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Abstract. Tumor‑infiltrating lymphocytes (TILs) are impor‑
tant components of the tumor microenvironment (TME). 
However, the distribution characteristics of TILs and their 
significance in pancreatic cancer (PC) remain largely 
unexplored. The levels of TILs, including the total number 
of T  cells, cluster of differentiation (CD)4+ T  cells, CD8+ 

cytotoxic T lymphocytes (CTLs), regulatory T‑cells (Tregs), 
programmed cell death protein 1+ T cells and programmed cell 
death ligand 1 (PD‑L1)+ T cells, in the TME of patients with 
PC were detected using multiple fluorescence immunohisto‑
chemistry. The associations between the number of TILs and 
the clinicopathological characteristics were investigated using 
χ2 tests. In addition, Kaplan‑Meier survival and Cox regression 
analyses were used to assess the prognostic value of these TIL 
types. Compared with paracancerous tissues, in PC tissues, the 
proportions of total T cells, CD4+ T cells and CD8+ CTLs were 
markedly decreased, while those of Tregs and PD‑L1+ T cells 
were significantly increased. The levels of CD4+ T cell and 
CD8+ CTL infiltrates were inversely associated with tumor 
differentiation. Higher infiltrates of Tregs and PD‑L1+ T cells 
were closely associated with advanced N and TNM stages. It 
is important to note that the infiltrates of total T cells, CD4+ 

T cells, Tregs and PD‑L1+ T cells in the TME were independent 
risk factors for the prognosis of PC. PC was characterized by 
an immunosuppressive TME with a decrease in the number of 
CD4+ T cells and CD8+ CTLs, and an increase in the number 
of Tregs and PD‑L1+ T cells. Overall, the number of total 

T cells, CD4+ T cells, Tregs and PD‑L1+ T cells in the TME 
was a potential predictive marker for the prognosis of PC.

Introduction

Pancreatic cancer (PC) is one of the most fatal digestive 
system malignancies; it exhibits the highest mortality rate and 
a yearly increase in occurrence throughout the world (1‑3). PC 
has a clinical characteristic of ‘three highs and three lows’, 
namely high morbidity, mortality and recurrence rates, and 
low early diagnosis, resection and 5‑year survival rates (2,3). 
In China, it is estimated that were 134,374 new cases of PC 
and 131,203 deaths attributed to this disease in 2022 (1). In the 
United States, the estimated number of new cases and deaths 
due to PC in 2022 were 62,210 and 48,830, respectively (2). 
Despite advances in therapeutic strategies, the prognosis 
of PC remains poor, with an overall 5‑year survival rate of 
11%, which is the lowest amongst all malignant tumors (2). 
Diagnosis and treatment of PC remain a challenge; thus, it 
is of great importance to elucidate the underlying molecular 
mechanisms of PC development and progression to highlight 
potential novel targets and treatments.

The tumor microenvironment (TME) is the environment 
where cancer cells exist and absorb nutrients or interact with 
other components. The TME encompasses the surrounding 
immune cells, lymphocytes, bone marrow‑derived inflam‑
matory cells, blood vessels, extracellular matrix, fibroblasts 
and other signaling molecules (4,5). The TME is commonly 
considered to be a complex ecosystem with immunosup‑
pressive and tumor‑promoting functions (4‑6). The TME of 
PC consists of a large number of dense stromal components 
that can create a favorable microenvironment for PC cell 
growth and proliferation, including activated pancreatic stel‑
late cells, tumor‑associated fibroblasts and other extracellular 
stroma components (4,6). The presence of multiple types of 
immune cells in the TME of PC that is both quantitatively 
and functionally imbalanced is usually characterized by a 
decrease in the number of cells with antitumor effects and 
a non‑functional or immature phenotype and state, such 
as cluster of differentiation (CD)4+ T  cells, CD8+ T  cells 
and natural killer (NK) cells, while cells with immunosup‑
pressive effects are functionally active and present in large 
numbers, such as regulatory T cells (Tregs), myeloid‑derived 
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suppressor cells (MDSCs) and tumor‑associated macrophages 
(TAMs) (4,6). For example, hsa_circ_0046523 can decrease 
the ratio of CD4+ and CD8+ T cells, and increase the ratio 
of Tregs by sponging the miR‑148a‑3p/PD‑L1 axis, while 
accelerating the apoptosis and failure of CD8+ T cells (7). 
Kaneda  et  al  (8) demonstrated that activation of PI3Kγ 
signaling promotes immunosuppression and tumor growth, 
while inactivation restores CD8+ T cell activation and cyto‑
toxicity. The research from Kabashima et al (9) concluded 
that patients with PC co‑expressing cGAS and STING showed 
favorable survival outcomes, with several cytotoxic CD8+ T 
cell infiltrates around the cancer cells, but not in patients with 
defective cGAS‑STING signaling. Lefler et al (10) found that 
the STAT3 signaling axis was disrupted via genetic ablation 
of STAT3, resulting in a decreased number of M2 macro‑
phages and an increased number of CD8+ T cells, as well as 
a slowing tumor progression. The PC cells themselves can 
also promote the activation of surrounding stromal cells and 
the accumulation of immunosuppressive cells at the tumor 
site by secreting various cytokines, such as IL‑10, TGF‑β, 
chemokines, CXCLl‑3 and CXCL5 (5). These multiple factors 
lead to an imbalance in the number and function of immune 
effector cells together, forming a unique immunosuppressive 
microenvironment in PC. A number of emerging studies have 
revealed that the heterogeneity and complexity of the TME are 
responsible not only for the growth, invasion and metastasis of 
PC, but also for its recurrence and resistance to chemotherapy 
and immunotherapy. 

