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ARTICLE INFO ABSTRACT

Keywords: The emergence of immune checkpoint inhibitors (ICIs), mainly based on PD-1/PD-L1 blockade has revolution-
Bispecific antibody ized the therapeutic landscape of cancer. Despite the huge clinical success ICIs have achieved, about 70% of
E?(‘j'l{ PD-L1 patients still showed de novo and adaptive resistance. Exploring novel and complementary immune checkpoint

molecules in addition to PD-1/PD-L1 is in great urgency. T cell immunoglobulin and ITIM domain (TIGIT) is a co-
inhibitory molecule containing an immunoreceptor tyrosine-based inhibition motif (ITIM) within its cytoplasmic
tail, and is highly expressed on regulatory T cells and activated CD4+ T, CD8+ T, and NK cells. We generated a
novel single chain Fab heterodimeric bispecific IgG antibody format targeting PD-L1 and TIGIT with one binding
site for each target antigen. The bispecifc antibody BiAb-1 is based on “knob-into-hole” technology for heavy
chain heterodimerization with a glycine serine linker connecting the 3’ end of Cxand the 5’ end of VH to prevent
wrong pairing of light chains. BiAb-1 was produced with high expression yields and show simultaneous binding
to PD-L1 and TIGIT with high affinity. Importantly, cytokine production was enhanced by BiAb-1 from staph-
ylococcal enterotoxin B (SEB) stimulated PBMCs. BiAb-1 also demonstrated potent anti-tumor efficacy in mul-
tiple tumor models and superior activity to PD-1/PD-L1 blockade molecules. In conclusion, we have applied
rational antibody engineering technology to develop a monovalent heterodimeric bispecifc antibody, which
combines the blockade of both PD-1/PD-L1 and TIGIT/CD155 pathways simultaneously and results in superior
anti-tumor efficacy in multiple tumor models over existing anti PD-1/PD-L1 molecules.

Cancer immunotherapy

Introduction molecule [5, 11, 12]. T-cell Ig and ITIM domain (TIGIT) interact with
CD155 (PVR) is considered as an alternative pathway exists in addition
to the “classical” co-inhibitory PD-1/PD-L1 pathway. CD155 showed
virtually no correlation to PD-L1 in its expression pattern across lung

adenocarcinoma patients[13] and coblock TIGIT/CD155 and

The use of immune checkpoint inhibitors (ICIs) has become the
treatment paradigm for multiple cancer types in the last decade. Starting
from the initial approval Ipilimumab in 2011, anti-PD-1/PD-L1 agents

are now a routinely used treatment option for more than 20 different
indications. Although responses to ICIs can last year’s even without
continuous treatment [1-7], the vast majority of patients do not expe-
rience clinical benefits from ICIs. The response rate to single-agent
PD-1/PD-L1 blockade in most cancers is limited to 10%—25% [3,
8-10] except melanoma, Merkel cell lymphoma and MSI-high tumors.
Furthermore, disease progression can still happen among patients who
initially respond to ICIs.

Resistance to ICIs can be classified to several categories including
neoantigen lost, lack of T cell priming, defects in IFN-y signaling etc. One
hot research area is the present of additional check point inhibitor

PD-1/PD-L1 pathways have shown synergistic effects both in mouse
tumor model and clinical trials[14, 15]. However, to our knowledge
most researches of TIGIT/CD155 and PD-1/PD-L1 pathways coblockade
are based on the combinatorial use of two separated antibody molecules.
It would be interesting to see coblocking TIGIT/CD155 and PD-1/PD-L1
pathways together as one molecule could have synergistic tumor elim-
inating effects.

In the past, scFab antibodies were mostly expressed in bacterial and
yeasts and were used in phage display [16]. Here, we developed a novel
scFab antibody format targeting both PD-L1 and TIGIT with high affinity
and combines robust expression and overcomes the light chain miss
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Table 1
Biochemical characteristics of HuPLxx-1 against hPD-L1.

ELISA based Cell based
activity activity
ECso ICso ECso ICso Kon (17 Kot Kp
(nM) (nM) (nM) (nM) Msec) (1/sec) (nM)

Binding (BLI)

HuPLxx- 0.053 5.37 0.88 7.85 1.49E- 1.85E 2.76E
1 09 + 05 - 04
Ate 0.019 4.37 0.73 7.49
Definitions:.

K on = Biacore association rate; K ¢ = Biacore dissociation rate; Kp = Biacore
binding affinity.

