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ABSTRACT

The use of antibodies to block inhibitory receptors, primarily anti-PD1 and CTLA4 (known as checkpoint
therapy) revolutionized cancer treatment. However, despite these successes, the majority of cancer
patients do not respond to the checkpoint treatment, emphasizing the need for development of addi-
tional therapies, which are based on other inhibitory receptors. Human TIGIT is an inhibitory receptor
expressed by Natural Killer (NK) and T cells and is mainly known to interact with PVR, Nectin-2, Nectin-3,
and Nectin-4. Whether mouse TIGIT interacts with all of these ligands is still unclear. Additionally, the
in vivo function of TIGIT against tumors is not completely understood. Here, we demonstrate that mouse
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TIGIT interacts with and is inhibited by mPVR only. Using CRISPR-Cas9 technology, we generated TIGIT-
deficient mice and demonstrated that NK cell cytotoxicity and degranulation against two tumor types
were lower in WT mice when compared to the TIGIT KO mice. Moreover, in vivo tumor progression was
slower in TIGIT KO than in WT mice. Taken together, our data established that mTIGIT has only one ligand,
PVR, and that in the absence of TIGIT tumors are killed better both in vitro and in vivo.

Introduction

Maintaining a balance between inhibitory and activating receptors
is crucial for immune homeostasis as well as for the protection of
the organism from autoimmune diseases and immunopathology
during infection'. In recent years, it was also recognized that
blocking inhibitory receptors using antibodies (known as check-
point blockade immunotherapy) is an effective treatment for
cancer patients”. The two most efficient drugs in this category
are antibodies directed against CTLA-4 and PD-1 named, for
example, ipilimumab and nivolumab, respectively’. Other inhibi-
tory receptors, against which blocking antibodies are currently at
various stages of development, are Lag-3, Tim-3, and TIGIT*.

TIGIT (T-cell Immunoreceptor with Ig and ITIM domains)
is an inhibitory receptor expressed on both activated T and NK
cells’. It has a type I transmembrane domain containing an
external immunoglobulin variable-set (IgV) domain and an
intracellular domain with one ITT-like motif and one ITIM
motif, which transmit the inhibitory signal>®. Murine TIGIT
(mTIGIT) shares 58% homology with human TIGIT, while the
cytoplasmic tail is identical in human and mice’.

Previous research has established that human TIGIT inter-
acts with PVR (also known as CD155 or Necl-5), Nectin-2
(CD1112 or PVRL2), Nectin-3 (CD113 or PVRL3), and
Nectin-4 (CD113 or PVRL4)®. The bacterial Fap2 protein,
which is expressed by Fusobacterium nucleatum and mediates
adhesion to various bacteria and tumors, was also found to
interact with human TIGIT but not with mouse TIGIT®.
Fungal ligands belonging to the Als (Agglutinin-Like

Sequences) protein family were reported to bind both human
and mouse TIGIT'’. Collectively, the interaction between
TIGIT and its various ligands inhibits immune cell activities.

Whether mouse TIGIT recognize the same ligands recog-
nized by human TIGIT is still unclear. Stanietsky et al. found
that the murine B12 cell line that expresses mPVR was recog-
nized by a mouse TIGIT fusion protein (mTIGIT-Ig), and
further demonstrated that mTIGIT inhibits NK-cell
cytotoxicity’, suggesting that it will be beneficial to block
TIGIT interaction with its ligands for better recognition and
elimination of tumors. Indeed, anti-TIGIT monoclonal antibo-
dies are employed in clinical trials, either as a single agent or in
conjunction with other inhibitory receptors, such as anti-PDL1
or anti-PD1 antibodies''. Tiragolumab, Vibostolimab, and
Etigilimab are three humanized anti-TIGIT mAbs that have
recently been tested in clinical studies. They were used either
alone, or in combination with atezolizumab (anti-PDL1), pem-
brolizumab, or nivolumab. The anti-TIGIT antibodies were
used in clinical trials of solid tumors including metastatic non-
small cell lung cancer (NCSLC). Patients showed promising but
not very potent results'>"'*, Thus, it is quite important to deter-
mine which tumors will be susceptible to anti-TIGIT therapy
using knockout mice and also to precisely determine the identity
of the mouse cellular ligands for TIGIT. Here, we generated
a TIGIT knockout mouse (TIGIT KO) using the CRISPR Cas9
genetic engineering technology to test tumor development in the
absence of TIGIT, and determined that murine TIGIT interacts
only with PVR.
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Materials and methods
Generation of TIGIT knockout (TIGIT KO) mice

