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BACKGROUND: T cell immunoglobulin and mucin domain-containing protein 3 (TIM3) is a crucial immune checkpoint and is
considered as an emerging target for cancer treatment. However, the clinical significance and immune-related role of TIM3™ cells in
gastric cancer remain unknown. This study aimed to investigate the clinical significance of tumour-infiltrating TIM3™" cells and their

association with immune contexture in gastric cancer.

METHODS: This study enrolled three cohorts, including 436 tumour tissue microarray specimens and 58 fresh tumour tissues of
gastric cancer patients from Zhongshan Hospital, and 330 transcriptional data from The Cancer Genome Atlas. TIM3™ cells and their
association with CD8" T cells were evaluated by immunohistochemistry and flow cytometry analyses. Kaplan-Meier curves, Cox
model and interaction test were performed to assess clinical outcomes.

RESULTS: Tumour-infiltrating TIM3™ cells’ high subgroups experienced poorer overall survival and disease-free survival and
predicted inferior therapeutic responsiveness to fluorouracil-based adjuvant chemotherapy. TIM3 indicated CD8" T cell
dysfunction, which impeded chemotherapeutic responsiveness. Besides, HAVCR2 messenger RNA expression was associated with

specific molecular characteristics.

CONCLUSIONS: The abundance of tumour-infiltrating TIM3™ cells could identify an immunoevasive subtype gastric cancer with
CD8™ T cell dysfunction, suggesting that TIM3 might serve as a promising target for immunotherapy in gastric cancer.

British Journal of Cancer (2022) 126:100-108; https://doi.org/10.1038/s41416-021-01607-3

INTRODUCTION
Gastric cancer is a significant factor of morbidity and mortality
worldwide, ranking the fifth most frequently diagnosed cancer and
the third leading cause of cancer-related death [1]. Although radical
gastrectomy is the most effective treatment [2], advanced gastric
cancer patients suffer a high disease relapse rate. Accordingly,
fluorouracil-based adjuvant chemotherapy (ACT) is applied as a
common first-line postoperative adjuvant therapy for advanced
gastric cancer patients [3, 4]. However, patient survival benefit is still
limited due to acquired chemoresistance [5, 6]. Therefore, a more
accurate and comprehensive classification of gastric cancer patients
for survival benefits and chemotherapeutic responsiveness is needed.
Recent advances in immunotherapy, such as immune check-
point (ICP) inhibitors, have provided novel opportunities for
cancer treatment by targeting the tumour microenvironment
(TME) to reinvigorate antitumor immunity [7]. As shown in clinical
trials KEYNOTE-059 [8], ATTRACTION-2 [9] and CheckMate-032
[10], ICP inhibitors targeting programmed cell death protein-1
(PD-1)/programmed cell death protein-1 ligand 1 (PD-L1) and

cytotoxic T-lymphocyte-associated protein-4 (CTLA-4) have been
used for advanced or metastatic gastric cancer patients. Never-
theless, current ICP inhibitors provided survival benefits for only
10-20% of gastric cancer patients, and the underlying mechan-
isms that potentially improve ICP inhibitor response rates are still
obscure. Thus, investigation of other coinhibitory receptors and
immunoevasive mechanisms in gastric cancer is of urgent need.

T cell immunoglobulin and mucin domain-containing protein 3
(TIM3), encoded by HAVCR2 [11], is identified as an emerging target
for cancer immunotherapy [12]. TIM3 is a type | membrane protein,
which was originally found to be expressed in CD4" and CD8™ T cells
[13]. Recently, many studies have revealed the expression of TIM3 on
multiple immune cells, including T helper type 1 (Th1) cells, Th17 cells,
regulatory T (Treg) cells and innate immune cells [12, 14]. As an
immunoregulatory molecule, TIM3 mediates T cell exhaustion by
binding to its ligands, galectin-9 [15], carcinoembryonic antigen-
related cell adhesion molecule 1 [16] and high-mobility group protein
B1 [17]. Recently, several studies have reported the significant roles of
TIM3 in various malignancies, including colon carcinoma, prostate
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Fig. 1

