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Abstract
Recent studies have reported that tumor-infiltrating mast cells (TIM) play an impor-
tant role in tumor regression, but the effect of TIM in gallbladder cancer (GBC) re-
mains unclear. The present study aims to investigate the prognostic value of TIM in 
GBC patients and its responsiveness to gemcitabine-based adjuvant chemotherapy 
(ACT). A total of 298 GBC patients from Zhongshan Hospital were recruited for this 
study. TIM infiltration was measured by immunohistochemical staining. Accumulation 
of TIM is significantly associated with prolonged overall survival in GBC patients. The 
benefit from gemcitabine-based ACT was superior among patients with high infiltra-
tion of TIM with GBC. Multivariate analysis identified TIM infiltration as an inde-
pendent prognostic factor for overall survival. A heatmap showed that TIM-activated 
gene signatures were positively correlated with CD8+ T cells’ gene signatures. Gene 
set enrichment analysis (GSEA) suggested that TIM was related to multiple T cell-
related processes and signaling pathways, including the interferon gamma signaling 
pathway and the leukocyte migration signaling pathway. It was confirmed that CD8+ 
T cell infiltration was positively correlated with high TIM infiltration in tissue micro-
array (TMA), suggesting that TIM infiltration was linked to the immune surveillance 
in GBC. TIM can be used as an independent prognostic factor and a predictor of 
therapeutic response of gemcitabine-based ACT in GBC patients, which may mediate 
immune surveillance by recruiting and activating CD8+ T cells in GBC.
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1  | INTRODUC TION

Gallbladder cancer (GBC) is the most common malignant biliary can-
cer, with strong capability for invasion and metastasis.1,2 Most patients 
with GBC are diagnosed at advanced stage and, therefore, miss the 

opportunity to undergo radical surgery. Chemotherapy is important to 
improve the survival of patients with advanced GBC.3 Unfortunately, the 
effect of chemotherapy and targeted therapy for GBC remains limited.4

The recent breakthroughs in tumor immune therapy have shown 
promising therapeutic effects against cancer.5-7 Among the diverse 
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components of the tumor microenvironment (TME), tumor-infiltrating 
immune cells are regarded as a key factor influencing immunotherapy 
response.8,9 Tumor-infiltrating mast cells (TIM) accumulate in the TME 
in the early stages, and the infiltration of TIM is generally correlated 
with poor prognosis in multiple malignant tumors.10,11 However, in 
human kidney cancer and gastric cancer, the accumulation of TIM is 
associated with favorable prognosis.12,13 Although it is reported that 
mast cells can directly inhibit tumor progression by releasing media-
tors such as TNF and heparin, mast cells can also generate effective 
anti–tumor immunity by recruiting and activating the immune cells in 
the TME, including natural killer (NK) cells, CD8+ T cells and dendritic 
cells.10,14,15 Recent studies have suggested that mast cells recruit T 
cells at sites of inflammation by secreting CCL3, CCL5, CXCL10 and 
LTB4.16 In addition, mast cells can activate T cells through cell to cell 
interactions via expression of the B7 and OX40L.17

The infiltration of TIM in GBC has not been investigated suffi-
ciently. In this study, GBC patients with abundant TIM infiltration have 
a favorable prognosis and can significantly benefit from adjuvant che-
motherapy. Further bioinformatics analysis and immunohistochemis-
try assays confirm that TIM are positively correlated with CD8+ T cell 
infiltration and activation. We propose that TIM have an anti–tumor 
effect through recruitment and activation of CD8+ T cells in GBC.

