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ABSTRACT
Background  TIGIT was identified as a target immune 
checkpoint for overcoming resistance to PD-(L)1-
blocking antibodies. However, the clinical efficacies of 
TIGIT antibodies were moderate in monotherapy and 
mixed in combination with PD-(L)1 antibodies. 4-1BB, 
a strong inducible costimulatory receptor, is another 
attractive target in antitumor therapeutics. This study 
investigated whether ABL112, an Fc-competent 
bispecific antibody targeting TIGIT and 4-1BB 
(TIGITx4-1BB), would enhance antitumor activity via 
Fcγ receptor (FcγR)-mediated macrophage activation 
and antibody-dependent cell-mediated functions.
Methods  TIGIT-dependent 4-1BB activation and 
TIGIT-blocking activity were assessed using reporter 
Jurkat T cell lines expressing 4-1BB and TIGIT, 
respectively. In vivo antitumor activity was confirmed 
in h4-1BB knock-in mice. The main immune cell 
subsets associated with the antitumor activity of 
ABL112 were identified using antibodies for depleting 
specific immune cell subtypes or FcγR-blocking 
antibodies. The effects of a combined pembrolizumab 
or atezolizumab treatment with ABL112 were 
assessed in two mouse models with different genetic 
backgrounds. Statistical analysis was performed using 
one-way or two-way analysis of variance (ANOVA) with 
Dunnett’s multiple-comparison test or one-way ANOVA 
with Fisher’s multiple-comparison test.
Results  ABL112 restored T cell activity by blocking 
TIGIT–CD155 interactions, based on a TIGIT blockade 
reporter assay. ABL112, an Fc-competent TIGITx4-1BB 
bispecific antibody, showed strong FcγRI-dependent 
4-1BB activation along with TIGIT-dependent 4-1BB 
activation. In H22 tumor models expressing high levels 
of endogenous CD155, both ABL112 and parent TIGIT 
single-domain Ab showed potent tumor-suppressive 
activity; however, only ABL112 exerted long-lasting 
antitumor activity. ABL112 induced a marked decrease 
in Treg numbers, while augmenting the absolute 
number of CD8+ T cells and proportion of CD226+ 
CD8+ T cells. The expressions of CXCL10, CXCL11, 

IFN-γ, and TNF-α increased, indicating myeloid cell 
activation and potential modification of the tumor 
microenvironment to an inflammatory phenotype. 
ABL112 not only showed outstanding antitumor 
activity as a monotherapy, but also showed synergistic 
effects with PD-(L)1 mAb compared with the combined 
TIGIT–PD-(L)1 mAb treatments.
Conclusions  Through multiple mechanisms of action, 
ABL112 exerted potent tumor-killing activity and 
immune memory response alone or in combination 
with anti-PD-(L)1 therapies, representing a promising 
new cancer treatment strategy.

BACKGROUND
T cell immunoreceptor with Ig and ITIM 
domains (TIGIT) is an inhibitory immune 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Although TIGIT was identified as a marker of resis-
tance against PD-(L)1 antibodies, the TIGIT antibody 
has shown limited efficacy as monotherapy or in 
combination with PD-(L)1 antibodies.

WHAT THIS STUDY ADDS
	⇒ Via various functional mechanisms, including TIGIT-
dependent 4-1BB activation and FcγR-binding ac-
tivity, a TIGITx4-1BB bispecific antibody stimulated 
the innate as well as adaptive immune responses.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The outstanding antitumor efficacy in combination 
with PD-(L)1 antibodies stemmed from T cell activa-
tion and alterations in the tumor microenvironment 
involving Treg depletion and myeloid cell activation. 
The findings can inform the development of antitu-
mor immunotherapies in hematological malignan-
cies and solid tumors.
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checkpoint receptor suppressing T cell activation by 
interacting with the poliovirus receptor (also known 
as CD155) expressed in dendritic cells, macrophages, 
and tumor cells. Like CTLA-4, which competes with 
CD28 for CD80/86 binding,1–4 TIGIT competes with its 
counter-receptor CD226, a costimulatory receptor, for 
binding to CD155. TIGIT expression is induced after T 
cell activation and regulates T cell activity by disrupting 
CD226–CD155 interactions and triggering T cell inhibi-
tory signaling.2 3 TIGIT is a promising target for immune 
checkpoint inhibitors (ICIs) beyond PD-(L)1 inhibitors.5 
However, anti-TIGIT antibody monotherapy showed 
limited clinical efficacy, and combination therapy with 
PD-(L)1 or chemotherapy exhibited somewhat mixed 
results.6 7 In the CITYSCAPE phase II study of advanced 
non-small-cell lung cancer (NSCLC), the combination 
of tiragolumab (600 mg) plus atezolizumab (1200 mg) 
showed increased efficacy compared with placebo plus 
atezolizumab (objective response rate (ORR): 31.3% vs 
16.2%; median progression-free survival (PFS): 5.4 vs 3.6 
months).8 However, in the phase III SKYSCRAPER-01 
study of PD-L1high metastatic NSCLC, the combination of 
tiragolumab and atezolizumab did not meet the primary 
endpoint of PFS and awaits further clinical assessment.7 
Antibodies targeting TIGIT have different mechanisms 
with either an ‘enabled’ Fc function (able to interact with 
various Fc receptors) or ‘silent’ Fc function (mutated to 
prevent interaction with Fc receptors).9 10 Compared with 
tiragolumab, which has the wild-type Fc, domvanalimab 
is a Fc-null anti-TIGIT antibody. The phase II ARC-7 trial 
showed that the combination of domvanalimab (15 mg/
kg) and zimberelimab (anti-PD-1 antibody, 360 mg) 
improved clinical outcomes (ORR: 41% vs 27%; median 
PFS: 12.0 vs 5.4 months) compared with zimberelimab 
alone in patients with PD-L1high NSCLC.11 In the phase II 
EDGE-Gastric study, the combination of domvanalimab 
(1600 mg), zimberelimab (480 mg), and FOLFOX 
produced encouraging preliminary results (ORR: 59%).12

