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Abstract Galectin-1, a β-galactoside-binding protein impli-
cated in cancer cell immune privilege, was highly expressed in
activated pancreatic stellate cells (PSCs). This study was de-
signed to investigate the relationship between PSC-derived
galectin-1 and tumor immunity in pancreatic cancer. Isolated
PSCs were identified as normal pancreas cells (hNPSCs) or
pancreatic cancer cells (hCaPSCs) by immunohistochemical
staining for α-SMA and vimentin, and galectin-1 expression
was evaluated by Western blotting and quantitative RT-PCR.
Apoptosis, caspase activity, and cytokine production (IL-6,
IL-10, TNF-β, and IFN-γ) of T cells co-cultured with PSCs
were evaluated, and immunohistochemical staining of
galectin-1 was correlated with CD3 and clinicopathological
variables in 66 pancreatic cancer and 10 normal pancreatic

tissue samples. hCaPSCs exhibited higher galectin-1 expres-
sion than did hNPSCs, and hCaPSCs induced higher levels of
apoptosis in T cells following co-culture. hCaPSCs activated
caspase-9 and caspase-3 in the mitochondrial apoptotic path-
way and stimulated secretion of Th2 cytokines (IL-6 and IL-
10) but decreased secretion of Th1 cytokines (TNF-β and
IFN-γ), compared with hNPSCs. Immunohistochemical
staining indicated that galectin-1 and CD3 were more highly
expressed in pancreatic cancer tissue. Galectin-1 expression
was highest in poorly differentiated pancreatic cancer cells
and lowest in well-differentiated pancreatic cancer cells and
was associated with tumor size, lymph node metastasis, dif-
ferentiation, and UICC stage. However, CD3 expression
showed the opposite trend and was highest in well-
differentiated pancreatic cancer cells and was associated with
tumor differentiation and UICC stage. High expression of
galectin-1 was associated with short survival, as was low ex-
pression of CD3. hCaPSC-derived galectin-1 enhanced apo-
ptosis and anergy of T cells in pancreatic cancer, which con-
tributes to the immune escape of pancreatic cancer cells.
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Introduction

Pancreatic cancer is an aggressive malignancy with the worst
prognosis of all human cancers, usually due to widespread
metastatic disease at diagnosis or soon after invasive opera-
tions [1, 2]. Over the past 30 years, most research has focused
on genes and signal pathways that regulate pancreatic cancer
cell proliferation and apoptosis or cell death, and
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unfortunately the survival of pancreatic cancer patients has not
yet improved substantially [2, 3]. However, most of these
studies have largely ignored the fact that the desmoplastic
and hypoxia tumor microenvironment plays a critical role
for the onset, growth, and development of pancreatic cancer
cells. The desmoplastic tumor microenvironment, consisting
of large amounts of extracellular matrix proteins, pancreatic
stellate cells, inflammatory cells, and cytokines, is now known
to promote the progress of pancreatic cancer and contributes
to the low survival rate [4, 5]. Recent research suggests that
the desmoplastic microenvironment creates a Bfortress-like^
fibrosis barrier that blocks the delivery of chemotherapeutic
agents and promotes the malignant behavior of cancer cells
[6]. Furthermore, this feature suppresses the infiltration of
immune cells and/or their function inside tumors, in part via
secretion of immunosuppressive cytokines, and consequently
promotes the immune escape of tumor cells [7, 8]. Therefore,
breaking this Bdesmoplastic fortress^ represents a promising
strategy for improving the delivery and efficacy of systemic
chemotherapies and opens novel immune therapeutic avenues
for treating pancreatic cancer [5]. However, the mechanisms
underlying the interaction between the stromal microenviron-
ment and tumor cells and the contribution this makes to tumor
immune privilege remain poorly understood in pancreatic can-
cer [5, 9].

