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Abstract

BACKGROUND

Immune checkpoint inhibitors (ICls) targeting programmed cell death protein 1
(PD-1) and T cell immunoglobulin and mucin domain-containing protein 3 (TIM-
3) are beneficial to the resumption of anti-tumor immunity response and hold
extreme potential as efficient therapies for certain malignancies. However, ICls
with a single target exhibit poor overall response rate in hepatocellular carcinoma
(HCC) patients due to the complex pathological mechanisms of HCC.

AIM

To investigate the effects of combined TIM-3 and PD-1 blockade on tumor
development in an HCC mouse model, aiming to identify more effective immuno-
therapies and provide more treatment options for HCC patients.

METHODS

The levels of PD-1 and TIM-3 on CD4+ and CD8+ T cells from tumor tissues,
ascites, and matched adjacent tissues from HCC patients were determined with
flow cytometry. An HCC xenograft mouse model was established and treated
with anti-TIM-3 monoclonal antibody (mAb) and/or anti-PD-1 mAb. Tumor
growth in each group was measured. Hematoxylin and eosin staining and
immunohistochemical staining were used to evaluate T cell infiltration in tumors.
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The percentage of CD4+ and CD8+ T cells in tissue samples from mice was tested with flow cytometry. The
percentages of PD-1+CD8+, TIM-3+CD8+, and PD-1+TIM-3+ CD8+ T cells was accessed by flow cytometry. The
levels of the cytokines including tumor necrosis factor alpha (TNF-a), interferon-y (IFN-y), interleukin (IL)-6, and
IL-10 in tumor tissues were gauged with enzyme-linked immunosorbent assay Kkits.

RESULTS

We confirmed that PD-1 and TIM-3 expression was substantially upregulated in CD4+ and CD8+ T cells isolated
from tumor tissues and ascites of HCC patients. TIM-3 mAb and PD-1 mAb treatment both reduced tumor volume
and weight, while combined blockade had more substantial anti-tumor effects than individual treatment. Then we
showed that combined therapy increased T cell infiltration into tumor tissues, and downregulated PD-1 and TIM-3
expression on CD8+ T cells in tumor tissues. Moreover, combined treatment facilitated the production of T cell
effector cytokines TNF-o and IFN-y, and reduced the production of immunosuppressive cytokines IL-10 and IL-6
in tumor tissues. Thus, we implicated that combined blockade could ameliorate T cell exhaustion in HCC mouse
model.

CONCLUSION
Combined TIM-3 and PD-1 blockade restrains HCC development by facilitating CD4+ and CD8+ T cell-mediated
antitumor immune responses.

Key Words: Hepatocellular carcinoma; T cell immunoglobulin and mucin domain-containing protein 3; Programmed cell death
protein 1; CD4+ T cells; CD8+ T cells

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study investigated the effects of combined blockade of T cell immunoglobulin and mucin domain-containing
protein 3 (TIM-3) and programmed cell death protein 1 (PD-1) on tumor development in a hepatocellular carcinoma (HCC)
mouse model. We showed that combined TIM-3 and PD-1 blockade had more substantial inhibitory effects on tumor growth
in mice compared with individual blockade. The combined therapy increased T cell infiltration and ameliorated CD4+ and
CD8+ T cell exhaustion in HCC mouse model. Our findings proposed an effective immunotherapy and may provide more
treatment options for HCC patients.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fourth most intractable tumor in clinic worldwide[1]. The majority of HCC
patients have advanced-stage diagnoses, which are frequently accompanied by distant metastases[2,3]. Surgical resection,
chemotherapy and local ablative therapy are three conventional methods used in clinical HCC treatment, but which have
limited effects on advanced HCC patients, such as tumor recurrence, drug resistance, and unsatisfactory survival rate and
prognosis[4-6]. It's general known that the aggressive tumor progression is intimately related to immune escape mediated
by multiple mechanisms[7,8]. Recently, multiple novel immune therapies, such as blockade of immune checkpoints and
adoptive T-cell transfer, have been identified as efficient and safe therapies for malignant tumors with long-term survival
and acceptable toxicity, which have attracted more attention and provide novel directions for HCC treatment[9,10].
Therefore, it’s essential to identify more effective immunotherapies and provide more treatment options to achieve
satisfactory survival rate and prognosis for HCC patients.