TIM3" cells are densely infiltrated in gastric cancer tissues and associated with disease progression. a Flow diagram for

characterisation of three cohorts involved in this study. b Representative images of immunohistochemistry (IHC) for TIM3™ cells (left and
median panel) and haematoxylin-eosin (H&E) staining (right panel) in gastric tissues. Arrowheads show TIM3™ cells. ¢ Comparison of TIM3™"
cell infiltration between intratumoural (n = 436) and peritumoural (n = 436) gastric tissues based on IHC evaluation. Paired t test. d Boxplots
display the association between intratumoural TIM3" cell infiltration and TNM stage. Kruskal-Wallis test. P values less than 0.05 were shown

in bold.

cancer and clear cell renal cell carcinoma [11, 15, 18]. However, the
clinical significance of TIM3 in gastric cancer still remains unknown.

In this study, we found that TIM3 could predict poor prognosis
and inferior responsiveness to ACT in gastric cancer. Meanwhile,
TIM3 indicated T cell dysfunction. Furthermore, TIM3-associated
CD8" T cell dysfunction yielded inferior chemotherapeutic
responsiveness. In addition, we also investigated the relationship
between HAVCR2 expression and molecular subtypes of gastric
cancer. These results indicated the rationale that TIM3 might be a
potential immunotherapeutic target for gastric cancer.

British Journal of Cancer (2022) 126:100-108

METHODS

Study cohort

As the study design shown in Fig. 1a, three independent cohorts,
immunohistochemistry (IHC) cohort, flow cytometry (FCM) cohort and
The Cancer Genome Atlas (TCGA) cohort, were included in this study. IHC
cohort was derived from 496 gastric cancer patients from Zhongshan
Hospital, Fudan University (Shanghai, China), all of whom underwent
gastrectomy between August 2007 and December 2008. After gastrect-
omy, patients with advanced tumours (stage II/Ill) routinely received
fluorouracil-based ACT. No radiotherapy was performed on any of the
patients. The tissue samples of IHC cohort were formalin-fixed, paraffin-
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embedded (FFPE) and constructed into tissue microarrays (TMAs) as we
described previously [19]. A total of 60 patients were excluded owing to
metastatic diseases, data missing or dot loss. The remaining 436 patients
were randomly divided into two independent data sets, the Discovery
set (n=200) and the Validation set (n=236). Clinicopathological
characteristics were summarised in Supplementary Table S1. The
pathological tumour stage was assessed according to the 7th edition
of the American Joint Committee on Cancer Staging System. The
endpoint of interest was overall survival (OS) and disease-free survival
(DFS). OS was calculated from the date of gastrectomy to the date of
death or the last follow-up, while DFS was calculated from the date of
gastrectomy to the date of first recurrence or the last follow-up. Patients
were observed until April 2014. FCM cohort recruited 60 gastric cancer
patients from Zhongshan Hospital, Fudan University. These patients
underwent gastrectomy between August 2018 and November 2018.
During surgery, fresh tissue samples were obtained for FCM analysis.
Corresponding 60 FFPE tissues were constructed as an independent TMA
for TIM3™ cells evaluation, and two of them were excluded for dot loss.
The third cohort was derived from RNA-sequencing data of 443 gastric
cancer patients in the TCGA database, and 330 gastric cancer patients
with available clinical information were included. This cohort also
enrolled 306 gastric cancer patients with the data of molecular subtypes
[20]. Four patients with polymerase epsilon subtype were integrated into
the microsatellite instability (MSI) group characterised by hypermutated
tumours. The cut-off values for TIM3™ cells and HAVCR2 expression were
the median value (TIM3" cells in IHC cohort: 6 cells, with x200
magpnification; TIM3™ cells in FCM cohort: 16 cells, with x200 magnifica-
tion; HAVCR2 expression in TCGA cohort: 260). This study was approved
by the Clinical Research Ethics Committee of Zhongshan Hospital, Fudan
University. Written informed consent has been obtained from all patients
enrolled.

