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LETTER TO EDITOR

PD-L1/TIGIT bispecific antibody showed survival advantage
in animal model

Dear Editor,
Although PD-1 and PD-L1 (programmed cell death-
1/ligand 1) antibody therapies have provided persistent
benefits in various cancers, their clinical applications have
been limited by relatively low response rates and the occur-
rence of drug resistance.1 Thus, they have been extensively
investigated in combination with a variety of antitumor
therapies, such as inhibitors to other immune checkpoints
in combinational or bispecific antibody (BsAb) therapeu-
tical strategies, to improve the response rates or efficacies
in the clinic.2
TIGIT (T-cell immunoreceptor with immunoglobulin

and ITIM domains) is an inhibitory T-cell immunore-
ceptor discovered in 2009,3 which is expressed mainly
on regulatory T cells (Tregs), memory T-cells, and NK
cells. Combination therapies that block both PD-L1 and
TIGIT pathways have superior clinical benefits to PD-L1
monotherapy.4 BsAbs simultaneously targeting both path-
ways are also entering clinical trials (NCT05102214), but
whether BsAbs are superior to combinational approaches
has not been elucidated yet.
We reported here a novel bispecific anti-PD-L1/TIGIT

antibodywith potent effects in enhancing human IL-2 pro-
duction by primary human T cells in vitro and in increas-
ing the overall survival in a transgenic mouse model in
vivo.More importantly, we compared the tetravalent bispe-
cific anti-PD-L1/TIGIT antibody to mAb and combination
therapies head-to-head systematically, and our data sup-
ported the the advantage of taking bispecific approach over
mAb and combination therapies experimentally.
First, hybridomas were established5 and humanization

was carried out through "framework shuffling6,7 on both
anti-PD-L1 and anti-TIGIT antibodies. Both chimeric (anti-
PD-L1-8A1 and anti-TIGIT-31C3) and humanized (anti-
PD-L1-#77, anti-TIGIT-T26 and T87) antibodies showed
binding and blocking capabilities comparable to cor-
responding positive controls (Figure 1A–D), i.e., ate-
zolizumab (Tencentriq) for anti-PD-L1 and tiragolumab for
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anti-TIGIT. Affinities were determined by biolayer inter-
ferometry (BLI) on OCTET and similar KD values were
obtained (Figure S1). For further preclinical safety eval-
uation and in vivo efficacy studies, cross-reactive bind-
ing assays were evaluated, with high binding abilities to
cynomolgusmonkey antigen around 0.07 nM (anti-PD-L1)
and 0.25–2.0 nM (anti-TIGIT), and no cross-reactivity to
mouse antigen (Figure S2).
The biological functions of mAbs were then exam-

ined. They all effectively boosted the cytokine release
by activated human PBMC evaluated in SEB or anti-
CD3/anti-CD28 stimulation assay in vitro (Figure 1E,F).
Then the antitumor efficacy was investigated in a trans-
genic mouse model (C57BL/6-HU-PD-L1 or C57BL/6-
HU-TIGIT), which expressed human PD-L1 or TIGIT
as substitutes for mouse orthologs. Anti-PD-L1 antibody
potently inhibited the tumour growth of MC38-hPD-L1
(Figure 1G; Figure S3) and anti-TIGIT inhibitedMC38 cells
(Figure 1H). Anti-PD-L1 antibodies also showed potent
tumour suppression efficacy in C57BL/6 wild-type mice
(Figure S4).
To obtain a well-behaved anti-PD-L1/TIGIT molecule,

eight BsAb antibodies (Bs#1–Bs#8) containing anti-TIGIT-
huT26 or huT87 in IgG4, and anti-PD-L1-hu#77 in scFv
were generated (Figure S5A). Additionally, the sequences
of VH and VL in the scFv segment (VH-linker-VL and
VL-linker-VH) with and without an additional disulphide
bond mutation were taken into consideration.8
Wemeasured the binding kinetics of eight BsAbs by BLI

technology onOctet9 to both humanPD-L1-his and human
TIGIT-his, which indicated that the affinities to human
PD-L1-his (6-9 nM) (Table 1) slightly decreased compared
to humanized mAb (2.66 nM), but affinities to TIGIT were
not affected (Figure S1).
The binding and neutralization assays of eight BsAbs

