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Abstract 

Background  The effectiveness of immune checkpoint inhibitors in treating gallbladder cancer (GBC) remains 
unsatisfactory. Recently, several new immune checkpoints have been identified. However, investigations exploring 
these immune checkpoints in GBC are limited. In this study, we aim to investigate the expression patterns and clini-
cal implications of various immune checkpoints, and further characterize the spatial and quantitative heterogeneity 
of immune components in GBC.

Methods  We employed single and multiplex immunohistochemistry to evaluate the expression of five immune 
checkpoint markers and four immune cell markers in the primary tumor core, hepatic invasion margin, and liver 
metastasis. Subsequently, we analyzed their interrelationships and their prognostic significance.

Results  We observed a robust positive correlation between PD1/TIM3 expression in GBC (R = 0.614, P < 0.001). The co-
expression of PD1/TIM3 exhibited a synergistic effect in predicting poor prognosis among postoperative GBC patients. 
Further analysis revealed that the prognostic significance of PD1/TIM3 was prominent in the subgroup with high infil-
tration of CD8 + T cells (P < 0.001). Multiplex immunohistochemistry reveals that PD1 + TIM3 + FOXP3 + cells constitute 
a significant proportion of FOXP3 + TILs in GBC tissue. Moreover, the co-high expression of PD1 and TIM3 is positively 
correlated with the accumulation of CD8 + TILs at the hepatic invasion margin. Lastly, our findings indicated reduced 
expression levels of immune checkpoints and diminished immune cell infiltration in liver metastases compared to pri-
mary tumors.

Conclusions  Increased co-expression of PD1/TIM3 is associated with poor prognosis in GBC patients and is related 
to the heterogeneity of immune microenvironment between GBC primary tumor and its hepatic invasion margin 
or liver metastases, which may be a potential target for future immunotherapy of GBC.
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Introduction
Gallbladder cancer (GBC) is the most commonly diag-
nosed malignant tumor of the biliary system. Its inci-
dence has been increasing in recent years in the Asian 
region, including China [1]. GBC is highly malignant and 
often insidious in its early stages, with a poor prognosis 
compared to other common gastrointestinal malignan-
cies [2]. Due to the suboptimal nature of existing treat-
ment approaches for GBC, early surgical intervention 
remains the most effective approach [3]. Hence, it is 
imperative to investigate novel therapeutic regimen to 
enhance the treatment options accessible for patients 
with GBC.

Immunotherapy plays a crucial role in disrupting the 
immune microenvironment of tumors, overcoming 
tumor-specific suppression, and stimulating the body’s 
immune response to eliminate tumors through immune-
mediated mechanisms [4]. The clinical application of 
immune checkpoint inhibitors (ICIs) targeting co-inhib-
itory receptors such as CTLA4 and PD1 has revolution-
ized the treatment of malignant tumors and significantly 
improved the prognosis of patients with advanced malig-
nancies such as melanoma and non-small cell lung can-
cer [5]. It is noteworthy that ongoing clinical trials are 
presently examining the combination of monoclonal 
antibodies targeting additional immune checkpoints, 
including TIM3, LAG3, and TIGIT, in conjunction 
with PD-1 inhibitors [6–9]. Taking TIM3 as an exam-
ple, research has revealed that the combined application 
of PD1 and TIM3 inhibitors significantly enhances the 
immune activity of effector T cells in animal models such 
as acute myelogenous leukemia and lung cancer, surpass-
ing the efficacy of using PD1 inhibitors alone [10, 11]. 
However, research concerning the combined blockade of 
immune checkpoints in GBC remains limited.

Advances in the study of biomarkers for ICIs have 
unveiled the intricate heterogeneity within the tumor 
immune microenvironment, which underscores the criti-
cal significance of investigating variations in the quantity 
and distribution of immune components [12]. Notably, 
the quantification of PD-L1 expression through immuno-
histochemistry has been approved as a robust biomarker 
for selecting PD1/PD-L1 inhibitors [13]. Furthermore, 
researchers [14] have categorized patients into four dis-
tinct subtypes of tumor immune microenvironments 
based on PD-L1 expression and immune cell infiltra-
tion to help design immunotherapy strategies. Thus, it is 
intriguing to explore the expression of diverse immune 
checkpoint proteins and their correlation with immune 
cell infiltration in GBC [15].

In this study, we employed single immunohisto-
chemistry and multiplex fluorescence immunohisto-
chemistry to explore the expression of five immune 

checkpoints within GBC tissues. The correlation among 
these immune checkpoints and their relationship with 
clinical characteristics and prognosis were also assessed. 
As the results show the correlation between PD1 and 
TIM3 and its importance for prognosis, we assessed how 
their expression patterns correlated with the density of 
immune cells and explored their co-localization on cells. 
Finally, we explored the relationship between the co-high 
expression of PD1/TIM3 and the heterogeneity of the 
immune microenvironment within the primary tumor 
core, hepatic invasion margin, and liver metastasis.