2  | MATERIAL S AND METHODS

2.1 | Study population

The study enrolled 289 consecutive patients with GBC who under-
went surgical resection between January 2008 and October 2014 at 
Zhongshan Hospital, Fudan University (Shanghai, China). This study 
was approved by the Ethics Committee of Zhongshan Hospital, 
and written informed consent was obtained from all patients. The 
clinicopathological and baseline demographic characteristics of the 
patients, including age, gender, tumor differentiation, vascular inva-
sion and TNM stage, were collected retrospectively. The tumor TNM 
stage assessment was undertaken by two independent pathologists 
from the Department of Pathology, Zhongshan Hospital, according 
to the 7th edition of the UICC/AJCC cancer staging manual. Overall 
survival (OS) was calculated from the date of surgery to the date of 
death or last visit.

2.2 | Tissue microarray, immunohistochemistry and 
immunofluorescence

Tissue microarray (TMA) was established with formalin-fixed paraffin-
embedded surgical specimens, and immunohistochemical staining was 
performed on TMA according to the protocols previously described18 
with appropriate antibodies after control staining (anti–tryptase an-
tibody, ab2378 diluted 1:10  000; anti–CD8, ab4055, diluted 1:400; 
FOXP3 ab22510, diluted 1:200; CCR2 1:100, ab203128 and CCR5, 
ab7346, 20 µg/mL). The negative control sections were treated equally, 

with primary antibody omitted. The number of TIM, CD8+ T cells and 
Treg cells per field were evaluated with Image Pro Plus 6.0 (Media 
Cybernetics). Then, two secondary antibodies, Alexa 594 goat anti–
rabbit IgG and Alexa 488 goat anti–mouse IgG, were applied. Images 
were acquired with a Nikon Eclipse Ti-S Microscope. Identical settings 
were used for each photograph. Positive staining was calculated under 
a high magnification field (400×). The cutoff point for the high/low in-
filtrated mast cells was determined via X-tile software through a “mini-
mum P-value” method based on the patients’ OS information.

2.3 | Gene set enrichment analysis

Despite the lack of data in The Cancer Genome Atlas (TCGA) on 
GBC, TCGA cholangiocarcinoma data were extracted to conduct 
differential expression analysis to establish whether the gallblad-
der shares embryonic origin with bile ducts. The mRNA expression 
data of TCGA were downloaded from cBioPortal and were already 
normalized to RSEM format. A total of 36 samples were analyzed 
in this study. Gene set enrichment analyses (GSEA) were applied 
to determine the biological pathway divergences between high 
and low TIM. Significant differential gene expression between 
groups with high and low infiltration of TIM was explored using 
the edgeR package. The cutoff value of TIM in BLCA data was de-
termined as median.

2.4 | Statistical analyses

Statistical analysis was performed using SPSS 22.0 (IBM), Medcalc 
Software (version 15.2.2) and Stata SE, version 13.0. The χ2 test or the 
Fisher exact test was used to evaluate the correlation between clinico-
pathological factors and immunohistochemical variables. Continuous 
variables were analyzed using the t test. OS curves were plotted using 
the Kaplan-Meier method, and the log-rank test was used to analyze 
the difference between subgroups. Cox univariate and multivariate 
regression analysis was performed. All statistical analyses were two-
sided, and P < 0.05 was regarded as statistically significant.

3  | RESULTS

3.1 | Correlation between baseline variables 
including tumor-infiltrating mast cell and gallbladder 
cancer patient prognosis

For insight into the role of TIM infiltration in GBC, we first per-
formed immunohistochemical staining in 289 GBC TMA. Tryptase 
positive staining identified diffuse mast cells in the tumor tissues 
(Figure 1A). The detailed correlations between TIM infiltration and 
clinicopathological factors of 289 GBC patients are summarized in 
Table 1. Remarkably, high infiltration of TIM correlated negatively 
with TNM stage (Figure 1B). Multivariate Cox regression analyses 
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F I G U R E  1   Evaluation of tumor-infiltrating mast cells (TIM) by immunohistochemical staining in gallbladder cancer (GBC) patients. A, 
Representative immunohistochemistry images of TIM infiltration in different tumor tissues. B, Distribution of TIM in different TNM stages 
of Zhongshan cohort. C-F, Kaplan-Meier survival analysis of overall survival in all patients (C), patients who received adjuvant chemotherapy 
(ACT) (D), patients with TIM high (E) and patients with TIM low (F)
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further identified that TIM accumulation was significantly associ-
ated with OS (Table 2).