Tumor‑infiltrating lymphocytes (TILs) are considered to 
be one of the major components present in the TME, which 
primarily includes immune cells, such as T lymphocytes, 
B lymphocytes and NK cells. As these TILs with different 
phenotypes exhibit an imbalance in their quantity and 
function, the interaction of cancer cells, immune cells and 
cytokines results in a TME that is conducive to tumor cell 
proliferation, migration and evasion of immune surveillance, 
which leads to enhanced proliferation and metastasis of PC 
cells, and increased differentiation and malignancy  (5,6). 
Moreover, TILs can also be used to predict the prognosis and 
response to immunotherapy in patients with PC (11). Cluster 
of differentiation (CD)8+ cytotoxic T lymphocytes (CTLs) are 
considered to be a common type of T lymphocytes present in 
the TME, which contribute to an excellent cancer prognosis 
by killing tumor cells (12). CD8+ CTLs cells in the TME are 
usually supported by CD4+ T helper 1 cells (CD4+ Th1) that 
release IFN‑γ and IL‑2 (13). Recently, a systematic review 
and meta‑analysis demonstrated that a high infiltration of 
CD8+ lymphocytes, CD3+ T  cells and CD4+ lymphocytes 
indicated improved overall survival (OS) rate and disease‑free 
survival (DFS) rate of patients with pancreatic ductal adeno‑
carcinoma (14). Tregs are a specific class of CD4+ T cells 
that are considered to promote tumor growth and invasion 
by inhibiting the host's immune response (15). Forkhead box 
P3 (FOXP3) is one of the most specific markers of Tregs; its 
elevated expression in Tregs is associated with poor OS and 
recurrence rates in patients with PC (14,16). By contrast, as 
a co‑stimulatory signaling pathway of the T‑cell immune 
response, the programmed cell death protein 1/programmed 
cell death ligand 1 (PD‑1/PD‑L1) pathway plays a crucial role 
in the immune escape of tumor cells. Previous studies have 

shown that PD‑1 expression is upregulated in tumor‑infil‑
trating CD8+ T cells in several types of solid tumors, and 
PD‑1+ CD8+ T cells contribute to impaired antitumor immune 
responses and poor survival outcomes (17,18). Nomi et al (19) 
reported that the positive rate of PD‑L1 protein expression was 
39.2% in PC tissues and that the expression levels of PD‑L1 
were inversely correlated with the number of TILs, notably 
with regard to CD8+ T cells. More importantly, the OS rate 
of PD‑L1‑positive patients was significantly lower than that of 
PD‑L1‑negative patients. Apparently, the different phenotypes 
and locations of TILs indicate different survival outcomes. 
However, the distribution characteristics and the significance 
of TILs in PC remain largely unexplored. 

In the current study, the levels of TILs, including the total 
number of T cells, CD4+ T cells, CD8+ CTL, Tregs, PD‑1+ 

T  cells and PD‑L1+ T  cells, were detected in the TME of 
patients with PC using multiple fluorescence immunohisto‑
chemistry (mFIHC). Furthermore, the relationships between 
TILs and the clinicopathological features were investigated. 
Finally, the prognostic value of these TILs was assessed in 
patients with PC. These findings may provide novel insights 
into the prognostic evaluation and therapy of PC.

Materials and methods

PC tissue microarrays (TMAs). A commercially available 
PC TMA was obtained from Shanghai Outdo Biotech Co., 
Ltd., (https://www.superchip.com.cn/biology/tissue.html; cat 
no. HPanA150Su01), which contained tumor tissues from 
90 patients with PC. This TMA had a total number of 150 
points, including 60 pairs of PC tissues and matched para‑
cancerous tissues, and 30 solitary PC tissues. All patients 
underwent radical resection between September 2004 and 
December 2008, and were followed up until December 2011. 

mFIHC. The Opal 7‑Color Manual IHC Kit (PerkinElmer, 
Inc.) was used for mFIHC staining, which enables the simulta‑
neous visualization of six markers and a nuclear counterstain 
in the same section. The detection panel included CD3, 
CD4, CD8, FOXP3, PD‑1 and PD‑L1. Brief﻿ly, the TMA was 
deparaffinized and rehydrated with serial dilution solutions 
following washing in xylene and graded ethanol. Antigen 
retrieval was performed by boiling in the antigen retrieval 
solution (Tris‑EDTA Buffer, pH 9.0). Subsequently, the TMA 
was incubated in 3% hydrogen peroxide solution for 15 min 
at room temperature to block endogenous peroxidase activity, 
followed by washing in PBS and incubation with 10% goat 
serum for 30 min at room temperature. Subsequently, the 
TMA was incubated with primary antibody (Table I) at 4˚C 
for 15 h, followed by the addition of horseradish peroxidase 
(HRP)‑conjugated secondary antibodies (Table I) for 30 min 
at 37˚C. Subsequently, the TMA was incubated with Tyramide 
signal amplification (TSA)‑Opal fluorophores for 10 min at 
37˚C and prepared for the next round of staining (the fluores‑
cent markers and corresponding colors are shown in Table I). 
Between each round of staining, the antibody‑TSA complex 
was removed from the antigen retrieval buffer solution (pH 9) 
and boiled. Following the last round of antibody staining, the 
TMA was counterstained with 4',6‑diamidino‑2‑phenylindole 
(DAPI) for 5 min at room temperature and incubated with 
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ProLong Gold Antifade Reagent (Thermo Fisher Scientific, 
Inc.). TSA technology was applied to mFIHC in this process, 
in which the HRP conjugated to the secondary antibody cata‑
lyzes the addition of fluorescein substrate to the system, and 
the production of activated fluorescent substrate that can cova‑
lently bind to tyrosine in the vicinity of the antigen, generating 
a large number of stable fluorescent compounds for signal 
amplification. Finally, the stained TMA was scanned using 
the PerkinElmer Vectra (PerkinElmer, Inc.) multispectral 
imaging platform.