Methods and materials
Patients and samples
The retrospective study was conducted on a cohort com-
prising 127 patients who were diagnosed with gallbladder 
cancer and underwent surgical resection at Sun Yat-Sen 
Memorial Hospital, Sun Yat-Sen University between 2013 
and 2020. Among these patients, 51 cases had concomi-
tant liver invasion (i.e. pathologically confirmed direct 
invasion of liver tissue by the primary gallbladder cancer 
tumor) and 21 cases had concomitant liver metastases 
(i.e. distant intrahepatic metastases of the tumor). Inclu-
sion criteria for the cohort were as follows: [1] postopera-
tive histopathological confirmation of GBC with available 
formalin-fixed, paraffin-embedded tissue samples; [2] 
no history of preoperative anticancer treatment; [3] the 
availability of complete histopathological and follow-up 
information. Patients who died perioperatively, had a his-
tory of autoimmune disease or other malignancies, or 
had severe cardiac, pulmonary or other systemic diseases 
were excluded from the cohort. The observed endpoint 
of follow-up was overall postoperative survival time. 
Postoperative overall survival (OS) was defined as the 
time interval between the date of surgery and the date of 
death. In cases where patients remained alive at the con-
clusion of the study, their follow-up time was recorded 
as their latest follow-up visit. The most recent follow-up 
visit for all patients occurred in October 2022.

Immunohistochemistry (IHC)
Tissue Sects. (4 μm) were prepared by FFPE obtained as 
described previously, and the sections were dewaxed by 
employing xylene and hydrated using a gradient concen-
tration of ethanol. Subsequently, the sections underwent 
high temperature and high-pressure antigen retrieval 
in EDTA buffer (pH 9.0), followed by endogenous per-
oxidase inactivation (3% hydrogen peroxide, 10  min) 
and serum blocking (goat serum, 30  min). The sections 
were subsequently incubated overnight at 4  °C with the 
designated primary antibody relevant to the study (refer 
to Additional file  1: Table  S1 for antibody details). Fol-
lowing primary antibody incubation, the slides were 
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subsequently incubated with the appropriate horseradish 
peroxidase (HRP)-conjugated secondary antibody and 
visualized utilizing the DAB solution. Subsequently, the 
slides were counterstained with hematoxylin, dehydrated, 
and finally sealed. Finally, they were scanned using a fully 
automated sweeper (Unic-med). A positive control (ton-
sil tissue) and a negative control (using PBS buffer instead 
of the primary antibody) were set up for each staining 
experiment to ensure quality control of the staining.

Quantification of immune checkpoints expression
The expression of immune checkpoints (including 
PD1, TIM3, LAG3, TIGIT, CTLA4) was analyzed using 
QuPath (https://​qupath.​github.​io) [16, 17]. The detailed 
quantitative protocol is listed in Additional file 2. Briefly, 
a physician with specialized training in pathology deter-
mined the software parameters based on experimental 
controls to optimize the detection indices. These indices 
included staining intensity (0- no staining, 1  weak, 2- 
moderate, 3- strong) and the percentage of positive cells. 
Immune checkpoint expression was quantified by multi-
plying the values of staining intensity and percentage of 
positive immune cells to obtain an H-score ranging from 
0 to 300. As a quality control measure, all analyzed data 
underwent a secondary review by a pathologist before 
being exported. All analytical assessments were blinded 
to the maximum practical extent.

Assessment of immune cell counts
Unlike the immune checkpoint staining score, the 
immune cell staining score focused on assessing the den-
sity of local immune cell infiltration within the tumor 
section, rather than considering the overall tumor land-
scape. Building upon previous methodologies [18], We 
quantified the counts of CD4 + , CD8 + , Foxp3 + , and 
CD68 + cells in both the tumor core and the hepatic 
invasion margin (defined as the 500  μm wide area on 
both sides of the invasive border [19, 20]) using QuPath 
(https://​qupath.​github.​io) [17]. The detailed quantitative 
protocol is listed in Additional file 2. Briefly, pathologists 
utilized software to identify four ‘‘hot spots’’ within the 
annotation, each measuring 400  μm × 400  μm and con-
taining the highest number of positive cells. The final cell 
density data was derived from the average counts of these 
four “hot spots”. All analytical assessments were blinded 
to the maximum practical extent.

Cut‑off values of continuous variables
We used X-TILE, as described in previous studies [21], to 
determine the optimal cut-off values for immune check-
point expression score and immune cell infiltration den-
sity. X-TILE is a software program specifically designed 
to determine the optimal cutoff points for biomarkers 

in survival analysis. It considers continuous variables, 
survival time, and survival status, utilizing either the 
minimum p-value or the maximum chi-square value 
as criteria. Using these cutoff values, the patient cohort 
was divided into two separate groups for further statisti-
cal analysis. The cutoff values for H score and cell density 
mentioned in this article are shown in Additional file 1: 
Table S2.