Galectin-1 has emerged as a promising cancer target, with
the function of modulating cell proliferation, adhesion, and
migration, all of which are linked to essential biological pro-
cesses in tumor cells [10–13]. Galectin-1 also regulates the
complex intercommunication and interaction between tumor
cells and the components of the tumor microenvironment [14,
15]. By inducing the apoptosis of activated Tcells [16, 17] and
inhibiting T cell proliferation [18], endogenous galectin-1 has
been considered to play an important role in tumor immune
privilege. Targeted inhibition of galectin-1 expression in tu-
mor cells results in heightened T cell-mediated rejection [19].
Recently, evidence has shown that galectin-1 is strongly
expressed in activated pancreatic stellate cells (PSCs), mesen-
chymal cells specific to the pancreas which collaborate with
cancer cells during initiation and progression of pancreatic
cancer [20–22]. Activated PSCs exhibit a myofibroblast-like
phenotype and secrete excessive amounts of cytokines and
extracellular matrix proteins that comprise the fibrous micro-
environment that is characteristic of pancreatic cancer [4, 5,
23]. PSCs possess functional heterogeneity and influence the
progression of pancreatic cancer [24]. However, the role of
PSC-associated galectin-1 in the pancreatic cancer microenvi-
ronment has not been well studied.

In our previous study, galectin-1 was knocked down in
primary PSCs isolated from normal pancreatic tissues using
small interfering RNA (siRNA) or overexpressed using re-
combinant lentiviruses, and PSCs were also co-cultured with
Tcells. The results suggested that overexpression of galectin-1

in PSCs induced T cell apoptosis and Th2 cytokine secretion,
which may regulate PSC-dependent immunoprivilege in the
pancreatic cancer microenvironment [25]. In the current study,
we isolated PSCs from fresh pancreatic cancer tissues
(hCaPSCs) and normal healthy pancreas tissues (hNPSCs)
and co-cultured them with peripheral T cells. Apoptosis of T
cells and the levels of Th1 cytokines (TNF-β and IFN-γ), Th2
cytokines (IL-6, IL-10), and caspase activity were evaluated.
Finally, the relationship between galectin-1 and CD3 expres-
sion in pancreatic cancer tissues was investigated and corre-
lated with the clinicopathological characteristics of this
disease.

Materials and methods

Patients and pancreatic tissues

Information on patients, pancreatic tissues, and ethics state-
ments have been previously described [15]. The clinicopath-
ological characteristics of patients are described in Table 1.
Survival was measured from the time of pancreatic resection
until death, and follow-up data was available for all patients.

Cells and culture conditions

Collection of human PSCs and culture conditions were
performed as previously described [15, 26, 27]. The
PSC cell type was confirmed by immunohistochemical
staining for α-smooth muscle actin (α-SMA) and
vimentin and by morphological analysis (stellate-like or
spindle-shaped cells) [28]. Separation of T lymphoblasts
was performed as previously described [17, 25]. Briefly,
peripheral blood mononuclear cells from healthy donors
were isolated using a Ficoll gradient and separated on a
nylon fiber column (Wako Pure Chemical Industries,
Ltd., Osaka, Japan) according to the manufacturer’s in-
structions. Activation was for 72 h with 5 μg/mL PHA
in RPMI medium containing 10% FCS, followed by
culturing with 20 ng/mL IL-2. IL-2 was removed 24 h
before the apoptosis assays.

Quantitative reverse transcription-PCR

The detailed experimental procedures of total RNA extraction
from cultured cells and the quantitative reverse transcription-
polymerase chain reaction (qRT-PCR) were performed as pre-
viously described [15, 25]. Gene-specific primers for human
galectin-1 and β-actin (Table 2) were purchased from
Invitrogen.
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Immunohistochemical staining and evaluation