TIL markers and mFIHC analysis. The phenotype markers 
used for targeting TILs were as follows: Total T cells, CD3+; 
CD4+ T cells, CD3+CD4+; CD8+ CTLs, CD3+CD8+; Tregs, 
CD3+CD4+FOXP3+; PD‑1+ T cells, CD3+PD‑1+; and PD‑L1+ 

T cells, CD3+PD‑L1+. At a magnification of x200, one image 
was captured for each core. The collected original mFIHC 
images were imported into the inForm image analysis soft‑
ware (version 2.1; PerkinElmer, Inc.), and the colors of the 
corresponding antibody marker were added; all photos were 
segmented and the resulting fluorescent images were exported. 
Subsequently, different antibody markers were labeled, the 
software automatically identified tissue areas on the image 
as well as fluorescence, while adjusting the threshold to the 
optimal value. The corresponding T cell number was then 
obtained by counting the double or triple‑stained cells and the 

total number of DAPI‑labeled nuclei for the total number of 
cells. Based on the results of the image analysis, the percentage 
of total T cells, CD4+ T cells, CD8+ CTL, Tregs, PD‑1+ T cells 
and PD‑L1+ T cells in the PC tissues and paracancerous tissues 
was calculated, as well as the percentage of CD4+ T cells, 
CD8+ CTL, Tregs, PD‑1+ T cells and PD‑L1+ T cells over the 
total percentage of T cells. 

Statistical analysis. SPSS version  24.0 (IBM Corp.) and 
GraphPad Prism version 8.0 (GraphPad Software; Dotmatics) 
software were used for statistical analysis. The data are 
presented as the mean ± standard deviation and compared 
using an unpaired Student's t‑test. The association between 
the number of TILs and the clinicopathological characteristics 
was analyzed using a χ2 test. A Kaplan‑Meier survival curve 
was used to evaluate the relationship between the expression 
levels of TIL‑specific markers and the OS rate, followed by 
the log‑rank test. The forward stepwise Cox regression model 
was used to perform univariate and multivariate analyses for 
the assessment of disease prognosis. P<0.05 was considered to 
indicate a statistically significant difference.

Results 

Patient characteristics. The results of mFIHC indicated that 
57 pairs of PC and matched paracancerous tissues and 25 cases 

Table I. Primary and secondary antibodies, and fluorescent dyes used in the present study.

A, Primary antibodies						    

		  Fluorescent	 Deposition			 
Antibodies	 Dilution	 dye	 color	 Species	 Supplier	 Cat. no.

CD3	 1:500	 Opal 520	 Green	 Mouse	 Abcam	 Ab135372
CD4	 1:5	 Opal 570	 Cyan	 Mouse	 Abcam	 Ab183685
	 (ready to use)					   
CD8	 1:300	 Opal 650	 Red	 Mouse	 Abcam	 Ab217344
FOXP3	 1:500	 Opal 690	 Pink	 Rabbit	 Cell Signaling Technology, Inc.	 98377s
PD‑1	 1:500	 Opal 540	 Yellow	 Mouse	 Cell Signaling Technology, Inc.	 86163T
PD‑L1	 1:300	 Opal 620	 Magenta	 Mouse	 Cell Signaling Technology, Inc.	 13684T

B, Secondary antibodies						    

		  Fluorescent	 Deposition			 
Antibodies	 Dilution	 dye	 color	 Species	 Supplier	 Cat. no.

HRP‑Conjugated	 1:10,000				    Wuhan Bode Bioengineering	 BA1051
AffiniPure Goat IgG					     Co., Ltd.	
Anti‑rabbit						    
(H+L)						    
HRP‑Conjugated	 1:10,000				    Wuhan Bode Bioengineering	 BA1056
AffiniPure Goat					     Co., Ltd.	
Anti‑mouse IgG						    
(H+L)						    

CD, cluster of differentiation; PD‑1, programmed cell death protein 1; PD‑L1, programmed cell death ligand 1; FOXP3, forkhead box P3.
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of solitary PC tissues with complete tissue structure and no 
loss in the TMA were successfully stained. The dots circled 
highlighted in red in Fig. S1 were unsuccessfully stained 
due to incomplete tissue structure or severe loss. A total of 
82 patients with PC were therefore included in the present 
study, consisting of 53 males and 29 females with a median age 
of 62 years (34‑83 years). Among these cases, 46 of the tumors 
were located in the head, 31 in the body or tail, and 5 were of 
unknown location due to a lack of information. The average 
maximum diameter of the tumors was 4.7±2.1 cm. According 
to TNM stage classification for PC (eighth edition) (20), 36 
tumors were categorized as stage I, 40 as stage II, 1 as stage IV 
and 5 as unknown due to a lack of information. The patients 
were followed up for 0.6‑87 months until December 2011. At 
the end of the follow‑up, 61 patients succumbed to the disease 
and 21  patients survived. The average survival time was 
21.4±22.7 months (Table II).

Distribution characteristics of TILs in the TME of PC. Fig. 1 
represents the mFIHC staining pattern of CD3, CD4, CD8, 
PD‑1, PD‑L1 and FOXP3 in PC and matched paracancerous 

Table II. Information on 82 cases of patients with pancreatic 
cancer.

Variables	 Value

Median age (range), years	 62 (34‑83)
Sex, n	
  Male	 53
  Female	 29
Surgical method, n	
  Pancreatoduodenectomy	 47
  Distal pancreatectomy	 30
  Tumor enucleation	 5
Tumor locationa, n	
  Head	 46
  Body or tail	 31
Mean tumor size ± SD, cm	 4.7±2.1
T stageb, n	
  T1/T2	 65
  T3	 16
N stagea, n	
  N0	 45
  N1	 32
TNM stagea, n	
  I	 36
  II	 40
  III	 0
  IV	 1
Survival, average (range), months	 20.9 (0.6‑81)

A total of 82 pancreatic cancer patients whose tissues were success‑
fully stained using multiplex fluorescence immunohistochemistry 
were included in this study. a5 cases lacked information; b1 case 
lacked information.