Multiplex immunohistochemistry (mIHC)
For fluorescence multiplex immunohistochemistry 
analysis, a five-color fluorescence kit (Absin Biosci-
ence, abs50013) based on tyramine signal amplification 
(TSA) was used according to the manufacturer’s proto-
col. The procedure involved dewaxing, hydration, anti-
gen retrieval, quenching of endogenous peroxidase, and 
serum blocking as described for IHC. Tissue sections 
were subsequently subjected to two to four consecutive 
cycles of incubation with the primary antibodies listed in 
Additional file 1: Table S1, with each cycle lasting 1 h at 
room temperature, based on the specific requirements of 
the study. Following this, secondary antibodies and TSA 
solutions were applied. TSA dyes 520, 570, 620, and 700 
were used for staining. After the final TSA staining cycle, 
nuclei were counterstained with DAPI for 5 min. Sections 
were then sealed using an anti-fluorescence quenching 
agent. The sections were then scanned for fluorescence 
panoramic images using the Vectra Polaris fully auto-
mated quantitative pathology imaging system instrument 
(Akoya Biosciences) and analyzed by a pathologist using 
INFO software (version 2.4.2, Akoya Biosciences). The 
detailed assessment protocol is listed in Additional file 2. 
In brief, following tissue and cell segmentation, cell sub-
groups were identified using markers through the pheno-
type tool available in the INFO.

Statistical analysis
Survival curves depicting postoperative OS were con-
structed using the Kaplan–Meier method, and the log-
rank test was employed to assess survival differences 
between groups. The correlation between H-scores at 
each immune checkpoint was analyzed using either 
Pearson’s or Spearman’s correlation coefficient. The 
association between PD-1 and TIM3 expression and 
clinicopathologic characteristics was evaluated using 
either the chi-squared test or Fisher’s exact test. The 
t-test or Wilcoxon-Mann–Whitney test was utilized for 
comparing two independent samples, while the t-test or 
Wilcoxon’s matched signed rank test was employed for 
comparing paired samples. Univariate and multifacto-
rial analyses were conducted using the Cox proportional 
hazards regression model. All statistical analyses were 

https://qupath.github.io
https://qupath.github.io
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performed using SPSS (version 25) or R software (version 
4.2.1). Statistical significance was defined as P < 0.05.

Results
Clinicopathological characteristics of GBC cohort 
and specimens
Clinicopathological characteristics of the study cohort 
of patients with GBC are listed in Additional file  1: 
Table S3. The study enrolled 127 patients with a median 
age of 63 years (range: 33–88 years). Patients were staged 
in accordance with the AJCC TNM eighth edition, with 
7.9% in stage I, 18.1% in II, 20.5% in III, and 53.5% in 
IV. All cases had complete histopathologic data, includ-
ing differentiation and microvascular invasion, and 
were diagnosed as GBC by clinical pathologists. When 
follow-up ends, 72.4% (92/127) had died of gallbladder 
cancer. The median postoperative overall survival was 
15 months, with survival rates of 55.9%, 29.4%, and 22.3% 
at 1, 3, and 5 years, respectively. In this study cohort, 51 
patients had concomitant liver invasion and 21 patients 
had concomitant liver metastases.

Expression landscape of immune checkpoints in GBC
We explored the expression of PD1, TIM3, TIGIT, 
LAG3, and CTLA4 in GBC tissues. Representative 
IHC images illustrating the staining of these immune 
checkpoints in GBC tissues are presented in Fig. 1A–E. 
These immune checkpoints were mainly stained on cell 
membrane and cytoplasm. Correlation analysis of the 
H-scores for the immune checkpoints revealed sig-
nificant positive associations between TIM3 and PD1 
expression (R = 0.614, P < 0.001), PD1 and TIGIT expres-
sion (R = 0.466, P < 0.001), and TIM3 and TIGIT expres-
sion (R = 0.401, P < 0.001) (Fig. 1F). To determine optimal 
expression cut-off values for each immune checkpoint, 
we employed X-tile software. Subsequently, the patient 
cohort was divided into high and low expression sub-
groups. The correlation between the expression of 
immune checkpoint and clinicopathological features is 
presented in Table 1 and Additional file 1: Table S4. The 
expression of PD1 demonstrated significant correlations 
with T-stage (P = 0.029), N-stage (P = 0.002), M-stage 
(P = 0.030), and the degree of histologic differentiation 
(P = 0.039). The expression of TIM3 was correlated with 
N-stage (P = 0.053). The immune checkpoint expression 

profile (Fig.  1G) was calculated, indicating that PD1, 
TIM3, TIGIT, LAG3, and CTLA4 were highly expressed 
in 61.4% (78/127), 53.5% (68/127), 38.6% (49/127), 36.2% 
(46/127), and 41.7% (53/127) of cases, respectively. 
Notably, co-high expression of PD1 and TIM3 was the 
most frequently observed, accounting for 44.9% of cases 
(57/127). The co-high expression of PD1 and TIM3 cor-
related with more advanced N stage (P = 0.013), more 
advanced TNM stage (P = 0.075), and poorer histologic 
differentiation (P = 0.061) (Table  1). Furthermore, mul-
tiplex immunohistochemistry staining revealed a wide-
spread colocalization of PD1 and TIM3 on the same 
cells in GBC (Fig. 1H). Thus, these findings highlight the 
expression landscape of the five immune checkpoints in 
GBC, particularly the highly positive correlation between 
PD1 and TIM3, which motivated further investigation 
into their clinical significance.