4-1BB is a potent costimulatory immune receptor of the 
TNF receptor superfamily and is expressed in response to 
T cell activation.13 14 Along with T cell antigen receptor 
signaling, 4-1BB activation potentiates T cell activation 
and proliferation and prevents activation-induced cell 
death.15 Although 4-1BB plays pivotal roles in the protec-
tive immune response, the early development of 4-1BB 
agonists was unsuccessful. Strong and unconditional 
4-1BB activation by urelumab developed by BMS led to 
severe liver toxicity and discontinuation of the trial.16 
In contrast, utomilumab, a 4-1BB agonist developed by 
Pfizer, was discontinued due to its low clinical efficacy.17 
To avoid liver toxicity arising from unconditional 4-1BB 
activation while maintaining efficacy, conditional 4-1BB 
agonists are being considered. CTX-471 and ADG106 
containing the 4-1BB ligand non-competitive epitope is 
dependent on Fc receptor (FcγR) engagement for 4-1BB 
activation, while STA551 activates 4-1BB in the pres-
ence of extracellular ATP in tumor environments.18–21 
AGEN-2373 activated 4-1BB via FcγRIIB crosslinking and 

simultaneously depleted 4-1BB+ regulatory T cells via 
antibody-dependent cell-mediated cytotoxicity (ADCC) 
and antibody-dependent cell-mediated phagocytosis 
(ADCP).22 23 4-1BB activity can be concentrated to the 
tumor microenvironment (TME) by leveraging bispe-
cific antibodies with tumor-associated antigen (TAA)-
dependent activities. In our previous study, ABL503 
(TJ-L14B, PD-L1×4–1BB)24 and ABL111 (TJ-CD4B, 
Claudin 18.2×4–1BB)25 induced 4-1BB activation in a 
TAA-dependent manner and showed good efficacy with 
manageable toxicity.

In this study, we hypothesized that linking anti-4-1BB 
single-chain fragment variable (scFv) to the C-terminal 
ends of Fc-enabled TIGIT single-domain antibody (sdAb) 
would generate novel functions. TIGITx4-1BB bispecific 
antibody (BsAb) could restore T cell activity by blocking 
TIGIT–CD155 interactions and inducing 4-1BB signaling 
in a TIGIT expression-dependent manner. By retaining Fc 
activity, the BsAb may induce FcγR-dependent 4-1BB acti-
vation, 4-1BB/TIGIT-dependent FcγR activation, and cell-
mediated depletion of 4-1BB overexpressing regulatory 
T cells (Tregs). Our findings suggested that an Fc-com-
petent TIGITx4-1BB BsAb (ABL112) exerts potent and 
long-lasting antitumor activity through TIGIT blockade, 
FcγR-mediated TME activation, and 4-1BB-mediated 
immune memory.

METHODS
Cell lines and cell culture
Jurkat T cells overexpressing human 4-1BB (Jurkat/
h4-1BB) and CHO-K1 cells overexpressing human 
FcγRIIb (CHO-K1/FcgRIIb) were purchased from 
Promega (Madison, Wisconsin, USA). CHO-K1-
overexpressing human TIGIT (CHO-K1/TIGIT), human 
FcγRI (CHO-K1/FcγRI), and human FcγRIIIa (CHO-K1/
FcγRIIIa) were purchased from GenScript (Piscataway, 
New Jersey, USA). CT26 and H22 cells were purchased 
from American Type Culture Collection (ATCC; 
Manassas, Virginia, USA) and China Center for Type 
Culture Collection (CCTCC; Wuhan, China), respec-
tively. CT26 cells overexpressing human PD-L1 (CT26/
hPD-L1) were obtained from GemPharmatech (Nanjing, 
China). MC38 cells were purchased from Shunran 
Shanghai Biological Technology (Shanghai, China). 
Jurkat/h4-1BB cells were maintained in RPMI 1640 
(Gibco, Waltham, Massachusetts, USA) supplemented 
with 10% fetal bovine serum (FBS; Gibco), 500 µg/mL 
hygromycin B (Gibco), 800 µg/mL G418 sulfate (Gibco), 
1 mM sodium pyruvate (Gibco), and 0.1 mM MEM non-
essential amino acids (Gibco). CHO-K1/TIGIT cells were 
maintained in F-12K (ATCC) supplemented with 10% 
FBS (Gibco) and 6 µg/mL puromycin (Gibco). CHO-K1/
FcγRI cells were maintained in F-12K supplemented with 
10% FBS, 300 µg/mL hygromycin B, and 8 µg/mL puro-
mycin. CHO-K1/FcγRIIIa cells were maintained in F-12K 
supplemented with 10% FBS, 200 µg/mL hygromycin 
B, and 8 µg/mL puromycin. CT26 cells and H22 cells 



3Son W, et al. J Immunother Cancer 2025;13:e010728. doi:10.1136/jitc-2024-010728

Open access

were maintained in RPMI 1640 supplemented with 10% 
FBS and 1% penicillin/streptomycin (P/S; AMRESCO; 
Radnor, Pennsylvania, USA). CT26/hPD-L1 cells were 
maintained in RPMI 1640 supplemented with 10% FBS, 
200 µg/mL G418 sulfate (Gibco), and 1% P/S. MC38 cells 
were maintained in Dulbecco Modified Eagle Medium 
(Gibco) supplemented with 10% FBS. All cell lines were 
maintained at 37°C in 5% CO2.

TIGIT blockade and 4-1BB activation reporter assay
TIGIT-blocking activity was determined in duplicate 
using a TIGIT/CD155 blockade bioassay (Promega) 
according to the manufacturer’s protocol and repeated 
twice. Briefly, CD155 aAPC/CHO-K1 cells (4×104 cells/
well) were incubated with TIGIT effector cells (1.5×105 
cells/well) in the presence of TIGIT-blocking antibodies 
for 6 hours at 37°C in a 5% CO2 humidified incubator. 
After 6 hours of incubation, 75 µL of BIO-GLO reagent 
was added per well to the assay plate. After 5 min, lumi-
nescence was quantified using a microplate reader 
(PHERAstar FS, BMG LABTECH, Ortenberg, Germany). 
Four-parameter logistic curve analysis was performed 
using GraphPad Prism software V.10.0.1 (GraphPad Soft-
ware Inc, San Diego, California, USA).

To determine 4-1BB activation, GloResponse NF-κB-
luc2/4-1BB Jurkat cells (5×104 cells, used as effector cells; 
Promega) were incubated in duplicate with CHO-K1 cells 
expressing human TIGIT, FcγRI, FcγRIIb, or FcγRIIIa 
(2.5×104) in the presence of antibodies at 37°C for 6 hours 
in a 5% CO2 humidified incubator. After incubation, 
75 µL of Bio-GLO Reagent was added to each well for 
5 min before the plate was assessed using the microplate 
reader. The experiments were repeated twice. The four-
parameter logistic curve was evaluated using GraphPad 
Prism V.10.0.1 (GraphPad Software Inc.).