TIGIT KO mice were generated by CRISPR-Cas9 knockout
and HDR editing of C57BL/6JOlaHsd mouse genome with the
help of the Genetic Engineered Mouse Models (GEMM)
National Israeli Facility at the Hebrew University of
Jerusalem. A single guide RNA (sgRNA), recognizing TIGIT
gene 5-TTCAGTCTTCAGTGATCGGG-3‘at the genomic
region followed by 5-TGG-3" PAM sequence, was designed
and purchased from Integrated DNA Technologies (IDT). The
designed murine TIGIT gRNA recruited the Cas9 DNA endo-
nuclease, which introduced a double-strand break resulting in
a 41-bases deletion mutation. TIGIT sgRNA then annealed
with constant Tracer RNA and was then mixed with Cas9
enzyme, and subsequently introduced directly to the zygote
by electroporation. Finally, the electroporated zygote was
transferred to the embryo-recipient pseudo-pregnant mouse.
To test whether the mice have the desired mutation, an ear
punch was acquired and transferred into 100 uL of DNA
extraction buffer (100 uL of 1 M NaOH and 6 pL of 0.5M
EDTA in 10 mL ultra-pure water) and then boiled at 100°C
for 10 min. The primers used for genotyping were: mTIGIT
KO F-5*CCAGAGACTCACGTGTGCTT-3" and mTIGIT KO
R-5GGTGGTGTTTCCTATGTGAGAG-3". PCR products
were detected on a 1.5% agarose gel. PCR products obtained
were: mTIGIT wild type (WT): one band of 424 bp, mTIGIT
knockout (mTIGIT KO): one band of 383 bp, while mTIGIT
heterozygous (mTIGIT Het) contained two bands; 424 bp and
383 bp. DNA products of the PCR reaction were then extracted
from the gel, purified, and then confirmed by Sanger sequen-
cing (HyLabs).

PCR reaction* was performed using the following protocol.

Step Temperature Time

1- Denaturation 98C° 30 seconds
2- Denaturation 98 C° 10 seconds
3- Annealing 63 C° 30 seconds
4- Elongation 72¢C° 15 seconds
5- Steps (2-4) 30 cycles

6-Elongation 72¢C° 10 minutes

*Using Phusion High-Fidelity DNA Polymerase (F530L, Thermoscientific).

Cell culture

B16F10 and MC38 cells were maintained in Dulbecco’s
Modified Eagle’s Medium (DMEM) and 721.221 cells were
maintained in Roswell Park Memorial Institute culture med-
ium (RPMI), both supplemented with 10% fetal calf serum, 1%
Pen/Strep, 1% L-glutamine, 1% MEM Eagle, and 1% sodium
pyruvate. The generation of 721.221 cells expressing mNectin2
and mPVR was previously described”. All cells were incubated
in a humidified incubator with 5% CO2 at 37°C. The IL-2
activation medium is composed of DMEM and F12 combina-
tion medium supplemented with 10% human serum, 1% Pen/
Strep, 1% L-glutamine, 1% MEM Eagle, and 1% sodium pyr-
uvate and 400 U/mL IL-2 (PeproTech).

Knockout of mPVR with CRISPR Cas9 system in tumor cells

B16F10 and MC38 tumor cell lines were stably infected to express
Cas9 using the recombinant LentiCas9-Blast plasmid (Addgene,
52962) as previously described'”. mPVR single oligonucleotides
(sgRNAs) F:5CACCGGGCCAAGAGATTCGTCCAGG’3 and
R:5°AAACCCTGGACGAATCTCTTGGCCC3’ were designed
following the instructions described by CrispRGold (https://crispr
gold.mdc-berlin.de/). The designed sgRNAs were annealed and
then sub-cloned into BsmBI digested lentiGuide-Puro (Addgene,
52963), and insertion was confirmed by Sanger sequencing.