Table 2
Biochemical characteristics of HuTyy-1 against hTIGIT.

ELISA based Cell based Binding (BLI)
activity activity
ECso ICso ECso ICso Kon (17 Kor(1/  Kp
(nM) (nM) (nM) (nM) Msec) sec) (nM)
HuTyy- 2.43 1.02 0.20 1.40 2.43E - 7.92E 1.92E -
1 09 + 05 03

22G2 1.91 1.34 0.41 1.67

pairing issue of bispecific heterodimeric IgG antibodies [17]. Further-
more, we compared the anti-tumor effect of PD-1/PD-L1 blockade
molecules and the bispecific antibody in vivo in two different models.
The bispecifc antibody demonstrates superior anti-tumor effect over
single agent and may present a potential strategy to for clinical usage.

Materials and methods
Cell lines, animals and reagents

The human tumor cell lines HEK293E, HCC827 and mouse CHO-K1
were purchased from ATCC, and maintained in RPMI 1640 containing
10% fetal bovine (FBS). MC38-hPD-L1 and Raji-hPD-L1 were con-
structed and purchased from Biocytogen, and maintained in Dulbecco’s
Modified Eagle’s medium (Biocytogen) containing 10% FBS. ExpiCHO-
S™ and Sp2/0 were purchased from Thermol Fisher Scientific and
cultured as instructed. CHO-K1-hPD-L1, CHO-K1-hTIGIT were sub-
cloned after stably transducing with the plasmid contained full-length
sequence of human PD-L1 or human TIGIT. About 4 — 6-week-old fe-
male Balb/c, SJL, NOD.Cg-Prkdc*“Ii2rg™ " /SzJ (NSG) and B-hPD-L1/
hTIGIT mice were purchased from Biocytogen (Beijing, China). PE-
conjugated anti-human Fc antibody and PE Goat anti-mouse Fc anti-
body were purchased from Biolegend. Isotype IgG4 was purchased from
CrownBio. Anti-PD-L1 antibody sequence (Atezolizumab) was synthe-
sized according to patent (patent no.: US 8217,149). Anti-TIGIT anti-
body (22G2) sequence was synthesized according to patent (patent no.:
US20160176963A1). Proteins like TIGIT-his, TIGIT-mfc, PD-1/L1-his
and PD-1/L1-mfc were produced by our laboratory.

BLI assays

BLI measurements were performed with ForteBio Octet RED96 in-
struments and ForteBio biosensors to determine the equilibrium binding
constant (Kp) of BiAb-1. In brief, Anti-hTIGIT or anti-hPD-L1 was
immobilized on CM5 chip. The gradient diluted BiAb-1 was injected at a
constant flow rate. The equilibrium dissociation constant Kp (Kd/Ka)
was calculated by using the ForteBio Octet RED96 software.

Cell-based binding and blocking assays

1.5 x 10° CHO-K1-hPD-L1 or CHO-K1-hTIGIT cells per well was
incubated with increasing amounts of BiAb-1 or indicated antibody for

Cancer Treatment and Research Communications 29 (2021) 100467

40 min at 4 °C. After incubation, samples were washed by PBS for 3
times and stained with PE-conjugated anti-human Fc antibody in dark
for 40 min at room temperature, then analyzed by flow cytometer
(ACEABIO, Novocyte). The PD-L1 and TIGIT blocking activity of BiAb-1
were evaluated according to the previous report [18]. Briefly, PD-L1-mfc
or TIGIT-mfc were incubated with a series dilution of BiAb-1 or Isotype
IgG4 on ice for 30 min respectively, followed by incubation with
detection antibody PE Goat anti-mouse Fc antibody. Cells were then
washed with FACS buffer to remove the unbound fluorescent antibodjies.
Data was acquired on a flow cytometer (ACEABIO, Novocyte) and
analyzed by FlowJo.

Human PBMC activation assays

Human PBMCs, which were purified from whole human blood of
healthy donors by using EasySep™ (STEMCELL Technologies), were
seeded at 1 x 10° per well in a 96-well plate, serial diluted proteins or
IgG4 isotype were added 1 in 96-well plate. 100 ng/ml staphylococcal
enterotoxin B (SEB; S4881, Sigma-Aldrich) were added to the plate,
following co-incubation for 72 h at 37 °C. The IL-2 or IFN-y release in the
supernatant was determined, following human IL-2 or IFN-yDuoSet kit
instructions (R&D systems).