Immunohistochemistry

For IHC staining, all TMAs were constructed by Shanghai Outdo Biotech Co.
TMA slides were baked at 60°C for at least 6 h. Next, the slides were
deparaffinized in xylene (three times, 15 min each, room temperature) and
rehydrated in graded alcohol. Endogenous peroxidase was blocked with
3% H,0, for 30 min. The slides were then immersed in a suitable buffer
solution (according to the manufacturer’s instructions), heated for antigen
retrieval and incubated with 10% goat serum at 37°C for 2h.
Subsequently, rabbit anti-human TIM3 (1:500 dilution, ab185703, Abcam)
and mouse anti-human CD8 (Ready-to-use, Clone C8/144B, Dako) primary
antibodies were applied to incubate the slides overnight at 4°C. After
rinsing three times with 0.01 M phosphate buffer (pH=8.0), the slides
were incubated with the secondary antibody at 37°C for 20 min and
performed diaminobenzidine-H,0, chromogenic reaction. Ultimately, the
slides were counterstained with hematoxylin, dehydrated, and mounted
with neutral resins.

Evaluation of TIM3™" cell density in IHC specimens

After IHC staining, the TMAs were scanned at high magnification (x200)
under Nikon eclipse Ti-s microscope (Nikon, Tokyo, Japan). TIM3™ cells
were stained with brown colour, which could be easily distinguished from
purple TIM3™ cells (Fig. 1b). We utilised NIS-Elements F3.2 to capture the
three most representative microscopic fields for each intratumoural and
peritumoural region. Two pathologists who were blinded to clinicopatho-
logical data scored all samples using Image J separately and variations
exceeding five cells in the enumeration would be re-evaluated to reach a
consensus. Ultimately, the average count of their evaluation was adopted
as the final score.

Flow cytometry

Fresh tumour tissues were digested into single-cell suspension with
collagenase IV at 37 °C for 2 h and filtered through a 70-um cell strainer.
The single-cell suspension was incubated with RBC lysis buffer (BD
Biosciences) on ice for 10 min and then incubated with FcR-blocking
reagent (BioLegend) for 15 min. Subsequently, cells were stained with
fluorochrome-conjugated antibodies against membrane markers at 4 °C in
the dark for 30min. If necessary, cells were fixed with Fixation/
Permeabilization Solution Kit (BD Biosciences) for 20 min and stained with
intracellular fluorochrome-conjugated antibodies for 30 min. Stained cells
were re-suspended in cell staining buffer and performed FCM analysis on
BD FACSCelesta flow cytometer. Collected data were analysed by FlowJo

v10.0 (Treestar). Dead cells were excluded according to the scatter profile.
Antibodies involved were demonstrated in Supplementary Table 2.

Statistical analysis

Data were visualised as scatter plots and boxplots in this study. Each box of
boxplots indicated the median and interquartile range of the data.
Categorical variables were evaluated with y? test or Fisher's exact test. For
continuous variables, t test or Wilcoxon’s rank-sum test was performed.
Kruskal-Wallis test followed by Dunn’s multiple comparisons test was
applied for the correlation between HAVCR2 messenger RNA (mRNA)
expression and TCGA gastric cancer subtypes. Kaplan-Meier curves were
constructed to compare OS and DFS and detected by log-rank test. Cox
proportional hazard regression model was performed to estimate effects
on survival and interactions between covariates. Spearman’s rank
correlation was utilised to evaluate the correlation between different
variables. Gene Set Enrichment Analysis (GSEA) was used in the TCGA
cohort to identify the pathways that were significantly enriched between
high and low TIM3/HACVR2 tumour samples. The statistical analysis was
performed by IBM SPSS Statistics v20.0, MedCalc v15.6, GSEA v4.1.0 and
GraphPad Prism v8.3. All statistical tests were two-tailed and P < 0.05 was
judged as statistically significant.

RESULTS

Tumour-infiltrating TIM3™ cells are accumulated in gastric
cancer

The distribution of TIM3™ cells was evaluated in 436 gastric cancer
tissues by IHC; meanwhile, haematoxylin—eosin staining was
performed for histological verification (Fig. 1b). The tumour tissue
was derived from the tumour centre area, while the peritumoural
tissue was obtained from the areas >2 cm from the tumour margin.
Compared with peritumoural tissues, there were more TIM3™ cells in
tumour tissues (P<0.001; Fig. 1c). Consequently, we focused on
TIM3" cells in tumour tissues in our following study. The
clinicopathological characteristics of gastric cancer patients with high
or low TIM3* cells in both the Discovery set and Validation set were
summarised (Supplementary Table S1). Moreover, we did not observe
a statistically significant association between the density of TIM3"
cells and TNM stages (P =0.121; Fig. 1d).