Table III. Percentage of tumor‑infiltrating lymphocytes in 57 
pairs of PC and matched paracancerous tissuesa.

Variable	 Mean	 SD	 P‑value

Total T cells			   0.008b

  Tumor tissues	 5.27	 4.0	
  Paracancerous tissues	 7.69	 5.4	
CD4+ T cells			   0.005b

  Tumor tissues	 0.67	 0.7	
  Paracancerous tissues	 1.14	 1.0	
CD8+ CTLs			   <0.001c

  Tumor tissues	 0.21	 0.4	
  Paracancerous tissues	 1.93	 3.4	
Tregs			   0.001c

  Tumor tissues	 0.27	 0.5	
  Paracancerous tissues	 0.04	 0.1	
PD‑1+ T cells			   0.712
  Tumor tissues	 1.43	 1.4	
  Paracancerous tissues	 1.52	 1.3	
PD‑L1+ T cells			   0.032d

  Tumor tissues	 2.38	 1.6	
  Paracancerous tissues	 1.76	 1.4	

aIn 57 of 60 pairs, staining of PC and matched paracancerous tissues 
was successful. bP≤0.01, cP≤0.001, dP≤0.05. PC, pancreatic cancer; 
CD, cluster of differentiation; PD‑1, programmed cell death protein 
1; PD‑L1, programmed cell death ligand 1; Treg, regulatory T cell.

Table IV. Percentage of different tumor‑infiltrating lympho‑
cytes over the number of total T cells in 57 pairs of pancreatic 
cancer and matched paracancerous tissuesa.

Variables	 Mean 	 SD	 P‑value

CD4+ T cells			   0.104
  Tumor tissues	 14.7	 10.5	
  Paracancerous tissues	 18.8	 16.0	
CD8+ CTLs			   <0.001b

  Tumor tissues	 3.5	 5.4	
  Paracancerous tissues	 22.2	 21.5	
Tregs			   <0.001b

  Tumor tissues	 5.2	 4.0	
  Paracancerous tissues	 0.6	 1.1	
PD‑1+ T cells			   0.110
  Tumor tissues	 25.6	 10.0	
  Paracancerous tissues	 22.0	 14.2	
PD‑L1+ T cells			   <0.001b

  Tumor tissues	 48.2	 16.8	
  Paracancerous tissues	 25.2	 15.3	

aIn 57 of 60 pairs, staining of pancreatic cancer and matched paracan‑
cerous tissues was successful. bP<0.001. CD, cluster of differentiation; 
PD‑1, programmed cell death protein 1; PD‑L1, programmed cell 
death ligand 1; Treg, regulatory T cell.
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tissues. As shown in Table III, the percentage of total T cells 
(Fig. 2A), CD4+ T cells (Fig. 2B) and CD8+ CTLs (Fig. 2C) 
in the PC tissues was significantly lower compared with that 
noted in the paracancerous tissues, while the percentage of 
Tregs (Fig. 2D) and PD‑L1+ T (Fig. 2F) cells in PC tissues 
was significantly increased. However, the percentage of PD‑1+ 

T cells demonstrated no significant difference between PC and 
paracancerous tissues (Fig. 2E). Moreover, the proportion of 
CD8+ CTLs in the total number of T cells was significantly 
reduced (Fig. 2H), while the proportion of Tregs (Fig. 2I) and 
PD‑L1+ T (Fig. 2K) cells in the total number of T cells was 
significantly increased in PC tissues. Finally, the proportion 
of CD4+ T (Fig. 2G) cells and PD‑1+ T (Fig. 2J) cells in the 
total number of T  cells was comparable between PC and 
paracancerous tissues (Table IV).

Association of TILs with clinicopathological characteristics. 
The median number of each TIL type was used as a cut‑off 
point to classify the patients included in the study into low‑ 
and high‑infiltration groups. The associations of TILs with 
clinicopathological characteristics were analyzed. As shown 
in Tables V‑VII, the extent of infiltration of the total number 
of T cells was closely associated with the tumor differentiation 
and T stage, but not with sex, age, tumor diameter, N stage and 

TNM stage. The infiltrates of CD4+ T cells and CD8+ CTLs 
were inversely associated with tumor differentiation. Higher 
infiltrates of Tregs and PD‑L1+ T cells were closely associated 
with advanced N and TNM stages. The levels of PD‑1+ T cell 
infiltration were closely associated with tumor differentiation 
and T stage, and were not associated with sex, age, tumor 
diameter, N stage and TNM stage. 

Association of TILs with prognosis. Kaplan‑Meier analysis 
indicated that patients with high levels of total T cell (Fig. 3A, 
P=0.010), CD4+ T cell (Fig. 3B, P=0.021), and CD8+ CTL 
(Fig. 3C, P=0.015) infiltrates exhibited a significantly higher 
OS rate than those with low levels of infiltrates. However, the 
OS rate of patients with high levels of Treg (Fig. 3D, P=0.036) 
and PD‑L1+ T cell (Fig. 3F, P=0.005) infiltrates was signifi‑
cantly lower than that of patients with low levels of Treg and 
PD‑L1+ T cell infiltrates. In addition, the infiltrate levels of 
PD‑1+ T cells exhibited no significant effect on the OS rate 
(Fig. 3E, P=0.677).

