms to overcome 
resistance to current immunotherapies may provide thera-
peutic benefit. Members of the DNAX accessory molecule-1 

(DNAM-1) family that interact with nectin and nectin-like 
molecules have recently emerged as important regulators 
of tumor immune surveillance. Several members of the 
DNAM-1 axis are under preclinical and clinical investiga-
tion as targets for novel immunotherapies, including: TIGIT 
(T cell Ig and immunoreceptor tyrosine-based inhibitory 
motif [ITIM] domain), CD96, and PVRIG (poliovirus 
receptor related Ig domain containing protein). TIGIT and 
PVRIG are non-redundant inhibitory receptors within the 
same biological axis, with TIGIT being the high affinity, 
functional receptor for PVR, whereas PVRIG is the domi-
nant functional receptor for PVRL2 (CD112) [2]. TIGIT is 
an inhibitory receptor on T and NK cells [3, 4] that competes 
for PVR binding with the co-activatory receptor DNAM-1 
(CD226) [4–7]. PVRIG was recently identified as a co-inhib-
itory functional receptor expressed on NK and T cells in the 
tumor microenvironment (TME) [2, 8] that competes for 
PVRL2 binding with the co-activatory receptor DNAM-1. 
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A Phase 1 clinical trial is currently underway to assess the 
safety and tolerability of a first-in-class therapeutic antibody 
targeting PVRIG (COM701) as a monotherapy and in com-
bination with the PD-1 inhibitor, nivolumab, in patients with 
advanced solid tumors [9].

Several studies have shown that TIGIT is a marker of T 
cell dysfunction and is upregulated on human viral-specific 
 CD8+ T cells and tumor infiltrating T cells (TILs). In a 
murine model of chronic viral infection, TIGIT was found to 
be co-expressed with PD-1 on  CD8+ T cells, and synergistic 
inhibition of TIGIT and PD-1 increased viral clearance and 
T cell effector function [10]. Similarly, in murine models of 
colon and breast carcinomas, anti-TIGIT and anti-PD-L1 
antibody treatment resulted in tumor rejection, an effect that 
was shown to be  CD8+ T cell dependent [10]. In human set-
tings, TIGIT blockade either alone or in combination with 
anti-PD-1 synergistically increased effector function of NY-
ESO-1-specific  CD8+ TILs isolated from melanoma patients 
[11]. Collectively, these data suggest that TIGIT and PD-1/
PD-L1 co-blockade acts through  CD8+ T cells to generate 
an effective anti-tumor immune response.

Currently, numerous antagonist TIGIT antibodies are in 
preclinical and clinical development to treat patients with 
locally advanced or metastatic tumors [12, 13]. These early 
clinical studies have begun to shed light on whether TIGIT 
checkpoint inhibitors, either as a single agent or in com-
bination with other cancer therapies, will generate durable 
responses in patients who do not benefit from anti-PD-1/
PD-L1 therapies. Phase 1 studies to date have shown only 
limited responses for TIGIT inhibitors, either alone or in 
combination with anti-PD-1/PD-L1 antibodies [14–16]. 
However, the recent Phase 2 CITYSCAPE trial in non-small 
cell lung cancer (NSCLC) demonstrated a clear benefit of 
combining tiragolumab with atezolizumab relative to treat-
ment with atezolizumab alone [17]. Given the isotype dif-
ferences between the antibodies in development [effector 
human IgG1 (hIgG1) versus non-effector such as hIgG4 
or Fc-silenced hIgG1], these studies may also determine 
whether isotype influences the immune response developed 
upon anti-TIGIT therapy. The majority of the clinical data 
reported thus far has been with anti-TIGIT hIgG1 isotypes 
(etigilimab, tiragolumab, and vibostolimab). A Phase 1 study 
was also completed with ASP8374, an anti-TIGIT hIgG4 
isotype, in Japanese patients with advanced solid tumors. 
However, a Phase 1b study of ASP8374 as a single agent and 
in combination with pembrolizumab was halted in October 
2020 by Astellas for undisclosed reasons. In contrast, an anti-
TIGIT antibody with a mutated hIgG1 to reduce Fcγ recep-
tor binding (domvanalimab, Arcus Biosciences), is currently 
being evaluated in a randomized Phase 2 study in combi-
nation with anti-PD-1 alone or with etrumadenant, a dual 
A2a/A2b adenosine receptor antagonist (NCT04262856). 
Moreover, the evaluation of domvanalimab in combination 

with anti-PD-1 has been expanded to a Phase 3 trial in PD-
L1-positive, locally advanced, or metastatic non-small cell 
lung cancer patients (NCT04736173).

COM902 is a novel, fully human anti-TIGIT hinge-sta-
bilized IgG4 monoclonal antibody (mAb) that specifically 
binds TIGIT with high affinity and disrupts its interaction 
with the cognate ligand, PVR. TIGIT targeting combined 
with PVRIG or PD-1 pathway blockade represents a strategy 
for improving efficacy in patients that develop resistance or 
do not respond to PD-1/PD-L1 blockade alone.

Materials and methods

Antibodies

COM902 is a fully human anti-TIGIT IgG4 isolated by pan-
ning a phage display antibody library (XOMA Corp.) with 
human TIGIT (hTIGIT) ECD. COM902 was optimized 
for improved affinity and cross-reactivity by saturation 
mutagenesis in the H-CDR2 and L-CDR3. COM701 is a 
humanized anti-PVRIG IgG4 mAb and was described previ-
ously [2]. Pembrolizumab, anti-PD-L1 mouse IgG1 (mIgG1, 
Clone YW243.55.S70), and isotype control antibodies were 
produced internally [18]. Chimeric COM902 contains the 
human variable chains of COM902 and the constant region 
of mIgG1. Anti-mouse PVRIG (mPVRIG) mIgG1 was 
described previously [19].