PD1 and TIM3 synergistically predict poor prognosis 
in GBC patient
Kaplan–Meier (K-M) survival analysis showed that 
high expression of PD1 or TIM3 was significantly asso-
ciated with a worse postoperative OS in GBC patients 
(Fig.  2B). On the other hand, although patients with 
high expression of TIGIT, LAG3, or CTLA4 had slightly 
shorter OS, no statistical significance was observed 
(Additional file  1: Figure S1). Considering the highly 
positive correlation between PD1 and TIM3 expression 
and their prognostic significance, patients were clas-
sified into four subgroups (Fig.  2A shows representa-
tive cases from each of these four groups) based on the 
co-high expression pattern, and K-M survival analysis 
was performed. The results showed that patients in 
the PD1highTIM3high group had the worst prognosis, 
either PD1 or TIM3 low expression partially improved 
the poor prognosis, while patients with PD1lowTIM3low 
had the best prognosis (Fig.  2B). Univariate regres-
sion analysis showed that TNM stage IV, R1 resection, 
and poor differentiation were significant predictors of 
shorter OS (Table  2). Moreover, both high expression 
of PD1 or TIM3 alone, as well as co-high expression 
of PD1 and TIM3, were significantly associated with 
shorter OS. Multivariate regression analysis was then 
performed, taking into account the clinical relevance of 
adjuvant therapy in GBC, despite its lack of prognostic 

(See figure on next page.)
Fig. 1  Expression of immune checkpoints in tumor tissues from GBC patients. A–E, Representative IHC images of PD1, TIM3, TIGIT, LAG3, 
and CTLA4 expression within the tumor (Red scale bar is 50 μm). F, The correlation matrix of the expression H-score of immune checkpoints, 
and the coefficients marked in boxes indicate the correlation between a pair of immune checkpoints. G, Upset plot visualizing the co-expression 
profiles of ICPs in GBC. H, Representative mIHC images of PD1 and TIM3. The nucleus is labeled with DAPI (blue), and White arrows indicate 
the colocation of PD1 and TIM3
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Fig. 1  (See legend on previous page.)
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significance in univariate regression analysis. The 
results demonstrated that TNM stage, surgical margin, 
adjuvant therapy, and tumor differentiation were inde-
pendent predictors of OS in GBC patients. Unexpect-
edly, the predictive value of PD1 or TIM3 alone was 
not retained in the multivariable analysis (multivariable 
analysis a). To address this, another multivariable anal-
ysis (multivariable analysis b) was performed, revealing 
that PD1highTIM3high represented an independent risk 
factor for OS, indicating that the co-high expression of 
PD1 and TIM3 exerted a synergistic effect in predicting 
the prognosis of GBC patients, surpassing the predic-
tive value of PD1 or TIM3 alone (Table 2). Collectively, 

these data strongly suggest that the co-high expression 
of PD1 and TIM3 serves as an adverse prognostic fac-
tor in GBC.

PD1 and TIM3 widely co‑express on Foxp3 + TIL in GBC
To investigate the immune cells contributing to the 
expression of PD1 and TIM3 in the GBC microenvi-
ronment, we performed CD8, CD4, Foxp3, and CD68 
staining to evaluate the infiltration level of CD4 + TILs, 
CD8 + TILs, Foxp3 + TILs, and macrophages. Repre-
sentative IHC images for each marker are presented in 
Fig.  3A. The correlation among the infiltration density 
of four immune cell types is depicted in Additional file 1: 

Table 1  The correlation between PD1, TIM3 and PD1/TIM3 expression status and clinicopathological characteristics in GBC