Humanization of antibodies

Humanization of mouse anti-PD-L1 or anti-TIGIT variable regions
was performed using a CDR-graft strategy as described previously [19].
Briefly, cDNAs containing human acceptor framework, VH1-18 for
aPD-L1 heavy chain and VK4-1 for aPD-L1 light chain, VH3-7 for
aTIGIT heavy chain and VK1-17 for aTIGIT light chain, with anti-PD-L1
or anti-TIGIT CDR donor sequences were synthesized in vectors con-
taining either human IgG4 constant region for the heavy chain, or
human kappa constant region for the light chain. To recover binding
activity, back-mutations to mouse sequence in the framework regions of
both the VH and VL domains were introduced. Proteins were expressed
and purified as IgG, then assessed for binding or blocking activity by
FACS, and human PBMC activation assay as described above.

Human cancer cell line xenograft tumor model

HCCB827 or Raji-hPD-L1 tumor cells were subcutaneously implanted
into the flanks of female NSG mice. When tumors reached volumes of
~100 mm?3, 1 x 107 freshly isolated PBMCs were administered intra-
venously (IV) and mice were treated with indicated proteins or human
IgG4 at 20 mg/kg twice a week for a total of three weeks. Tumor mea-
surements were collected using Vernier caliper, and volumes were
calculated by use of the modified ellipsoid formula 2 x length x width
[2]. All animals were housed in a pathogen-free environment and were
treated following the standards of Pharmaceutical Animal Center of
China Pharmaceutical University

Mouse syngeneic tumor model

B-hPD-L1/hTIGIT mice were purchased from Biocytogen. MC38-
hPD-L1 tumor cells were subcutaneously implanted into the flanks of
female B-hPD-L1/hTIGIT mice. When tumors reached volumes of ~100
mm®, mice were treated with indicated proteins or human IgG4 at 3 mg/
kg or 6 mg/kg twice a week for a total of 3weeks. Tumor measurements
were collected using Vernier caliper, and volumes were calculated by
use of the modified ellipsoid formula ! x length x width [2].

Statistical analysis

Means, SDs, nonlinear analysis to determine ECsy and ICsq values
were calculated by GraphPad Prism (version 6.02).
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Fig. 1. Design of BiAb-1 bispecific antibodies. (A) Schematic diagram of BiAb-1. VH and VL domains in the bispecific antibody are derived from the parental an-
tibodies HuTyy-1 (TIGIT; brown) and HuPLxx-1 (PD-L1; blue). Dimerization of the two different heavy chains in BiAb-1 was facilitated by the knob-into-hole
mutations (gray triangle) in the CH3 domain. (B) Analytical SEC was used to estimate the presence of aggregates in the BiAb-1 molecule after protein A, AEX
and CHT purification. (C) MS analysis confirmed sequence integrity of BiAb-1, and no by-products, such as hole-hole dimers, knob-knob dimers, half-antibodies
were detectable.

Results transfected CHO-K1 cells. Antibody producing B cells were harvested
from spleens and draining lymph nodes and fused with mouse myeloma
Generation and selection of parental antibodies cells to generate hybridomas. We generated more than 150 different

antibodies for each target and screened these antibodies by protein-
Both PD-L1 and TIGIT parental antibodies were generated by based binding, cell-based binding and human PBMC activation assays.
repeated immunization of mice with purified antigen or stably Clone PLxx and Tyy were selected based on these tests. The two
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Table 3
Biochemical characteristics of BiAb-1.
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Cell based activity ELISA based activity

Binding (BLI)

ECso (nM) 1Csp (nM) ECs0 (nM) (Human) ECs (nM) (Cynomolgus) K on (1/Msec) K o (1/sec) Kp (nM)
BiAb-1 0.58 3.19 0.73 0.092 1.32E - 09 2.07E + 05 2.73E - 04
Ate 1.77 1.68

Cell based activity ELISA based activity Binding (BLI)

ECs¢ (nM) 1Cs0 (nM) ECso (nM) (Human) ECso (nM) (Cynomolgus) K on (1/Msec) K o (1/sec) Kp (nM)
BiAb-1 1.30 4.08 4.96 0.61 3.06E - 09 1.09E + 06 3.33E-03
22G2 0.39 2.17
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Fig. 2. Characterization of BiAb-1. (A-D)The binding and blocking activity of BiAb-1 — CHO-K1 cell lines (CHO-K1-hPD-L1 or CHO-K1-hTIGIT) was evaluated by flow

cytometry, Atezolizumab and 22G2 were set as a positive control respectively.