Tumor processing and flow cytometry

Human tumor samples were acquired from the Cooperative 
Human Tissue Network (CHTN). The tumor and histologi-
cal type were determined from the pathology report (Sup-
plementary Table S1). Lineage marker and isotype control 
antibodies are presented in Supplementary Table S2. Sam-
ples were acquired on a Fortessa X-20 cytometer (BD Bio-
sciences). Data were analyzed using FlowJo (TreeStar LLC) 
with the gating lineages defined in Supplementary Table S3.

KinExA

Kinetic exclusion assay (KinExA 3200 instrument, Sapi-
dyne Instruments) was used to measure hTIGIT (Sino 
Biologicals) binding to COM902. Six total binding curves 
were acquired with [hTIGIT] = 854–588 pM equilibrated 
for ~ 72 h with  [COM902]binding sites = 1.1–5.7 pM and ~ 24 h 
with  [COM902]binding sites = 28.7 pM at 22 °C. All six curves 
were simultaneously fit to a 1:1 equilibrium model using 
the KinExA software to estimate  KD. Detection beads 
were hTIGIT coupled to Ultralink Support resin (Thermo 
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Scientific), and the secondary detection antibody was 
AF647-labeled goat anti-human IgG, Fc-fragment specific 
(Jackson ImmunoResearch Laboratories, West Grove, PA).

Immunohistochemistry

Expression of hPVR in human formalin fixed paraffin 
embedded (FFPE) tissues was evaluated using an anti-hPVR 
rabbit mAb (Clone D8A5G; Cell Signaling Technologies. 
Immuno-histochemistry (IHC) staining was conducted using 
an IntelliPATH™ automated staining platform (Biocare). 
Human PVR expression in FFPE tissue microarray (TMA) 
samples was scored by a pathologist on a quantitative scale 
based on the percentage of positive cells, and the complete-
ness and intensity of the cell membrane staining (Supple-
mentary Figure S1f). Halo software (Indica labs) was used 
for digital image analysis (OracleBio, Scotland, UK).

TIGIT binding and blocking assays

ExPi293 cells were engineered to express hTIGIT, cynomol-
gus TIGIT (cTIGIT), or mouse TIGIT (mTIGIT). For bind-
ing experiments, cells were incubated for 1 h with COM902 
or hIgG4 isotype control and detected with a secondary 
antibody. For blocking experiments, the cell lines described 
above were pre-incubated with COM902 or hIgG4 isotype 
for 30 min. Recombinant hPVR-mIgG2a-Fc (hPVR-Fc) and 
cynomolgus PVR-hIgG1-Fc-biotin (cPVR-Fc) produced 
internally, or mouse PVR-hIgG1-Fc (mPVR-Fc) (Sino Bio-
logical) were added to the cells for 1 h and detected with 
fluorescently labeled secondary antibodies. The fluorescent 
signal was detected by flow cytometry and corresponded 
to the % of PVR blocking to cell-surface expressed TIGIT.

CDC and ADCC assays

For complement dependent cytotoxicity (CDC), 5% baby 
rabbit serum containing complement (Cedarlane) was added 
to activated human  CD8+ T cells. COM902, hIgG4 isotype, 
Campath (anti-human CD52 hIgG1), or hIgG1 isotype were 
added and cell lysis was measured using a Cytotox-Glo rea-
gent kit (Promega). For ADCC assays, activated human 
 CD8+ T cells were labeled with DELFIA BATDA reagent 
(Perkin Elmer) and combined with activated NK cells. The 
same antibodies as used for the CDC assay were added. 
Time resolved fluorescence (TRF) signal was detected after 
4 h of incubation using an EnVision multi-label reader (Per-
kin Elmer).

Jurkat reporter assay

Jurkat cells were engineered to express hTIGIT and a lucif-
erase reporter driven by an IL-2 response element (Jurkat 

hTIGIT-IL-2) (Promega, TIGIT/CD155 Blockade Bioas-
say). Jurkat hTIGIT-IL-2 cells were cultured with CHO-K1 
cells engineered to express human CD155 (hPVR) and a 
TCR activating complex (CHO-K1 hPVR-TCR). COM902 
or hIgG4 isotype were added to the co-culture and luminesce 
was quantified on an EnVision multi-label reader (Perkin 
Elmer).

CMV  CD8+ T cell co‑culture assay

Human CMV  pp65(495–503) reactive  CD8+ T cells were 
expanded by thawing peripheral blood

mononuclear cells (PBMCs) from CMV seropositive 
donors (CTL). PBMCs were cultured for eight days with 
recombinant human IL-2 (rhIL-2) and rhIL-7, and replen-
ished at days 3 and 5. At day 8, cells were harvested, and 
cultured in low dose rhIL-2 (100 U/mL) at 2 ×  106 cells/
mL in complete RPMI media for 2–3 days. The frequency 
CMV  pp65(495–503) reactive  CD8+ T cells was determined 
with iTAg Tetramer—HLA-A*0201 CMV pp65 (NLVPM-
VATV) (MBL-Bion) staining [2]. The resulting  CMV+ anti-
gen-specific  CD8+ T cells were ≥ 90% CMV pp65-tetramer 
positive. CMV antigen-specific T cells were co-cultured for 
18 h with Mel-624 (ATCC) cells that were engineered to 
over-express the CMV peptide  pp65(495–503).