were analyzed by ELISA (Figure 2A–D) and Fluores-
cence Activated Cell Sorting (FACS) (Figure 2E–H). They
all exhibited comparable binding and blocking capacities
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F IGURE 1 Characterization of anti-PD-L1 and anti-TIGIT mAbs. (A) Anti-PD-L1 binding to human PD-L1-Fc as detected by ELISA. 8A1,
chimeric anti-PD-L1; #77, humanized anti-PD-L1; Atezo, atezolizumab (Tecentriq) analogue. (B) Anti-TIGIT binding to human TIGIT-Fc as
determined by ELISA. 31C3, chimeric anti-TIGIT; T26 and T87, humanized anti-TIGIT. (C) Anti-PD-L1 antibodies blocked the interaction of
PD-L1 with PD-1 based on ELISA. (D) Anti-TIGIT antibodies neutralized the binding of TIGIT to PVR based on ELISA. (E) Human IL-2
production in the Staphylococcal enterotoxin B (SEB)-activated peripheral blood mononuclear cells (PBMC) assay in the presence of
anti-PD-L1 antibodies. (F) Human IFNγ production in primary T cells stimulated with OKT3 and anti-CD28 in the presence of anti-TIGIT
antibodies. hRS7, a humanized IgG1 mAb against Trop 2, was used as a negative control. (G) MC38-hPD-L1 tumour cells in
C57BL/6-HU-PD-L1 transgenic mice. Anti-PD-L1-hu#77 was administered i.p. at 1 and 5 mg/kg, and atezolizumab analogue at 5 mg/kg every 3
days. Tumour volume was monitored using electronic callipers every other day. (H) MC38 tumour cells inoculated in C57BL/6-HU-TIGIT
transgenic mice. Anti-TIGIT was injected i.p. at 5 mg/kg and tumour size was measured every 3 days. Tumour volumes were presented as
mean ± SEM. Statistical significance (p-value) was determined using one-way or two-way ANOVA with Tukey’s multiple comparison test
(*p < .05, **p < .01, ***p < .001)

(Tables S1 and S2). However, Bs#5 to Bs#8 with the extra
disulphide bond mutation had higher binding abilities on
FACS. Bs#5 had the highest binding activities, with EC50
values of 0.85 nM for HEK293-hPD-L1 and 0.55 nM for
HEK293-hTIGIT.
Next, the purity and thermostability of BsAbs were eval-

uated through the HPLC-SEC method with native (non-
treated) and heat-treated (60◦C in a water bath for 1
h) BsAbs. The monomer ratios in native state and the

decrease between the non-treated and heat-treated BsAbs
revealed that BsAbs with a disulphide bond mutation in
scFv (Bs#5 to Bs#8) had better purity (Table 1; Figure
S5B). The disulphide bond mutation favoured the VH-
linker-VL orientation in our BsAbs by comparing Bs#5
(2.5% decrease) to Bs#1 (11.7%), and Bs#6 (10.0% decrease)
to Bs#2 (3.8%). Among them, Bs#5 with additional disul-
phide bond and in VH-linker-VL sequence showed better
behaviour in purity and thermostability than other BsAbs.
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TABLE 1 KD values and monomer ratios of bispecific antibodies (BsAbs)

BsAbs KD (nM) Monomer ratio
hPD-L1 hTIGIT Native 60◦C–1 h Decrease

Bs#1 T26-77HL-wt 7.57 1.79 82.2% 70.5% 11.70%
Bs#2 T26-77LH-wt 6.12 2.00 83.3% 79.5% 3.80%
Bs#3 T87-77HL-wt 6.02 2.37 81.7% 68.6% 13.10%
Bs#4 T87-77LH-wt 6.80 1.89 84.6% 81.1% 3.50%
Bs#5 T26-77HL-mu 9.03 4.08 87.2% 84.7% 2.50%
Bs#6 T26-77LH-mu 7.80 4.21 96.1% 86.1% 10.00%
Bs#7 T87-77HL-mu 7.24 3.30 87.9% 83.7% 4.20%
Bs#8 T87-77LH-mu 6.16 2.11 95.5% 87.3% 8.20%

Notes:KD values were detected by Octet, and monomer ratios were analysed through SEC-HPLC.
Abbreviations: HL, VH-linker-VL; LH, VL-linker-VH; KD, equilibrium dissociation constant; mu, mutant scFv; wt, wild type scFv.

F IGURE 2 Binding and blocking activities of eight BsAbs determined by ELISA and FACS. (A,B) Dual binding of BsAbs on
huPD-L1-coating and huTIGIT-coating ELISA plates. (C,D) Neutralization of PD-1 binding to PD-L1 or PVR binding to TIGIT through ELISA.
(E,F) BsAbs bound to HEK293-hPD-L1 or HEK293-hTIGIT. (G,H) BsAbs blocked the interaction of HEK293-hPD-L1 with hPD-1 and
HEK293-hTIGIT with hPVR recombinant protein.