Tumour-infiltrating TIM3" cells predict poor prognosis in
gastric cancer

Then, we explored the potential prognostic value of TIM3™ cell
infiltration. We found that in both Discovery set and Validation set,
TIM3" cells’ high subgroup experienced significantly poorer OS
(P<0.001 and P<0.001; Fig. 2a, b) and DFS (P<0.001 and
P <0.001; Fig. 2¢, d). Multivariate Cox analysis identified TIM3™ cell
infiltration as an independent risk factor for OS (hazard ratio (HR):
2.236, 95% confidence interval (Cl): 1.427-3.504, P < 0.001 and HR:
1.701, 95% Cl: 1.142-2.533, P = 0.009; Fig. 2e, f) and DFS (HR: 2.478,
95% Cl: 1.567-3.919, P < 0.001 and HR: 1.578, 95% Cl: 1.056-2.360,
P=0.026; Fig. 2e, f). Besides, TIM3" cell density showed no
association with TNM stage (Fig. 1d). Together, these data indicate
that tumour-infiltrating TIM3™ cells could be an independent
prognosticator for gastric cancer.

Tumour-infiltrating TIM3™" cells impede responsiveness to ACT
in gastric cancer patients

We further investigated the effect of TIM3"' cell infiltration on
responsiveness to ACT in gastric cancer patients with stage Il or Il
disease. In patients with fluorouracil-based ACT, TIM3™ cells high
subgroup significantly experienced poor OS (P<0.001 and P=
0.005; Fig. 3a, b, left panel) and DFS (P=0.002 and P =0.003;
Fig. 3¢, d, left panel). However, in patients without ACT treatment,
high/low infiltration of TIM3™ cells could not predict survival
benefits (Fig. 3a-d, right panel). Conclusively, these results suggest
that tumour-infiltrating TIM3" cells might indicate inferior
responsiveness to ACT in gastric cancer patients.

British Journal of Cancer (2022) 126:100- 108
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Fig. 2 Tumour-infiltrating TIM3" cells predict poor prognosis in gastric cancer patients. a-d Kaplan-Meier curves of overall survival (OS)
and disease-free survival (DFS) based on IHC evaluation of tumour-infiltrating TIM3™ cells in the Discovery set (a, b) and Validation set (c, d).
Log-rank test was utilised for the analysis. e, f Multivariate Cox analysis of OS and DFS was performed based on tumour-infiltrating TIM3™ cells
and clinicopathological factors in the Discovery set (e) and Validation set (f). HR hazard ratio, Cl confidence interval. P values less than 0.05

were shown in bold.

Tumour-infiltrating TIM3™ cells are associated with
dysfunctional CD8" T cell phenotype

Because of the critical role of tumour immune microenvironment
in survival outcomes and chemotherapy responsiveness, IHC
analysis was applied for multiple immune cells in the TME of
gastric cancer [21]. We found that in IHC cohort, infiltration of
CD4™ T cells did not display significant difference between TIM3"
cells low and high subgroups (P = 0.197; Supplementary Fig. STA),
while CD8" T cells, Foxp3™ Treg cells and CD56" NK cells were
enriched in TIM3™ cells high subgroup (P=0.017, P=0.002 and
P=0.055 Fig. 4a and Supplementary Fig. S1B, C). CD68"
macrophages showed more infiltration in neither TIM3™ cells
low/high subgroups (P = 0.229; Supplementary Fig. S1D), whereas
TIM3™ cells’ high subgroup possessed more CD163" M2 macro-
phage infiltration and higher M2/M1 ratio (P<0.001 and

British Journal of Cancer (2022) 126:100-108

P =0.009; Supplementary Fig. S1E, F), suggesting that TIM3 might
be related to M2 polarisation of macrophage. Generally, TIM3
indicated an immunoevasive TME.