antibodies sequence were further humanized and characterized in
biochemical and whole cell binding and blocking assays to determine
affinity, cell based activity and cross-reactivity as described above.
HuPLxx-1 bound to human PD-L1 with ECsq values of 0.053 nM. The
affinity of HuPLxx-1 to human PD-L1 was measured by Fortebio and the
Kp value is 1.49E-09. HuPLxx-1 bound to human PD-L1 expressing CHO-
K1 cells with an ECgq value of 0.88 nM. HuPLxx-1 was measured for its
capacity to block PD-1 and PD-L1 interaction using a competitive FACS
assay. The ICso of HuPLxx-1 was 7.85 nM, which is comparable with
Atezolizumab (Table 1). HuTyy-1 bound to human TIGIT with ECsp
values of 2.43 nM. The affinity of HuTyy-1 to human TIGIT was
measured by Fortebio and the Kp value is 2.43E-09. HuTyy-1 bound to
human TIGIT expressing CHO-K1 cells with an ECsy value of 0.2 nM.
HuTyy-1 was measured for its capacity to block TIGIT and PVR inter-
action using a competitive FACS assay. The ICsy of HuTyy-1 was 1.4 nM,
which is comparable with 22G2 (Table 2).

Generation of a heterodimeric scFab bispecific antibody targeting PD-L1
and TIGIT

The bispecific antibody was designed and generated based on a
human IgG4 isotype with heavy chains composed of a variable VH
domain and three constant domains CH1, CH2, CH3. The corresponding
light chains are composed of a variable VL domain and a constant Ck
domain. BiAb-1 was assembled with an PD-L1 binding arm composed of
a single-chain fab fragment of HuPLxx-1 with the light chain attached to
the N terminus of the VH domain by a (GGGGS)g linker while an TIGIT
binding arm composed of a single-chain fab fragment of HuTyy-1 with
the light chain attached to the N terminus of the VH domain by a
(GGGGS)g linker to form the second heavy chain (Fig. 1A). Hetero-
dimerization of the two heavy chains was achieved by application of the
knobs-into-hole technology [20]. The knob mutation (T366W) was
introduced into the CH3 domain of the scFab HuTyy-1 heavy chain, and
three mutations to form a hole (T366S, L368A, and Y407V) were
introduced into the CH3 domain of the scFab heavy chain of HuPLxx-1.
In addition, two cysteine residues were introduced (S354C on the knob
and Y349C on the hole side) to form a stabilizing disulfide bond between
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Fig. 3. In vitro activation of human PBMCs. PBMCs were extracted from three healthy donors. Supernatants were measured for IL-2 and IFN-y production by ELISA.
Each data point represents the average of 3 replicates, with error bars representing the SEM.
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Fig. 4. Anti-tumor effect of BiAb-1 in HCC827 xenograft model. (A) Human
PD-L1 expression levels of HCC827 cells was evaluated by flow cytometry. (B)
The NSG mice were implanted HCC827 cells subcutaneously until tumor vol-
umes reached approximately 100 mm [3]. After received human PBMCs by
intraperitoneal injection, the mice were treated with the indicated doses of
antibodies or vehicle via intraperitoneal administration twice a week. Tumor
volumes are plotted as means with SD (n = 6).

the heterodimeric heavy chains. Further mutations including S228P was
introduced to stabilize the IgG molecule.

Generation of stable CHO cell lines

Most therapeutic antibodies in clinical development are currently
produced in stable CHO cell lines. Therefore, the manufacturing scal-
ability of BiAb-1 was evaluated in CHO cells. HuTyy-1 scFab knob heavy
and light chain and HuPLxx-1 scFab hole heavy and light chain were
condon optimized and constructed two separate expression plasmids
and overexpressed in CHO-K1Q cells (Quacell Biotechnology) using a
glutamine synthase expression system. A total number of 567 clones
were analyzed for IgG titers, and 59 clones were selected for generic fed
batch productions. Clone 16 was selected with yields of 2.5~3.2 g/1 and
a purity of 75% after one step Protein A purification. The relative het-
erodimer rate was >95%, determined by MS (Fig. 1C).

Biochemical characteristics of bispecific antibody BiAb-1

The bispecifc antibody BiAb-1 was analyzed for affinity and cell-
based activity using BLI analysis and whole cell binding and blocking
assays as described above. BiAb-1 maintained the high affinity and cell-
based activity of its parental antibodies (Table 3) with the exception of
cell-based PD-L1 binding, BiAb-1 shows significantly higher average
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fluorescence intensity upon binding to CHO-K1-PD-L1 cells, probably
due to more molecules binding to the targets (Fig. 2A-D).