Multivariate analysis of prognosis in patients with PC. 
Univariate analysis indicated that tumor differentiation 
(P=0.010), N stage (P=0.007), TNM stage (P=0.004), total 
number of T cells (P=0.010), CD4+ T cells (P=0.021), CD8+ 

Figure 1. Multiplex fluorescence immunohistochemistry staining of CD3 (green), CD4 (cyan), CD8 (red), PD‑1 (yellow), PD‑L1 (magenta), FOXP3 (pink) and 
DAPI (blue) in PC tissues and ANT. Representative merged images of the PC tissues and ANT, respectively, are shown from 1 patient following multispectral 
merging. Scale bar, 200 µm. CD, cluster of differentiation; PD‑1, programmed cell death protein 1; PD‑L1, programmed cell death ligand 1; FOXP3, forkhead 
box P3; DAPI, 4',6‑diamidino‑2‑phenylindole; PC, pancreatic cancer; ANT, adjacent normal tissues.

https://www.spandidos-publications.com/10.3892/ol.2023.13847
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CTLs (P=0.015), Tregs (P=0.036) and PD‑L1+ T  cells 
(P=0.005) were associated with the OS rate of patients with 
PC (Table VIII). Subsequently, these variables were included 
in a multivariate Cox regression model. Multivariate analysis 
revealed that tumor differentiation [hazard ratio (HR), 2.733; 
P=0.001], TNM stage (HR, 2.364; P=0.005), total number 
of T cells (HR, 0.323; P=0.001), CD4+ T cells (HR, 0.393; 
P=0.003), PD‑L1+ T cells (HR, 2.305; P=0.012) and Tregs 
(HR, 2.786; P=0.003) were independent risk factors of OS rate 
in patients with PC (Table IX).

Discussion

Despite the improvements in the survival times of patients with 
PC due to radical resection combined with adjuvant chemo‑
therapy, the prognosis of patients with PC remains extremely 
poor, as ~50% of patients are diagnosed in the first instance 
with advanced‑stage disease. In recent years, immunotherapy 
consisting of PD‑1 and PD‑L1 inhibitors has been shown to 
be highly effective in the treatment of melanoma, non‑small 
cell lung cancer and hepatocellular carcinoma  (21,22). 

Figure 2. Percentage of TILs and the percentage of TILs over the total percentage of T cells in the PC tissues and ANT. (A‑F) The percentage of (A) total 
T cells, (B) CD4+ T cells and (C) CD8+ CTLs in PC tissues were significantly reduced compared with those in ANTs, while those of (D) Tregs and (F) PD‑L1+ 

T cells in the PC tissues were significantly increased; in (E) PD‑1+ T cells no significant difference was noted. (G‑K) The percentage of (H) CD8+ CTLs 
as a percentage of total T cells was significantly reduced, while the percentage of (I) Tregs and (K) PD‑L1+ T cells was markedly increased in PC tissues; 
the proportion of (G) CD4+ T cells and (J) PD‑1+ T cells did not differ significantly. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001. ns, not significant; TILs, 
tumor‑infiltrating lymphocytes; PC, pancreatic cancer; ANTs, adjacent normal tissues; CD, cluster of differentiation; CTLs, cytotoxic T lymphocytes; Tregs, 
T regulatory cells; PD‑L1, programmed cell death ligand 1; PD‑1, programmed cell death protein 1.
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However, the treatment of PC remains a challenge due to the 
disappointing results derived from immunotherapy (5). This 
failure is likely due to a highly immunosuppressive TME state 
present in PC. TILs are important components of the TME 
and their composition reflects the confrontation between the 
host immune system and the tumor cells (23). Among these 
TILs, CD4+ T cells and CD8+ CTLs are the primary antitumor 
effector T  cells, and they can inhibit the occurrence and 
progression of cancer through various mechanisms. Upon acti‑
vation, CD4+ T cells can differentiate into CD4+ Th1 cells and 
secrete IL‑2 to activate CD8+ CTLs. Subsequently, cytokines, 
such as IFN‑γ, TNF‑β, IL‑4, IL‑5 and IL‑10 are secreted by 
CD8+ CTLs, and regulate cellular and humoral immunity for 
killing or inhibiting the progression of PC tumor cells (24,25). 
Previous studies have shown that patients with PC and high 
levels of infiltrating CD4+ T cells and CD8+ CTLs in tumor 
tissues present with an improved prognosis (23,26). Recently, 
spatial computational analysis revealed that the density of CD8+ 
cells throughout the tumor and tumor center was associated 
with higher survival rates in patients with PC (27). Moreover, 
evidence has also indicated that patients with PC with a 
substantial level of CD8+ CTL infiltrate exhibit an improved 
response to chemotherapy (28). Similarly, TILs are present in 
the TME of other malignancies. For example, higher levels 
of CD8+ CTLs were observed in the tumor tissues of patients 

with cervical and ovarian cancer, and were associated with 
improved patient prognosis (29,30). The increase in the Treg 
count was associated with colorectal cancer tumor progres‑
sion, immunotherapy failure and a poorer prognosis (31,32). 
In the present study, the distribution characteristics of six 
types of TILs were investigated in PC tissues using mFIHC. 
The results demonstrated that the infiltrate levels of the total 
number of T cells, CD4+ T cells and CD8+ CTLs were signifi‑
cantly reduced, while the number of Tregs and PD‑L1+ T cells 
was significantly increased in PC tissues. Moreover, higher 
levels of total T cells, and CD4+ T cell and CD8+ CTL infil‑
trates were associated with an improved prognosis, whereas 
higher levels of Treg and PD‑L1+ T cell infiltrates in the tumor 
tissues were indicative of a poorer prognosis in the patients 
with PC. The Cox regression model with multivariate analysis 
indicated that the levels of total T cells, and CD4+ T cell, Treg 
and PD‑L1+ T cell infiltrates, as well as the tumor differen‑
tiation and TNM stage, were independent risk factors for the 
OS rate of patients with PC. These results suggested that the 
decreased number of CD4+ T cells and CD8+ CTLs, as well as 
the increased number of Tregs and PD‑L1+ T cells in the tumor 
tissues, contributed to the formation of an immunosuppressive 
TME state in patients with PC.