Fusion protein, antibodies, and flow cytometry

Murine TIGIT-Ig fusion protein was produced as previously
described”'®. Variable concentrations of mTIGIT-Ig 0.5, 1, 2.5
and 5 pg were used in FACS assays. Binding was detected by
a secondary antibody (Allophycocyanin anti-human IgG,
Jackson), at a dilution of 1:200, after incubation for 30 min
on ice.

PE-conjugated anti-mouse CD335 (NKp46)/Ncrl and allo-
phycocyanin-conjugated  anti-mouse TIGIT (Vstm3)
(BioLegend) were employed to identify mouse NK cells and
mTIGIT. PE-conjugated anti-mouse CD279 (PD-1) and anti-
mouse CEACAMI1 and allophycocyanin-conjugated anti-
mouse CD274 (PDL-1), I-A/I-E (MHCII), and CD223
(LAG3) (BioLegend) were used to identify PD-1,CEACAMI,
PDL-1, MHCII, and LAG3. To detect mouse PVR and Nectins,
purified anti-mouse CD155/PVR, Nectin-1,2,3, and 4 antibo-
dies (R&D Systems) were used. All staining was performed
with 0.2 pg antibody per 100,000 cells. Binding was detected
by a secondary antibody (Alexa Flour 647 anti-mouse IgG,
Jackson), at a dilution of 1:200, after incubation for 30 min
on ice. All steps were performed as previously described'®. All
results were analyzed using the FCS Express 6 software.

Calcein AM release cytotoxicity assay

B16F10 and MC38 were harvested and centrifuged at 1600 rpm
for 5 min. The cells were then washed using RPMI serum-free
medium, and then centrifuged at 1600 rpm for 5 min. 10 pL
(50 pg) of Calcein AM (C1430, Thermoscientific) was added
per 2 x 10° cells in 2 mL of RPMI serum-free medium, mixed
thoroughly, and then incubated for 30 min at 37°C. Labeled
cells were then washed twice with RPMI serum-free medium
and re-suspended in 2 mL of RPMI with 10% serum and
counted. Murine splenocytes were produced from freshly har-
vested spleens of WT and TIGIT KO mice as previously
described'’. Tsolated mice splenocytes were either activated
with IL-2, or not activated, and then incubated with the calcein
AM-labeled target cells (10,000 cells/well were seeded in 96
U-shaped plates) in an effector to target (E: T) ratio of 5:1 for 3
h at 37°C. 100 pL of supernatant was harvested and transferred
into black flat bottom 96-well plates. The calcein spontaneous
release was calculated using B16F10 and MC38 cells alone
(without NK cells). Maximal calcein release is tumor cells
treated with TritonX100 (9.8 mL RPMI with serum and 200
puL of TritonX-100). Fluorescence from each sample was
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measured using SPARK® multimode microplate reader
(Excitation 485 + 20 nm and Emission 535 + 20 nm). The rela-
tive calcein release was calculated as relative calcein release %
= (Sample-calcein spontaneous release/maximal calcein
release-calcein spontaneous release)*100.

Degranulation assay

For murine NK cell CD107a degranulation assay, isolated mice
splenocytes were first activated with IL-2 and then incubated
with the target cells in an effector-to-target (E:T) ratio of 1:2 in
the presence of an anti-mouse CD107a antibody and PE-
conjugated anti-mouse CD335 (NKp46)/Ncrl (BioLegend)
for 2 h at 37°C. Through Ncr1* and mCD107a* double label-
ing, flow cytometry was used to assess the mCD107a levels on
the NK cells.