The tumor microenvironment has been frequently studied in cancer research. It’s generally known that tumor-infilt-
rating lymphocytes (TILs) contribute to anti-tumor immunity and affect the cancer progression of patients[11,12].
Changes in TIL numbers, localization and phenotypes are indispensable indicators of cancer progression and immuno-
therapy efficacy[13]. Among them, T cells are essential for identifying and destroying tumor cells. The increased T cell
infiltration is a positive prognostic indicator in HCC immunotherapy management[14]. Cytotoxic CD8+ T cells can
eliminate malignant cancer cells and is an important defense line for anti-tumor immunity[15]. Additionally, there is
evidence that CD4+ T cells can eliminate malignant cancer cells[16]. Nevertheless, persistent tumor antigen stimulation
can cause T cell exhaustion and loss of function, resulting in tumor immune escape[17].

It is generally recognized that exhausted T cells are accompanied by frequent expression of various co-inhibitory
receptors, such as programmed cell death protein 1 (PD-1), T cell immunoglobulin and mucin domain-containing protein
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3 (TIM-3)[18]. These receptors can inhibit T cell function by interacting with their specific ligands, which are also called
immune checkpoints. It has been previously revealed that blockage of immune checkpoints is beneficial to the
resumption of anti-tumor immunity response and holds extreme potential as an efficient method for certain malignancies
including advanced melanoma and lung cancer[19,20]. Currently, immune checkpoint inhibitors (ICIs) targeting PD-1
exhibits encouraging outcomes for HCC immunotherapy in clinic[21]. These inhibitors are essentially monoclonal
antibodies (mAb) and have received increased attention. However, due to the complex pathological mechanisms of HCC,
ICIs with a single target exhibit poor overall response rate in HCC patients[22]. Therefore, combination therapy with
more targets may be a better option to achieve better clinical outcomes.

Given the limited studies study about TIM-3 blockade in HCC, our study first characterized the expression of PD-1 and
TIM-3 in CD4+ and CD8+ T cells from clinical HCC samples. Then we focused on investigating the effects of combined
blockade of TIM-3 and PD-1 on T cell immunological function and cancer development in an HCC mouse model.

MATERIALS AND METHODS

Clinical specimens

We recruited 20 HCC patients (12 males and 8 females; age 63.7 + 7.3 years) at the General Hospital of Ningxia Medical
University between February 2022 and May 2022. Tumor tissues, paired non-tumor adjacent tissues, and malignant
ascites were collected during surgery. None of the patients received chemoradiotherapy or immunotherapy before
surgery. This study was conducted with the approval of the Ethics Committee of the General Hospital of Ningxia Medical
University. All participants provided clinical specimens and signed the informed consent forms (Table 1).

Animals and cell line

Healthy male BALB/c nude mice (18-20 g) were obtained from the experimental animal center of Ningxia Medical
University. They were maintained in standard laboratory environment with a 12 h light/dark cycle, 22-25 °C
temperature, 55%-60% humidity, and free access to food and water. HepG2 cells were obtained from ATCC (Manassas,
VA, United States), and cultured in DMEM containing 10% foetal bovine serum and 1% antibiotics at 37 °C in 5% CO,.

Isolation of mononuclear cells from tissues and ascites

Mononuclear cell suspensions from tumor and adjacent tissues were obtained according to previously described method
[23,24]. In general, tumor and adjacent tissues were mechanically fragmented and digested in RPMI 1640 with 1 mg/mL
collagenase IV, 0.04 mg/mL DNAse I, and 0.4 mg/mL hyaluronidase for 1 h at 37 °C. The obtained mixture was filtered
using cell strainers with a 70 pm pore size to acquire cells. Moreover, ascites supernatant was collected using a centrifuge
set at 400 x g for 10 min. Afterwards, mononuclear cells in the tissue suspension and ascites were separated and collected
by Ficoll density gradient centrifugation with Lymphoprep (Stemcell Technologies, Canada). Cells were then washed and
resuspended in RPMI 1640.