A human IFN-γ flex cytokine bead assay kit (BD Bio-
sciences) was used to detect secreted IFN-γ in the cell 
culture supernatant. For anti-PD-1 combination assays, 
the Mel-624 cells were engineered to overexpress human 
PD-L1 and the CMV protein  pp65(495–503) using lentiviral 
transduction. For T-cell mediated cell killing, Mel-624 cells 
were engineered to over-express human PVR, PVRL2, and 
firefly luciferase (Mel-624-PVR-PVRL2-luc). Mel-624 cells 
were pulsed with  pp65(495–503) peptide for 1 h and combined 
with CMV-specific  CD8+ cells. Bio-Glo luciferase substrate 
(Promega) was added after 16 h according to the manufac-
turer’s instructions. Luminesce was detected using a EnVi-
sion multi-label reader (Perkin Elmer).

NK cell cytotoxicity assay

Purified human NK cells were cultured for 16 h with rhIL-
15 (R&D systems) then added to a co-culture with CAL-27 
cells (ATCC) at a 10:1 E:T ratio for 4 h in the presence of 
COM701, COM902 (10 μg/mL each), COM701 + COM902, 
or a hIgG4 isotype control. NK cell cytotoxicity was meas-
ured by the expression of CD107a on NK cells.

OVA‑specific mouse  CD8+ T cell co‑culture assay

Ovabumin (OVA)-specific  CD8+ T cells were generated from 
the spleens of female C57BL/6-Tg (TcraTcrb)1100Mjb/J 
mice (OT-1, The Jackson Laboratory). Splenocytes were 



3528 Cancer Immunology, Immunotherapy (2021) 70:3525–3540

1 3

d

0

1

2

3

4

5

6

7

C
D
8+

T
ce

lls
TI
G
IT

Ex
pr
es

si
on

(T
IG

IT
/Is

ot
yp

e
M
FI
)

N
A
T

Tu
m
or

0

1

2

3

4

5

C
D
4+

Tr
eg

ce
lls

TI
G
IT

Ex
pr
es

si
on

(T
IG

IT
/Is

ot
yp

e
M
FI
)

N
A
T

Tu
m
or

N
A
T

Tu
m
or

N
A
T

Tu
m
or

Colorectal Endometrium Kidney Lung

Cell subset Comparison Paired t-test p value
CD8+ T cells NAT vs. Tumor <0.0001
CD4+ Tregs NAT vs. Tumor <0.0001

Lu
ng

He
ad
&N

ec
k

En
do
me

tri
al

Ki
dn
ey

Br
ea
st

St
om

ac
h

Bl
ad
de
r

Co
lor
ec
tal

Pr
os
tat
e
Ov
ary

0

2

4

6

8

Cancer Type

TI
G
IT

Ex
pr

es
si
on

(T
IG

IT
/Is

ot
yp

e
M
FI

SD
) CD8+ T cells

Lu
ng

He
ad
&N

ec
k

En
do
me

tri
al

Ki
dn
ey

St
om

ac
h

Br
ea
st

Co
lor
ec
tal

Bl
ad
de
r

Pr
os
tat
e
Ov
ary

0

2

4

6

Cancer Type

TI
G
IT

Ex
pr

es
si
on

(T
IG

IT
/Is

ot
yp

e
M
FI

SD
) CD4+ T cells

Lu
ng

En
do
me

tri
al

He
ad
&N

ec
k

Ki
dn
ey

Bl
ad
de
r

Br
ea
st

Ov
ary

St
om

ac
h

Pr
os
tat
e

Co
lor
ec
tal

0

2

4

6

8

10

12

Cancer Type

TI
G
IT

Ex
pr

es
si
on

(T
IG

IT
/Is

ot
yp

e
M
FI

SD
) Treg CD4+ T cells

Lu
ng

En
do
me

tri
al

Ki
dn
ey

Ov
ary

St
om

ac
h

Co
lor
ec
tal

Pr
os
tat
e

Br
ea
st

Bl
ad
de
r

He
ad
&N

ec
k

0

2

4

6

Cancer Type
TI

G
IT

Ex
pr

es
si

on
(T

IG
IT

/Is
ot

yp
e

M
FI

SD
) NK cells

a

Treg
s

CD8
+ T ce

lls

CD4
+ T ce

lls

NK
ce

lls

Mac
ro

phag
es

pDCs
mDCs

CD45
- ce

lls
0

2

4

6

8

10

12

TI
G

IT
Ex

pr
es

si
on

(T
IG

IT
/Is

ot
yp

e
M

FI
)

b

Endometrial

CD8+CD4+ Treg NKCD4+

Head & 
Neck

c

TIGIT



3529Cancer Immunology, Immunotherapy (2021) 70:3525–3540 

1 3

stimulated for 48 h with 1 µg/mL H-2 Kb-restricted OVA 
peptide (SIINFEKL, Anaspec) and rhIL-2. MC38 cells were 
pulsed with OT-1 peptide and combined with OVA-specific 
 CD8+ T cells. Chimeric COM902, anti-PD-L1, mIgG1 or 
rat IgG2b (rIgG2b) isotype controls were added and plates 
were incubated for 24 h. Mouse IFN-γ was measured using 
a mouse IFN-γ Flex Set Kit (BD Biosciences).

Syngeneic mouse tumor models

5 ×  105 CT26 cells or 1 ×  106 Renca cells (ATCC) were 
inoculated subcutaneously into the right flank of female 
Balb/c mice. Mice with tumors measuring 20–55  mm3 
were randomized (into groups of 10 mice). Antibodies were 
administered through intraperitoneal injection on day 6 
(monotherapy) or day 8 (combination therapy) post tumor 
inoculation and dosed three times a week for two weeks. 
Chimeric COM902 and anti-mPVRIG were titrated in the 
CT26 model to select the saturating dose of 10 mg/kg. Anti-
PD-L1 was similarly titrated, and the dose of 3 mg/kg was 
selected to accentuate the effect of combination treatment on 
tumor growth. Mice were euthanized when the tumor vol-
umes reached 2000  mm3. To isolate TILs, CT26 tumors were 
dissociated with GentleMACs™ kits (Miltenyi Biotec). Lin-
eage marker and isotype control antibodies used are listed in 
Supplementary Table S5. Gating lineages are described in 
Supplementary Table S5. All animals were housed during 
the study in an internal animal facility with food and water 
provided, ad libitum. All studies were approved by the Insti-
tutional Animal Care and Use Committee at the Compugen 
USA, Inc.