Bold  values indicates  statistically significant

Characteristic PD1 expression TIM3 expression PD1/TIM3 co-high expression

Cases.n High Low P value High Low P value Present Absent P value

Gender 0.706 0.954 0.689

     Female 61 39 22 32 29 29 32

     Male 66 39 27 36 30 28 38

Age 0.913 0.934 0.452

      < 60 years 50 31 19 27 23 25 25

      > 60 years 77 47 30 41 36 32 45

Tumor size 0.813 0.824 0.878

   > 3 cm 67 40 27 37 30 31 36

      < 3 cm 60 38 22 31 29 26 34

Microvascular invasion 0.835 0.955 0.953

     no 75 45 30 40 35 33 42

     yes 52 33 19 28 24 24 28

T 0.029 0.962 0.243

     Low(1.2) 46 22 24 24 22 17 29

     High(3.4) 81 56 25 44 37 40 41

N 0.002 0.053 0.013
     Low(0) 52 23 29 22 30 16 36

     High(1.2) 75 55 20 46 29 41 34

M 0.030 0.893 0.274

     Absent(0) 94 52 42 50 44 39 55

     Present(1) 33 26 7 18 15 18 15

TNM stage 0.014 0.270 0.075

     Low(I.II.III) 59 29 30 28 31 21 38

     High(IV) 68 49 19 40 28 36 32

Histologic differentiation 0.039 0.186 0.061

     Moderate. Well 75 40 35 36 39 28 47

     Poor 52 38 14 32 20 29 23

CA19-9 0.539 0.882 0.791

     Negative 54 31 23 28 26 23 31

     Positive 73 47 26 40 33 34 39

CEA 0.275 0.880 0.627

     Negative 82 47 35 43 39 35 47

     Positive 45 31 14 25 20 22 23
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Figure S2. We further examined the correlation between 
the H-scores of PD1 and TIM3 and the cell density of 
CD4 + TILs, CD8 + TILs, Foxp3 + TILs, and macrophages 
(Fig.  3B). The analysis revealed a strong association 
between Foxp3 + TILs and PD1/TIM3 expression 
(Foxp3+-PD1: R = 0.5157, P < 0.001; Foxp3+-TIM3: 
R = 0.7142, P < 0.001). Additionally, a modest correlation 
was found between CD8 + TILs and PD1/TIM3 expres-
sion (CD8+-PD1: R = 0.2848, P = 0.0012; CD8+-TIM3: 
R = 0.3403, P < 0.001). Moreover, the box plot shows 
that high expression of PD1 and TIM3 was associated 
with increased infiltration of CD8 + TILs, Foxp3 + TILs, 
CD4 + TILs, and macrophages (Additional file  1: Fig-
ure S3). Remarkably, PD1 and TIM3 co-high expression 
was significantly associated with elevated infiltration of 
these immune cell subsets (Fig.  3C). Furthermore, mul-
tiplex immunohistochemistry staining revealed wide-
spread co-expression of PD1 and TIM3 on Foxp3 + TILs 
(Fig.  3D). Quantitative analysis indicated that the pro-
portion of PD1 + TIM3 + Foxp3 + TILs was the highest 
subpopulation within Foxp3 + TILs (40.67%) (Fig.  3E), 
while the proportion of PD1 + TIM3-CD8 + TILs was 
the highest subpopulation within CD8 + TILs (32.84%) 

(Additional file 1: Figure S4). Collectively, our data indi-
cate that increased expression of PD1 and TIM3 in tis-
sues is closely correlated with the infiltration density of 
FOXP3 + TILs. PD1 and TIM3 widely co-express on 
Foxp3 + TIL in GBC.

PD1 and TIM3 co‑low expression predict better prognosis 
in GBC patients with high CD8 + TIL infiltration.
We also paid attention to the impact of immune cell 
infiltration on the prognosis of GBC patients. Our 
results showed that GBC patients with high infiltra-
tion of Foxp3 + TIL had a significantly shorter OS than 
those with low infiltration (P < 0.001) (Additional file 1: 
Figure S5). In contrast, patients with high infiltration 
of CD8 + TIL had a significantly longer OS than those 
with low infiltration (P = 0.002) (Additional file  1: 
Figure S5). Notably, further analysis demonstrated 
that within the CD8 + TIL hyperinfiltrated subgroup, 
patients with co-high expression of PD1 and TIM3 
had a significantly shorter OS compared to patients 
with low expression of PD1/TIM3 (P < 0.001) (Fig. 3F). 
In contrast, within the CD8 + TIL hypoinfiltrated 
subgroup, the expression levels of PD1 and TIM3 

Fig. 2  Increased co-expression of PD1 and TIM3 predicted poor OS of patients with GBC A, Representative IHC images of four cases are presented 
based on the expression status of PD1 and TIM3 (Red scale bar is 100 μm). B, Kaplan–Meier survival curves for postoperative OS of GBC patients 
according to PD1 and TIM3 expression status
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Table 2  Univariate and multivariate regression analysis of prognostic factors correlated with postoperative OS

GROUPI,PD1low/TIM3low; GROUPII, PD1high/TIM3low or PD1low/TIM3high; GROUPIII, PD1high/TIM3high

Bold  values indicates  statistically significant

Multivariable analysis a: PD1, TIM3 and other significant clinicopathological characteristics

Multivariable analysis b: GROUP and other significant clinicopathological characteristics

Univariable analysis Multivariable analysisa Multivariable analysisb

Variables HR (95%CI) P value HR (95%CI) P value HR (95%CI) P value

Gender

 Female Reference

 Male 1.10 (0.73 to 1.66) 0.640

Age

  < 60 years Reference

  > 60 years 1.30 (0.85 to 1.99) 0.223

Gall stone

 Absent Reference

 Present 1.36 (0.91 to 2.06) 0.137

Tumor size

  < 3 cm Reference

  > 3 cm 1.15 (0.76 to 1.73) 0.513

TNM stage

 Low (I.II. III) Reference Reference Reference

 High(IV) 6.11 (3.84 to 9.72)  < 0.001 4.04 (2.07to7.87)  < 0.001 4.14 (2.12 to 8.09)  < 0.001
Surgical margin

 R0 0.16 (0.10 to 0.25)  < 0.001 0.51 (0.28to0.92) 0.026 0.51 (0.28 to 0.92) 0.025
 R1 Reference Reference Reference

Adjuvant therapy

 Present 1.14 (0.74 to 1.73) 0.555 0.58 (0.36to0.92) 0.021 0.59 (0.37 to 0.94) 0.027
 Absent Reference Reference Reference

Histologic differentiation

 Moderate. Well Reference Reference Reference

 Poor 7.04 (4.36 
to 11.36)