In vivo tumor growth inhibition and re-challenge study
BALB/c-hCD137 (h4-1BB) knock-in mice (BALB/
cJGpt-Tnfrsf9em1Cin(hTNFRSF9)/Gpt) were supplied by 
GemPharmatech. The protocols and any amendments 
involving the care and use of animals in this experi-
ment were reviewed and approved by the Institutional 
Animal Care and Use Committee (IACUC) of GemPhar-
matech (GPTAP20221010-6/GPTAP20230214-2/
GPTAP20230627-4/GPTAP20231030-2). To establish a 
CT26 model, 6–8 week-old female BALB/c-h4-1BB mice 
were injected subcutaneously with CT26 tumor cells 
(5×105 cells/0.1 mL/mouse) in the lower right flank. 
One and a half times the number of mice were inoculated 
with CT26 tumor cells, and mice with tumors showing a 
deviation less than one-third of the mean tumor volume 
were used for the study. When the mean tumor volume 
reached ~80 mm3, mice were assigned to their respective 
treatment group and administered intraperitoneally with 
hIgG1 (isotype control, 3 mg/kg), parent anti-TIGIT 
sdAb (1.6 mg/kg), ABL112 (2.6 mg/kg), COM-902 
analog (3 mg/kg), and urelumab (3 mg/kg) two times 
per week for a total of six times. The dosing volume was 

adjusted based on the body weight (10 µL/g). Each group 
consisted of 8 mice, and a total of 24 mice were used for 
the study. The tumor volume (mm3, 0.5 × length × width2) 
and body weight were recorded two times per week. 
Dosages of 3 mg/kg of hIgG1, COM-902 analog, and 
urelumab are molar equivalent to 2.6 mg/kg and 1.6 mg/
kg of ABL112 and parent anti-TIGIT sdAb, respectively. 
In the studies with mice, the researchers who conducted 
the experiments and analyzed the data were blinded to 
the drug types used. Mice were monitored two times per 
week, and there were no instances of unexpected death 
or clinical signs.

In the rechallenge study, mice that were cured from the 
treatment were monitored for ~3 months after cessation 
of antibody treatment. Cured mice from the urelumab 
(n=6) and ABL112 (n=6) groups were rechallenged with 
CT26 cells (5×105). Tumors were inoculated at the site 
opposite to that of the primary tumor challenge site. For 
the control group, six naïve mice with ages similar to 
those of the cured mice were challenged with CT26.

In a separate experiment, ABL112 efficacy was 
compared with the combination of each parent anti-
body. BALB/c-h4-1BB mice were subcutaneously injected 
with CT26 cells (5×105/0.1 mL/mouse) in the right 
flank. When tumor volume reached ~80 mm3, mice were 
assigned to groups of eight and treated intraperitone-
ally two times per week for four doses with the following: 
hIgG1 (3 mg/kg), parent anti-TIGIT sdAb (1.6 mg/kg), 
combination of parent anti-TIGIT sdAb and parent anti-
4-1BB mAb (1.6 mg/kg+3 mg/kg), and ABL112 (2.6 mg/
kg). The dose levels were based on equal molar ratio.

To establish an H22 model, 6- to 8-week-old female 
BALB/c-h4-1BB mice were subcutaneously injected with 
H22 hepatoma cells (1×106 cells/0.1 mL/mouse) in the 
upper-right flank. When the mean tumor volume reached 
~80 mm3, mice were assigned to groups of five and treated 
intraperitoneally two times per week for a total of six 
times with the following: hIgG1 (7.5 mg/kg), parent anti-
TIGIT sdAb (4 mg/kg), and ABL112 (6.65 mg/kg). The 
dosing volume was adjusted to the weight of the mouse 
(10 µL/g). The tumor volume and body weight were 
recorded two times per week.

For the rechallenge study, mice with complete regres-
sion (CR, cured mice) were monitored for ~3 months 
without antibody treatment. Mice were rechallenged with 
H22 cells (1×106). Five naive mice were used as controls.

In vivo immune cell depletion study
To assess immune cell depletion in the CT26 model, mice 
were assigned to their respective group consisting of eight 
mice per group when tumor volume reached ~80 mm3 
and administered intraperitoneally with depleting anti-
bodies to reduce specific immune cell subpopulations the 
day before ABL112 administration. Immune cell deple-
tion was achieved via intraperitoneal injection with 200 µg 
anti-mouse CD4 (clone GK1.5, Bio X Cell, Lebanon, New 
Hampshire, USA), 200 µg anti-mouse CD8a (clone 2.43, 
Bio X Cell), or 20 µL anti-mouse asialo GM1 (BioLegend, 
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San Diego, California, USA) according to the manu-
facturer’s instructions. Briefly, anti-CD4- and anti-CD8-
depleting antibodies were administered every 4 days, and 
anti-asialo GM1 antibody was administered every 5 days. To 
block FcγR-mediated activity, 200 µg anti-mouse CD16/32 
(clone 2.4G2, Bio X Cell) and 200 µg anti-mouse CD16.2 
(clone 9E9, Bio X Cell) were administered two times per 
week beginning the day before ABL112 administration. 
To assess the immune cell depletion or FcγR blockade 
status, 70 µL of peripheral blood were collected on the 
day before the first administration of ABL112 for FACS 
analysis. Peripheral blood was subjected to RBC lysis 
(Invitrogen, Waltham, Massachusetts, USA) for 12 min 
at room temperature in the dark and incubated with or 
without Fc-blocking reagent (BioLegend) for 10 min. The 
antibody cocktails in FACS buffer (PBS with 2 mM EDTA, 
10 mM HEPES, and 2% FBS) were added at specific dilu-
tions and incubated for 60 min in the dark as indicated 
by the manufacturer. Cells were washed three times with 
FACS buffer and resuspended in FACS buffer containing 
live/dead dye (Invitrogen). All the procedures were 
performed at 4°C. After confirming specific immune cell 
depletion, 2.6 mg/kg ABL112 was administered intraperi-
toneally two times per week for a total of seven times.