In vitro activation of human PBMCs

SEB stimulated PBMCs were used to study the functional conse-
quences of PDL1 and TIGIT co-neutralization in vitro. Frozen stored
PBMCs were recovered by centrifuge and stimulated with 100 ng/ml
SEB and cultured with indicated proteins for 72 h. As showed in Fig. 3,
BiAb-1 significantly enhanced the IL-2 and IFN-y production in a dose
dependent manner in three different donors.

Anti-Tumor effect of BiAb-1 in HCC827 xenograft model

To assess BiAb-1 activity in vivo, NSG mice were implanted subcu-
taneously with the human NSCLC cell line HCC827, which showed high
PD-L1 and PVR expression (Fig. 4A) and engrafted with freshly isolated
human PBMCs. The mice were then dosed i.p, twice weekly, with either
isotype or proteins indicated at 20 mg/kg per dose. After three weeks of
dosing, both Nivolumab and BiAb-1 treatment groups displayed signif-
icantly inhibited tumor growth compared to control group (Fig. 4B).
BiAb-1 also displayed significant enhanced anti-tumor effect compared
with Nivolumab. These results indicated that combine PD-L1 and TIGIT
blockade together significantly enhanced anti-tumor responses.

Anti-Tumor effect of BiAb-1 in Raji-hPD-L1 xenograft model

To assess BiAb-1 activity in vivo, NSG mice were implanted subcu-
taneously with the human lymphoma cell line Raji stably transfected
with PD-L1 expression (Fig. 5A) and engrafted with freshly isolated
human PBMCs. The mice were then dosed i.p., twice weekly, with either
isotype or proteins indicated at 20 mg/kg per dose. After three weeks of
dosing, Atezolizumab, HuPLxx-1 and HuTyy-1 combination and BiAb-1
treatment groups displayed significantly inhibited tumor growth
compared to control group (Fig. 5B). BiAb-1 also displayed enhanced
anti-tumor effect compared with parental mabs combination. These re-
sults indicated that BiAb-1 may have novel mechanisms of action that
are impossible to attain with combinations.

Anti-tumor effect of BiAb-1 in mouse MC38 syngeneic model

To further study the anti-tumor effect of BiAb-1 in a more relevant
and translational approach, B-hPD-L1/hTIGIT mice were implanted
subcutaneously with the mouse colorectal cancer cell line MC38-hPD-L1
and treated as described above. After four weeks of dosing, both Ate-
zolizumab and BiAb-1 treatment groups displayed significantly inhibi-
ted tumor growth compared to control group (Fig. 6). The two doses of 3
mg/kg and 6 mg/kg BiAb-1 groups achieved 30.6% and 50.7% tumor
growth inhibition (TGI), respectively, whereas 3 mg/kg Atezolizumab
group achieved 35.6% TGI. In this study, BiAb-1 showed a dose-
dependent and significant versus control group (p < 0.05) anti-tumor
manner.

Discussion

Immune checkpoint inhibitors (ICIs) showed great benefit for re-
sponders. However, currently marketed anti-PD-1/PD-L1 agents have
limited response rate over a variety of solid tumors as a single agent.
Although combining anti-PD-1 mab and anti-CTLA4 mab significantly
increased objective response rates in several indications, it also leads to
increased severe adverse events (SAEs) [20-24]. Exploring additional
safe and compensatory to PD-1/PD-L1 immune checkpoint molecules
become necessary for unmet clinical needs.

We have constructed a novel heterodimeric scFab bispecific antibody
that is capable of simultaneously binding PD-L1 and TIGIT and inducing
potent cytokine expression in human PBMCs. The introduction of scFab
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volumes are plotted as means with SD (n = 6).

arm allowed us to rapidly generate a bispecific antibody without the risk
of large amount of aggregates usually happened to tetravalent scFv
format and time or labor intensive optimization to find a common light
chain. Here, we combined scFab technology and knob-into-hole heter-
odimerization of two distinct heavy chains to generate a novel bispecific
antibody with good yields of >3 g/L with low amount of aggregates.
Potent in vivo efficacy of BiAb-1 was shown in two different mouse
models. BiAb-1 led to almost complete tumor growth arrest in the PD-L1
positive human HCC827 cell line PBMC engraftment model and a sig-
nificant tumor inhibition of B-hPD-L1/hTIGIT mouse MC38 syngeneic
model. To our knowledge, this is the first PD-L1/TIGIT bispecific anti-
body reported to date. Further studies need to be carried out to inves-
tigate the differences of anti-tumor activity between PD-1/TIGIT and
PD-L1/TIGIT bispecifc antibodies, whether the avidity binding of aPD-
1 and oTIGIT single arms could navigate bisepcific molecules to PD-1+/
TIGIT+ T cells, a more exhausted type of T cells in tumor microenvi-
ronment. It is also reported that the efficacy of anti-TIGIT mabs is
dependent on functional FcyRs[25],[26], it would be worth

investigating on whether WT IgG1 could increase the efficacy of BiAb-1.