Flow cytometry

The isolated mononuclear cells were stained with fluorescence-conjugated mAb in the dark at 4 °C for 20 min. The
fluorescence-conjugated mAb provided by eBioscience (San Diego, United States) were as follows: Fluorescein
isothiocyanate (FITC)-conjugated CD4, FITC-conjugated CDS8, allophycocyanin-conjugated PD-1, phycoerythrin-
conjugated TIM-3, and the corresponding isotype controls. Flow cytometry was conducted with a flow cytometer (BD
Biosciences, CA, United States). Flow]o software (Treestar, CA, United States) was used to analyze the data. Antigen
expression is represented by the fluorescence intensity on dual-parameter scattergrams.

Animal studies

After acclimatization to the environment for one week, 4 x 10° HepG2 cells were subcutaneously injected into the right
flank of mice. These model mice were divided into four treatment groups (n = 8 each group). Mice were administrated
with immunoglobulin G (IgG) isotype control (100 pg), anti-TIM-3 mAb (100 pg) or/and anti-PD1 mAb (100 pg) in a
volume of 200 pL via intraperitoneal injection twice a week for sustained 4 wk. These mAbs were all purchased from
BioXcell (New Hampshire, United States). Tumor volume was calculated every week. Peripheral blood was collected
before euthanasia and kept in an anticoagulant tube. Then tumor tissues, spleen, and thymus were completely separated
and weight was recorded. All animal experiments in this study were approved by the Ethics Committee of the General
Hospital of Ningxia Medical University.

Immune organ indices
The spleen or thymus index can roughly estimate the strength of immune function. They were calculated by the following
equation: Spleen/thymus index (mg/g) = the weight of spleen/thymus (mg)/body weight (g).

Hematoxylin and eosin staining

Paraffin-embedded tissues were prepared and cut into 4 pum thick slices. Tissue slices were deparaffinized with xylene,
dehydrated, and stained with hematoxylin and eosin (HE) solution. After cleaning and sealing with neutral resin, slices
were photographed under light microscope.
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Table 1 Patient characteristics

Patient characteristics n
Age (yr) <60 14
> 60 6
Gender Male 12
Female 8
Pathologic stage Stage I 4
Stage II 12
Stage III 4

Immunohistochemical staining

After deparaffinization with xylene and rehydration, 4 pm paraffin-embedded tissue slices were mixed with sodium
citrate solution and heated in a microwave oven, followed by adding 3% H,O, for 10 min of inactivation. Thereafter, the
slices were incubated with primary antibodies against CD4 (ab133616, Abcam) and CD8 (ab217344, Abcam) overnight at
4 °C, and secondary antibody for 1 h. Next, the slices were developed with a diaminobenzidine immunohistochemistry
color development kit (Beyotime, Shanghai, China). Finally, positive staining was imaged under a light microscope and
analyzed with the Image] software (NIHB, Maryland, United States).

Mononuclear cell isolation

Cell supernatants from tumor tissues were obtained according to the method we mentioned above. Moreover, the
obtained spleens were softly pulverized by filtering through a 200-gauge steel mesh, and digested in FACS lysis solution.
The mixture was centrifuged and washed with phosphate buffered saline. Then, mononuclear cells in tumor and spleen
tissue suspensions were obtained by density gradient centrifugation. Peripheral mononuclear cells were isolated with
mouse lymphocyte separation medium (Solarbio, Shanghai, China).

Cytokine level detection

Tumor tissues were lysed, and the supernatant was collected by centrifugation. The levels of the cytokines including
tumor necrosis factor alpha (TNF-a), interferon-y (IFN-y), interleukin (IL)-6, and IL-10 in tumor tissues were gauged with
corresponding enzyme-linked immunosorbent assay Kkits.

Statistical analysis

Data from at least triplicate independent experiments were presented as mean * SD and analyzed with SPSS 22.0
software. Student’s ¢-test or one-way analysis of variance (ANOVA) was used to analyze comparisons among groups. P <
0.05 was considered statistically significant.

RESULTS

PD-1 and TIM-3 were upregulated in T cells from HCC patients

We first determined PD-1 and TIM-3 levels on CD4+ and CD8+ T cells from HCC patients by flow cytometry. As
exhibited in Figures 1A-D, compared with matched adjacent tissues, they were both conspicuously upregulated in CD4+
and CD8+ T cells from tumor tissues. Our results also implied that PD-1 and TIM-3 were also highly expressed in
conveniently available clinical ascites samples. Afterwards, we observed that their expression on T cells in tumor tissues
was positively correlated with that in ascites (Figures 1E-H).