Mice tumor experiments

2 x 10° of B16F10 and MC38 tumor cells, in 100 uL PBS, were
inoculated subcutaneously into the right flank region of the
WT and TIGIT KO mice. B16F10 in TIGIT KO mice was
assessed for 21 days, with samples taken on day 16. Tumor
size and mice body weights were measured every 2-3 days
using the Spurtar Vernier caliper and the tumor volume
in mm® was calculated by the modified ellipsoidal formula:
V = LengthXWidthXWidthX0.5'”. When the tumor size
reached the humane endpoint (1.5 cm), mice were euthanized
as specified for each tumor type. For antibody blocking experi-
ments, WT and TIGIT-KO mice were injected intraperitone-
ally with or without anti-TIGIT mAbD used for TIGIT blockade
(anti-mouse TIGIT clone 1G9, BioXCell, 100 pg/mouse).
Injections were once every 48 h starting one day prior to
B16F10 and MC38 tumor injection. Following animal sacrifice,
tumors were harvested and weighed.

Statistics

All statistical analysis was performed and graphs were plotted
using GraphPad Prism 8 (GraphPad Software). Statistical sig-
nificance and differences were determined using unpaired
Student’s t-test and p value was considered significant at p <
0.05. For multiple comparisons, one-way analysis of variance
(ANOVA) with post hoc Tukey’s multiple comparisons test
was used.

Results
Generating of TIGIT knockout mice

TIGIT knockout (TIGIT KO) mice were generated using
a CRISPR-Cas9 knockout genome editing system. TIGIT
encompasses three major domains: an extracellular IgV
domain, a transmembrane domain and cytoplasmic domain
containing an immunoreceptor tyrosine-based inhibitory
motif (ITIM) and an immunoglobulin tyrosine tail (ITT)-like
motif (Figure 1a)>°. A murine TIGIT single guide RNA
(sgRNA) was designed to target the IgV domain (Figure la).
To confirm deletion, we constructed primer pairs with the
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forward primer on intronl and the reverse primer on intron
2 (since the deletion is located on exon 2) (Figure 1b). We
observed a double stranded break in the TIGIT gene at the
extracellular domain region, which resulted in a 41-nucleotide
deletion and a STOP codon.

We next bred the TIGIT heterozygote mice and obtained
WT mice, heterozygotes, and TIGIT KO mice. Accordingly,
the PCR product for the WT mice was 424 bp, TIGIT KO 383
bp, and Heterozygous (Het) 424 bp and 383 bp (Figure 1c). The
deletion mutation was confirmed by Sanger sequencing of PCR
products (Figure 1b,c).

To further demonstrate that TIGIT was indeed knocked
out, we isolated splenocytes from WT and TIGIT KO and
double stained them with anti-TIGIT and anti-mouse Ncrl
(to detect mostly NK cells Figure 1d), anti-mouse CD3 (to
detect T cells Figure 1e), anti-mouse CD4 (to detect T helper
cells Figure 1f), and anti-mouse CD8 (To detect CTL
Figure 1g). Staining was performed either at day 0 or 2
days after incubation of the splenocytes in IL-2. As can be
seen, only a small proportion of NK cells express TIGIT at
resting conditions (day 0, Figure 1d) and the entire NK cell
population becomes TIGIT positive following IL-2 stimula-
tion (Figure 1d). A small proportion of T cells express
TIGIT, and TIGIT expression is increased following IL-2
stimulation (Figure le). It seems as if CD4" T cells are
those expressing TIGIT under resting conditions because
TIGIT expression was detected on CD4" T cells, but not
CD8" T cells (Figure 1f,g respectively). TIGIT expression
was upregulated on both CD4" and CD8" T cells following
IL-2 stimulation. Importantly, no TIGIT expression was
detected on splenocytes obtained from TIGIT KO mice,
both before and after stimulation (Figure 1d-g). Thus, we
are able to generate TIGIT KO mice.

Mouse PVR is the only TIGIT ligand expressed by B16F10
and MC38

In humans, Nectin-2, Nectin-3, Nectin-4, and PVR were
demonstrated to be TIGIT ligands, unlike Nectin-1>'%'%, We
therefore tested the expression of these ligands on mouse
B16F10 and MC38 tumor cell lines. No expression of Nectin-
1 or Nectin-4 was detected, while both cells lines expressed
Nectin-2, Nectin-3, and PVR (Figure 2a). We also stained the
tumor cell lines for the expression of ligands for LAG3 (MHC
class IT), PD-1 (PDL-1) and TIM3 (CEACAM1) (Figure 2b). As
can be seen, the tumor cell lines do not express MHC class II,
both express PD-L1 and only B16F10 expresses CEACAM1.

