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Abstract: Objective: The purpose of this study was to investigate the role of LAP+CD4+ T cell in pancreatic cancer 
immunity. Methods: LAP and CD4 double staining was performed for tumor tissues and peri-tumor tissues from 
35 patients with pancreatic cancer, and normal pancreatic tissues from 35 patients with benign lesions. Average 
number of the LAP+CD4+ T cell in each visual field was quantified. Results: The number of LAP+CD4+ T cell/high-mag-
nification microscope field (400×) in the pancreatic cancer tissues was 8.38±1.44, which was significantly higher 
than that (5.21±1.24) in the peri-pancreatic cancer tissues and that (1.49±0.64) in the normal pancreatic tissues 
with benign lesions. Furthermore, in the pancreatic cancer tissues, LAP+CD4+ T cells were present as clusters in the 
tumor stroma and closely associated with CD4+ T lymphocytes. In contrast, in the peri-pancreatic cancer tissues and 
normal pancreatic tissues, LAP+CD4+ T cells were distributed sparsely. Conclusions: LAP+CD4+ T cells was increased 
in pancreatic cancer tissues and may inhibit local anti-tumor immunity.
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Introduction

Anti-tumor immunity includes cellular and 
humoral immune responses, of which cellular 
immune response plays a more important role. 
T lymphocytes, natural killer (NK) cells and 
macrophage are the main effector cells involved 
in the cellular immune response. Regulatory T 
cells (Treg) can produce inhibitory cytokines 
and suppress immune response, and thereby 
plays an important role in maintaining immune 
homeostasis. Treg is characterized by its aner-
gy and immunosuppressive functions, which 
can reduce tumor antigen recognition and kill-
ing of tumor cells, induce immune tolerance 
and play a negative regulatory role in evasion of 
anti-tumor immune response. Treg accounts for 
5%-10% of total CD4+ T cells. Treg-mediated 
negative immunomodulatory effect is one of 
the main mechanisms of tumor suppression of 
the immune system and immune evasion.

Previous studies of Treg cells focused on 
CD4+CD25+ Treg, T helper 3 cells (Th3), type 1 
regulatory T cells (Tr1), immunomodulatory 

CD8+ T cells, and natural killer T cells (NKT). 
LAP+CD4+ T cell is new subtype of Treg charac-
terized by the cell surface marker LAP. LAP+CD4+ 
T cell lacks Foxp3 and expresses type II TGF-β 
receptor and its active marker CD69. In animal 
model, LAP+CD4+ T cells are associated with 
autoimmune disease and inflammatory disease 
progression. However, few studies regarding to 
the role of LAP+CD4+ T cells in tumor develop-
ment have been conducted so far. In this study, 
we investigated the distribution of LAP+CD4+ T 
cells in pancreatic cancer tissues, peri-pancre-
atic cancer tissue and normal pancreatic tis-
sues with an expectation to identify the role of 
LAP+CD4+ T cells in immune escape of pancre-
atic cancer.

Materials and methods

Clinical data

Tumor and peri-tumor tissues were collected 
from 35 patients (Male: 23; Female: 12; Age: 
28-80 with an average of 52.7±14.13) with 
pancreatic ductal adenocarcinoma between 
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August 2005 and May 2014. Patients did not 
receive chemotherapy and radiotherapy, and 
did not have distant organ metastasis before 
surgery. Peri-tumor tissues were collected at 
the area within 2 cm from the edge of the 
tumor. Necrotic tissues were not included in the 
sample. A total of 35 normal pancreatic tissues 
were also collected during pancreatic surgery 
for patients (male: 26; female: 9; Age: 25-76 
with an average of 51.6±13.39) with benign 
lesions. Paraffin sections were made for tumor 
tissues, peri-tumor tissues and normal pancre-
atic tissues. Age and gender were not signifi-
cantly different between the pancreatic cancer 
group and the group with benign pancreatic 
lesions. All of the subjects did not have the his-
tory of immunotherapy and autoimmune dis-
eases, e.g., systemic lupus erythematosus, 
rheumatoid arthritis, diabetes, and hyperthy-
roidism. The study was approved by the hospi-

tal ethics committee. All subjects were informed 
of the study process and significance, the risk 
and impact on patient health before the speci-
men collection. An informed consent form was 
signed by all the subjects.