Combined TIM-3 and PD-1 blockade restrained xenograft tumor growth in mice

Anti-PD-1 agents have been used in clinic for HCC treatment[25,26]. However, the effects of anti-TIM-3 agents have not
been fully clarified. We next determined the anti-tumor activities of anti-TIM-3 mAb, anti-PD-1 mAb and their
combination in HCC. A xenograft mouse model of HCC was established. Tumor images were presented in Figure 2A,
and it was observed that TIM-3 and PD-1 mAb treatment both reduced tumor volume (Figure 2B) and weight (Figure 2C)
compared with IgG treatment. Moreover, combined blockade had more substantial anti-tumor effects than individual
treatment. In addition, the spleen index (Figure 2D) was obviously elevated and the thymus index (Figure 2E) was
decreased in model mice, indicating the impaired immunity in model mice. However, individual or combination
treatment substantially reduced the spleen index and increased the thymus index in mice, while the effects of
combination treatment were more significant. Our results illustrated that combined blockade restrained xenograft tumor
growth and ameliorated the tumor immunosuppressive microenvironment in mice.
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Figure 1 Programmed cell death protein 1 and T cell immunoglobulin and mucin domain-containing protein 3 were upregulated in CD4*
and CD8" T cells isolated from hepatocellular carcinoma patients. Mononuclear cells were isolated from tumor tissues, ascites, and matched adjacent
tissues of hepatocellular carcinoma (HCC) patients. A and B: Programmed cell death protein 1 (PD-1) (A) and T cell immunoglobulin and mucin domain-containing
protein 3 (TIM-3) (B) expression on CD4+ T cells in tumor tissues, ascites, and matched adjacent tissues of HCC patients (n = 20) was assessed with flow cytometry;
C and D: PD-1 (C) and TIM-3 (D) expression on CD8+ T cells in tumor tissues, ascites, and matched adjacent tissues of HCC patients (n = 20) was assessed with
flow cytometry; E and F: PD-1 expression on CD4+ (E) cells and CD8+ (F) T cells in tumor tissues was positively correlated with that in ascites; G and H: TIM-3
expression on CD4+ cells and CD8+ T cells in tumor tissues was positively correlated with that in ascites. Data from at least three independent experiments were
presented as mean + SD. P < 0.01, tumor group compared with the adjacent group; °P < 0.01, ascites group compared with the adjacent group. PD-1: Programmed
cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3.

Combined TIM-3 and PD-1 blockade activated CD4+ and CD8+ T cell infiltration into tumor tissues

We next investigated the effects of combined blockade on TILs in tumor microenvironment. HE staining illustrated that
combined blockade alleviated the apoptotic characteristics of TILs and increased the number of TILs. Particularly, these
changes were more obvious in the combination treatment group (Figure 3A). Additionally, immunohistochemical
staining indicated that combined blockade improved the number of CD4+ (Figures 3B and C) and CD8+ (Figures 3D and
E) T cells in mice. Our results revealed that combined blockade could prominently activate T cell infiltration.

Combined TIM-3 and PD-1 blockade increased the percentage of CD4+ and CD8+ T cells in mice

The main immunosuppressive mechanism of cancer cells is intimately related to CD4+ and CD8+ T cells[15,16]. The
percentage of CD4+ and CD8+ T cells in tumor tissues, peripheral blood and spleen was then tested with flow cytometry.
As expected, TIM-3 and PD-1 blockade prominently increased the percentage of CD4+ (Figures 4A-C) and CD8+ (Figures
4D-F) T cells in all collected samples of mice, especially the combined group, which exhibited more significant alterations.
Therefore, we proposed that combined blockade could increase the percentage of CD4+ and CD8+ T cells and improve
anti-tumor immune responses.
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Figure 2 Combined T cell immunoglobulin and mucin domain-containing protein 3 and programmed cell death protein 1 blockade
restrained xenograft tumor growth in mice. A xenograft mouse model of hepatocellular carcinoma was established by subcutaneously injecting HepG2 cells
into mice. These model mice were treated with immunoglobulin G (IgG) isotype control (IgG group; n = 8), anti-T cell immunoglobulin and mucin domain-containing
protein 3 (TIM-3) monoclonal antibody (mAb) (TIM-3 mAb group; n = 8), anti-programmed cell death protein 1 (PD-1) mAb (PD-1 mAb group; n = 8), and combined
anti-TIM-3 mAb and anti-PD-1 mAb (TIM-3 mAb + PD-1 mAb group; n = 8) for 4 wk. A: Tumor images in the four groups; B: Tumor volume; C: Tumor weight of mice
in the four groups were recorded; D and E: The spleen index (D) and thymus index (E) were determined after euthanasia. Data from at least three independent
experiments were presented as mean + SD. P < 0.01, compared with healthy control mice; 2P < 0.01, °P < 0.01, °P < 0.01, compared with the immunoglobulin G
isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3; IgG: Immunoglobulin G; mAb:
Monoclonal antibody.