To test whether mouse Nectin-2, Nectin-3, and PVR can
interact with TIGIT, we generated 721.221 transfectants
expressing mNectin-2 and mPVR and validated expression
using FACS (Figure 2c). We next used a mouse TIGIT-Ig
fusion protein that we have generated previously’, in which
the extracellular portion of mouse TIGIT is fused to human
IgG1. Various concentrations of murine TIGIT-Ig fusion pro-
tein (0.5, 1, 2.5, and 5 pg) were used to stain the mNectin-2 and
mPVR 721.221 transfectants, with parental 721.221 cells ser-
ving as control (Figure 2e).
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Figure 1. TIGIT KO mouse generation using CRISPR.Cas9 technology. A. a schematic representation of the CRISPR/Cas9 genome editing system of mouse TIGIT. TIGIT
contains three domains: An extracellular gV domain where the mutation is located (indicated as red X), a transmembrane domain and cytoplasmic domain containing
an immunoreceptor tyrosine-based inhibitory motif (ITIM) and an immunoglobulin tyrosine tail (ITT)-like motif B. TIGIT CRISPR guide RNA (gRNA) sequence (highlighted
nucleotides in yellow) designed to target the TIGIT gene within the mouse genome. A 41 bp deletion mutation (Red framed box) was detected using the designed
forward and reverse primers (highlighted nucleotides in gray, marked with black arrows). c. PCR products of TIGIT-KO 383 bp, Heterozygous (Het) 424 bp and 383 bp,
and WT 424 bp. D. Flow cytometry plots of isolated splenocytes obtained from WT and TIGIT KO mice and stained with anti-mouse isotype control or with anti-TIGIT
together with anti-mouse Ncr1 (D), anti-mouse CD3 (E), anti-mouse CD4 (F), and anti-mouse CD8 (G), at day 0 or 2 following incubation with IL-2.

While efficient binding of TIGIT-Ig was observed to
mPVR, no binding was detected to the parental 721.221
cells or to 721.221 cells expressing Nectin-2 (Figure 2e). We
next knocked out mPVR in B16F10 and MC38 cell lines
using CRISPR-Cas9 genome editing technology.
Subsequently, an anti-mouse PVR antibody was used to
verify PVR knockout using FACS (Figure 2e). Next, we
stained the mPVR KO tumors with mTIGIT-Ig.
Importantly, in the absence of PVR (Figure 2e), no
mTIGIT-Ig binding was observed (Figure 2f). These results
indicate that PVR is the only TIGIT ligand expressed by
B16F10 and MC38 cell lines.

mTIGIT suppresses cytotoxicity and degranulation

We next tested whether mouse TIGIT inhibits NK cell cyto-
toxicity against B16F10 and MC38 cell lines. Because expres-
sion of TIGIT is low on resting NK cells (Figure 1d) we isolated
splenocytes from WT and TIGIT KO mice and incubated them
with IL-2 for 3 days. Subsequently, the activated splenocytes
were co-cultured either alone or with calcein-labeled B16F10
and MC38 tumor cell lines for 3 h. Then, the calcein release was
measured and the cytotoxic percentages were calculated.

As can be seen, increased cytotoxicity against both cell
lines was observed using splenocytes obtained from the
TIGIT KO mice when compared to WT mice (Figure 3a).
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and B. MHC Il, PDL-1 and CEACAM1 (indicated above the histograms), expressed on B16F10 and MC38 tumor cell lines. The gray-filled histograms are the control
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Figure 3. TIGIT knockout increases NK cytotoxicity and suppresses in vivo tumor development. A. Shown is the mean percentage lysis of B16F10 and MC38 tumor cells
co-cultured with either WT or TIGIT-KO splenocytes in E: T ratio of 5:1. Incubation was performed for 3 h (n=5). The calcein spontaneous release was calculated using
B16F10 and MC38 cells alone (without NK cells). Maximal calcein release is the tumor cells treated with TritonX100. The relative calcein release was calculated as
indicated in the materials and method section. B. Fold change of mCD107a expression on NK cells (detected by anti-Ncr1) of WT and TIGIT KO splenocytes (n=6),
incubated with B16F10 and MC38 tumors in E: T ratio of 1:2 for 2 h. C. 2 x 10° of B16F10 (upper) and MC38 (lower) tumor cells were injected s.c. into TIGIT-KO and WT
mice (n=5-8 per group) and tumor size was followed (D). When tumors reached size of 1.5 cm (considered as an ethical end point), mice were scarified, tumors excised
and weighted (mg) (D). E. Body weights of the mice along the experiment. Tumor weight (mg) of WT and TIGIT KO mice (n=4-5 per group) either treated as in (C) or
TIGIT was i.p blockade with anti-mouse TIGIT antibody on days —1, 3, 6, 9 and 12 after B16F10 (F) and MC38 (G) tumor implantation. Values are shown as mean + SD. *P
<0.05, and **P < 0.01, and *** P < 0.001.