Statistics and calculations

The “log (agonist) vs. response—variable slope (four param-
eters)” model in Prism was used to model dose–response data 
from in-vitro functional assays. Data were analyzed by paired 
Student t test; *, P < 0.05; **, P < 0.01; ***, P < 0.001. Esti-
mates of the half maximal inhibitory concentration  (IC50) or 
half maximal effective concentration  (EC50) were calculated 

based on these models. The percentage of specific cytotox-
icity was calculated as: (1—(RLU(target cells + T cells + antibody)/
RLU(target cells + T cells + media alone))) × 100. For in-vivo studies, 
two-way ANOVA with repeated measures for selected pairs 
of groups was performed using JUMP software (Statistical 
Discoveries TM). Tumor growth inhibition (TGI) at termina-
tion was performed by comparing tumor volumes measured 
on the last day on which all study animals were alive. Sta-
tistical differences in survival were determined by Log-rank 
P-value associated with each set of Kaplan–Meier curves.

Results

TIGIT is expressed and induced in solid tumors

Although TIGIT protein expression has been examined on 
TILs in small subsets of human tumors [10, 11, 20, 21], 
expression across a large number of cancers with multiple 
tumors per indication has not been investigated. Thus, to 
further examine TIGIT in the TME, we assessed expression 
in ~ 130 unique dissociated human tumors from 10 differ-
ent cancer indications. Since CD127 expression is inversely 
correlated with Foxp3 expression,  CD4+ regulatory T cells 
(Tregs) were defined as  CD4+CD25+CD127− [22]. TIGIT 
expression was detected on Tregs,  CD8+ T cells, non-Treg 
 CD4+ T cells, and NK cells from multiple tumor types 
(Fig. 1a). Across all tumors, TIGIT was expressed, from 
highest to lowest, on Tregs,  CD8+ T cells, non-Treg  CD4+ 
T cells, and NK cells (Fig. 1b, c). TIGIT expression was 
higher on  CD4+ Treg and  CD8+ T cells derived from tumor 
tissue compared to matched normal adjacent tissue (NAT) 
(Fig. 1d). No TIGIT expression was detected on monocytes, 
dendritic cells (DCs), or non-immune cells (Fig. 1b). Across 
all examined indications, lung, endometrium, head and neck, 
and kidney cancers had the highest TIGIT expression for 
all lymphocyte subsets evaluated (Fig. 1a). As  CD8+ T and 
NK cells are known to be important cytotoxic lymphocytes 
within the immune system, high TIGIT expression on these 
cell types suggests that TIGIT plays a critical role in regulat-
ing their activity.

PVR is expressed in multiple tumor types

A subset of samples that were evaluated for TIGIT expres-
sion were also examined by flow cytometry for PVR expres-
sion. PVR expression was detected on two major cell sub-
sets: 1) myeloid cells, and 2) non-immune  CD45− cells, 
(Supplemental Figure S1a-d). Significant correlations 
between the prevalence of TIGIT versus PVR expression 
could not be generated due to sample size limitations. PVR 
expression was also evaluated in FFPE tissues by IHC. Ten 
non-small cell lung cancer (NSCLC), small-cell lung cancer 

Fig. 1  Expression of TIGIT on cells isolated from dissociated tumors 
and NATs. a TIGIT expression is shown on Treg  CD4+ T,   CD8+ T, 
non-Treg  CD4+ T, and NK cells for each tumor type. Each dot within 
a column represents an individual sample. Mean ± SEM is presented. 
b Across all tumor samples examined, the expression of TIGIT on 
the different cell types is shown. The median is depicted by the mid-
dle line and the upper and lower quartiles are depicted by the boxes 
above and below the median line. The whiskers depict 1.5 times the 
interquartile range. c Representative histograms for TIGIT expres-
sion (blue) compared to an isotype control (red) are shown for four 
lymphocyte subsets isolated from an endometrial and a head and neck 
tumor. d Matched tumor and NAT samples were assessed for TIGIT 
expression on  CD8+ T cells and  CD4+ Tregs. Each line represents a 
matched donor

◂
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(SCLC), triple negative breast cancer (TNBC), hepatocel-
lular cancer (HCC), and prostate cancer tumors were stained 
with anti-hPVR and pan-cytokeratin (Pan-CK). Using a 
novel digital image analysis for scoring PVR expression, 
the tumor/stromal border, cell segmentation, and membrane 
versus cytoplasmic staining delineation were determined 
(Fig. 2a). All five tumor types had high PVR expression, 
with H-scores ranging from 80 to 280 (Fig. 2b). Across all 
tumor types examined, PVR expression was higher in the 
tumor compartment compared to the stromal area (Fig. 2b). 
As PVR expression was highest on malignant cells, we fur-
ther evaluated PVR expression on a panel of TMAs from 
15 tumor types. PVR expression was scored using a 0, 1, 
2, or 3 scoring system (Supplemental Figure S1e and S1f). 
PVR was detected in multiple tumor types, with the highest 
expression in colon cancer samples (Supplemental Figure 
S1g).