Based on our results, Bs#5 was selected as the BsAb
candidate for further evaluation. The affinities and dual
binding activity of Bs#5-hIgG1 (Bs#5.1) were detected
by BLI (Figure 3A–D), which exhibited high affinities

to both targets and outstanding dual-binding ability
regardless of loading sequences of two antigens. Then,
the biological functions of Bs#5.1 were explored in the
SEB-activated PBMC experiment in vitro and double-gene
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F IGURE 3 Characterization of BsAb candidates in vitro and in vivo. (A,B) Binding kinetics of Bs#5.1 to hPD-L1-his and hTIGIT-his as
determined by BLI using the protein A sensor. (C,D) Dual binding capacity of BsAb on Octet. (E,F,G,H) Bs#5.1 greatly enhanced human IL-2
production in SEB-stimulated PBMC assay. Human PBMCs were pre-incubated with 133.3 nM antibodies at 37◦C for 30 min and then
stimulated with 1 μg/ml of SEB (E and F) or 50 and 500 ng/ml of SEB (G and H) in 5% CO2 incubator for 3 days. Human IL-2 release in the
supernatants was detected by ELISA. Representative graphs were performed in triplicate and data were expressed as mean ± SEM. P-values
were determined using one-way ANOVA with Tukey’s multiple comparison test. (I,J) In vivo antitumor activity of Bs#5.1 in
MC38-hPD-L1-engrafted C57BL/6-HU-PD-L1/TIGIT transgenic mouse model. (I) Diagram of BsAb animal study. (J) Survival analysis of
MC38-hPD-L1 tumour-bearing mice. C57BL/6-HU-PD-L1/TIGIT mice were inoculated with 5 × 105 MC38-hPD-L1 tumour cells. Antibodies
were administered every 3 days, and tumour volumes were monitored by an electric calliper every other day. Survival analysis was conducted
using GraphPad software. n = 5 mice per group. (ns, not significant p > .05, *p < .05, **p < .01, ***p < .001)

humanized mouse model (C57BL/6-HU-PD-L1/TIGIT)
in vivo. In the PBMC activation assay, Bs#5.1 increased
the human IL-2 secretion sitmualted by SEB to the
highest level (Figure 3E–H). In the animal study, Bs#5.1
treatment extended the survival time to the greatest
extent and was the only group that showed a significant
difference in overall survival compared to the isotype
group (Figure 3I,J). However, the BsAb treatment failed to
achieve a significant difference in tumour volume due to
the great variability within the group. The tumour growth
curves were displayed in Figure S6. The variability might
arise from the relatively low dose regimen and the het-
erogenicity of hPD-L1 expression on MC38-hPD-L1 cells
(Figure S3).
Finally, pharmacokinetics (PK) analysis10 of Bs#5.1 was

conducted in four female transgenic mice following a sin-
gle dose injection of 10 mg/kg i.v., which showed similar
PK curves by two ELISA methods, indicating that Bs#5.1

was intact and stable in mouse serum and capable of bind-
ing both targets (Figure S7).
Currently, several bispecific antibodies targeting PD-

L1/TIGIT (such as HLX301 fromHenlius, Inc. and PM1022
from Biotheus Inc.) or PD-1/TIGIT (IBI321, jointly devel-
oped by Eli Lilly and Innovent Biologics, Inc.) have been
advanced to Phase I clinical trials with no clinical antitu-
mor efficacies reported yet. The combination therapy with
PD-L1 and TIGIT inhibitors has demonstrated clinical ben-
efits (CITYSCAPE study from Roche) in Phase II clini-
cal trials. However,whether bispecific antibodies targeting
PD-1 (or PD-L1) and TIGIT have advantage over mAb and
combination therapies has not been demonstrated.
Herein, we constructed a BsAb targeting both PD-L1 and

TIGIT in the format of IgG-scFv and systematically char-
acterized its functions in vitro and in vivo. BsAb induced
the highest level of IL-2 production in primary human T
cells when compared to themAbs and combination. In the
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transgenic animal model, BsAb increased the overall sur-
vival to the greatest extent. Taken together, our data favour
the BsAb approach over mAb and combination therapies.

ACKNOWLEDGEMENTS
This work was supported by the China National
Major Scientific and Technological Special Project
(2019ZX09732002-006), the National Natural Science
Foundation of China (81872785 and 81673347), Shanghai
Municipal Commission of Science and Technology of
China (17431904400, 19YF1457400 and 21S11904500),
Institutes for Drug Discovery and Development, Chi-
nese Academy of Sciences (CASIMM0120202007 and
CASIMM0120202008), and Major Scientific and Techno-
logical Special Project of Zhongshan City (191022172638719
and 210205143867019).