 < 0.001 5.06 (3.00to8.55)  < 0.001 5.05 (3.00 to 8.53)  < 0.001

TIM3

 Low Reference Reference

 High 1.57 (1.03 to 2.38) 0.036 1.16 (0.70to1.91) 0.561

PD1

 Low Reference Reference

 High 2.15 (1.37 to 3.36)  < 0.001 1.54 (0.91to2.62) 0.111

GROUP

 GROUPI Reference Reference

 GROUPII 1.56 (0.88 to 2.77) 0.13 1.54 (0.86 to 2.76) 0.142

 GROUPIII 2.27 (1.36 to 3.77) 0.002 1.80 (1.08 to 3.02) 0.025

(See figure on next page.)
Fig. 3  The correlation between the expression of PD1/TIM3 and the infiltration density of immune cells. A, Representative IHC images of CD8, 
CD4, CD68, and Foxp3 staining within the tumor (Red scale bar is 50 μm). B, The chord diagram shows the correlation network between immune 
checkpoints H score and immune cell density in GBC tissue. The band represents a positive correlation between the ICP and immune cell density, 
and the width indicates the magnitude of Pearson’s correlation coefficient (the P value for testing the correlation coefficient was < 0.05). C, The 
correlation of PD1/TIM3 co-expression status and CD8 + TIL, CD4 + TIL, CD68 + cell, Foxp3 + TIL density in GBC tissue (*P < 0.05; **P < 0.01; ***P < 0.001; 
ns: no significance). D, Representative mIHC images of PD1, TIM3, CD8, and Foxp3 staining within the tumor (White scale bar is 20 μm), yellow 
arrows indicate the colocation of PD1 and TIM3 on Foxp3 + TIL. E, The percentage of Foxp3 + TIL with different PD1/TIM3 co-expression status in GBC 
tissues. F, Kaplan–Meier survival curves for postoperative OS according to PD1 and TIM3 co-expression status in the high/low CD8 + TIL infiltration 
subgroup
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Fig. 3  (See legend on previous page.)
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had minimal impact on patient survival (P = 0.292) 
(Fig. 3F). These results further underscore the crucial 
role of PD1 and TIM3 in GBC, particularly in cases 
with high CD8 + TIL infiltration.

PD1 and TIM3 high expression is associated with higher 
CD8 + TIL infiltration in the hepatic invasion margin
Liver invasion represents a common occurrence dur-
ing the progression of GBC [22]. In the present cohort, 

Fig. 4  Increased co-expression of PD1 and TIM3 is associated with elevated infiltration density of immune cell at the hepatic invasion margin (HIM). 
A, The donut plots show the proportion of cases with liver invasion in each subgroup. These subgroups were grouped according to PD1/TIM3 
expression status. B, Representative IHC images of CD8, CD4, CD68, and Foxp3 staining within the hepatic invasion margin (Red scale bar is 50 μm). 
C, Bar plots show that in the PD1/TIM3 co-expression subgroup, more patients have higher counts of immune cells at the hepatic invasion margin 
than the tumor core. D, Representative mIHC images of PD1, TIM3, and CD8 staining on the Hepatic invasion margin (White scale bar is 400 μm; Red 
scale bar is 30 μm; White dotted line marks the invasive border)
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hepatic invasion was more frequently observed in 
patients exhibiting co-high expression of PD1 and TIM3 
(26/57, 45.61%) (Fig.  4A). We aimed to investigate the 
influence of PD1 and TIM3 expression patterns on 
immune cell infiltration at the hepatic invasion margin 
(HIM) of GBC. HIM was defined as the 500 μm wide area 
on both sides of the invasive border (Additional file  1: 
Figure S6), based on previous studies [19, 20]. The den-
sity of immune cell infiltration at HIM was compared to 
that within the tumor core (TC) (Fig.  4B). Our results 
demonstrated that the group with co-high expression of 
PD1 and TIM3 exhibited a higher frequency of immune 
cell infiltration at HIM compared to the TC region 
(Fig.  4C). Notably, among the different expression pat-
terns, CD8 + TILs showed the most notable preferential 
accumulation at HIM in cases with co-high expression 
of PD1 and TIM3, while no significant differences were 
observed in the other expression patterns. We performed 
multiplex immunohistochemical staining and confirmed 
a significantly higher density of CD8 + TIL infiltration at 
HIM than in TC region (Fig. 4D). Taken together, these 
results suggested PD1 and TIM3 co-high expression in 
GBC may promote the infiltration of immune cell, espe-
cially CD8 + TIL around the HIM region.

Comparison of immune status between primary tumor 
and paired liver metastases
Liver metastasis represents the most frequent form 
of distant metastasis in GBC, and patients with liver 
metastasis generally have a significantly worse prog-
nosis [1]. Therefore, our study aimed to investigate the 
immune microenvironment of liver metastases in GBC. 
Results obtained from single and multiplex immuno-
histochemical staining revealed significantly lower lev-
els of immune cell infiltration and expression of PD1, 
TIM3, TIGIT, LAG3, and CTLA4 in liver metastases 
compared to the primary tumor (Additional file  1: Fig-
ures  S7, S8, and Fig.  5A). We compared the H-score of 
the five immune checkpoints in liver metastases and 
its paired primary tumor, and found that there existed 
a significantly positive correlation of the five immune 
checkpoint expressions between the liver metastases 
and its paired primary tumor (PD1, R = 0.826, P < 0.001; 
TIM3, R = 0.779, P < 0.001; TIGIT, R = 0.577, P = 0.007; 
LAG3, R = 0.779, P < 0.001; CTLA4, R = 0.458, P = 0.038) 
(Fig. 5B), but the expressions were significantly lower in 
the liver metastases (Fig.  5C). Furthermore, the infiltra-
tion density of CD8+ TIL, CD4+ TIL, and Foxp3+ TIL in 
liver metastases was also significantly decreased com-
pared to the primary tumor (Additional file  1: Figure 
S9). Conversely, Conversely, there was a slight increase 
in macrophage infiltration in liver metastases, although 

the difference was not statistically significant (Additional 
file  1: Figure S9). Collectively, our findings demonstrate 
that both immune checkpoint expression and immune 
cell infiltration are markedly reduced in liver metastases 
compared to primary tumors in GBC.