COM902 binds to TIGIT and blocks TIGIT:PVR 
interactions

The binding affinity of COM902 to TIGIT was character-
ized by both a cell-based antibody binding assay and kinetic 
exclusion (KinExA). COM902 bound with similar high 
affinity to hTIGIT and cTIGIT expressed on cells, while 
much lower binding affinity was observed for mTIGIT 
(Fig. 3a, Supplemental Figure S2a). Binding of COM902 
to hTIGIT expressed on the cell surface yielded  KD val-
ues ranging from 0.11 to 0.3 nM. Binding of COM902 to 
a monomeric recombinant hTIGIT protein using KinExA 
yielded a  KD value of 626 fM (Supplemental Figure S2b).

Given the low affinity interaction and questionable bio-
logic relevance of TIGIT binding to PVRL2 and PVRL3 
[2–4], we focused on the ability of COM902 to block the 
interaction of TIGIT with its high-affinity ligand, PVR. 
We utilized a cell-based blocking assay in which TIGIT 
was expressed on the cell surface and PVR was added as 
a recombinant protein. COM902 showed complete inhibi-
tion of the human and cynomolgus TIGIT:PVR interaction, 
with  IC50′s of 0.18 ± 0.02 nM and 0.55 ± 0.03 nM, respec-
tively (Fig. 3b, Supplemental Figure S2a). Additionally, we 
assessed ability of a chimeric COM902 mIgG1 to block 

the mouse TIGIT:PVR interaction. The chimeric antibody 
blocked the interaction of mPVR-Fc to mTIGIT with an 
 IC50 of 0.16 ± 0.03 nM. Taken together, these data suggest 
that COM902 shares a similar mechanism of action across 
human, cynomolgus monkey and mouse.

COM902 does not demonstrate ADCC or CDC activity

TIGIT is highly expressed on  CD8+ TILs which are impor-
tant mediators of the anti-tumor immune response [23]. 
Since depletion of  TIGIT+ lymphocytes would be an unde-
sirable outcome of COM902 on-target binding, we assessed 
whether COM902 could mediate Fc-dependent CDC or 
ADCC against  TIGIT+ T cells. For CDC assessment, acti-
vated  TIGIT+ human T cells were incubated with comple-
ment-containing baby rabbit serum. COM902, or anti-CD52 
(Campath) was added to the culture, and the amount of 
cell lysis was determined. COM902 did not mediate CDC 
whereas Campath mediated CDC in a dose-dependent man-
ner (Fig. 4a). To assess ADCC activity, activated  TIGIT+ 
human T cells were co-cultured with activated human 
NK cells. In contrast to Campath, which induced ADCC 
in a dose-dependent manner, COM902 did not demonstrate 
ADCC activity (Fig. 4b).

COM902 enhances human lymphocyte function 
in‑vitro

To evaluate the functional effect of TIGIT:PVR interac-
tion blockade by COM902, we utilized a Jurkat luciferase 
reporter co-culture system. CHO-K1 cells expressing anti-
CD3 (OKT3) and hPVR (CHO-K1-OKT3-PVR+) were 
incubated with Jurkat-TIGIT-IL-2-luc reporter cells. As 
shown in Fig. 5a, blockade of TIGIT:PVR by COM902 
increased luciferase production, with an  EC50 of 2.14 nM. 
Next, we evaluated the effect of COM902 on antigen-spe-
cific T cell function using a peptide re-stimulation assay. 
PBMCs were activated with a viral  pp65(495 – 503) antigen 
peptide and CMV-reactive effector  CD8+ T cells were 
assessed for TIGIT, PVRIG, and PD-1 expression (Fig. 5b). 
CMV-specific  CD8+ T cells (Supplemental Figure S2c) were 
co-cultured with a  PVR+ cancer cell line ectopically express-
ing the pp65 protein (Mel-624-pp65) (Fig. 5b). COM902 
significantly increased IFN-γ secretion for all three donors 
tested (Fig. 5c). Since a primary function of effector  CD8+ 
T cells in the TME is cytotoxic cell killing, we modified 
the re-stimulation assay to evaluate this readout. Mel-624 
cells engineered to ectopically express firefly luciferase, 
were pulsed with  pp65(495–503) peptide and co-cultured with 
CMV-specific  CD8+ T cells. COM902 increased the specific 
cell killing of Mel-624 in a dose-dependent manner, with an 
 EC50 of 0.01 ± 0.05 nM (Fig. 5d). Interestingly, there was 

Fig. 2  Expression of PVR in the TME. a Representative images from 
digital image analysis of PVR IHC staining in a lung tumor. Staining 
of Pan-CK and PVR was carried out on serial sections from FFPE 
tumor samples. Top left: Pan-CK tumor marker staining. Top right: 
Tumor/stroma boundary classifier. Bottom left: PVR staining within 
the tumor and adjacent stroma. Bottom right: Cell identification and 
membrane expression classifier. b Summary of PVR H-score values 
from the tumor and stroma of 10 NSCLC, SCLC, TNBC, HCC, and 
prostate FFPE tumor samples. Each dot represents an individual sam-
ple, with tumor expression in black and stroma expression in gray. 
Mean ± SEM is presented
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minimal killing of the Mel-624 cells with the hIgG4 isotype 
treatment (Fig. 5d) despite the production of IFN-γ secre-
tion (Fig. 5c). One possibility for this difference is that the 
cytotoxicity assay was measured at 16 h following antibody 
treatment, while IFN-γ detected at 24 h.