Combined TIM-3 and PD-1 blockade ameliorated T cell exhaustion

T cell exhaustion is a vital immune escape mechanism in tumor microenvironment, and is accompanied by increased co-
inhibitory receptor expression[27,28]. Therefore, we determined the roles of combined blockade in T cell exhaustion
phenotypes in a xenograft mouse model. PD-1+CD8+ and TIM-3+CD8+ T cells in tumor tissues were assessed. Our
results clearly indicated that PD-1 blockade prominently decreased PD-1+CD8+ T cell levels (Figures 5A and D)
compared with IgG treatment, while anti-TIM-3 blockade restrained TIM-3+CD8+ T cell numbers (Figures 5B and E) in
tumor tissues. Moreover, combined treatment simultaneously reduced PD-1+CD8+ T cell and TIM-3+CD8+ T cell
numbers. Additionally, combined blockade obviously inhibited PD-1+TIM-3+CD8+ T cell numbers (Figures 5C and F).
Collectively, our results suggested that combined blockade could ameliorate the exhausted CD8+ T cell phenotype in the
immunosuppressive microenvironment of HCC.

Combined TIM-3 and PD-1 blockade affected immune effector chemokines in mice

Solvent cytokines provide another crucial distinctive marker for T cell exhaustion. We detected the levels of critical T cell
effector cytokines, IFN-y and TNF-a, and immunosuppressive cytokines, IL-10 and IL-6 in tumor tissues of all groups of
mice. It was revealed that the individual blockade of TIM-3 and PD-1 prominently facilitated IFN-y and TNF-a
production (Figures 6A and B), and reduced IL-10 and IL-6 levels (Figures 6C and D). Importantly, such changes were
more obvious in the combined group. Thus, the above results highlighted the crucial effect of combined blockade on
restoring exhausted CD8+T cell mediated anti-tumor capability.

DISCUSSION

To date, multiple effective and safe immunotherapies have achieved gratifying survival rate and prognosis for HCC
patients. which have attracted more attention and provide novel directions for HCC treatment. It's generally identified
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Figure 3 Combined blockade activated CD4* and CD8" T cell infiltration into tumor tissues. A: The infiltration of tumor-infiltrating lymphocytes into
tumor tissues was evaluated with hematoxylin and eosin staining; B-E: Immunohistochemical staining was employed to assess CD4+ (B, C) and CD8+ (D, E) T cell
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numbers in tumor tissues. Data from at least three independent experiments were presented as mean % SD. 2P < 0.01, °P < 0.01, °P < 0.01, compared with the
immunoglobulin G isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3; I9G:
Immunoglobulin G; mAb: Monoclonal antibody.

A B C

70 - Tumor . 30 - Blood < 40 - Spleen <

—_ v v
b
- A4
» &0 a b YAy 2254 a ) ,ﬂ; © 2 2 o
8, . = ey I — W 830- -
- E A — —
|
i e % 204 - g4 %
[a] [a)] LA [a]
O 40 O L4 " O 50
ke] k] 6
X 30 A O < 151 I. °
L]
20 T T T T 10 T T T T 10
IgG  TIM-3mAb PD-1mAb TIM-3 mAb+ IgG  TIM-3mAb PD-1 mAb TIM-3 mAb+ IgG TIM-3 mAb PD- 1 mAb TIM- 3 mAb+
PD-1 mAb PD-1 mAb PD-1 mAb