Immunohistochemistry analysis

Paraffin sections (4 μm in thickness) were 
dewaxed and rinsed for three times with water. 
Antigen retrieval was conducted by incubating 
the sections with pepsin for 30 min at 37°C fol-
lowed by two washes with PBS. The sections 
were immersed in a 3% hydrogen peroxide solu-
tion for 20 min in the dark condition to inacti-
vate endogenous peroxidase activity and avoid 
non-specific staining. Non-specific binding was 
also blocked by incubating the sections with 
one drop of calf serum for 30 min at 37°C. 
Monoclonal rabbit anti-human CD4 antibody 
(R&D) was added to cover the entire sections 
and incubated overnight at 4°C. Following two 
washes with PBS, biotin-labeled secondary 
goat anti-rabbit antibody (R&D) was added and 
incubated for 30 min at 37°C. Following two 
washes with PBS, Streptavidin-biotin-peroxi- 
dase was added onto each section and incu-
bated for 30 min at 37°C. DAB reagents were 
added to the sections and brown color was 
developed after 4 min. Similar procedures 
using goat anti-human LAP primary antibody 
and rabbit anti-goat secondary antibody (R&D) 
were performed to stain LAP. LAP was stained 
in red using AEC reagent.

Data analysis

LAP+CD4+ T cell-positive staining was based on 
the criteria that cells were small and round with 
large nucleus and small cytoplasm (1); and 
both brown-stained and red-stained particles 
were located in the cytoplasm and cell mem-
brane (Figures 1, 2). CD4+ T cell-positive stain-

Figure 1. The LAP+CD4+ T cells positive staining.

Figure 2. The CD4+ T cells positive staining.

Table 1. Distribution of LAP+CD4+ T cells in 
the tumor microenvironment of pancreatic 
cancer

Tissues Case  
number

LAP+CD4+  
T cells

pancreatic cancer tissue ① 35 8.38±1.44
Peri-tumor tissue ② 35 5.21±1.24
Normal pancreatic tissue ③ 35 1.49±0.64
Note: P < 0.05 for the comparisons between ① and ②, 
between ① and ③, and between ② and ③.
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ing was based on the criteria that cells were 
small and round with large nucleus and small 
cytoplasm (1); and only brown-stained particles 
were located in the cytoplasm and cell mem-
brane (Figure 2) (2). Five high-magnification 
microscope fields were randomly selected and 
the number of LAP+CD4+ T cells and CD4+ T 
cells were counted and averaged.  

Statistical analysis

The number of LAP+CD4+ T cells/one micro-
scope field was represented as average ± stan-
dard deviation (

_
x±s). Paired samples t-test was 

performed for the comparison between pancre-
atic cancer and peri-pancreatic cancer tissues. 
Independent samples t-test was performed for 
the comparison of normal pancreatic tissues 
with pancreatic cancer or peri-pancreatic can-

cer tissues. P < 0.05 was considered as statis-
tically significant. All statistical analyses were 
performed by SPSS17.0.

Results

LAP+CD4+ T cell distribution in tumor and peri-
tumor tissues

The average number of LAP+CD4+ T cells/high 
magnification field (400×) in the pancreatic 
cancer and peri-pancreatic cancer tissues was 
8.38±1.44 and 5.21±1.24, respectively (P < 
0.05). The average number of LAP+CD4+ T cells/
high magnification field in the pancreatic tis-
sues with benign lesions was 1.49±0.64, which 
was significantly lower than that in the pancre-
atic cancer and peri-pancreatic cancer tissues 
(P < 0.05) (Table 1).