COM902 combined with PVRIG or PD‑1 pathway 
blockade enhances human lymphocyte function

To assess COM902 in combination with PVRIG or PD-1 
blockade, CMV-reactive  CD8+ T cells were co-cultured with 
Mel-624-pp65 cells and COM902 in the presence or absence 
of anti-PVRIG, COM701 antibody (Fig. 6a). COM902 in 

a step-wise, dose-titration combined with a fixed dose of 
10 µg/mL of COM701 significantly increased IFN-γ secre-
tion (Fig. 6b, left panel). Since Mel-624 cells express low 
endogenous PD-L1, we over-expressed hPD-L1 on the cell 
surface (Mel-624-pp65 PD-L1+, Fig. 6a) and co-cultured 
these cells with CMV-reactive  CD8+ T cells. Similar to 
the synergistic effects induced by combining COM902 and 
COM701, a step-wise dose-titration of COM902 combined 
with a fixed dose of 10 µg/mL of anti-PD-1 mAb signifi-
cantly increased IFN-γ secretion compared to COM902 or 
anti-PD-1 alone in all tested donors (Fig. 6b, right panel). 
The average ± SEM  EC50 value for COM902 in the pres-
ence of anti-PD-1 was 0.03 nM ± 0.01 nM. The effects of 
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combining TIGIT and PVRIG blockade on NK cell cyto-
toxic function were also evaluated. Priming of NK cells with 
rhIL-15 induced the expression of CD16 and TIGIT and to a 
lesser extent of PVRIG (Fig. 6c). While monotherapy with 
COM902 or COM701 augmented NK cell activity by 36% 
and 29%, respectively, as measured by CD107a expression, 

combination of both antibodies yielded a synergistic effect, 
enhancing NK cell cytotoxicity by 82% (Fig.  6d, left 
panel). These effects were maintained across four distinct 
healthy donors and were statistically significant (Fig. 6d, 
right panel). Collectively, these data show that blockade of 
TIGIT:PVR interaction by COM902 enhances lymphocyte 
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cytokine secretion and cytotoxicity. Furthermore, this effect 
can be magnified by combining COM902 with blockade of 
other immune checkpoints, such as PVRIG and PD-1.

Chimeric COM902 combined with anti‑PVRIG 
or anti‑PD‑L1 induces tumor growth inhibition

To determine if chimeric COM902 maintained similar func-
tionality compared to COM902, we used a murine  CD8+ 
T cell re-stimulation assay system. Activated OVA-specific 
 CD8+ T cells were combined with a  mPVR+ H-2  Kb+ cancer 
cell line (MC38) that had been pulsed with the  OVA(257–264) 
peptide. Expression of TIGIT and PD-1 on OVA-specific 
 CD8+ T cells and PVR, PD-L1, and H2-Kb on MC38 cells 
is shown in Fig. 7a. Treatment with chimeric COM902 or 
anti-PD-L1 antibody alone led to enhanced IFN-γ secre-
tion while the combination further increased IFN-γ release 
to 167% above the isotype control (Fig. 7b). To determine 
whether the observed effects of chimeric COM902 in-vitro 
translate in-vivo, we assessed the effect of COM902 on the 
colon carcinoma CT26 tumor model. Similar to the expres-
sion pattern we observed in dissociated human tumors 
(Fig. 1), mouse TIGIT was expressed on both T and NK 
lymphocytes isolated from CT26 tumors, with the highest 
expression found on  CD4+ Tregs followed by  CD8+  TEM 
cells and NK cells (Fig. 7c, d). Additionally, PVR, PVRL2 
and PD-L1 were abundantly expressed on the  CD45− cell 
population within CT26 tumors (Fig. 7e). Tumor bearing 
mice treated with the chimeric COM902 mIgG1 antibody 
as a single agent showed similar tumor growth and survival 
rates as compared to control groups (Fig. 8a, b, Supplemen-
tary Figure S3a). The combination of chimeric COM902 
and anti-mPVRIG treatment resulted in a significant TGI 
and increase in overall survival compared to anti-PVRIG 
monotherapy (Fig. 8a). Similarly, combination of chimeric 

COM902 and anti-PD-L1 resulted in significant TGI and 
enhanced overall survival compared to treatment with anti-
PD-L1 monotherapy (Fig. 8b, Supplementary Figure S3a). 
We also evaluated the combination of chimeric COM902 
and anti-mPVRIG using the Renca renal carcinoma tumor 
model. This model was selected since TIGIT, PVRIG, PVR 
and PVRL2 are expressed in Renca-tumor bearing mice 
(data not shown). The combination resulted in a significant 
TGI and an enhanced overall survival (Fig. 8c, Supplemen-
tary Figure S3b). Consistent with the low Fcγ receptor bind-
ing of a mIgG1 isotype and with the lack of ADCC and CDC 
activity of COM902 hIgG4 (Fig. 4), chimeric COM902 did 
not induce the depletion of tumor-infiltrating  CD8+ T cells 
(Supplementary Figure S3c). Collectively, these results dem-
onstrate the potential of COM902 in combination with anti-
PVRIG or anti-PD-L1 to enhance anti-tumor lymphocyte 
responses and inhibit tumor growth in-vivo.

Discussion

The TME shapes the T cell dysfunctional state through a 
diverse stimuli, including TCR triggering in the absence of 
co-stimulation, chronic antigen exposure [24–26] and an 
altered milieu of secreted and metabolic factors [27]. TILs 
often display alterations in TCR signaling pathways, express 
a variety of inhibitory receptors and fail to produce effector 
molecules. TIGIT is a member of the immunomodulatory 
DNAM-1 axis that includes numerous immune receptors 
and ligands. Previous studies have demonstrated that TIGIT 
expression is highly associated with T cell exhaustion and 
marks activated, antigen-experienced, and dysfunctional T 
cells [10, 11, 28]. Correlation of TIGIT with PD-1 expres-
sion in human malignancies suggests that blockade of TIGIT 
binding to its cognate ligand, PVR, could synergize with 
anti-PD-(L)1 cancer treatment [10]. Recently, we identified 
and described the PVRIG pathway as a non-redundant nega-
tive signaling node within the DNAM axis that synergizes 
with TIGIT and PD-1 inhibitors [2]. Taken together, these 
findings support investigating the clinical rationale of com-
bining TIGIT blockade with PVRIG and PD-1 inhibitors.