CONFL ICT OF INTEREST
Yi-Li Chen is an employee of Shanghai Mabstone Biotech-
nologies, Ltd and Chunhe Wang is employed by both
Shanghai Institute of Materia Medica and Dartsbio Phar-
maceuticals, Ltd. The remaining authors declare no com-
peting financial interests.

Songlin Mu1,2
Zhijuan Liang1,2
Yongmei Wang1,2

Wendi Chu1,2
Yi-Li Chen3,4
Qi Wang1,2

Guifeng Wang1,2
Chunhe Wang1,2,3

1Biotherapeutics Discovery Research Center, Shanghai
Institute of Materia Medica, Chinese Academy of Sciences,

Shanghai, China
2University of Chinese Academy of Sciences, Beijing, China

3Dartsbio Pharmaceuticals, Ltd., Zhongshan, China
4Shanghai Mabstone Biotechnologies, Ltd., Shanghai,

China

Correspondence
Chunhe Wang and Guifeng Wang: Biotherapeutics

Discovery Research Center, Shanghai Institute of Materia
Medica, Chinese Academy of Sciences, Shanghai 201203,

China.
Email: wangc@simm.ac.cn and gfwang@simm.ac.cn

ORCID
SonglinMu https://orcid.org/0000-0002-6322-5501
GuifengWang https://orcid.org/0000-0002-0464-4730
ChunheWang https://orcid.org/0000-0002-9598-8968

REFERENCES
1. Nowicki TS, Hu-Lieskovan S, Ribas A.Mechanisms of resistance

to PD-1 and PD-L1 blockade. Cancer J. 2018;24(1):47–53.
2. Makuku R, Khalili N, Razi S, Keshavarz-FathiM, Rezaei N. Cur-

rent and future perspectives of PD-1/PDL-1 blockade in cancer
immunotherapy. J Immunol Res. 2021;2021:6661406.

3. Yu X, Harden K, Gonzalez LC, et al. The surface protein
TIGIT suppresses T cell activation by promoting the genera-
tion of mature immunoregulatory dendritic cells. Nat Immunol.
2009;10(1):48-57.

4. Rodriguez-Abreu D, Johnson ML, Hussein MA, et al. Pri-
mary analysis of a randomized, double-blind, phase II study of
the anti-TIGIT antibody tiragolumab (tira) plus atezolizumab
(atezo) versus placebo plus atezo as first-line (1L) treatment
in patients with PD-L1-selected NSCLC (CITYSCAPE). J Clin
Oncol. 2020;38(15):9503-9503.

5. Fields C, O’Connell D, Xiao S, Lee GU, Billiald P, Muzard
J. Creation of recombinant antigen-binding molecules derived
from hybridomas secreting specific antibodies. Nat Protoc.
2013;8(6):1125-1148.

6. Dall’Acqua WF, Damschroder MM, Zhang J, et al. Antibody
humanization by framework shuffling. Methods. 2005;36(1):43-
60.

7. Damschroder MM, Widjaja L, Gill PS, et al. Framework shuf-
fling of antibodies to reduce immunogenicity and manip-
ulate functional and biophysical properties. Mol Immunol.
2007;44(11):3049-3060.

8. Weatherill EE, Cain KL, Heywood SP, et al. Towards a univer-
sal disulphide stabilised single chain Fv format: importance of
interchain disulphide bond location and vL-vH orientation. Pro-
tein Eng Des Sel. 2012;25(7):321-329.

9. Kamat V, Rafique A. Designing binding kinetic assay on the bio-
layer interferometry (BLI) biosensor to characterize antibody-
antigen interactions. Anal Biochem. 2017;536:16-31.

10. Wu C, Ying H, Grinnell C, et al. Simultaneous targeting of mul-
tiple disease mediators by a dual-variable-domain immunoglob-
ulin. Nat Biotechnol. 2007;25(11):1290-1297.

SUPPORT ING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

https://orcid.org/0000-0002-6322-5501
https://orcid.org/0000-0002-0464-4730
https://orcid.org/0000-0002-9598-8968
mailto:wangc@simm.ac.cn
mailto:gfwang@simm.ac.cn
https://orcid.org/0000-0002-6322-5501
https://orcid.org/0000-0002-6322-5501
https://orcid.org/0000-0002-0464-4730
https://orcid.org/0000-0002-0464-4730
https://orcid.org/0000-0002-9598-8968
https://orcid.org/0000-0002-9598-8968

	PD-L1/TIGIT bispecific antibody showed survival advantage in animal model
	ACKNOWLEDGEMENTS
	CONFLICT OF INTEREST
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