Tregs are a subgroup of CD4+ T cells, which are one of 
the most important immunosuppressive cells present in the 

Table V. Associations of total number of T cells and CD4+ T cells with clinicopathological characteristics in 82 cases of pancreatic 
cancer.

	 Total T cells, n (%)	 CD4+ T cells, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low (n=41)	 High (n=41)	 P‑value	 Low (n=41)	 High (n=41)	 P‑value

Sex			   0.106			   0.817
  Male	 30 (56.60)	 23 (43.40)		  27 (50.94)	 26 (49.06)	
  Female	 11 (37.93)	 18 (62.07)		  14 (48.28)	 15 (51.72)	
Age, years			   0.267			   0.506
  ≤60	 16 (43.24)	 21 (56.76)		  17 (45.95)	 20 (54.05)	
  >60	 25 (55.56)	 20 (44.44)		  24 (53.33)	 21 (46.67)	
Diameter, cma	 		  0.860			   0.503
  ≤3	 12 (52.17)	 11 (47.83)		  13 (56.52)	 10 (43.48)	
  >3	 29 (50.00)	 29 (50.00)		  28 (48.28)	 30 (51.72)	
Differentiation			   0.040b	 		  0.012b

  Well/moderately differentiated	 21 (41.18)	 30 (58.82)		  20 (39.22)	 31 (60.78)	
  Poor	 20 (64.52)	 11 (35.48)		  21 (67.74)	 10 (32.26)	
T stagea	 		  0.049b	 		  0.615
  T1/T2	 29 (44.62)	 36 (55.38)		  32 (49.23)	 33 (50.77)	
  T3	 12 (75.00)	   4 (25.00)		    9 (56.25)	   7 (43.75)	
N stagec	 		  0.271			   0.271
  N0	 24 (53.33)	 21 (46.67)		  24 (53.33)	 21 (46.67)	
  N1	 13 (40.63)	 19 (59.37)		  13 (40.63)	 19 (59.37)	
TNM stagec			   0.891			   0.749
  I	 17 (47.22)	 19 (52.78)		  18 (50.00)	 18 (50.00)	
  II‑IV 	 20 (48.78)	 21 (51.22)		  19 (46.34)	 22 (53.66)	

a1 case lacked information; bP<0.05; c5 cases lacked information. CD, cluster of differentiation.
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TME  (33). Accumulating evidence has shown that Tregs 
are involved in multiple immunoregulatory mechanisms 
and execute functions of the host immune response (33,34). 
Tregs mediate tumor cells to evade immune surveillance and 
immune elimination, and to promote the progression of malig‑
nant tumors (26,33,34). The FOXP3+ Treg infiltrate in the TME 
can inhibit the function of effector T cells and dendritic cells 
by secreting suppressive cytokines, such as IL‑10 and TGF‑β, 
or via the cell‑mediated involvement of inhibitory receptors, 
promoting the exhaustion of effector T cells (35). Previous 
studies revealed that the number of Tregs was significantly 
increased in a variety of tumor tissues, including ovarian, 
colorectal and lung cancer (31,36,37). In the case of PC, the 
density of Tregs was significantly higher in tumor tissues than 
that noted in the paratumoral pancreatic tissues. The density 
of Tregs was significantly correlated with the histological 
grade and lymph node metastasis (38). In a consecutive series 
of 92 patients with PC resection, Liu et al (39) demonstrated 
that patients with higher levels of intratumoral Tregs exhibited 
shorter DFS times than those with lower levels of Tregs (11.2 vs. 
22.2 months; P<0.001). In the current study, the data confirmed 
that the number of Tregs in PC tissues was significantly higher 
than that noted in paracancerous tissues; patients with lymph 

node metastasis and advanced TNM stage exhibited a higher 
level of Treg infiltrate in tumor tissues. Furthermore, higher 
Treg infiltrate was associated with a poorer prognosis in 
patients with PC, suggesting that this marker is an independent 
risk factor for the prognosis of this disease.

It is well established that immune checkpoints are 
important mechanisms for tumor immune escape (40,41). 
The PD‑1/PD‑L1 pathway is a major immune checkpoint for 
the tumor‑suppressing function of the lymphocytes present 
within the TME (42). The PD‑1/PD‑L1 axis is an important 
target for tumor immunotherapy and PD‑1/PD‑L1 blockade 
has shown favorable therapeutic effects in a variety of cancer 
types (21,42,43). PD‑1 is primarily expressed in activated 
CD4+ T cells, CD8+ T and B cells  (44). However, PD‑L1 
is not only expressed in various immune cells, including 
activated CD4+ T cells and Treg subsets, but also in tissue 
cells, including cancer cells (45,46). Previous studies have 
demonstrated that tumor cells and the TME can upregulate 
PD‑L1 expression, activate PD‑1/PD‑L1 signaling pathways, 
and inhibit the activation and proliferation of CD4+ and 
CD8+ T cells. In addition, PD‑1 binds to PD‑L1 and acts 
on several key molecules in the T cell receptor‑signaling 
pathway to inhibit the transcription and translation of genes 

Table VI. Association between the percentage of CD8+ CTLs and Tregs with the clinicopathological characteristics in the 
82 cases of pancreatic cancer.