To evaluate TIGIT and PVR expression within the TME 
of human tumors, we utilized multi-color flow cytometry 
and IHC. TIGIT was expressed on  CD4+,  CD8+, and NK 
cells isolated from tumors, with the highest expression on 
 CD4+ Tregs, which was consistent with other reports ana-
lyzing protein and single cell RNA data from various tumor 
indications [20, 28, 29]. Importantly, compared to matched 
NAT lymphocytes, TIGIT was markedly upregulated on 
TILs indicative of their exhausted state. We determined 
that PVR was expressed on  CD45− tumor and stroma cells 
as well as  CD14+ myeloid cells (likely composed of tumor 
associated macrophages). The presence of elevated levels 

Fig. 6  COM902 combined with COM701 or anti-PD-1 enhances 
human lymphocyte function. a Expression of PVR, PVRL2, PD-L1, 
and HLA-A2 on Mel-624-pp65 parental and PD-L1 overexpressing 
cells. b COM902 was added in a 19 point, two-fold dilution series 
(66–0.0002 nM) in combination with either a fixed concentration of 
10  µg/mL COM701, 10  µg/mL anti-PD-1 or 10  µg/mL hIgG4 iso-
type control to a co-culture of CMV-reactive  CD8+ T cells and Mel-
62-pp65-hPD-L1 cells. Percent change in IFN-γ relative to isotype 
control is shown for each condition. Graphs show representative data 
from two independent experiments (n = 3 donors). c The expression 
of TIGIT, PVRIG and CD16 on rhIL-15-primed NK cells (repre-
sentative example from a healthy donor). White histograms repre-
sent the isotype control staining, and gray represent the expression 
of the target of interest. d COM902, COM701, COM902 + COM701 
or hIgG4 isotype control mAbs were added to NK:CAL-27 cell co-
cultures at 10 µg/mL. Following 4 h, CD107a cell surface expression 
on NK cells was analyzed by flow cytometry. A representative donor 
is shown in the left panel. The bar graphs show the average ± SD. NK 
cytotoxicity with four donors are summarized in the right panel. Data 
were analyzed by paired student t- test
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of TIGIT on immune cells and abundant PVR expression 
across multiple tumor types on tumor cells and  CD14+ 
TAMs indicates that this signaling pathway could be a piv-
otal mechanism for tumor evasion and provides the ration-
ale for investigating effects of TIGIT blockade on immune 
modulation. In support of this hypothesis, previous studies 
have shown that PVR overexpression is closely correlated 

with enhanced tumor progression and poor clinical outcomes 
[21, 30, 31]. We also noted that PVR expression was high 
in several healthy, normal tissues. Given that COM902 was 
well tolerated up to 100 mg/kg in cynomolgus monkeys 
in a repeat-dose GLP safety study (data not shown), and 
the favorable safety profile of anti-TIGIT mAbs in ongoing 
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clinical trials, we do not foresee that the PVR expression 
profile in normal tissues will be toxicity concern.

Next, to assess the therapeutic potential of TIGIT block-
ade for the treatment of solid and hematological malignan-
cies, we developed COM902, a fully human hinge-stabilized 
IgG4 mAb, that is specific for TIGIT and blocks its binding 
to human, cynomolgus, and mouse PVR. We selected an 
IgG4 isotype to minimize unintended Fcγ receptor-medi-
ated cytotoxicity against  TIGIT+  CD8+ TILs. As confirmed 
experimentally in CDC and ADCC assays, COM902 is 
unlikely to elicit direct cytotoxicity of  TIGIT+ cells. The 
exceptionally high affinity and long off-rate of COM902 
binding to human TIGIT, 626 fM and 2 days, respectively, 
as measured by Kinexa, could also offer significant clini-
cal advantages. Due to the fact that lower clearance rates 
have been reported for antibodies with high affinity [32], 
COM902 may have a more significant biological effect 
at lower doses could be amenable to less frequent dosing 
compared to other TIGIT antibodies with lower binding 
affinities.

To study the effects of COM902 on human immune 
cell function, we carried out three in-vitro assays: a Jurkat 
reporter assay, an antigen-specific  CD8+ T cell co-culture 
assay, and a NK cell cytotoxicity assay. We found that 
COM902 increased IL-2 signaling from Jurkat cells in a 
dose-dependent manner, suggesting that blockade of TIGIT 
and PVR binding by COM902 can enhance pro-inflamma-
tory cytokine signaling. Prior studies have established that 
the properties of dysfunctional exhausted T cells are shared 
between cancer and chronic infection [27]. In particular, the 
expression of inhibitory receptors such as TIGIT, PVRIG, 
and PD-1 is upregulated on both CMV-specific effector cells 
and on TILs. Thus, our in-vitro assay system that utilizes 

viral-specific  CD8+ T cells is relevant for modeling T cell 
responses at the tumor and immune system interface.

The addition of COM902 to the co-cultures of CMV-spe-
cific  CD8+ T cell and Mel-624 cells significantly increased 
IFN-γ secretion and target cell specific cytotoxicity. We 
and others have shown co-expression of PD-1, TIGIT and 
PVRIG on TILs [2, 10, 33, 34]. Accordingly, blocking 
TIGIT with COM902 combined with either PVRIG or 
PD-1 pathway blockade significantly induced IFN-γ secre-
tion compared to blockade of each individual pathway 
alone. Furthermore, the presence of a fixed dose of anti-
PVRIG or anti-PD-1 did not significantly change the  EC50′s 
for COM902, confirming that combining the inhibition of 
these non-redundant pathways should not alter the potency 
of COM902. Finally, we demonstrated that the co-blockade 
of TIGIT and PVRIG not only enhanced  CD8+ T cell func-
tion, but also increased human NK cell cytotoxicity.