Kaplan-Meier analysis suggested that patients with high infiltra-
tion of TIM showed a prolonged OS compared to those with low 
infiltration of TIM (P < 0.001, Figure 1C). We further estimated the 
benefit of gemcitabine-based chemotherapy according to the level 
of TIM in patients who received adjuvant chemotherapy. The sub-
group with high infiltration of TIM could significantly benefit from 
adjuvant chemotherapy (ACT), unlike the subgroup with low infil-
tration of TIM (P < 0.001, Figure 1D-F). Thus, the data define the 
potential value of the infiltration of TIM in predicting GBC OS and 
gemcitabine sensitivity, indicating that GBC patients with higher 
TIM infiltration have a better prognosis and chemosensitivity.

3.2 | Accumulation of tumor-infiltrating mast cells 
correlated with CD8+ T infiltration in The Cancer 
Genome Atlas dataset

To investigate the potential mechanism of TIM anti–tumor effects, we 
conducted a gene profile investigation in the TCGA cholangiocarci-
noma cohort (n = 36). As depicted in Figure 2A, The gene signatures 
of mast cells were positively associated with activated CD8+ T cells’ 
signatures and negatively correlated with regulatory T cells’ signatures. 
We then performed GSEA to narrow down potential immune lineage 
changes related to high infiltration of TIM. Of note, TIM infiltration 
was positively related to multiple T cell-related processes and signal-
ing pathways, including the interferon gamma signaling pathway, the 

Characteristic

Patients (n = 289) TIM infiltration

PaNumber % Low (n = 145) High (n = 144)

Age at surgery, yearsb

Mean ± SD 63.09 ± 11.06 61.68 ± 11.19 64.50 ± 10.77 0.031

Gender

Female 185 64.0 92 93 0.84

Male 104 36.0 53 51  

pT-stage

T2 171 59.2 87 84 0.81

T3 85 29.4 40 45  

T4 33 11.4 18 15  

pN-stage

N0 226 78.2 113 113 0.837

N1 53 18.3 26 27  

N2 10 3.5 6 4  

TNM stage

II 159 55.0 80 79 0.537

III 79 27.3 35 44  

IV 51 17.7 30 21  

Tumor differentiation

Well, moderate 154 53.3 72 82 0.304

Poor 135 46.7 73 42  

Residual tumor

R0 255 88.2 131 124 0.266

R1 34 11.8 14 20  

Vascular invasion

Absent 196 67.8 101 95 0.504

Present 93 32.2 44 49  

ACT

Absent 179 61.9 93 86 0.441

Present 110 38.1 52 58  

Note: ACT, adjuvant chemotherapy; TIM, tumor-infiltrating mast cells; SD, standard deviation.
aP < 0.05 is considered statistically significant. 
bThe results of continuous variables are presented as mean ± SD. 
Bold value is considered statistically significant.

TA B L E  1   Correlation between mast 
cells infiltration and patient characteristics
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leukocyte migration signaling pathway, the leukocyte activation signal-
ing pathway and the immune response signaling pathway (Figure 2B).

To further explore the role of TIM, differential gene expression 
analyses were performed. As illustrated in Figure 2C, the high TIM 
infiltration group were enriched with genes involved in T cell activa-
tion, such as GZMK, GZMM, CD8A, CTLA4, BTLA, IFNG and TIGIT. 
We also observed that Th1 chemokines receptor CXCR3, which 
recruits CD8+ T cells, was highly enriched in the high TIM infiltra-
tion group. These results suggested that high TIM infiltration might 
mediate immune surveillance through recruitment and activation of 
CD8+ T cells in biliary cancer TME.