Considering CD8" T cells are essential to adaptive immune
resistance associated with TIM3 expression in malignancies, we
further evaluated the relationship between TIM3 and CD8™ T cell
functional phenotype. Interestingly, TIM3" cells high subgroup
contained higher numbers of CD8" T cells in FCM cohorts as well
(P=0.003; Fig. 4b). Correlation analysis in the TCGA cohort
confirmed a positive association between TIM3 (HAVCR2) and
CD8" T cells (P<0.001; Fig. 4c). We next investigated the
phenotypes of CD8" T cells in TIM3" cells’ low/high subgroups.
As shown in Fig. 4d, e, CD8" T cells in TIM3 high subgroup
exhibited an exhausted phenotype, featured by decreased
interferon-y (IFN-y), granzyme B (GzmB) and perforin expression

103



K. Chen et al.

104

Discovery set (n = 200)

Patients with ACT (n=114)
100 o=

TN

Patients without ACT (n = 40)
100 =

> =
vg 60 g 60
5 E
= 40 < 40
] P <0.001 ] P=0.220
O 209 — TIM3*cellslow n=58 O 204 — TIM3*cellslow n=22
TIM3* cells high n= 58 TIM3* cells high n=18
0 T T T T T 0+ T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years Years
C

Patients with ACT (n=114) Patients without ACT (n = 40)

100 =+ 100 =
“ g

80 80

60 60

Disease-free surviavl (%)
Disease-free surviavl (

P=0.002 P=0.066
20 | — TIM3* cells low n=58 20 4 — TIM3*cells low n=22
TIM3* cells high n =58 TIM3* cells high n= 18
0 T T T T T 0t T T T T T
0 1 2 3 4 5 0 1 2 3 4 5

Years Years

Validation set (n = 236)

b Patients with ACT (n = 122) Patients without ACT (n = 47)
100 =, 100 =
g L,H_L" P
= =
g 60 g o0
5 5
= 40 = 40
< - g T,
g P 0'°°5¢ 2 P=0.458 !
o 20 = TIMS* cellslow n=54 O 20 1 __ T|M3* cells low n=23
TIM3* cells high n = 68 TIM3* cells high n = 24
0 T T T T T 0 T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
Years Years
d Patients with ACT (n = 122) Patients without ACT (n = 47)
100 100 =

S S
< 80 S 80 il
8 3
> b
5 60 5 60
3 3
] 3
£ 40 £ 40
3 P=0.003 2 P=0.875 =
« © ——
S 20 4 — TIM3*cellslow n=54 S 20 o4 — TIM3*cellslow n=23
a TIM3* cells high n = 68 a TIM3* cells high n = 24

0 - T T T T T 0+ T T T T T

0 1 2 3 4 5 0 1 2 3 4 5

Years Years

Fig. 3 Relationship between tumour-infiltrating TIM3™" cells and responsiveness to ACT. a Kaplan-Meier curves of overall survival (OS)
between patients with high and low TIM3™ cell infiltration in ACT/Non-ACT subgroups in the Discovery set. b Kaplan-Meier curves of OS
between patients with high and low TIM3* cell infiltration in ACT/Non-ACT subgroups in the Validation set. ¢ Kaplan-Meier curves of disease-
free survival (DFS) between patients with high and low TIM3™" cell infiltration in ACT/Non-ACT subgroups in the Discovery set. d Kaplan-Meier
curves of DFS between patients with high and low TIM3™ cell infiltration in ACT/Non-ACT subgroups in the Validation set. Log-rank test was

utilised for the analysis. P values less than 0.05 were shown in bold.

(P=0.007, P<0.001 and P = 0.022; Fig. 4d), yet elevated PD-1 and
CTLA-4 expression (P =0.003 and P = 0.015; Fig. 4e). Furthermore,
by means of GSEA, EXHAUSTED_VS_MEMORY_CD8_TCELL_UP
gene set was found significantly enriched in HAVCR2 high
tumours in gastric cancer patients (Supplementary Fig. S2),
revealing the relationship between TIM3/HAVCR2 high expression
and exhausted CD8™ T cells. Together, these findings suggest that
TIM3 might potentially facilitate CD8™ T cell dysfunction in gastric
cancer.