To further corroborate these results, we also determined NK
cell degranulation in the presence of BI6F10 and MC38 cell
lines. Tumor cells were incubated with activated splenocytes
in the presence of anti-mouse Ncrl and anti-mouse CD107a
for 2 h and expression of CD107a on the surface of the
Ncrl-positive NK cells was determined. As expected, there
was a significant increase (~4-fold change difference) in
degranulation between activated TIGIT KO and WT NK
cells against both tumor cell lines (Figure 3b). Taken
together, these results indicate that TIGIT suppresses NK
cell function.

Enhanced in vivo anti-tumor immunity of TIGIT KO mice

To investigate whether TIGIT KO mice will have an increased
anti-tumor immunity, TIGIT KO and WT mice were inocu-
lated subcutaneously with melanoma (B16F10) and colon ade-
nocarcinoma (MC38) cell lines in the right upper flank. Tumor
size (length and width) and mice body weights were measured
every 2-3 days. When tumor reached 1.5 cm (considered as the
ethical end-point), mice were sacrificed and tumors harvested.
Tumor volume was calculated by the modified ellipsoidal for-
mula as indicated in the materials and methods section. In
comparison to WT controls, we observed that in the absence
of TIGIT tumor development was significantly inhibited
(Figure 3c, B16F10 upper, MC38, lower Figure 3c).
Concurrently, tumor weight was lower in TIGIT KO mice
relative to WT controls in both tumor models (Figure 3d).
However, no differences were observed in body weights
between WT and TIGIT KO mice throughout the experiment
(Figure 3e). To address whether the anti-tumor activity of
TIGIT KO will be similar to blocking with anti-TIGIT mAb,
B16F10, and MC38 tumors were injected into WT and TIGIT-
KO mice with or without anti-TIGIT mAb used for TIGIT
blockade. We found that there was no difference between the
tumor weight of WT and TIGIT-KO B16F10 (Figure 3f) and
MC38 (Figure 3c) tumor-bearing mice injected with anti-
TIGIT mAb. Collectively, these results indicate that TIGIT
impedes immune cell cytotoxicity in vivo, and this effect is
apparently mediated by direct interaction with PVR.

No difference in co-inhibitory receptors LAG3 and PD-1
expression between tumor-bearing WT and TIGIT KO mice

We next wanted to examine the expression of other inhibitory
receptors: LAG3 and PD-1 in control and tumor-bearing WT
and TIGIT KO mice. We first examined TIGIT expression on
NK and T cells isolated from splenocytes from WT and TIGIT
KO in control and in mice bearing B16F10 and MC38 tumors
and observed no TIGIT expression in the KO mice (Figure 4a).
Similarly, expression of LAG3 and PD-1 was evaluated.
Interestingly, no differences were observed in PD-1
(Figure 4b) and LAG3 (Figure 4c) expression between WT
and TIGIT KO in NK and T cells derived from the spleen of
control and tumor-bearing mice. Subsequently, we further
examined TIGIT, LAG3, and PD-1 expression on NK and
T cells isolated from tumor-infiltrating lymphocytes (TILs)
from WT and TIGIT KO tumor-bearing mice. While we
observed that TIGIT expression was practically not detected
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on NCR1, CD4", and CD8" T cells that infiltrated melanoma
and colorectal tumors (Figure 5a), no differences were
observed in PD-1 (Figure 5b) and LAG3 (Figure 5c) expression
on TILs. Our findings therefore suggest that the TIGIT abla-
tion can inhibit tumor progression independently of PD-1 and
LAG3.