Peripheral and intra-tumoral immune cell analysis
For the detection of memory T cells, mouse periph-
eral blood was collected from age-matched naive (n=6) 
and cured mice (n=6) on days –7, 7, 14, and 28 of the 
rechallenge with CT26 and subjected to flow cytometry 
according to the manufacturer’s protocol (BV510 anti-
mouse CD45, AF700 anti-mouse CD3 (BioLegend), 
BV711 anti-mouse CD4 (BioLegend), BV605 anti-mouse 
CD62L (BioLegend), FITC anti-mouse CD8 (eBiosci-
ence, Waltham, Massachusetts, USA), P55 anti-mouse 
CD44 (BD Bioscience), and Ef780 live/dead dye (eBio-
science). Immunofluorescence was measured using an 
Attune NxT Flow cytometer (Thermo, Waltham, Massa-
chusetts, USA), and data were analyzed using FlowJo v10 
software (FlowJo, Oregon, USA).

For intratumoral immune cell analysis, H22 tumors 
(seven mice per group) were dissociated with enzyme mix 
(RWD Life Science) for 60 min, filtered through a 70 µm 
strainer, treated with RBC lysis buffer (Invitrogen) for 
3 min at room temperature in the dark, and resuspended 
in FACS buffer (PBS with 2 mM EDTA, 10 mM HEPES, 
and 2% FBS). Samples were incubated with live/dead dye 
(Invitrogen) for 10 min in the dark, washed, and blocked 
with Fc-blocking antibody (BioLegend) for 10 min. Cells 
were incubated with antibody cocktails in FACS buffer for 
60 min, washed, and fixed with fixation/permeabilization 
buffer (eBioscience) for 50 min in the dark at 4°C.

Multiple antibodies for FACS analysis including BV605 
anti-mouse CD45, AF700 anti-mouse CD3, APC-H7 anti-
mouse CD4, PE-D594 anti-mouse CD335, P55 anti-mouse 
CD226, and BV650 anti-human CD137 (h4-1BB) were 
purchased from BioLegend. Other FACS antibodies 
included FITC antimouse CD8 (MBL, Nagoya, Japan), 

PE-CY7 anti-mouse CD25 (BD Bioscience, San Jose, Cali-
fornia, USA), BV786 anti-mouse TIGIT (BD Bioscience), 
BV711 anti-mouse CD96 (BD Bioscience), and PE anti-
mouse FOXP3 (eBioscience).

Reverse transcription-PCR
Tumors were cut into 20–50 mg pieces, and RNA was 
extracted using RNeasy Isolation Reagent (Vazyme, 
Nanjing, China) according to the manufacturer’s instruc-
tions. RNA concentration was quantified using a Nano-
drop system (Quawell, Sunnyvale, California, USA). 
OD260/OD280 was used for quality control of mRNA 
quality. An OD260/OD280 ratio of 1.8–2.2 was consid-
ered qualified. All mRNA samples used in the experiment 
were confirmed to qualify for this standard. Using the 
extracted RNA as template, cDNA was synthesized using 
a PrimeScript RT reagent Kit (Takara, Kusatsu, Japan) 
according to the manufacturer’s instructions. Finally, 
qPCR was conducted using ChamQ Universal SYBR 
qPCR Master Mix (Vazyme). The PCR cycling conditions 
were as follows: an initial denaturation at 95°C for 30 s, 
followed by 40 cycles of denaturation at 95°C for 10 s, 
and annealing/extension at 60°C for 30 s. The primer 
sequences are listed in online supplemental table 1.

In vivo combination study
For the anti-PD-1 combination study, BALB/c-hPD-1/
hPD-L1/hCD137 (h4-1BB) knock-in mice (BALB/
cJGpt-Pdcd1em1Cin(hPDCD1)Cd274tm1(hCD274)Tnfrsf9em1Cin(

hTNFRSF9)/Gpt) were supplied by GemPharmatech. The 
female BALB/c-hPD-1/hPD-L1/h4-1BB mice (6–8 weeks 
old) were subcutaneously injected with CT26/hPD-L1 
tumor cells (1×106/0.1 mL/mouse) in the lower right 
flank. When the tumor volume reached ~200 mm3, mice 
were grouped (five mice per group) and intraperitoneally 
treated with 3 mg/kg hIgG1, 1.6 mg/kg parent anti-TIGIT 
sdAb, 2.6 mg/kg ABL112, 0.3 mg/kg pembrolizumab, 
1.6 mg/kg parent anti-TIGIT sdAb+0.3 mg/kg pembroli-
zumab, or 2.6 mg/kg ABL112+0.3 mg/kg pembrolizumab 
two times per week for a total of six times. The tumor 
volume and body weight were recorded two times per 
week. The protocol and any amendments or procedures 
involving the care and use of animals in this experiment 
were reviewed and approved by the IACUC of GemPhar-
matech (GPTAP20230718-2).

For the anti-PD-L1 combination study, C57BL/6-
h4-1BB/hTIGIT mice (C57BL/6-Tnfrsf9tm1(TNFRSF9) Tigit-
tm1(TIGIT)/Bcgen) were supplied by Biocytogen (Beijing, 
China). Female C57BL/6-h4-1BB/hTIGIT mice (6–8 
weeks old) were injected subcutaneously with MC38 
tumor cells (5×105/0.1 mL/mouse) in the upper right 
flank. When tumor volume reached 100–150 mm3, mice 
were grouped (five mice per group) and treated intra-
peritoneally with 3 mg/kg hIgG1, 0.3 mg/kg, 3 mg/kg 
ABL112, 3 mg/kg atezolizumab, 10 mg/kg tiragolumab, 
0.3 mg/kg ABL112+3 mg/kg atezolizumab, or 10 mg/
kg tiragolumab+3 mg/kg atezolizumab every 3 days for 
a total of six times. The tumor volume and body weight 

https://dx.doi.org/10.1136/jitc-2024-010728
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were recorded two times per week. The protocol and any 
amendments or procedures involving the care and use of 
animals in this experiment were reviewed and approved 
by the IACUC of Biocytogen (PS-01–2312053).

Statistical analyses
Statistical analyses were performed using GraphPad Prism 
V.10.0.1 (GraphPad Software Inc). For the in vivo experi-
ments, a one-way or two-way analysis of variance (ANOVA) 
with Dunnett’s multiple-comparison test or one-way 
ANOVA with Fisher’s multiple-comparison (LSD) test was 
used. Survival was assessed using Kaplan-Meier survival 
curves. Significant differences in survival were calculated 
using the log-rank (Mantel-Cox) test. Statistical signifi-
cances were indicated as *p<0.05, **p<0.01, ***p<0.001, 
and ****p<0.0001. Only statistically significant compari-
sons are marked.

Patient and public involvement
Not applicable.