To determine if COM902 could also enhance the anti-
tumor immune response in-vivo, we designed a chimeric 
COM902 with mIgG1 Fc, to maintain a minimal degree Fcγ 
receptor binding, similar to the hIgG4 antibody. Consistent 
with data generated with COM902 in human assay systems, 
chimeric COM902, both alone and in combination with 
anti-mouse PD-L1, increased in-vitro immune function of 
OVA-specific mouse  CD8+ T cells. To evaluate the effect 
of chimeric COM902 in-vivo, we selected the CT26 and 
Renca syngeneic tumor models. Although monotherapy with 
chimeric COM902 did not show efficacy in either model, 
the combination of chimeric COM902 with anti-PD-L1 or 
anti-PVRIG both produced significant TGI and increased 
survival. The in-vivo results with chimeric COM902 are 
consistent with a recent study showing that treatment of 
MC38 tumor-bearing mice with the anti-TIGIT mIgG1 as 
a single agent had little anti-tumor responses, but when 
combined with an anti-PD-1 mIgG1 resulted in an 89% 
reduction in tumor growth in-vivo [35]. While other studies 
have shown robust anti-tumor activity of TIGIT blockade 
with effector mIgG2a backbone as a single agent as well 
as in combination with anti-PD-(L)1 in syngeneic mouse 
tumor models [10, 35], here we show significant TGI with 
a non-effector function anti-TIGIT mIgG1 antibody com-
bined with a PD-L1 or PVRIG inhibitor. These data suggest 
that dual blockade of checkpoint receptors using therapeutic 
antibodies lacking effector function is required for sufficient 
activation and proliferation of  CD8+ TILs in the TME. In 
addition, although studies with anti-TIGIT mIgG2a demon-
strated monotherapy activity in-vivo, mouse models do not 
mirror the structural diversity and expression pattern of the 
human Fc receptor systems [36], and thus their translational 
relevance for human isotype selection is questionable, as 
exemplified by early clinical results with hIgG1 isotype anti-
TIGIT antibodies. As we and others have shown, TIGIT is 
expressed on  CD4+ Tregs, which suppress tumor immunity, 

Fig. 7  Chimeric COM902 enhances in-vitro anti-tumor activity of 
mouse T cells. a The expression of TIGIT and PD-1 on OT-1 sple-
nocytes activated for 3  days with  OVA(257–264) peptide and rhIL-
2, as well as of H-2Kb, PVR, and PD-L1 on MC38 target cells was 
assessed. Gray histograms represent the target staining and white 
histograms represent staining with the matched isotype control anti-
bodies. Plots shown are from a representative experiment (n = 2). b 
Mouse OVA-specific  CD8+ T cells were co-cultured with OVA-pep-
tide-pulsed MC38 cells in the presence of the chimeric COM902 as 
a monotherapy or in combination with PD-L1 blockade. The secre-
tion of IFN-γ relative to isotype control is shown for each condi-
tion. Mean ± SD are shown by the hash marks. c TIGIT expression 
on infiltrating lymphocytes isolated from s.c. CT26 tumors is shown 
as fold expression relative to the isotype control antibody (MFIr) for 
each cell subset. Each dot represents an individual mouse (n = 3) and 
mean ± SEM. d Representative TIGIT expression on indicated cell 
populations from CT26 tumors. Blue, red, and gray histograms repre-
sent staining with COM902, chimeric COM902, and the mIgG1 iso-
type control, respectively. e PVR, PVRL2, and PD-L1 expression on 
 CD45-  cells isolated from CT26 tumors. Gray histogram represents 
mIgG1 isotype control. Representative MFIr values are reported to 
the right of each histogram
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as well as  CD8+ effector T cells that mediate the anti-tumor 
immunity (Fig. 1). Given this overlap in TIGIT expres-
sion, an effector function TIGIT antibody, which has the 
potential to deplete Tregs, also carries the risk of depleting 
 CD8+ TILs. For this reason, TIGIT antibodies with hIgG4 
or hIgG1 effector silenced isotypes, such as COM902, would 

not deplete  CD8+ TILs and therefore may have an advan-
tage over TIGIT antibodies with wild type hIgG1 backbones. 
Collectively, this study highlights the functional activity of 
COM902 and provides a strong rationale for combining 
COM902 with PD-1 or PVRIG blockade for the rejuvenation 
of the anti-tumor immune response and effective eradication 
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Fig. 8  Anti-tumor effect of chimeric COM902 in the CT26 and 
Renca tumor models as a single agent and in combination with anti-
PVRIG or anti-PD-L1. BALB/c mice (n = 10 mice per group) were 
s.c. injected with CT26 or Renca cells and dosed with the indicated 
antibodies starting from day 8 for combination therapies. Tumor 
volumes represented as the mean volume ± SEM and Kaplan–Meier 

survival curves are shown for the chimeric COM902 and anti-PVRIG 
combination in the CT26 model (a), the chimeric COM902 and anti-
PD-L1 combination in the CT26 model (b), or the chimeric COM902 
and anti-PVRIG combination in the Renca model (c). One representa-
tive experiment of n ≥ 2 experiments for each combination is shown
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of human malignancies. Additional studies investigating the 
mechanism of action of TIGIT blockade as well as transla-
tional studies from ongoing clinical trials will be important 
to help further understand the factors that determine the 
biological effect and clinical efficacy of TIGIT inhibitors.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00262- 021- 02921-8.
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