Discussion
In recent years, ICIs that block PD1/PDL1 have emerged 
as the cornerstone of comprehensive treatment for spe-
cific cancer types [23]. However, the clinical benefit of 
ICIs is limited to a specific group of patients with malig-
nancies [24]. Hence, it has become increasingly critical 
to attain a comprehensive understanding of the immune 
microenvironment and explore novel combination thera-
peutic strategies [25]. While prior studies about GBC 
[26–28] have investigated the influence of immune cell 
infiltration and PD1/PDL1 expression on patient progno-
sis, there is a noticeable gap in the literature regarding the 
expression profiles of novel immune checkpoints in GBC 
tissues and their potential impact on immune microen-
vironment heterogeneity. Additionally, researchers are 
currently exploring novel immune checkpoints such as 
TIM3, LAG3, and TIGIT to further improve the response 
and utilization of ICI therapies [5], but the expression of 
these proteins in GBC remains largely unknown.

In this study, we conducted a comprehensive analy-
sis of the expression of five immune checkpoints within 
the immune microenvironment of GBC. Our findings 
revealed a strong correlation between PD1 and TIM3 
expression. Further analysis showed that the co-high 
expression of PD1 and TlM3 stands as an independent 
risk factor for postoperative OS. Previous studies have 
reported that PD1 and TlM3 can co-express on immune 
cells in the tumor microenvironment, defining a sub-
set of highly inhibitory immune cells [29–31]. This phe-
nomenon is believed to stem from a complex crosstalk 
mechanism among immune checkpoints within the 
tumor microenvironment [32]. One study tries to explain 
the mechanism that PD1 can sustain the presence of 
PD1 + TIM3 + T cells through its competitive binding 
with Gal9 (TIM3 ligand). This interaction leads to an 
increased co-expression of PD1 and TIM3 within the 
tumor, reshaping the immunosuppressive microenviron-
ment [33]. The study provides clue to the mechanism of 
increased co-expression of PD1 and TIM3 in our study 
cohort.

In line with the previous study [34], we observed a 
positive correlation between higher levels of CD8 + TILs 
and improved prognosis in patients. Interestingly, our 
results also indicated that co-high expression of PD1 and 
TIM3 often correlated with increased CD8 + TIL infil-
tration, which initially seems contradictory. However, 
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upon subgroup analysis, we found that within the high 
CD8 + TIL infiltration group, the combined expression 
of PD1 and TIM3 could effectively stratify patients’ prog-
noses. Notably, this predictive ability was not statistically 
significant in the low CD8 + TIL infiltration group.

The highly frequent infiltration of PD1 + TIM3 + 
 FOXP3 + cells in GBC of our cohort may explain 
these results. Treg cells belong to the category of 

immunosuppressive cells and are crucial for maintaining 
self-tolerance and immune homeostasis [35]. However, 
within the tumor immune microenvironment, continu-
ous exposure to antigens activates Treg cells, leading to 
the suppression of the body’s anti-tumor response and 
facilitating the progression of various cancer types [35]. 
It has been reported that PD1 is able to label dysfunc-
tional Tregs in malignant gliomas and that PD1hiTregs 

Fig. 5  Distinct immune microenvironments in primary tumor and liver metastasis. A, Representative mIHC images of immune checkpoints (PD1, 
TIM3, TIGIT, LAG3) and Immune cell marker (CD8, CD4, CD68, Foxp3) staining within the primary tumor and its paired liver metastases (Red scale 
bar is 100 μm). B, Comparison of immune checkpoints H-score between primary tumor and liver metastasis in GBC (***P < 0.001). C, The correlation 
between the H-score of immune checkpoints in the primary tumor and that in the liver metastasis
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upregulate TIM3 expression [36]. A study on head and 
neck cancer [37] revealed that TIM3 + PD1 + Treg cells 
exhibited a heightened ability to inhibit T-cell prolifera-
tion compared to TIM3- PD1 + Treg cells, despite the 
high PD1 expression in both subsets. Additionally, acti-
vated Treg cells can produce cytokines such as IL-35 
and IL-27, which drive the expression of PD1 and TIM3, 
thereby creating a profoundly suppressive tumor immune 
microenvironment [38–40]. It is evident that PD1 and 
TIM3 serve as markers of activated Treg cells [41], and 
the co-expression of PD1 and TIM3 enhances their 
immunosuppressive activity.