RESULTS
Antibody structure and binding analysis of Fc-competent 
TIGITx4-1BB BsAb
ABL112, a novel TIGITx4-1BB BsAb, is composed of an 
anti-TIGIT sdAb, IgG1 Fc, and anti-4-1BB scFv (figure 1A). 
The TIGIT sdAb was cloned to the N-terminal hinge 
region of CH2 on the IgG1 Fc region. Anti-4-1BB scFvs 
were cloned into the C-terminals of CH3 through (GS)9 
linkers. Briefly, parental TIGIT sdAb and parental 4-1BB 
mAb were screened from the camel immune heavy 
chain and phage libraries, respectively. Anti-4-1BB anti-
bodies were further screened for their dependency on 
target-mediated crosslinking for 4-1BB activation, that 

Figure 1  ABL112 blocks TIGIT–CD155-mediated T cell suppression and activates 4-1BB in a TIGIT- and FcγRI-dependent 
manner. (A) Schematic structure of ABL112. Anti-TIGIT single-domain antibodies (sdAbs) and anti-4-1BB single-chain fragment 
variables (scFvs) are linked to the hinge region and C-terminal ends by (GS)9 linkers, respectively. (B) T cell restoration in TIGIT–
CD155-mediated T cell suppression determined using luciferase reporter-expressing NF-κB-Luc2/CD226/TIGIT Jurkat T cells 
in the presence of CHO-K1/CD155-mimicking antigen-presenting cells. (C, D) 4-1BB activation determined using the luciferase 
reporter-expressing NF-κB-Luc2/4-1BB Jurkat T cells in the presence of CHO-K1 cells expressing TIGIT (C) or FcγR subtypes 
(D) including CD64, CD32b, and CD16a.
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is, conditional 4-1BB agonist; therefore, 4-1BB mAb by 
itself does not activate 4-1BB. In dual-antigen captured 
ELISA (online supplemental methods), ABL112 bound 

to TIGIT and 4-1BB simultaneously (EC50: 0.3 nM; online 
supplemental figure 1B). ABL112 bound to Jurkat T and 
CHO-K1 cells expressing 4-1BB and TIGIT with an EC50 of 

Figure 2  ABL112 strongly inhibits in vivo tumor progression compared with the combination of parent anti-TIGIT and anti-
4-1BB antibodies and induces protective memory in CT26 mouse model. (A) Experimental workflow of ABL112 treatment in 
BALB/c h4-1BB knock-in mice subcutaneously engrafted with CT26 cells. (B) Tumor volumes, presented as the mean±SD. 
(C) Tumor volumes in rechallenged mice (n=6 mice per group). Naïve mice were used as positive controls. (B, C) Statistical 
analysis was performed using two-way analysis of variance with Dunnett’s multiple-comparison test, with the hIgG1 group (B) 
and naive mice (C), designated respectively as the control group. (D) Proportions (mean±SD) of memory CD4+ T and memory 
CD8+ T cells determined by measuring CD44+ T cell levels in each T cell subset. (E) Study scheme of ABL112 treatment. 
(F) Tumor growth inhibition. Tumor volumes are presented as the mean±SD. Statistical analysis was performed using Dunnett’s 
multiple-comparison test, with hIgG1 group designated as the control group. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
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3.3 and 0.2 nM, respectively (online supplemental figure 
1C,D). ABL112 showed lower 4-1BB-binding activity 
than urelumab (EC50: 0.3 nM) but comparable binding 
activity to its parent anti-4-1BB antibody (EC50: 2.6 nM) 
(online supplemental figure 1C). ABL112 bound to 
CHO-K1-expressing hTIGIT (EC50: 0.2 nM) with compa-
rable affinity to that of the parent anti-TIGIT sdAb (EC50: 
0.1 nM) (online supplemental figure 1D). ABL112 also 
bound to expanded Tregs (EC50: 0.2 nM) with binding 
activity comparable to that of CHO-K1/TIGIT (online 
supplemental figure 1D,E). The analysis of tiragolumab 
(EC50: 0.7 nM), parent anti-TIGIT sdAb (EC50: 0.1 nM), 
and ABL112 showed that tiragolumab had lower binding 
activity than ABL112 (online supplemental figure 1D,E). 
Surface plasmon resonance analysis showed that ABL112 
bound to TIGIT and 4-1BB with a KD of 0.5×10-9 M and 
4.5×10-9 M, respectively (online supplemental table 2). 
Interestingly, ABL112 bound to mouse TIGIT with a KD 
of 0.5×10-9 M, supporting the successful establishment of 
the syngeneic mouse model for in vivo analysis (online 
supplemental table 2).

ABL112 blocks TIGIT-mediated T cell suppression and induces 
4-1BB activation in a TIGIT- and FcγRI-dependent manner
In the TIGIT/CD155 blockade assay, luciferase reporter-
expressing NF-κB-luc2/CD226/TIGIT Jurkat T cells were 
incubated with CHO-K1/CD155-mimicking antigen-
presenting cells. Both ABL112 and parent anti-TIGIT 
antibody strongly inhibited TIGIT–CD155 interactions, 
restoring T cell activity (EC50: 2.8 nM) compared with 
the tiragolumab treatment (EC50: 8.1 nM; figure  1B). 
In the 4-1BB activation assay, CHO-K1 cells expressing 
TIGIT were incubated with Jurkat T cells expressing 
4-1BB and the NF-κB-responding luciferase gene (NF-κB-
Luc2/4-1BB Jurkat cell line). ABL112 activated 4-1BB in 
a TIGIT-dependent manner (EC50: 0.1 nM; figure  1C) 
but not in the presence of mock CHO-K1 cells (data not 
shown). However, neither parent anti-TIGIT sdAb alone 
nor its combination with anti-4-1BB mAb induced 4-1BB 
activation. These results indicate that anti-4-1BB mAb 
alone does not oligomerize 4-1BB; crosslinking of TIGIT 
and 4-1BB is necessary for T-cell activation (figure 1C). 
The requirement of anti-4-1BB scFv crosslinking to a TAA 
for 4-1BB activation has also been reported for ABL503 
and ABL111.24 25

Previously we used Fc-null IgG1 (N297A) to mini-
mize FcγR-mediated activation with ragistomig 
(ABL503; PD-L1×4–1BB) and givastomig (ABL111; 
Claudin18.2×4–1BB). However, the TIGITx4-1BB 
BsAb was designed to retain FcγR-binding activity to 
maximize the efficacy of ABL112. We assumed that 
Fc-competent TIGITx4-1BB could induce FcγR- and 
TIGIT-dependent 4-1BB activation. To identify the 
main FcγR isotype interacting with the Fc region of 
TIGITx4-1BB leading to 4-1BB activation, CHO-K1 
cells expressing FcγRI (CD64), FcγRIIb (CD32b), 
or FcγRIIIa (CD16a) were incubated with the lucif-
erase reporter-expressing NF-κB-Luc2/4-1BB Jurkat 

T cells. ABL112 strongly induced 4-1BB activation 
only in the presence of FcγRI-expressing CHO-K1 
cells (figure  1D). This in vitro study indicated 
that ABL112 activates T cells in TIGIT- and FcγRI-
dependent manners and blocks TIGIT-mediated T 
cell suppression.