Discussion

Several studies in human and mice have shown that TIGIT is
an important inhibitory checkpoint receptor expressed by NK
and T cells'. Previous reports indicated that mTIGIT can
interact with mPVR, but whether mTIGIT could also recognize
mouse Nectin-2 and Nectin-3 still remained largely unknown.
Recently, our lab showed that Nectin-4 binds human TIGIT
but not its murine orthologue'®.

Here we investigated whether mouse TIGIT interacts with
mouse tumor cell lines B16F10 and MC38. Interestingly, we
observed that the interaction of mouse TIGIT with its ligands is
different than human TIGIT. Using 721.221 cell transfectants
expressing Nectin-2, we observed no interaction between
mTIGIT and mNectin-2. Further support of this data was the
fact that when PVR was knocked out in tumor cell lines BI6F10
and MC38 that also express Nectin-2 and Nectin-3, no
mTIGIT-Ig binding was detected.

One explanation for the lack of binding of mNectin-2 to
mTIGIT-Ig despite the former’s expression is that mNectin-2
expression on B16F10 and MC38 tumor cell lines is relatively
low compared to mPVR as the staining show. Accordingly, we
checked mNectin-2/mTIGIT Ig interaction in mNectin-2 trans-
fectant 721.221 cells and observed no binding, indicating that
mTIGIT does not interact with mNectin2. In addition, our lab
has previously found that mTIGIT Ig does not crossreact with
hPVR, whereas hTIGIT Ig binds mPVR. Moreover, hDNAM-1
and hTIGIT recognize hNectin-2 but both failed to interact with
mNectin-2’. These data probably indicate that mNectin-2 might
lose the site binding to TIGIT and DNAM-1.

TIGIT has previously been associated with T cell exhaustion
in colorectal cancer'?, liver cancer®’, acute myelogenous leuke-
mia (AML)*', and melanoma patients*>. While the expression of
the co-stimulatory receptor DNAM-1 showed no difference
between TIGIT" and TIGIT™ CD8" T cells, targeting TIGIT
together with PD-1 reversed T cell exhaustion and showed
promising and effective anti-tumor immunity'®. Recently, dual
blockade of PD1 and TIGIT exhibited full restoration of
DNAM-1 signaling and ameliorated anti-tumor CD8" T cell
response in non-small lung cancer (NSLC) patients™.
However, despite TIGIT/PD-1 dual blockade restoring
DNAM-1 signaling, they are independently required to regulate
DNAM-1?. Here, we show that the expression of both PD1 and
LAGS3 is not altered following TIGIT KO, neither in splenocytes
nor in TILs isolated from the tumors, indicating that the effect
seen in the KO mice is TIGIT-dependent. Indeed, when we
compared the effect of anti-TIGIT blocking antibody to that of
the TIGIT KO mice, no differences were observed.

Using surface plasmon resonance (SPR) and staining with
Ig-fusion proteins, our lab demonstrated that PVR has higher
affinity to mTIGIT when compared to DNAM-1 (a co-
stimulatory receptor)’. How the absence of mTIGIT will affect
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Figure 4. PD-1 and LAG3 are not involved in tumor suppression in splenocytes of TIGIT KO mice. Bar graphs representing the flow cytometry analysis of isolated

splenocytes obtained from control WT and TIGIT KO mice or from B16F10 and MC38

bearing mice stained with anti-TIGIT (A) or anti-PD-1 (B) or anti-LAG3 (C) together

with anti-mouse Ncr1, anti-mouse CD4, and anti-mouse CD8 antibodies. Values are shown as mean + SD. *P < 0.05, and **P < 0.01, *** P < 0.001 and **** P < 0.0001.