D E F

55 - Tumor c 25 - Blood = 35 - Spleen c

v —_

50 Y IV 30 1
= b s 2201 = L -~ 3 a b
T 45 o = v 3 8 25 - — —_
- 2 A - 1 =
b0 40 1 b0 151 o7 % 20 1
a L Jat A 8 °
O O
« 35 1 — o 15 4
) S 404 2 O
X 30 4 S S 10 4

25 T T T T 5 5 T T

IgG  TIM-3mAb PD-1 mAb TIM-3 mAb+ IgG TIM-3 mAb PD- 1 mAb TIM- 3 mAb+ IgG  TIM-3mAb PD- 1 mAb TIM- 3 mAb+
PD-1 mAb PD-1 mAb PD-1 mAb

DOI: 10.4251/wjgo.v15.i12.2138 Copyright ©The Author(s) 2023.

Figure 4 Combined blockade increased the percentage of CD4* and CD8* T cells in mice. A-C: The percentage of CD4+ T cells in tumor tissues (A),
peripheral blood (B) and spleen (C) of mice in four groups was tested with flow cytometry. E and F: The percentage of CD8+ T cells in (D) tumor tissues, peripheral
blood (E) and spleen (F) of mice in four groups was tested with flow cytometry. Data from at least three independent experiments were presented as mean + SD. ®P <
0.01, P < 0.01, °P < 0.01, compared with the immunoglobulin G isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and
mucin domain-containing protein 3; IgG: Immunoglobulin G; mAb: Monoclonal antibody.

that increased TIL infiltration in tumor microenvironment has consistently been linked to improved outcomes for HCC
patients in clinic[14]. The ability of tumor specific effector CD4+ and CD8+ T cells is intimately associated with their
numbers, localization, and phenotype[15,16]. T cells are essential for identifying and destroying tumor cells. However,
persistent tumor antigen stimulation can cause T cell exhaustion and loss of function, resulting in tumor immune escape
[17]. Meanwhile, it has been reported that increased co-inhibitory receptor expression induces T cell exhaustion
phenotype, leading to T cell immunodeficiency[18]. Thus, restoring T cell functions through blockade of immune
checkpoints continues to be a dominant approach for cancer treatment. To date, advanced development of ICIs has been
achieved, and multiple ICIs targeting PD-1 have been applied for HCC patients[25,26]. However, PD-1/PD-L1 is just one
of numerous complex elements of anti-tumor immunity, and only blockage of PD-1 has the limitation of unsatisfactory
curative effects and drug resistance. Therefore, the combination of multiple ICIs may have additive effects and become a
better option to treat advanced HCC.

TIM-3 was identified as a promising immune checkpoint molecule. The therapeutic method of TIM-3 blockade has
been studied in multiple human tumor immunotherapies, especially in combination with other immune checkpoints[29].
It has been previously found that multiple co-inhibitory receptors, including PD-1 and TIM-3, are prominently
upregulated on CD4+ and CD8+ T cells from tumor tissues of HCC patients[24]. Moreover, TIM-3 and PD-1 positive
CD8+ T cells were indicated to be related to adverse outcomes for HCC[23]. However, TIM-3 blockade is relatively poorly
studied in HCC. Our study first collected clinical samples from HCC patients, and confirmed that PD-1 and TIM-3
expression was substantially upregulated in CD4+ and CD8+ T cells isolated from tumor tissues and ascites compared
with matched adjacent tissues. Ascites are conveniently available clinical samples, and our results support the adoption of
ascites as an alternative site for TIM-3 recognition and patient stratification to manage TIM-3 blockers.

A previous meta-analysis revealed that TIM-3 upregulation was linked to adverse prognosis in individuals with
various cancers, and they proposed that TIM-3 might be a dominant target[30]. Notably, TIM-3 blockage in combination
with radiation could improve anti-tumor efficacy in an HCC mouse model[31]. Our study suggested that individual TIM-
3 mAb and PD-1 mAb treatment both reduced tumor volume and weight, while combined blockade had more substantial
tumor suppressive effect than individual treatment. In addition, the combination therapy also reduced the spleen index
and increased the thymus index in mice, indicating the improvement in the immunosuppressive tumor microenvir-

Buissidenge WIGO | hitps://www.wjgnet.com 2145 December 15,2023 | Volume15 | Issuel2 |