	 CD8+ CTLs, n (%)	 Tregs, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low (n=41)	 High (n=41)	 P‑value	 Low (n=41)	 High (n=41)	 P‑value

Sex			   0.817			   0.488
  Male	 26 (49.06)	 27 (50.94)		  28 (52.83)	 25 (47.17)	
  Female	 15 (51.72)	 14 (48.28)		  13 (44.83)	 16 (55.17)	
Age, years			   0.824			   0.824
  ≤60	 19 (51.35)	 18 (48.65)		  19 (51.35)	 18 (48.65)	
  >60	 22 (48.89)	 23 (51.11)		  22 (48.89)	 23 (51.11)	
Diameter, cma	 		  0.245			   0.418
  ≤3	 14 (60.87)	 9 (39.13)		  10 (43.48)	 13 (56.52)	
  >3	 27 (46.55)	 31 (53.45)		  31 (53.45)	 27 (46.55)	
Differentiation			   0.012b	 		  0.111
  Well, moderately, and highly	 20 (39.22)	 31 (60.78)		  22 (43.14)	 29 (56.86)	
  differentiated
  Poorly differentiated	 21 (67.74)	 10 (32.26)		  19 (61.29)	 12 (38.71)	
T stagea	 		  0.162			   0.615
  T1/T2 	 30 (46.15)	 35 (53.85)		  32 (49.23)	 33 (50.77)	
  T3 	 11 (68.75)	   5 (31.25)		    9 (56.25)	   7 (43.75)	
N stagec	 		  0.307			   0.004d

  N0	 25 (55.56)	 20 (44.44)		  29 (64.44)	 16 (35.56)	
  N1	 14 (43.75)	 18 (56.25)		  10 (31.25)	 22 (68.75)	
TNM stagec	 		  0.915			   0.029b

  I	 18 (50.00)	 18 (50.00)		  23 (63.89)	 13 (36.11)	
  II‑IV	 21 (51.22)	 20 (48.78)		  16 (39.02)	 25 (60.98)	

a1 case lacked information; bP<0.05; c5 cases lacked information; dP<0.01. CD, cluster of differentiation; CTLs, cytotoxic T lymphocytes; 
Tregs, T regulatory cells.
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Table VII. Association between the percentage of PD‑1+ T cells and PD‑L1+ T cells with the clinicopathological characteristics 
in the 82 cases of pancreatic cancer.

	 PD‑1+ T cells, n (%)	 PD‑L1+ T cells, n (%)		
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low (n=41)	 High (n=41)	 P‑value	 Low (n=41)	 High (n=41)	 P‑value

Sex			   0.488			   0.488
  Male	 25 (47.17)	 28 (52.83)		  28 (52.83)	 25 (47.17)	
  Female	 16 (55.17)	 13 (44.83)		  13 (44.83)	 16 (55.17)	
Age, years			   0.824			   0.824
  ≤60	 18 (48.65)	 19 (51.35)		  19 (51.35)	 18 (48.65)	
  >60	 23 (51.11)	 22 (48.89)		  22 (48.89)	 23 (51.11)	
Diameter, cma	 		  0.245			   0.752
  ≤3	 9 (39.13)	 14 (60.87)		  11 (47.83)	 12 (52.17)	
  >3	 31 (53.45)	 27 (46.55)		  30 (51.72)	 28 (48.28)	
Differentiation			   0.012b	 		  0.494
  Well, moderately and highly	 20 (39.22)	 31 (60.78)		  24 (47.06)	 27 (52.94)	
  differentiated						    
  Poorly differentiated	 21 (67.74)	 10 (32.26)		  17 (54.84)	 14 (45.16)	
T stagea	 		  0.027			   0.615
  T1/T2 	 28 (43.08)	 37 (56.92)		  32 (49.23)	 33 (50.77)	
  T3 	 12 (75.00)	 4 (25.00)		  9 (56.25)	 7 (43.75)	
N stagec	 		  0.079			   0.002d

  N0	 26 (57.78)	 19 (42.22)		  30 (66.67)	 15 (33.33)	
  N1	 12 (37.50)	 20 (62.50)		  10 (31.25)	 22 (68.75)	
TNM stagec	 		  0.726			   0.015b

  I	 17 (47.22)	 19 (52.78)		  24 (66.67)	 12 (33.33)	
  II‑IV	 21 (51.22)	 20 (48.78)		  16 (39.02)	 25 (60.98)	

a1 case lacked information; bP<0.05; c5 cases lacked information; dP<0.01. PD‑1, programmed cell death protein 1; PD‑L1, programmed cell 
death ligand 1.

Figure 3. Associations of TIL types with disease prognosis. Kaplan‑Meier analysis (A‑F) indicated that patients with high infiltrates of (A) total T cells, 
(B) CD4+ T cells and (C) CD8+ CTLs exhibited a significantly longer OS time than those with low levels of infiltrates. By contrast, the OS times of patients 
with low levels of (D) Tregs and (F) PD‑L1+ T cell infiltrates was significantly shorter; the infiltrate levels of (E) PD‑1+ T cells exhibited no significant effect on 
the OS. *P<0.05. ns, no significance; TIL, tumor‑infiltrating lymphocyte; CD, cluster of differentiation; CTLs, cytotoxic T lymphocytes; OS, overall survival; 
Treg, T regulatory cell; PD‑L1, programmed cell death ligand 1; PD‑1, programmed cell death protein 1.
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and cytokines required for T‑cell activation. Moreover, it 
induces T‑cell apoptosis, thereby negatively regulating the 
body's immune response  (47,48). Moreover, activation of 
the PD‑1/PD‑L1 signaling pathway can also maintain the 
function of the Tregs and promote their development (49,50). 
Wang et al (51) indicated that high expression of PD‑1 on 

the membranes of T cells was significantly correlated with 
optimal differentiation and advanced T stage in PC, whereas 
high expression of PD‑1 indicated a significantly superior OS 
rate. Nevertheless, in the current study, it was found that the 
number of PD‑1+ T cells exhibited no significant difference 
between PC and paracancerous tissues. Although the infiltrate 

Table VIII. Single factor analysis of prognosis in the 82 cases of pancreatic cancer.