ABL112 demonstrates stronger in vivo antitumor efficacy 
than the combination of parent anti-TIGIT and anti-4-1BB 
antibodies and protects mice from the rechallenge, supporting 
the establishment of immune memory
We compared the tumor inhibitory activity of ABL112 
with that of urelumab and mouse TIGIT cross-reactive 
benchmark antibody, COM-902 analog.26 IgG1 form of 
COM-902 analog was used for direct comparison with 
ABL112. Human 4-1BB knock-in mice were inoculated 
with CT26 and administered with antibodies when tumor 
volume reached ~80 mm3. While ABL112 (2.6 mg/kg) 
strongly inhibited tumor growth, the molar equivalent 
doses of the COM-902 analog (3 mg/kg) and parent anti-
TIGIT sdAb (1.6 mg/kg) only showed moderate inhibi-
tion (figure 2B). This suggests that blocking TIGIT alone 
is insufficient for complete tumor regression. Urelumab 
(3 mg/kg) also potently inhibited tumor progression, 
indicating that 4-1BB stimulation plays an essential role 
in tumor growth inhibition. ABL112 treatment resulted 
in complete tumor regression in six out of eight mice and 
its activity lasted for 100 days after discontinuation. In the 
rechallenge experiment, cured mice treated with both 
ABL112 and urelumab were protected from secondary 
tumor development (figure 2C). Peripheral blood mono-
nuclear cells were harvested on days –7, 7, 14, and 28 after 
tumor rechallenge and analyzed for memory T cell levels. 
Cured mice showed increased proportions of memory 
CD4+ (CD4+CD44+) and CD8+ T cells (CD8+CD44+) at 
7–28 days (figure 2D), reflecting the role of ABL112 in 
establishing immune memory.

In a separate experiment, we demonstrated that 
ABL112 (2.6 mg/kg) showed stronger tumor inhibitory 
activity compared with the combination of parent anti-
TIGIT sdAb (1.6 mg/kg) and parent anti-4-1BB anti-
bodies (3 mg/kg). This supports that crosslinking of 
TIGIT and 4-1BB endows additional antitumor activity 
compared with the combination of each parent mAb.

CD8+ T cells and Fc-mediated activity are essential for the 
antitumor activity of ABL112
We investigated the mechanisms underlying the 
antitumor effects of ABL112 in tumor-bearing mice 
treated with ABL112 (2.6 mg/kg) in the presence 
of T cell- and NK cell-depleting antibodies or FcγR 
blockers (anti-mCD16/32 and anti-mCD16.2). Deple-
tion of each immune cell subsets was confirmed by 
flow cytometry before ABL112 administration (online 
supplemental figure 2A). While specific immune 
cell subsets including CD4+, CD8+ T, and NK cells 
were depleted, there was no significant change in 
the total mCD45+ and macrophage populations. The 

https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
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proportions of mCD16+ or mCD32+ NK cells and 
macrophages were partially reduced after treatment 
with FcγR-blocking antibodies, indicating partial 
blockade of these receptors. The tumor suppres-
sive activity of ABL112 was mostly abolished by 
CD8-depleting antibodies and mCD16 and mCD32 
blockers, implicating the essential roles of CD8+ T 
cells and FcγR-dependent responses such as ADCC or 
ADCP (figure  3A,B). A substantial degree of tumor 
growth inhibition was still observed under NK or CD4+ 
T cell depletion, suggesting that NK and CD4+ T cells 
are not critical for the antitumor activity of ABL112. 
Therefore, monocyte/macrophage-mediated ADCP 
may be more important than NK cell-mediated ADCC 
activity. We could not determine the role of macro-
phages in tumor regression due to serious side effects 
leading to death after administration of clodronate 
liposome (data not shown). These findings suggested 
that CD8+ T cells and FcγR-mediated activities play 
pivotal roles in the anti-tumor activity of ABL112.

ABL112 inhibits the growth of CD155-overexpressing H22 
murine hepatoma by modulating the TME
In another mouse model with murine H22 hepatoma 
expressing high levels of endogenous CD155,27 both the 
parent anti-TIGIT sdAb (4 mg/kg) (schematic structure 
shown in online supplemental figure 1A) and ABL112 
(6.65 mg/kg) exerted robust antitumor activities; however, 
tumors relapsed around day 30 shortly after discon-
tinuation of parent anti-TIGIT sdAb (figure  4B), indi-
cating that, although TIGIT mAb monotherapy showed 
marked inhibition of tumor growth, its antitumor effects 
were ephemeral. This inhibitory efficacy of anti-TIGIT 
mAbs, such as parent anti-TIGIT sdAb and tiragolumab, 
was not observed in other tumor models, including the 
CT26 and MC38 models (figures  2B, 5A,B). Because 
H22 overexpresses CD155, it is likely that the blockade 

of TIGIT–CD155 interactions initially promoted tumor 
regression, but TIGIT blockade and Fc-mediated NK cell 
activation may not sustain long-term effects. In contrast, 
ABL112 (TIGITx4-1BB BsAb) strongly inhibited tumor 
growth with CR in all mice for up to 100 days. As observed 
in the CT26 model (figure 2C), cured H22 model mice 
were also protected from secondary tumor development 
(figure 4C).