TIM3-associated CD8" T cell dysfunction indicates inferior
chemotherapeutic responsiveness

To further explore whether TIM3 affects the prognostic value of
CD8" T cells in gastric cancer, we divided all patients into four
subgroups based on TIM3 and CD8" T cells for survival analysis
(Supplementary Fig. S3A, B). Interestingly, we observed that CD8"
T cells could only predict better OS and DFS in TIM3™ cells’ low
subgroup (P<0.001 and P<0.001; Fig. 5a, left panel) compared
with that in TIM3" cells’ high subgroup (P=0.429 and P = 0.505;
Fig. 5a, right panel). These results support our observation that
TIM3* cells might be related to CD8™" T cell dysfunction in gastric
cancer. To further investigate whether TIM3-associated CD8™ T cell
dysfunction impacts chemotherapeutic responsiveness, we
divided stage Il or Il patients into four subgroups based on
TIM3* cells and CD8" T cell infiltration. We observed that only in
the patients who received ACT and with low TIM3™ cell infiltration,
CD8" T cells could predict better OS and DFS (HR: 0.479, 95%
Cl: 0.249-0.923, P = 0.028 and HR: 0.443, 95% Cl: 0.255-0.738, P =
0.002; Fig. 5b). However, in the patients who received ACT and
with high TIM3™ cell infiltration, or within the patients who did not
receive ACT, CD8' T cells could not predict survival benefits
(Fig. 5b). Conclusively, these data indicate that inferior chemother-
apeutic responsiveness in tumour-infiltrating TIM3™ cells’ high
subgroup might be attributed to TIM3-associated CD8" T cell
dysfunction.

Association between HAVCR2 expression and TCGA subtypes
in gastric cancer

Growing studies have revealed that molecular subtypes of gastric
cancer opened new perspectives for patient stratification and
individualised therapy [22]. Therefore, we also analysed the relation-
ship between HAVCR2 mRNA expression and molecular subtypes in
the TCGA cohort. Interestingly, although intensive in most gastric
cancer subtypes, HAVCR2 mRNA expression was significantly enriched
in Epstein—Barr virus (EBV)-positive subtype (Fig. 6a).

Since we have observed that TIM3 could predict inferior
chemotherapeutic responsiveness (Fig. 3), we sought to discover
the potential association between TIM3 and responsiveness to
other treatment strategies in gastric cancer [22]. The addition of
some targeted therapies like Trastuzumab and Ramucirumab
have added a modest benefit, but only in human epidermal
growth factor receptor 2 (ERBB2 or HER2)-positive patients and in
the second-line setting, respectively [23]. Notably, we found that
HAVCR2 high tumours showed significantly lower ERBB2 mRNA
expression, indicating that HAVCR2/TIM3 high tumours might be
less responsive to Trastuzumab-targeted therapy (P <0.001;
Fig. 6b). However, the HAVCR2 high tumours showed higher
VEGF/VEGFR signature (P=0.008; Fig. 6c and Supplementary
Table S3), suggesting that HAVCR2/TIM3 high tumours might be
more sensitive to Ramucirumab-based treatment. Bemarituzu-
mab and Zolbetuximab were emerging targeted therapies for
gastric cancer, having brought benefit to FGFR-2b-positive
patients and Claudin 18.2 (CLDN18)-positive patients, respectively
[24, 25]. No obvious difference was observed regarding FGFR2
expression in HAVCR2 low/high subgroups (P = 0.908; Fig. 6d), but
HAVCR2 high tumours showed higher expression of CLDN18 (P =
0.013; Fig. 6e), indicating superior responsiveness to
Zolbetuximab-targeted therapy. Cumulatively, our results indicate
that HAVCR2/TIM3 expression was associated with molecular
subtypes and might indicate responsiveness to targeted thera-
pies in gastric cancer.
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DISCUSSION