Zhang XS et al. TIM-3 and PD-1 blockade restrains HCC

A 19G PD-1 mAb TIM-3 mAb TIM-3 mAb+PD-1 mAb
5. R 1 2 QL Q Jat Q@ s JQl Q
10 10°58% s | 105y s0.6%| 10° 0% 17.8% by 10% 14.8%
e : )
cos 10°7% 103 10°3 4 10%3 B
. -22.8% 1 1 E| k|
% 10°+ 10°~ 103-:‘ a 10°
3 0d @ od @ od o @
1 o Q4 Q3 Q4 Q3 Q4 Q3 N Q4 Q3
3 E -10%30% 64.5% | -10°3 0% 69.4% | -10° -70% 82.2% -10° 30% 85.2%
1 R L L . S— . . Ve g ey B S BRI A A ey T T
0 10* 10° 0 10* 10° 0 10* 10° 0 10* 10° 0 10 10
D8 cps
B I9G PD-1 mAb TIM-3 mAb TIM-3 mAb+PD-1 mAb
5] 505 % 105405 06| 1054 % %6
10 10 To% 1% 20 Zo% 620k | 0 30% 27.8% 7.83%
10 10*% 10"3 1
. cD8 k| 3 k| 3
21.1% 1 b ]
10°% @ 10°% 10°% @ 10°+
0od od 0d @ 0d
1 . 1Q8 Q7 Q8 Q7 1Q8 Q7 iQ8 Q7
] s 10% 73.9% 0% 93.7% 0% 72.2% 10% 92.2%
e B s pLELRLLL s F R L B A S A T T Ty T L T T T B L B T
0 10* 10° 0 10* 10° 0 10* 10° 0 10* 10° 0 10* 10°
CcD8 CD8
c I9G PD-1 mAb TIM-3 mAb TIM-3 mAb+PD-1 mAb
1054 Q10 Q0 Q1o ELY) Q10 I Q10
27.2% 10510.81% 8.68% 10° 4 0.20% 5.13% 10° 4 0.12% 4.72%
103 10°% 10°% 10°%
5 ] ]
umz,‘ 10%=2 10"+ 10*=
-10°7 -10°] -10°]
od o od v
Q1| -1033Q12 Q| 423012 Qi 393 3Q12 Q11
1.09% 90.0% 0.51% 93.8% 0.83% 92.7% 2.43%
B s o IR Rk o Lk alal ™y ™y - T Lk aial L s ™y ik Lk ol ™y Y ™Y v
10t 100 10° 0f 100 10f 0 100 100 10° 0 100 100 10°
D E F_
= ]
5 50 4 304 £ 40 -
g . () 2
c 40 ] £
= 4
- PCR O5 230{ *
N
= o o £ 20 . 3
S 30 1 . s 32 a [ A
- £ g
F b F& ‘500 20
[eod . C -
g2 - — B5B10- . b O 2 c
A —_
: e &2 N £ 10 - u
7 10 1 v S . A =
[a] o A =
o o -
5 0 T T T T 0 T T T T 5 0 T T T
X IgG TIM-3mAb PD-1 mAb TIM-3 mAb+ IgG TIM-3mAb PD-1 mAb TIM-3 mAb+ X IgG TIM-3mAb PD-1 mAb TIM-3 mAb+

PD-1 mAb PD-1 mAb
DOI: 10.4251/wjgo.v15.i112.2138 Copyright ©The Author(s) 2023.
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Figure 5 Combined blockade ameliorated T cell exhaustion. A and D: The percentages of programmed cell death protein 1 (PD-1)+CD8+ T cells; B and
E: T cell immunoglobulin and mucin domain-containing protein 3 (TIM-3)+CD8+ T cells; C and F: PD-1+TIM-3+CD8+ T cells in the tumor tissues of mice in the four
groups was assessed with flow cytometry. Data from at least three independent experiments were presented as mean + SD. P < 0.01, ®P < 0.01, °P < 0.01,
compared with the immunoglobulin G isotype control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing
protein 3; IgG: Immunoglobulin G; mAb: Monoclonal antibody.

onment. More importantly, combined blockade prominently upregulated CD4+ and CD8+ T cells and activated cell infilt-
ration into tumor tissues. Additionally, our results showed that combined blockade can simultaneously downregulate
PD-1 and TIM-3 expression on CD8+ T cells. Likewise, PD-1+TIM-3+ CD8+ T cell numbers in tumor tissues were
obviously reduced by combination therapy. Meanwhile, combined blockade also facilitated IFN-y and TNF-a production,
and reduced the production of IL-10 and IL-6 in tumor tissues. Therefore, we implicated that combined blockade could
ameliorate T cell exhaustion in HCC model mice.