Opdivo and Yervoy combo is the most successful IO combo to date
and FDA has approved its usage for advanced melanoma, advanced
renal cell carcinoma, metastatic non-small cell lung cancer, hepatocel-
lular carcinoma and most recently malignant pleural mesothelioma.
Despite the superior efficacy of the combo, it also increase the incidence
of adverse events. Take the results of Checkmate 067 as an example,
more grade 3 or 4 treatment-related adverse events or serious adverse
events were reported with nivolumab plus ipilimumab than with nivo-
lumab alone (59%vs 21% [27])and most importantly, the rate of diar-
rhea and colitis increased significantly (9%vs 3% for diarrhea and 8%vs
1% for colitis). Since gastrointestinal adverse events are signature AEs
for CTLA4 and there are unmet clinical needs for patients with IBD or
other potential autoimmune diseases that may not be suitable for PD-1
and CTLA4 combo, it is important to discover new IO targets. TIGIT is
one of the safer IO targets thatshow promising preliminary efficacy re-
sults in the clinical stage. In phase II CITYSCAPE study, Tiragolumab in
combination with Tecentriq showed an improvement in the overall
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Fig. 6. Anti-tumor effect of BiAb-1 in mouse MC38 syngeneic model. B-hPD-L1/hTIGIT mice were implanted MC38-hPD-L1 cells subcutaneously. After the tumor
volumes reached ~100 mm [3], the mice were prescribed indicated doses of antibodies or vehicle by intraperitoneal injection twice a week. Tumor volumes are

plotted as means with SD (n = 8).

response rate (ORR; 37%vs. 21% with Tecentriq alone) and a 42%

with the National Institute of Health guide for the care and use of lab-

reduction in the risk of disease worsening or death (progression free

oratory animals. All animals used in this experiment are female.

survival; PFS) compared with Tecentriq alone, while having similar
rates of all Grade 3 or more all-cause adverse events when combining the
two _immunotherapies compared with Tecentriq alone (48%vs. 44%).
Moreover, MSD presented new data of Vibostolimab and Keytruda
combo in ESMO 2020, among patients whose tumors express PD-L1
(tumor proportion score [TPS] > 1%), the ORR was 46% and median
PFS was 8.4 months, which is a significant improvement thanKeytruda
alone historically, while having Grade 3-5 TRAEs occurred in 15% of the
patients, which is about the same as Keytruda alone historically. Overall,
TIGIT maybe a new IO target which could significantly improve the
efficacy of PD-1/PD-L1 blockers while adding minimal toxicity.There
are lots of preclinical studies on how the overexpression of PVRIG could
dampen immune suppressive state and the disruption of PD-1/PD-L1
and TIGIT/PVRIG pathways together could reinvigorate the immune
system [28], [29].The biomarkers for anti-PD-L1/TIGIT bispecific anti-
bodychoice is rather straightforwardinhot tumors like NSCLC,Roche and
MSD have both presented better results of PD-1/PD-L1 and TIGIT
combotogether thanPD-1/PD-L1 blocker alone in preliminary clinical
results.The problem becomes more complicated in cold tumors. Taking
CRC as an example, although PVRIG has a relative high expression in
CRC patients (data from human protein atlas website), one would ima-
gine the efficacy of bispecific antibody would be limited in MSS CRC
patients even if they have high PVRIG expression due to the lack of T cell
infiltration. Novel biomarkers such as CD8+T cell density, tumor
mutational burdenand neoantigen load would be moreidealforcertain
tumor types.

In summary, our data demonstrates simultaneously blocking PD-1/
PD-L1 and TIGIT/CD155 signaling pathways with one molecule could
significantly increase the anti-tumor activity compared with single agent
PD-1/PD-L1 agents. Therefore, BiAb-1 may be a promising new thera-
peutic option for the treatment of PD-L1+ tumors.
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