Immunohistochemical staining was performed as previously
described [15, 25]. The primary antibodies were incubated as
follows: mouse monoclonal anti-galectin-1 (sc-166618;
1:200; Santa Cruz Biotechnology, Inc., Santa Cruz, CA,
USA), anti-CD3 (sc-52382; 1:200; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA), anti-vimentin (sc-6260; 1:200;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA), and
anti-α-SMA (MA1-37027;1:200; Thermo, Fremont, CA,
USA). The results of immunohistochemical staining were
interpreted by two experienced pathologists, and the mean
density of staining was calculated using Image-Pro Plus 6.0
software (Image-Pro, Bethesda, MD, USA). Galectin-1 and
CD3 staining intensity was scored semiquantitatively as

follows: no positive cells=0 (negative); 1–29% positive=1
(weak) and >30 % positive=2 (strong).

Western blotting

Western blotting was performed as previously described [15,
25, 29].

Enzyme-linked immunosorbent assay

PSC and T cell co-culture supernatants were harvested and
stored at −80 °C. The levels of IL-6, IL-10, TNF-β and
IFN-γ were determined using a commercial enzyme-linked
immunosorbent assay (ELISA) kit (Boster, Wuhan, China).
The ELISA detection sensitivity was ≥15.6 pg/mL for IL-6,
IL-10, TNF-β, and IFN-γ.

Flow cytometry analysis

Tcells were obtained from co-culture supernatants, suspended
in PBS containing 1% fetal bovine serum at a density of 1×
105 cells per 100 μL, and incubated with 20 μL anti-CD3-
FITC (BD Pharmingen, Franklin Lakes, NJ, USA) at room
temperature in the dark for 20 min. Cells were centrifuged

Table 1 Relationship between PSC-derived galectin-1 and CD3 expression and clinicopathological characteristics of pancreatic cancer patients

Characteristics Cases n Galectin-1 intensity χ2 P value CD3 intensity χ2 P value

Weak n (%) Strong n (%) Weak n (%) Strong n (%)

Age (years)

>55 37 9 (24.3) 28 (75.7) 0.818 0.366 21 (56.8) 16 (43.2) 0.166 0.684
≤55 29 10 (34.5) 19 (65.5) 15 (51.7) 14 (48.3)

Sex

Male 45 12 33 0.31 0.577 27 18 1.697 0.193
Female 21 7 14 9 12

pT category

pT1/pT2 19 10 (52.6) 9 (47.4) 7.399 0.007 8 (42.1) 11 (57.9) 1.665 0.197
pT3/pT4 47 9 (19.1) 38 (80.9) 28 (59.6) 19 (40.4)

pN category

pN0 27 12 (44.4) 20 (55.6) 5.464 0.019 12 (44.4) 15 (55.6) 1.880 0.170
pN1 39 7 (17.9) 32 (82.1) 24 (61.5) 15 (38.5)

PNI

Negative 34 13 (38.2) 21 (61.8) 3.053 0.081 17 (50) 17 (50) 0.584 0.445
Positive 32 6 (18.8) 26 (81.2) 19 (59.4) 13 (40.6)

UICC stage

I 17 9 (52.9) 8 (47.1) 6.516 0.011 5 (29.4) 12 (70.6) 5.834 0.016
II 49 10 (20.4) 39 (79.6) 31 (63.3) 18 (36.7)

Differentiation

Well 10 6 (60) 4 (40) 7.698 0.021 2 (20) 8 (80) 9.424 0.009
Moderate 24 8 (33.3) 16 (66.7) 11 (45.8) 13 (54.2)

Poor 32 5 (15.6) 27 (84.4) 23 (71.9) 9 (28.1)

UICC international union against cancer, PNI perineural invasion

Table 2 Primers used for quantitative real-time RT-PCR

Primer Forward sequence 5′-3′ Reverse sequence 5′-3′

Galectin-
1

GAGGTGGCTCCTGACG
CTAA

CCTTGCTGTTGCACAC
GATG

β-actin AGAAAATCTGGCACCA
CACC

TAGCACAGCCTGGATA
GCAA
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for 4 min at 1500 rpm, resuspended in 250 μL 1 % FCS
containing 0.1 % NaN3 (FACS buffer), added with 5 μL
annexin V-APC (Bender MedSystems, San Diego, CA,
USA), mixed gently, and incubated for 15 min at room tem-
perature in the dark. Labeled cells were analyzed with a BD
FACSCalibur flow cytometer (Beckman Coulter, Fullerton,
CA, USA).