To understand the mechanisms of action, BALB/c 
h4-1BB knock-in mice bearing H22 hepatoma were sacri-
ficed 4 days after administration of ABL112 (6.65 mg/kg) 
and parent anti-TIGIT sdAb (4 mg/kg) on days 0 and 3, 
and tumors were harvested for flow cytometry and RT-PCR 
analysis. Parent anti-TIGIT sdAb and ABL112 induced 
the infiltration of CD8+ and CD4+ T cells (figure  4D). 
Interestingly, Treg depletion was only observed in 
ABL112-treated mice, which showed an increased CD8+ 
T cell/Treg ratio. It was reported that 4-1BB is predom-
inantly expressed in intratumoral Tregs compared with 
peripheral Tregs and other immune cells.28 Similarly, we 
observed a 15-fold higher expression of 4-1BB in intratu-
moral Tregs compared with other intratumoral immune 
cells, such as CD8+ T and NK cells. TIGIT expression 
in Tregs was approximately two fold higher than that 
in CD8+ and NK cells (online supplemental figure 3C). 
Importantly, there was no decrease in intratumoral 
CD8+ T or CD4+ T cell numbers. Mouse CD226 as well as 
CD96 expression were induced after ABL112 treatment, 
suggesting that CD226-mediated stimulatory signaling 
may promote T cell activation under TIGIT blockade. We 
hypothesized that the ABL112-mediated crosslinking of 
TIGIT or 4-1BB to FcγR may proactively trigger FcγR acti-
vation. Based on the macrophage activation signatures, 
ABL112 significantly induced CXCL10, CXCL11, IFN-γ, 
and TNF-α expression, indicating FcγR-mediated myeloid 
cell activation (figure 4E).

Figure 3  CD8+ T cells play a major role in ABL112-mediated tumor suppression, followed by the FcγR-mediated activation. 
(A) Tumor volumes in BALB/c h4-1BB knock-in mice. After confirming depletion of specific immune cell subsets or blockade 
of FcγR, ABL112 was administered intraperitoneally two times per week. (B) Tumor volume on day 22. Statistical analysis was 
performed using two-way analysis of variance with Dunnett’s multiple-comparison test, with the hIgG1 group designated as the 
control group. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.

https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
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Figure 4  ABL112 strongly inhibits tumor progression and modulates the tumor microenvironment (TME) by promoting 
immune cell infiltration, Treg depletion, and myeloid cell activation in H22 hepatoma mouse model. (A) Experimental scheme of 
ABL112 treatment in BALB/c h4-1BB knock-in mice engrafted with H22 tumors for primary and secondary tumor challenges. 
(B) Individual tumor growth (n=5 mice per group). CR, complete regression (tumor volume<50 mm3). (C) Tumor growth after 
tumor rechallenge (n=5 mice per group). Naïve mice were used as a positive control for H22 tumor progression. (D, E) Tumor-
infiltrating lymphocyte (TIL) and qRT-PCR analyses in H22-tumor-engrafted BALB/c h4-1BB knock-in mice treated with ABL112 
on days 0 and 3 (n=7 mice per group). Tumors were harvested and analyzed 4 days after the second administration. Black: 
hIgG1, Red: parent anti-TIGIT, Green: ABL112 (D) Flow cytometric analysis of TILs (absolute count (cell count per gram of 
tumor) and proportion). TILs were harvested, and absolute count of CD4+ T, CD8+ T, and Treg cells were determined. CD8+ T/
Treg cell ratio calculated by dividing the absolute counts for CD8+ T cells by those for Treg cells. Proportions of CD226+ or 
CD96+ T cells within the CD8+ T cell subsets are displayed. (E) Relative gene expression (2–ΔΔCt); CXCL10, CXCL11, TNF-α, and 
IFN-γ expression based on RT-PCR. Data are representative of two independent experiments and presented as the mean±SEM. 
Statistical analysis was performed using one-way analysis of variance with Fisher’s multiple-comparison (LSD) test, with the 
hIgG1 group designated as the control group. *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Combined ABL112–anti-PD-(L)1 treatment synergistically 
inhibits tumor growth, resulting in more potent tumor growth 
inhibition compared with anti-TIGIT–anti-PD-(L)1 combination
PD-1/PD-L1 blockades are the most extensively studied 
ICIs and co-inhibition of TIGIT and PD-1/PD-L1 
represents a promising cancer treatment strategy.5 

Although co-inhibition of TIGIT and PD-1/PD-L1 
enhanced antitumor immunity and treatment outcomes 
in preclinical and clinical studies, the response rates were 
insufficient potentially owing to the activities of Tregs and 
myeloid-derived suppressor cells.3 6 To confirm the supe-
rior anticancer performance of ABL112 over anti-TIGIT 

Figure 5  Combination of ABL112 with anti-PD-(L)1 synergistically inhibits tumor growth in two mouse models. (A) hPD-1/
hPD-L1/h4-1BB knock-in BALB/c mice engrafted with CT26-hPD-L1 were treated with indicated antibodies (n=5 mice per 
group) two times per week for a total of six times. Tumor growth was measured two times per week for 80 days. Individual 
tumor growth is displayed. CR, complete regression (tumor volume<50 mm3). (B) h4-1BB/hTIGIT knock-in mice engrafted 
with MC38 were treated with the indicated antibodies (n=5 per group) in a 3-day interval for a total of six times. Mice were 
euthanized when tumor volume reached ~3000 mm3.
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antibody, we tested the combined efficacies of ABL112–
anti-PD-(L)1 antibody versus anti-TIGIT–anti-PD-(L)1 
treatment. Triple hPD-1/hPD-L1/h4-1BB knock-in 
mice were inoculated with CT26-PD-L1 and treated with 
specific antibodies intraperitoneally two times per week 
(online supplemental figure 4A). The parent anti-TIGIT 
(1.6 mg/kg)–pembrolizumab (0.3 mg/kg) combination 
and antibody monotherapies showed moderate anti-
tumor efficacy (figure  5A). However, ABL112 (2.6 mg/
kg) showed better tumor growth inhibition, with 
complete tumor regression in three out of five mice. The 
ABL112–pembrolizumab combination initially prevented 
tumor growth in all mice, though tumor recurrence was 
observed in two mice (figure 5A and online supplemental 
figure 4A).

We confirmed the performance of the combination 
synergy in MC38-inoculated h4-1BB/hTIGIT knock-in 
mice. ABL112 exhibited dose-dependent tumor growth 
inhibition, with complete tumor regression in the 3 mg/
kg group, while 10 mg/kg of tiragolumab failed to inhibit 
tumor progression (figure  5B). Atezolizumab (3 mg/
kg), which binds to mouse PD-L1, did not inhibit tumor 
progression. However, a combination of low-dose ABL112 
(0.3 mg/kg) and atezolizumab (3 mg/kg) showed syner-
gistic antitumor efficacy, resulting in CR of tumors in all 
mice, unlike the tiragolumab–atezolizumab combination 
(figure  5B and online supplemental figure 4B). These 
findings suggested that ABL112 exerted potent antitumor 
activity through TIGIT inhibition and 4-1BB activation 
and represents a more promising therapeutic option in 
combination with anti-PD-(L)1 therapies.