CONCLUSION

Taken together, our study proposed that the combined blockade of TIM-3 and PD-1 had an additive anti-tumor effect on
an HCC mouse model compared with individual treatment. Combined therapy improved anti-tumor immune responses
in HCC mouse model by increasing CD4+ and CD8+ T cell infiltration, down-regulating the co-inhibitory receptors TIM-
3 and PD-1, and ameliorating T cell exhaustion. We hope that our findings will benefit to the clinical treatment of HCC.
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Figure 6 Combined blockade of T cell immunoglobulin and mucin domain-containing protein 3 and programmed cell death protein 1
affected immune effector chemokines in mice. A-D: The levels of T cell effector cytokines interferon-y (A) and (B) tumor necrosis factor-a, and
immunosuppressive cytokines interleukin (IL)-10 (C) and IL-6 (D) in tumor tissues of mice in four groups were gauged with enzyme-linked immunosorbent assay kits.
Data from at least three independent experiments were presented as mean + SD. 2P < 0.01, °P < 0.01, °P < 0.01, compared with the immunoglobulin G isotype
control group. PD-1: Programmed cell death protein 1; TIM-3: T cell immunoglobulin and mucin domain-containing protein 3; IgG: Immunoglobulin G. IL: Interleukin;
TNF-o:: Tumor necrosis factor-a; IFN-y: Interferon-y; mAb: Monoclonal antibody.

ARTICLE HIGHLIGHTS

Research background

Hepatocellular carcinoma (HCC) is the fourth intractable tumors in clinic worldwide. Recently, immune checkpoint
inhibitors (ICIs), a novel immune therapy, has been identified as an efficient and safe therapy for malignant tumors,
which have attracted more attention and give novel directions for HCC treatment.

Research motivation

ICIs targeting programmed cell death protein 1 (PD-1) and T cell immunoglobulin and mucin domain-containing protein
3 (TIM-3) are benefit to the resume of anti-tumor immunity response and hold extreme potential as efficient therapies for
certain malignancies. Given the complex pathological mechanisms of HCC, ICIs with a single target exhibit poor overall
response rate in HCC patients. Therefore, it’s of great significance to identify more effective immunotherapies and
provide more treatment options to achieve gratifying survival rate and prognosis for HCC patients.

Research objectives
This study investigated the effects of combined TIM-3 and PD-1 blockade on tumor development in an HCC mouse
model, aiming to identify more effective immunotherapies and provide more treatment options for HCC patients.

Research methods

We first detected the levels of PD-1 CD4+, PD-1 CD8+, TIM-3 CD4+, and TIM-3 CD8+ in tumor tissues, ascites, and
matched adjacent tissues from HCC patients. Next, we investigated the effects of combined and individual blockage of
TIM-3 and PD-1 on an HCC xenograft mouse model. Tumor growth and CD4+ and CD8+ T cell-mediated antitumor
immune responses were assessed.

Research results

PD-1 and TIM-3 expression was upregulated in CD4+ and CD8+ T cells isolated from tumor tissues and ascites of HCC
patients. TIM-3 mAb and PD-1 mAb treatment both reduced tumor volume and weight, while combined blockade had
more substantial anti-tumor effects compared with individual treatment. The combined therapy increased T cell infilt-
ration into tumor tissues, and ameliorated CD4+ and CD8+ T cell exhaustion in HCC mouse model.

Research conclusions

Combined TIM-3 and PD-1 blockage has more substantial anti-tumor effects compared with individual blockage.
Combined TIM-3 and PD-1 blockage restrains HCC development by facilitating CD4+ and CD8+ T cell-mediated
antitumor immune responses.
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Research perspectives
We need to explore the effects of combination of multiple ICIs to provide better options for HCC treatment.
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