Characteristic localization of LAP on the cells

LAP was localized on the cytoplasm and cell 
membrane of CD4+ T cells (Figure 1). In the pa- 
ncreatic cancer tissues, LAP+CD4+ T cells pres-
ent as clusters in the tumor stroma and were 
closely associated with lymphocytes (Figure  
3). In contrast, in the peri-pancreatic cancer tis-
sues, LAP+CD4+ T cells were mostly present 
individually (Figure 4). In the normal pancreatic 
tissues with benign lesions, LAP+CD4+ T cells 
were present even more sparsely (Figure 5).

Discussion

From the perspective of immunology, tumor 
development is essentially the process of inter-
actions between the different immune cells 

Figure 3. Distribution of LAP+CD4+ T cells in the 
pancreatic cancer tissue (high magnification field, 
400×).

Figure 4. Distribution of LAP+CD4+ T cells in the pan-
creatic peri-carcinoma tissue (high magnification 
field, 400×).

Figure 5. Distribution of LAP+CD4+ T cells in the 
normal pancreatic tissue (high magnification field, 
400×).
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and molecules. Tumor microenvironment in 
which tumor growth and metastasis occur is 
composed of tumor cells, infiltrating immune 
cells, stromal cells and their secreted active 
media. Tumor microenvironment determines 
the biological features, prognosis and outcome 
of tumors. Therefore, compared with peripheral 
blood, tumor microenvironment can more accu-
rately reflect the host anti-tumor immune sta-
tus. Better understanding of the characteristics 
of tumor microenvironment is important for 
studying immunogenicity of cancer and design-
ing effective immunotherapy against cancers.

Regulatory T cells (Treg) play an important sup-
pressive role in tumor immune response. The 
level of Treg infiltration in the tumor microenvi-
ronment determines the immune activation or 
immune tolerance against tumors. Enhanced 
infiltration of Treg and myeloid derived suppres-
sor cells into tumor microenvironment can sup-
press the anti-tumor immune response and 
facilitate tumor growth [1, 2]. Previous studies 
have shown that Treg cells are significantly 
increased in the peripheral blood of patients 
with breast cancer, lung cancer, ovarian cancer, 
gallbladder cancer, pancreatic cancer, colon 
cancer and other malignant tumors. Further- 
more, the level of Treg is closely correlated with 
the tumor stage and course [3-6]. Recent stud-
ies have also shown that in the peripheral blood 
and the tumor microenvironment, Treg cells are 
significantly increased, suggesting that Treg is 
closely correlated to tumor immune escape [7, 
8]. Thus, Treg cells play an important negative 
immunomodulatory role in the tumor micro- 
environment.

LAP is a pro-peptide capable of non-covalent 
binding with the amino-terminus of TGF-β [9]. 

TGF-β is a type of multifunctional polypeptide 
growth factor, and is usually secreted as inac-
tive or latent precursors outside of the cells. 
Upon activation, TGF-β can bind TGF-β receptor 
and exert biological activity. Before activation, 
TGF-β complex is composed of TGF-β homodi-
mer, LAP and latent TGF-β binding protein 
(LTBP). Recently, Candhi et al. discovered a new 
subtype of cells that are Foxp3-negative and 
express TGF-β and LAP on the cell membrane. 
This new type of cells was designated as 
LAP+CD4+ T cells. LAP+CD4+ T cells are different 
from CD4+Foxp3+CD25high Treg, but they can 
express TGF-Βr II and activated CD69. LAP+ 

CD4+ T cells secrete TGF-β, IL-8, IL-9, IL-10 and 
interferon-γ (IFN-γ). Different from LAP-CD4+ T 

cells, LAP+CD4+ T cells are low proliferative ce- 
lls. However, it was demonstrated in vitro that 
proliferation of LAP-CD4+ T cells had suppres-
sive effect and such effect was mediated by 
TGF-β and IL-10. In CD4+CD25+ Treg, expression 
of CD25 is closely correlated with their regula-
tory activity [10]. However, Nakamura et al. 
showed that regardless of CD25 expression, 
LAP+ T cells that express TGF-β1 can suppress 
immune response. Therefore, LAP is superior to 
CD25 as a marker of Treg [11]. Chen et al. 
showed that LAP+CD4+ T cells co-express TGF-β 
and TGF-β receptor and thus exert stronger 
regulatory activity than conventional Treg via 
direct cell-cell interaction or TGF-β-dependent 
mechanisms [12].