Regarding CD8 + TILs, activated Treg cells can influ-
ence the exhausted state of CD8 + TILs through various 
crosstalk mechanisms [42], either directly or indirectly. 
Treg cells can promote CD8 + TIL exhaustion through 
secreting IL-10 and IL-35 [43]. On the other hand, 
CXCR3 expression in Treg cells facilitates interactions 
with dendritic cells, leading to immunosuppression of 
CD8 + TILs [44]. Notably, elevated PD1 expression on 
Treg cells intensifies immunosuppression of CD8 + T 
cells by interacting with PD-L1 on CD8 + T cells [45, 
46]. Therefore, we hypothesize that PD1 + TIM3 + Treg 
cells may contribute to the highly suppressive immune 
microenvironment in GBC through directly or indi-
rectly affecting CD8 + TILs. When both PD1 and TIM3 
are effectively blocked, the exhausted immune cells in 
the GBC microenvironment can regain their anti-tumor 
activity, leading to relatively prolonged OS for GBC 
patients.

After investigating the quantitative heterogeneity of 
immune components in GBC, we aimed to explore the 
presence of spatial heterogeneity in GBC. Our results 
demonstrated the existence of spatial heterogeneity of 
immune cells in GBC. Specifically, the accumulation of 
Foxp3 + TILs, CD4 + TILs, and CD68 + cells was more 
frequent at the hepatic invasion margin of GBC, par-
ticularly when PD1 and TIM3 were highly co-expressed. 
Notably, CD8 + TILs showed increased aggregation spe-
cifically at the hepatic invasion margin only when PD1 
and TIM3 were highly co-expressed. While unreported in 
GBC studies before, the invasive margin has been estab-
lished as a critical region for tumor invasion [47, 48]. Pre-
vious studies [49, 50] have reported significant immune 
cell distribution differences at the tumor-invasive margin, 
and this spatial heterogeneity have resulted in markedly 
different outcomes in terms of systemic therapy efficacy 
for patients. Our findings suggest that targeting PD1 and 
TIM3 may have the potential to limit liver invasion in 
GBC by regulating the distribution of immune cells.

The intricate crosstalk mechanisms among tumor 
cells, normal cells, and immune cells at the invasive mar-
gins affect the progression of the tumor [51]. Actually, 

the molecular and cellular mechanisms of tumor inva-
sion in this region have not been well studied. A recent 
study on liver cancer [52], utilizing nanoscale-resolution 
Spatial Enhanced REsolution Omics-sequencing (Stereo-
seq), confirmed intimate crosstalk between tumor cells at 
the invasive margin and neighboring normal liver cells, 
reshaping the local immunosuppressive microenviron-
ment and ultimately driving tumor progression. This 
study enhances our understanding of tumor biology at 
the invasive margin, and we believe that future research-
ers can leverage this technology to provide valuable 
insights into the crosstalk mechanisms in line with the 
findings of our study.

Liver metastasis represents an exceedingly unfa-
vorable prognostic factor in advanced GBC [53]. In the 
present study, we observed a significantly lower infiltra-
tion density of various immune cells in liver metastases 
compared to primary tumors. This finding aligns with 
previous investigations conducted in breast cancer [54] 
and colorectal cancer [55], suggesting that the major-
ity of liver metastases exhibit an immunologically ‘‘cold’’ 
tumor phenotype. The scarcity of immune cell infiltra-
tion contributes to a diminished immune response and 
subsequently impairs the effectiveness of ICIs. Given 
the prevalent immune-desert state, the key to improving 
the response rate of ICIs in GBC liver metastases lies in 
strategies to transform ‘‘cold’’ tumors into ‘‘hot’’ tumors, 
thereby enabling a larger proportion of advanced GBC 
patients to benefit from immunotherapy, such as simulta-
neous blockade of PD1 and TIM3. Nevertheless, until an 
effective combination immunotherapy regimen is found, 
approaches such as chemotherapy [56] or surgical resec-
tion [57], may prove more effective than ICIs in treating 
liver metastases.

The present study has several limitations. Firstly, 
despite providing comprehensive histological evidence, 
there is a need for full validation of these results and 
exploration of the underlying molecular mechanisms in 
the future, utilizing techniques like CyTOF, and Stereo-
seq, as well as cellular and animal experiments. Secondly, 
while we made efforts to minimize human bias through 
automated computerized scoring and other methods, 
future multicenter clinical studies are necessary to estab-
lish standardized norms for histological scoring. This 
standardization would greatly enhance the clinical util-
ity of these biomarkers. Lastly, the sample size of liver 
metastases was relatively small, posing challenges for 
conducting more comprehensive statistical analyses.

Conclusions
In conclusion, our findings provide valuable evidence for 
the prognostic significance of PD1 and TIM3 in patients 
with GBC. Notably, we observed extensive colocalization 
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of PD1 and TIM3 on Foxp3 + TILs within GBC tissue. 
This colocalization may play a role in modifying the spa-
tial and quantitative heterogeneity of CD8 + TILs and 
Foxp3 + TILs in the GBC microenvironment. Addition-
ally, our study reveals the immunologically "cold" sta-
tus in liver metastases of GBC (Fig.  6). These findings 
enhance our comprehension of the immune microenvi-
ronment in GBC and offer insights into potential novel 
therapeutic targets for this disease.
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