DNAM-1 and mPVR interaction and the consequent function
is currently unclear. In one study, PVR deletion in the mela-
noma cell-line MEL04 increased IFNg release but had no effect
when TIGIT was blocked*!. Additionally, the authors of this
work showed that PVR-KO B16F10 cells grew slower than WT
tumors when tested in vivo with the immune checkpoint inhi-
bitors (ICIs) anti-PD1 and anti-CLTA-4 mAbs®*. Another
study reported that PVR-KO mice displayed reduced B16F10
and MC38 tumor development and metastasis due to DNAM-1
upregulation and improved effector function of CD8" T-cells
and NK cells®®. A previous study showed that cytotoxic

T lymphocyte (CTL) and NK cells of DNAM-1-deficient
mice were considerably less cytotoxic against tumors than
WT mice. Here, we demonstrate that TIGIT-KO splenocytes
had stronger cytotoxicity and degranulation than WT spleno-
cytes against BI6F10 and MC38 cell lines. Consistent with this,
in vivo TIGIT-KO mice had slower tumor growth and tumor
weight relative to WT mice.

A previous report®” contradicts our findings in which
TIGIT knockout was shown to have no impact on murine
tumor growth in B16F10 and MC38 tumor models. However,
many papers support our results in that Tigit knockout mice
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Figure 5. PD-1 and LAG3 are not involved in tumor suppression in Tumor-infiltrating lymphocytes (TILs) of TIGIT KO mice. Bar graphs representing the flow cytometry
analysis of isolated TILs obtained from WT and TIGIT KO mice bearing B16F10 and MC38 tumors stained with anti-TIGIT (A) or anti-PD-1 (B) or anti-LAG3 (C) together
with anti-mouse Ncr1, anti-mouse CD4, and anti-mouse CD8 antibodies. Values are shown as mean + SD. *P < 0.05, and **P < 0.01, and *** P < 0.001.

reduce B16F10 and MC38 tumor development. Kurtulus et al.,
for example, found that B16F10 and MC38 tumor growth was
delayed in TIGIT knockout mice (TIGIT™") relative to WT
control*®, Consistently with our results, fewer lung metastases
were observed 15 days following i.v. BI6F10 tumor challenge in
TIGIT™'~ compared to the WT mice. Additionally, colon
tumor cell-line CT26 was dramatically reduced when treated
with the anti-TIGIT blockade antibody and it appears to have

reversed the exhaustion of the TILs*’. Another study reported
that anti-TIGIT therapy alone markedly inhibited B16F10
tumor growth compared with the controls but MC38 inhibi-
tion was not significant®®. These data support our results in
that TIGIT deficiency improved anti-tumor response.
Recently, our lab identified the Agglutinin-Like Sequences
(ALS) protein family as a novel fungal ligand for TIGIT in both
human and mice'®. Candida albicans can also be found in
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tumors such as oral’!, colon cancer’? as well as other forms of
cancer™. It is currently unknown whether the Candida-TIGIT
interactions within the tumors will be beneficial in the tumor
microenvironment and this issue can be investigated in the
future using our TIGIT KO mice. In a pre-clinical study eval-
uating the correlation between invasive candidiasis (IC),
tumors, and inhibitory checkpoint receptors in peripheral
blood mononuclear cells (PBMCs), elevated expression of
TIGIT and PD-1 on T cells was shown to be increased in
patients that died from IC**.

To date, there are few studies that have examined the associa-
tion between inflammatory bowel diseases (IBD) and TIGIT.
TIGIT expression on IL-17A - producing CD69"CD103~ CD4"
trm Ccells was increased in dextran sodium sulfate (DSS)-induced
IBD model in mice, while it was impaired in TIGIT knockout
mice. This data suggests that TIGIT knockout protects mice
from IBD*. Colon carcinogenesis, mucosal ulcerations, and
inflammatory cell infiltration caused by dimethylhydrazine
(DMH) and/or DSS treatment were reduced in necl-5~~ (PVR-
KO) compared to WT mice’®.

In conclusion, we demonstrated that mPVR is the only
mTIGIT ligand, using transfectant cells and tumor cell lines.
We generated TIGIT knockout mouse model and assessed its
functionality in vitro in comparison to WT mice. Our findings
were further verified in vivo using two mouse tumors, BI6F10
and MC38, and it was found that TIGIT-KO mice displayed
slower tumor growth and reduced tumor weight.
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