Recently, an immunotherapy that targets the ICP pathway has
provided novel strategies for the treatment of malignant tumours
[26]. Nevertheless, the overall response rates are unsatisfying and
many advanced cancer patients develop adaptive resistance [27].
To overcome the immunotherapy resistance and improve clinical
outcomes, further studies found that upregulation of other ICPs,
notably TIM3, might be associated with adaptive resistance to
anti-PD-1 blockade [28, 29], attracting researchers’ attention to
another coinhibitory receptor, TIM3. Monoclonal antibodies
targeting TIM3 were discovered to display antitumor effects in
preclinical models of hepatocellular carcinoma [30, 31]. In
melanoma, prostate tumour and colon carcinoma, the combined
blocking of PD-1 and TIM3 pathways demonstrated synergistic
antitumor effects compared with blocking either pathway alone
[32, 33]. A comprehensive profiling of gastric adenocarcinoma
with peritoneal metastasis also proposed that TIM3 could be a
novel target with potential therapeutic value [34]. Therefore,
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further studies on the clinical significance of TIM3 in gastric cancer
is crucial. In this study, we found that tumour-infiltrating TIM3™
cells could serve as an independent adverse prognosticator for
survival and chemotherapeutic resistance in gastric cancer,
indicating that TIM3 might be a predictive biomarker and a
therapeutic target for gastric cancer.

Adaptive immune responses triggered by adaptive immune cells
within TME critically contribute to the antigen-specific immune
response against tumours, affecting survival outcomes and
progression, and CD8" T cells are regarded as the main force in
antitumor immune responses [35]. Current studies revealed that
TIM3 expressed on CD8™ T cells exhibited an exhausted phenotype
in several kinds of cancers, including melanoma, hepatocellular
carcinoma and ovarian cancer [14, 36, 37]. Our results consistently
found that tumour-infiltrating TIM3™ cells correlated with dysfunc-
tional CD8™ T cells characterised by decreased IFN-y, perforin and
GzmB, yet elevated PD-1 and CTLA-4 in gastric cancer. In addition,
TIM3-associated CD8" T cell dysfunction was also found to
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attenuate chemotherapeutic responsiveness of gastric cancer
patients, providing a new treatment strategy to improve the
efficiency of chemotherapies.

Through comprehensive analyses of genomic and epigenomic
data, the molecular classification of gastric cancer proposed by
TCGA has expanded our understanding of the characteristics of
gastric cancer, which could unmask tumour biological properties
and guide therapeutic options for gastric cancer [38]. Here, we
found that compared with chromosomal instability (CIN) subtype,
HAVCR2 mRNA expression was higher in EBV-positive and MSI
subtypes of gastric cancer, which were characterised by increased
immune signatures and superior responsiveness to immunother-
apy [39]. Thus, we inferred ICP blockade therapies may potentially
take effect in these tumours. Meanwhile, HAVCR2 high tumours

also indicated decreased ERBB2 mRNA expression, yet enhanced
angiogenesis. Targeting ERBB2/HER2 has added a modest benefit
in gastric cancer, but only in ERBB2/HER2-positive patients [23]. As
a result, detecting TIM3 in gastric cancer might identify the
patients who might show inferior responsiveness to Trastuzumab,
and targeting TIM3 and ERBB2/HER2 might have a synergistic
effect in gastric cancer. However, the relationship between
HAVCR2 mRNA expression and certain molecular characterisations
in gastric cancer and the detailed mechanisms underlying the
predictive value of HAVCR2 mRNA expression in patient stratifica-
tion and personalised therapeutic strategies still required further
investigation in our following studies.

Conclusively, we found that tumour-infiltrating TIM3™ cells
could serve as an independent adverse prognosticator for survival
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Fig. 6 Characterisation of molecular subtypes based on HAVCR2 mRNA expression. a Comparison of HAVCR2 mRNA expression in TCGA
database across 2018 TCGA molecular classification. Kruskal-Wallis test followed by Dunn’s multiple comparisons. b, e Comparison of ERBB2
mMRNA expression (b), VEGF/VEGFR signature (c), FGFR2 mRNA expression (d), CLDN18 mRNA expression (e) between low and high HAVCR2
MRNA expression subgroups in TCGA database. Mann-Whitney U test for (b); Student’s t test for (c-e). EBV Epstein-Barr virus, MSI
microsatellite instability, GS genomically stable, CIN chromosomal instability. P values less than 0.05 were shown in bold.

and chemotherapeutic resistance in gastric cancer. Moreover,
TIM3™ cell infiltration was associated with exhausted CD8" T cell
phenotype and TIM3-associated CD8" T cell dysfunction might
attenuate chemotherapeutic responsiveness. Therefore, our study
indicated that TIM3 might be a promising target for immunother-
apy in gastric cancer.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.
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