3.3 | CD8+ T cell infiltration positively correlates 
with tumor-infiltrating mast cell presence in tissue 
microarray dataset

After exploration of the TCGA cholangiocarcinoma cohort, we fur-
ther investigated the relationships between TIM and CD8+ T cells 
in GBC patients through immunohistochemistry. Similar to TCGA 
database results, TIM high infiltration tissue specimens were more 
likely to have high CD8+ T cell infiltration and potentially pre-
sented a negative relationship with regulatory T cells (Figure 3A). 
Significant positive correlation was also detected between the 
presence of TIM and CD8+ T cells (Spearman’s ρ = 0.268, P < 0.001, 
Figure 3B). Although there was no statistical difference in the cor-
relation coefficient between TIM and Treg (Spearman’s ρ = −0.034, 
P  =  0.5595, Figure 3C), TIM infiltration was significantly associ-
ated with the CD8+/FOXP3 ratio value (Spearman’s ρ = 0.512, P < 
0.001, Figure 3D). These results demonstrated that the increased 
CD8 T cell density is similarly present in GBC patients with high 
TIM infiltration.

3.4 | Combination of tumor-infiltrating mast 
cells and CD8+ T cells in gallbladder cancer is 
associated with better prognosis of in gallbladder 
cancer patients

We assessed the impact of different TIM and CD8+ T cell infiltra-
tion on patient survival. Using Kaplan–Meier analysis, TIM and 
CD8+ T cell double positive/high cases demonstrated markedly bet-
ter OS compared with the double negative/low cases (P < 0.001, 
Figure 4A), followed by the CD8+ T cell high and TIM low cases (P < 
0.05, Figure 4A). In patients who received chemotherapy, those with 
high infiltration of both TIM and CD8+ T cells had longer survival 
compared with those with low infiltration of both subsets (P < 0.05, 
Figure 4B).

4  | DISCUSSION

The role of the immune system in the control of cancer initiation and 
progression has been demonstrated in recent decades.19 Although most 
tumors evade immune surveillance at the time of presentation, the re-
sidual signs of active anticancer immune response present a favorable 
prognosis.9,20 High TIM density is associated with positive prognosis in 
some tumors.10,13,21 It is reported that TIM arrest the growth and induce 
apoptosis of breast cancer through secretion of IL-4.22 In the current 
study, we observed that TIM were positively correlated with prolonged 
OS. In addition, the high TIM subgroup could benefit more from ACT 
than the low TIM subgroup. These findings indicate that TIM could be 
a vital factor for predicting chemotherapeutic response, which could be 
valuable for selection and management of patients who receive ACT.

Considering the role that mast cells play in the developing 
tumor, we proposed that mast cells might present an anti–tumor 

TA B L E  2   Univariate and multivariate Cox regression analysis of 
overall survival

Characteristic
Univariate 
analysis Pa

Multivariate analysis

Hazard ratio  
(95% CI) Pa

Age at 
surgery, 
years

0.842    

Gender

Female 0.591    

Male      

pT-stage

T2 <0.001 Reference 0.170

T3   1.958 (0.705-5.439) 0.086

T4   2.097 (0.702-6.267) 0.110

pN-stage

N0 0.05 Reference 0.243

N1   1.315 (0.519-3.335)  

N2   1.808 (0.718-4.554)  

TNM stage

II <.001 Reference 0.001

III   2.472 (1.289-4.743) 0.06

IV   3.956 (1.855-8.435) <0.001

Tumor differentiation

Well-
moderate

.043 Reference 0.768

Poor   1.008 (0.79-1.490)  

Residual tumor

R0 0.082    

R1      

Vascular invasion

Absent 0.252    

Present      

TIM infiltration

Low <0.001 Reference <0.001

High   0.522 (0.373-0.730)  