Measurement of caspase activity

The activity of caspase-3, -8, and -9 was measured with a
caspase activity kit according to the manufacturer’s instruc-
tions (Boster, Wuhan, China), using substrate peptides Ac-
DEVD-pNA, Ac-IETD-pNA, and Ac-LEHD-pNA, respec-
tively. Briefly, cells were lysed and supernatants mixed with
buffer containing caspase substrate peptides that included a p-
nitroanilide (pNA) leaving group. Release of the pNA group
was quantified by measuring the absorbance at 405 nm with
an ELISA reader (Bio-Rad instrument Group, Hercules, CA,
USA). All experiments were carried out in triplicate. Caspase
activity was expressed as a percentage compared to the
control.

Statistical analysis

Values are expressed as mean±standard deviation. One-way
ANOVA and t tests were used to compare differences between
groups. The χ2 and Fisher exact tests were used to analyze the
correlations between galectin-1 and CD3 expression and

clinicopathological characteristics. Univariate survival analy-
sis was performed according to the Kaplan-Meier method;
differences in survival curves were assessed with the log-
rank test. Multivariate analysis was performed using Cox’s
proportional hazard model. P values were two-sided, and
values of P≤0.05 were considered statistically significant.
All statistical analyses were performed using SPSS 13.0
software.

Results

Analysis of galectin-1 expression in human PSCs

We established in vitro cultures of PSCs using specimens from
patients with pancreatic cancer and bile duct cancer; four PSC
cultures (hCaPSCs) were isolated from four fresh surgical
specimens of human pancreatic cancer, and four PSC cultures
(hNPSCs) were isolated from four fresh surgical normal pan-
creas specimens from patients with human bile duct cancer.
The identity of these PSCs was confirmed by immunohisto-
chemical staining for α-SMA and vimentin (Fig. 1a, b). From
a morphological point of view, no difference was seen be-
tween hCaPSCs and hNPSCs. Following 10 days of culturing,
total cell lysates and RNAwere extracted from both cell types.
Western blots demonstrated the expression of a 14.0-kDa
galectin-1 protein, corresponding to the size of pro-galectin-
1, in activated human PSCs, and the bands were stronger in
hCaPSCs than in hNPSCs (Fig. 1c). Quantitative RT-PCR

Fig. 1 Identification of PSCs and
expression of galectin-1 in differ-
ent PSCs. Expression of α-
smoothmuscle actin (α-SMA) (a)
and vimentin (b), activation
markers in isolated PSCs, was
confirmed using cell immunohis-
tochemistry. Higher galectin-1
expression was observed in
hCaPSCs than in hNPSCs using
Western blotting (c) and quantita-
tive RT-PCR (d). *P<0.05 vs.
hNPSCs. hNPSCs, PSCs isolated
from healthy pancreatic tissue;
hCaPSCs, PSCs isolated from
cancerous pancreatic tissue
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showed that the amount of galectin-1 mRNA was greater in
hCaPSCs than in hNPSCs (P=0.026) (Fig. 1d). The results
indicated heterogeneity between hCaPSCs and hNPSCs,
which may have been caused by pancreatic cancer cells
in vivo.