Clinicopathological parameters	 n	 Hazard ratio	 95% confidence interval	 P‑value

Sex		  1.037	 0.557‑4.248	 0.409
  Male	 53			 
  Female	 29			 
Age, years		  1.149	 0.474‑3.516	 0.369
  ≤60	 37			 
  >60	 45			 
Diameter, cma 		  1.391	 0.301‑8.419	 0.540
  ≤3	 23			 
  >3	 58			 
Differentiation		  2.354	 1.046‑15.924	 0.010b

  Well/moderately differentiated	 51			 
  Poorly differentiated	 31			 
T‑stagea	 	 0.233	 0.043‑1.260	 0.996
  T1/T2	 65			 
  T3	 16			 
N‑stagec	 	 5.869	 1.548‑22.251	 0.007b

  N0	 45			 
  N1	 32			 
TNM stagec	 	 3.712	 1.242‑11.096	 0.004b

  I	 36			 
  II‑IV	 41			 
Total T cells		  2.634	 1.347‑18.354	 0.010b

  High	 41			 
  Low	 41			 
CD4+ T cells		  1.926	 1.152‑16.327	 0.021d

  High	 41			 
  Low	 41			 
CD8+ CTLs		  2.015	 1.065‑19.083	 0.015d

  High	 41			 
  Low	 41			 
Tregs		  1.375	 1.013‑8.419	 0.036d

  High	 41			 
  Low	 41			 
PD‑1+ T cells		  0.915	 0.694‑5.282	 0.677
  High	 41			 
  Low	 41			 
PD‑L1+ T cells		  4.608	 1.494‑34.213	 0.005b

  High	 41			 
  Low	 41			 

a1 case lacked information; bP≤0.01; c5 cases lacked information; dP≤0.05. PD‑1, programmed cell death protein 1; PD‑L1, programmed cell 
death ligand 1; CD, cluster of differentiation; CTLs, cytotoxic T lymphocytes; Tregs, T regulatory cells.
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level of PD‑1+ T cells was lower in patients with poor differ‑
entiation and advanced T stage, it did not cause a significant 
effect on the OS rate of patients with PC. PD‑1 is expressed 
on the surface of activated T cells in PC tissues, mostly CD4+ 
T cells and CD8+ T cells, as well as B cells and monocytes. 
At the same time, activated T cells are inhibited in the tumor 
immune microenvironment, and PD‑L1 expressed in PC 
cells can transmit negative regulatory signals after binding 
with PD‑1, which leads to a reduction in T‑cell proliferation 
or apoptosis while cancer cells exhibit rapid growth (5). This 
may well explain why there was no significant difference in 
PD‑1 expression between PC and adjacent normal tissues in 
the present study. Previous studies indicated that PD‑L1 was 
abnormally upregulated in tumor tissues of lung cancer and 
melanoma, while PD‑L1 expression was significantly associ‑
ated with improved outcomes and therapeutic responses to 
anti‑PD‑L1 antibody treatments (52,53). Based on the mRNA 
expression data from TCGA and the immunohistochemical 
protein expression data derived from 33 cases of PC, 
Danilova et al (54) indicated that PD‑L1 expression in PC was 
associated with CD8A expression, IDO1 expression and the 
Th1/IFN‑γ gene signature. Moreover, high PD‑L1 expression 
was associated with poor patient survival in patients with PC. 
The results of the present study suggested that the number of 

PD‑L1+ T cells was markedly higher in PC tissues than that 
noted in paracancerous tissues. A higher infiltrate of PD‑L1+ 
T cells was noted in patients with positive lymph nodes and 
advanced TNM stage, which supported a lower survival time 
for patients with PC and a higher PD‑L1+ T cell infiltrate.

Undoubtedly, the present study has certain limitations. 
Firstly, not all types of TILs were investigated, the spatial 
distribution characteristics of TILs were not described and 
the results of RT‑qPCR for TIL expression are lacking. 
Secondly, the detection of TILs was based on a commercial 
TMA with limited cases, and certain clinicopathological data 
were omitted, such as pancreatolithiasis, drinking habits, and 
history of chronic pancreatitis and type 2 diabetes. Thirdly, 
other immunosuppressive cells that regulate the infiltration of 
TILs in the pancreatic TME, such as M2‑like TAMs, MDSCs 
and cancer‑associated fibroblasts, were not involved in the 
present study. Therefore, additional large‑scale studies are 
required to further improve these limitations.

In summary, the results of the present study demonstrated 
that patients with PC had an immunosuppressive TME, with 
reduced numbers of CD4+ T cells and reduced levels of CD8+ 
CTL infiltrates, as well as increased numbers of Tregs and 
PD‑L1+ T cells. The infiltrates of total T cells, CD4+ T cells, 
Tregs and PD‑L1+ T cells in the TME were independent risk 

Table IX. Multivariate analysis of prognosis in 82 cases of pancreatic cancer. 

Clinicopathological parameters	 n	 Hazard ratio	 95% confidence interval	 P‑value

Differentiation		  2.733	 1.491‑5.009	 0.001a

  Well	 51			 
  Moderately	 31			 
N stageb	 	 2.243	 0.794‑6.332	 0.127
  N0	 45			 
  N1	 32			 
TNM stageb	 	 2.364	 1.297‑4.308	 0.005c

  I	 36			 
  II‑IV	 41			 
Total T cells		  0.323	 0.169‑0.618	 0.001a

  High	 41			 
  Low	 41			 
CD4+ T cells		  0.393	 0.214‑0.722	 0.003c

  High	 41			 
  Low	 41			 
CD8+ CTLs		  0.587	 0.303‑1.137	 0.114
  High	 41			 
  Low	 41			 
Tregs		  2.786	 1.426‑5.445	 0.003c

  High	 41			 
  Low	 41			 
PD‑L1+ T cells		  2.305	 1.205‑4.409	 0.012d

  High	 41			 
  Low	 41			 

aP≤0.001; b5 cases lacked information; cP≤0.01; dP≤0.05. CD, cluster of differentiation; CTLs, cytotoxic T lymphocytes; Tregs, T regulatory cells.
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factors for the prognosis of PC. These TILs are expected to be 
novel targets for remodeling the TME of PC.
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