Currently, most of the studies on LAP+CD4+ T 
cells focused on their role in auto-immune dis-
eases and infectious diseases in animal mod-
els and the results have demonstrated that 
similar to Treg, LAP+CD4+ T cells play a negative 
immune regulatory role in these diseases. Wu 
et al. [13] showed that in the mouse arthritis 
model, LAP+CD4+ T cells can be induced to sup-
press arthritis-specific reactive T cell prolifera-
tion and specific antibody production. Ishikawa 
et al. [14] showed in a mouse model of diabetes 
that LAP+CD4+ T cells are induced and can 
inhibit the growth of T helper cells and nega-
tively regulate immune responses. Mahalingam 
et al. showed that LAP+CD4+ T cell cluster toge- 
ther in the tumor microenvironment of patients 
with colorectal cancer, which are closely asso-
ciated with clinical progression and metasta-
sis. Furthermore, LAP+CD4+ T cells can inhibit 
LAP-CD4+ T cell proliferation in a TGF-β-de- 
pendent manner [15]. However, the mecha-
nisms by which LAP+CD4+ T cells are involved in 
immune inhibition in the tumor microenviron-
ment have not been elucidated. Furthermore, 
studies on the role of LAP+CD4+ T cells in other 
tumors, e.g., pancreatic cancer, have not been 
reported. 

Characterization of LAP+CD4+ T cells in the 
tumor microenvironment of pancreatic cancer

LAP is an N-terminal pro-peptide of TGF-β and 
binds the N-terminus of TGF-β via non-covalent 
bond. Previous studies have confirmed that 
Treg can produce membrane-bound or secret-
ed TGF-β, which play an important role in natu-
ral Treg cell differentiation, maintenance and 
the immune suppression. Our study showed 
that LAP was localized on the cell cytoplasm 
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and membrane of CD4+ T cells, suggesting that 
LAP+CD4+ T cells are similar to the traditional 
Treg cells, and can also produce membrane-
bound or secreted TGF-β. These TGF-β play an 
important role in LAP+CD4+ T cell differentia-
tion, maintenance and immune suppression. 
Our study also showed that LAP+CD4+ T cells 
were not expressed in normal pancreatic tis-
sues, and were present individually in peri-
tumor tissues and clustered together and asso-
ciated with CD4+ T cells in the tumor stroma in 
pancreatic cancer tissues. These results sug-
gest that these clustered LAP+CD4+ T cells in 
the local pancreatic cancer tissues negatively 
regulate effector T cells and thereby inhibit 
tumor-specific or non tumor-specific immune 
responses, which facilitates tumor cell prolifer-
ation and metastasis.

Distribution of LAP+CD4+ T in pancreatic can-
cer, peri-tumor and normal pancreatic tissues

Clinical and experimental studies have demon-
strated that patients with pancreatic cancer 
usually have immune dysfunctions. Particularly, 
abnormal tumor immunological microenviron-
ment results in the deficiency of immune de- 
fense, which is an important factor for pancre-
atic cancer immune escape, metastasis and 
recurrence. As a new subtype of Treg, LAP+CD4+ 
T cells have strong immune inhibitory effect on 
LAP-CD4+ T cells [16]. Thus, the expression of 
LAP+CD4+ T cells in tumor microenvironment 
has been extensively studied. Our results sh- 
owed that LAP+CD4+ T cells in pancreatic can-
cer tissues were significantly increased com-
pared to those in the peri-tumor or normal pan-
creatic tissues, suggesting that LAP+CD4+ T 
cells are more likely to be distributed to the tis-
sues that are close to the tumors and may 
affect the tumor microenvironment. Increase of 
LAP+CD4+ T cells in the pancreatic cancer tis-
sues may be correlated with IL-8. Gandhi et al., 
showed that upregulation of IL-8 could activate 
LAP+CD4+ T cells, while treatment with IL-8 
monoclonal antibody dramatically decreases 
the LAP+CD4+ T cells, indicating that IL-8 is an 
effective stimulus for the activation of LAP+ 