DISCUSSION
ICIs have emerged as key anticancer agents with substan-
tial survival benefits in clinical practice. However, 
patient response rates vary across cancers, and a signifi-
cant proportion of patients experience relapse or non-
responsive tumor progression.29–32 Therefore, dual ICI 
combination therapy, such as PD-(L)1 plus anti-TIGIT 
antibody, may potentiate the required antitumor immune 
response. Preclinical studies have demonstrated that the 
combination of TIGIT and PD-1/PD-L1 resulted in better 
antitumor efficacy.5 6 33 However, multiple clinical trials on 
TIGIT and PD-1/PD-L1 combination therapy in various 
cancer types have shown limited success.34

To address the limitations of combined TIGIT–PD-(L)1 
therapies, we hypothesized that leveraging 4-1BB for 
Treg depletion and CD8+ T cell activation could effec-
tively enhance intratumoral immunity. ABL112 restored 
T cell activity by abolishing TIGIT–CD155 interactions 
and activating 4-1BB in a TIGIT- and CD64-dependent 
manner. In vivo, we also observed high levels of CD8+ T 
cell tumor infiltration. Incorporation of a competent Fc 
within the ABL112 backbone structure may enable bidi-
rectional activation of 4-1BB and FcγR. This is consistent 
with our in vivo study showing increased CD8+ T cell 
proliferation and myeloid activation, as indicated by the 

increased levels of inflammatory cytokines and chemo-
kines, including CXCL10, CXCL11, TNF-α, and IFN-γ. 
Moreover, a marked decrease in intratumoral Treg levels 
was observed, whereas there was no decrease in intratu-
moral CD8 T cell levels, reflecting the intratumoral Treg-
specific performance of ABL112 in vivo.

Tregs inhibit T cell activation and promote the estab-
lishment of an immunosuppressive TME by competing 
with effector T cells for IL-2, secreting immunosuppres-
sive cytokines such as TGF-β and IL-10, and triggering 
immune checkpoint-mediated T cell suppression.35 36 
Given their T cell inhibitory role, Tregs emerged as an 
appealing target in antitumor therapies. To maximize 
antitumor activity and avoid systemic toxicity, such as 
autoimmune disease, it is critical that only intratumoral 
Treg cells are depleted but not peripheral Tregs or other 
intratumoral T cell subsets. The targeting of CCR4, a 
Treg biomarker, using the anti-CCR4 antibody mogam-
ulizumab showed minimal clinical efficacy likely owing 
to the concurrent depletion of central memory CD8+ T 
cells.37 Freeman et al reported that 4-1BB is one of the 
most highly expressed markers in intratumoral Tregs but 
not in peripheral Tregs.28 In a CT26 tumor mouse model, 
ADCC-competent IgG2a anti-4-1BB mouse antibody 
depleted intratumoral Tregs but not Tregs or CD8 T cells 
in the spleen.28 The ICIs CTLA-4 and OX40 are also over-
expressed in intratumoral Tregs; however, anti-CTLA-4 
and anti-OX40 mAb treatment increased and decreased 
splenic Treg levels, respectively, indicating their limited 
suitability as Treg targets.28 In our study, 4-1BB expression 
in intratumoral Tregs was ~15-fold higher than that of 
the other immune cell subsets, such as CD8+ T and NK 
cells. Consistent with the change in 4-1BB expression, we 
observed the depletion of Tregs but not CD4+ or CD8+ T 
cells.

We found that 4-1BB was activated in the presence of 
CHO-K1 cells expressing CD64 (FcγRI) but not CD32b 
(FcγRIIb) or CD16a (FcγRIIIa). Human IgG1 shows 
the strongest binding to FcγRI followed by FcγRII 
and FcγRIII, suggesting that a certain level of binding 
affinity is required for inducing 4-1BB activation.38 In 
the immune cell depletion/blockade study, CD16/32 
blockade reverted the ABL112-mediated tumor regres-
sion, suggesting that FcγRII/III-mediated ADCC or 
ADCP plays a pivotal role, despite the lack of FcγRII/III-
dependent 4-1BB activation. In contrast, NK cell deple-
tion only had minor effects on tumor regression. This 
suggested that macrophage-mediated ADCP rather than 
NK cell-mediated ADCC facilitated tumor regression in 
the CT26 tumor model. One limitation of this study is 
the absence of CD64 blockade, preventing a full under-
standing of the impact of CD64-mediated activities, such 
as CD64-dependent 4-1BB activation and CD64-mediated 
ADCP, on tumor suppression.

Although anti-TIGIT mAb did not demonstrate robust 
antitumor activities in most of the tumor models, it 
showed potent but short-lived tumor suppressive activity 
in the CD155-overexpressing H22 hepatoma model.27 

https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
https://dx.doi.org/10.1136/jitc-2024-010728
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The higher expression of CD155 in H22 compared with 
CT26 or MC38 cells suggests that the TIGIT–CD155 axis 
may be crucial for tumor progression in certain tumors 
such as hepatocellular carcinoma. In this regard, it is 
interesting that the combination of tiragolumab with 
atezolizumab and bevacizumab showed greater efficacy 
than the atezolizumab/bevacizumab arm in phase Ib/II 
MORPHEUS-Liver.39 Poor prognosis was also observed 
in CD155-high patients with hepatocellular carcinoma.40 
CD155 expression was associated with poor prognosis in a 
broad range of cancers, including lung cancer,41–43 chol-
angiocarcinoma,44 and breast cancer.45 46 CD155 expres-
sion was prevalent in several hematological cancers, 
including acute myeloid leukemia and multiple myeloma, 
and associated with worse prognosis.47 This suggests that 
ABL112 may exert antitumor effects in hematological as 
well as in solid tumors.

It would be intriguing to track the longitudinal TME 
changes to understand potent long-lived efficacy of 
ABL112 alone or in combination with PD-(L)1 anti-
bodies. Such studies could provide clues for resolving the 
moderate clinical outcomes of anti-TIGIT antibodies.

In conclusion, ABL112 exerted its anticancer effects via 
multiple mechanism of action. ABL112 induced TIGIT- 
and FcγRI-dependent 4-1BB activation and restored T 
cell activity through TIGIT/CD155 blockade. 4-1BB 
and TIGIT were overexpressed in Treg cells; therefore, 
cross-linking of 4-1BB/TIGIT and FcγR potentially medi-
ated proactive FcγR signaling, myeloid activation, and 
cell-mediated Treg depletion through ADCC and ADCP 
(online supplemental figure 5).
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