Note: CI, confidence interval.
aP < 0.05 is considered statistically significant. 
Bold values are considered statistically significant.
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effect through activating cytotoxic T cells and inducing an im-
mune-stimulating environment. Through bioinformatics analysis, 
we found that TIM was related to multiple T cell-related processes 
and signaling pathways. Spearman’s correlation analysis indicated 
that TIM infiltration was positively correlated with anti–tumor 
CD8+ T cells in TMA. These findings confirmed the hypothesis 
that TIM may play a critical role in activating and promoting CD8+ 
T cells to reject tumors. Several previous studies of inflammation 
have suggested that activated mast cells facilitate anti–infection 
by enhancing recruitment of NK and CD8+ T cells.23,24 Oldford et 
al demonstrated that mast cells could display anti–tumor activity 
by recruiting CD8+ T cells by secreting CCL3 in the tumor con-
text.16 The stromal infiltration of CD8+ T cells in the tumor context 
is the basis for patients who receive immunotherapy. Accordingly, 
TIM might serve as an important prognostic factor in identifying 

biliary tract cancer patients for the combination of chemotherapy 
and immunotherapy.

Considering the TIM anti–tumor effect via recruitment of CTL, 
it is appealing to investigate the mechanism behind the TIM ac-
cumulation in GBC tissues. High CXCR3 expression mast cells are 
observed in synovial, which appears to recruit activated T lympho-
cytes through secreting Th1 chemokines CXCL9 and CXCL10.25 
It has been reported that expression of CCR2 and CCR5 changes 
during the maturation of mast cells, with high expression in mast 
cell progenitors that is subsequently downregulated in mature mast 
cells. In ACKR2–/–ApcMin/+ intestinal adenomas, mast cells with 
CCR2 and CCR5 overexpression modulate CD8+ T cell recruitment 
via the LTB4-BLT1 axis.26 To examine whether TIM in GBC follow 
a similar pattern, we measured CCR2 and CCR5 protein expres-
sion via immunofluorescence assays in TMA (Figure S1). The CCR5 

F I G U R E  2   Tumor-infiltrating mast cell (TIM) accumulation defines the immune surveillance context. A, Heatmap of CD8+ T cell 
signatures and Treg signatures in activated TIM gene signature tumors. B, Gene set enrichment analysis (GSEA) revealed an enrichment of 
the biology pathway involved in TIM high tumors. NES, normalized enrichment score. C, Volcano plot shows differential gene expression 
involved in CD8+ T cell reaction between TIM low and high groups. mRNA levels with a P < 0.05 and fold change ≥2 or ≤0.5 were perceived 
as differentially expressed
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protein is present in the majority of TIM in GBC tissues. However, 
CCR2 expression is relatively rare in TIM. These results confirm 
that chemokine receptor CCR5 plays an important role in TIM accu-
mulation in GBC tissues. It is suggested that in GBC tissues, CCR5 is 
potentially required for TIM to home to tumor tissues.

The paper has limitations in that it is a retrospective single insti-
tution study and the sample size is relatively small. In addition, the 
results were based on immunohistochemistry of tissue microarrays, 
which is a semiquantitative method and may not reflect the actual 

situation completely. A prospective, larger, multi-centered random-
ized trial is required to validate these findings in future.

In conclusion, this study identified that TIM is associated with 
a favorable prognosis of GBC patients and can be used as an in-
dependent prognostic factor. Patients with high TIM infiltration 
tend to have improved outcomes after receiving adjuvant gemcit-
abine-based ACT. TIM accumulation is correlated with more infil-
tration of CD8+ T cells, which may suggest an immune surveillance 
function of TIM in the microenvironment of GBC.

F I G U R E  3   Correlation between tumor-infiltrating mast cells (TIM) and tumor-infiltrating lymphocytes in gallbladder cancer (GBC). 
A, Representative immunohistochemistry images of CD8 +T cell and Treg infiltration in corresponding low (left upper) and high (left 
lower) TIM infiltration patients. B-D, Correlations assessed by Spearman analysis between TIM and tumor-infiltrating lymphocyte 
immunohistochemistry score in GBC: (B) CD8+ T cells, (C) Treg and (D) CD8/Treg ratio
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