CD4+ T cells [10]. Previous studies have shown 
that IL-8 is increased in peripheral blood and 
tumor microenvironment in many cancers. 
Furthermore, IL-8 is closely correlated with 
immune cell chemotaxis and cell proliferation 
[17-19]. Haraguchi et al. showed that in the 
peripheral blood of patients with primary co- 
lorectal cancer, IL-8 level is significantly 

increased compared with normal control group, 
and more importantly, IL-8 levels in patients 
with liver metastases were significantly higher 
than those without metastasis [20]. Chen et al. 
showed that higher level of IL-8 mRNA in non-
small cell lung cancer (NSCLC) predicts a lower 
survival rate [21]. Therefore, we hypothesize 
that LAP+CD4+ T cells migrate to the pancreatic 
cancer tissues via IL-8 chemotactic effect, and 
within the pancreatic cancer tissues, LAP+CD4+ 
T cells alter the quantity and function of infil-
trating lymphocytes, thereby inhibiting tumor-
specific and non-specific immune response, 
and promoting tumor progression, invasion or 
metastasis.

Regulatory mechanisms LAP+CD4+ T cells in 
the microenvironment of pancreatic cancer

Regulatory T cells mediate immune escape of 
tumor cells via multiple molecular mechanisms. 
None of the single mechanism can fully explain 
all the regulatory functions. In vitro studies 
showed that CD4+CD25+ Treg mediate immune 
suppression via cell-to-cell contact and cyto-
kine-independent mechanisms. However, in 
vivo studies showed that IL-10 (and potentially 
TGF-β) plays an important role in the Treg-
mediated immune suppression [22]. Studies 
have shown that LAP+CD4+ T cells are mecha-
nistically different from the traditional Treg. 
However, different studies showed different 
and sometimes even contradicted effector 
mechanisms of LAP+CD4+ T cells, indicating 
complex regulatory mechanisms of LAP+CD4+ T 
cells. Our studies showed a heterogeneous dis-
tribution of LAP+CD4+ T in the microenviron-
ment of pancreatic cancer. LAP is localized in 
cytoplasm and membrane of CD4+ T cell. In 
tumor tissues, LAP+CD4+ T are distributed as 
clusters and are in close contact with the effec-
tor T lymphocyte. Therefore, we speculate that 
those LAP+CD4+ T cells inhibit the proliferation 
and function of effector T lymphocytes via a 
cell-to-cell contact mechanism. Future studies 
will be directed to verify if cell-to-cell contact is 
the main mechanism by which LAP+CD4+ T cells 
exert their negative regulatory function.

In conclusion, our studies showed that (1) LAP 
is localized on the cytoplasm and membrane of 
CD4+ T cell, suggesting that LAP+CD4+ T cells 
produced membrane-bound or secreted TGF-β, 
and TGF-β plays an important role in cell differ-
entiation, maintenance and negative regulatory 
function of LAP+CD4+ T cells. (2) more LAP+CD4+ 
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T cells are distributed in the tumor tissues than 
peri-tumor tissues and such tumor-oriented 
distribution may be due the IL-8 chemotactic 
function; (3) previous studies have suggested 
that the immunosuppressive role of LAP+CD4+ 
T cells is partly dependent on TGF-β [12, 17, 23, 
24]. Our immunohistochemistry results demon-
strated that LAP+CD4+ T cells exert negative 
regulatory function via cell-to-cell mechanism. 
Elucidation of the LAP+CD4+ T cell effector 
mechanisms and identification of approaches 
to inhibit LAP+CD4+ T cells may provide novel 
immunotherapy for pancreatic cancer.
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