High galectin-1 expression in PSCs induced apoptosis of T
cells by activating caspase-9 and caspase-3

In order to investigate any difference in the capacity of
hNPSCs and hCaPSCs to induce apoptosis in T cells, we co-
cultured activated T cells with hCaPSCs and hNPSCs. After
24 h, the T cell population was analyzed by two-color flow
cytometry to detect annexin-V and CD3+ cells. There was
significantly more apoptosis of CD3+ T cells in hCaPSC co-
cultures than in hNPSC co-cultures (P<0.05) (Fig. 2a). We
then examined the activities of caspase-3, -9, and -8, which are
involved in initiating the mitochondria-mediated apoptotic
pathway. As shown in Fig. 2, caspase-9 activity in T cells
was enhanced significantly after the first 6 h of co-culture with
hCaPSCs and after the first 12 h of co-culture with hNPSCs;
similarly, caspase-3 activity in T cells was enhanced signifi-
cantly after 12 and 18 h of co-culture with hCaPSCs and
hNPSCs, respectively. Caspase-8 activity was significantly
elevated only in T cells co-cultured with hCaPSCs at the 24-
h time point. These effects could be inhibited by β-lactose, a
competitive inhibitor of galectin-1, demonstrating the speci-
ficity of the endogenous galectin-1 effect in hCaPSCs. The
results indicate that high galectin-1 expression in PSCs in-
duced the apoptosis of T cells mainly by initiating caspase-9

and caspase-3 activities in the mitochondria-mediated apopto-
tic pathway.

Galectin-1 expression in PSCs promoted anergy of T cells

We then asked whether endogenous galectin-1 in PSCs affect-
ed the secretion of cytokines by T cells by assessing the levels
of Th1/Th2 cytokines in supernatants from the co-cultures of
activated T cells and hPSCs. Supernatants from T cells co-
cultured with hCaPSCs contained higher levels of Th2 cyto-
kines (IL-6 and IL-10) but lower levels of Th1 cytokines
(TNF-β and IFN-γ) than those from T cells co-cultured with
hNPSCs or naive T cells (P<05, P<0.01, respectively), and
β-lactose specifically blocked this effect (Fig. 3). hNPSCs
also induced an increase in secretion of Th2 cytokines (IL-6
and IL-10) (P<0.01) and a reduction in secretion of Th1 cy-
tokines (TNF-β and IFN-γ) (P<0.01, P<0.05) compared to
naive T cells (Fig. 3). The results indicate that endogenous
galectin-1 in PSCs promotes anergy of T cells by decreasing
Th1-type cytokine production and enhancing Th2-type cyto-
kine production in the microenvironment of pancreatic cancer.

Correlation between PSC-derived galectin-1 expression, CD3
expression, and clinicopathological characteristics
in pancreatic cancer

To evaluate the correlation between PSC-derived galectin-1,
CD3 expression, and the clinicopathological factors of pan-
creatic cancer, galectin-1 and CD3 expression were evaluated
using immunohistochemistry. Galectin-1 was expressed in the
stromal cells surrounding the cancer cells, and CD3 was

Fig. 2 Effect of PSC-derived
galectin-1 on T cell apoptosis and
caspase activity. a Effect of
hCaPSCs and hNPSCs on CD3+
T cell apoptosis in the co-culture
system. **P<0.01 vs. complete
medium (CM); #P<0.05 vs. CM.
Detection of apoptosis in T cells
by measuring caspase-9 activity
(b), caspase-3 activity (c), and
caspase-8 activity (d) in the co-
culture system. All observed ef-
fects were inhibited by the addi-
tion of 50 mM β-lactose, a com-
petitive inhibitor of galectin-1.
*P<0.05 vs. hCaPSCs+β-lac-
tose; **P<0.01 vs. hCaPSCx+β-
lactose; #P<0.05 vs. hNPSCs+β-
lactose; ##P<0.01 vs. hNPSCs+
β-lactose
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mainly expressed in the mesenchyme around the cancer
cells, especially in well-differentiated pancreatic cancer
tissues (Fig. 1). Strong galectin-1 expression in stromal
cells was found in 40% (4/10) of well differentiated,
66.7 % (16/24) of moderately differentiated, and
84.4 % (27/32) of poorly differentiated pancreatic can-
cer tissue samples, and these differences were signifi-
cant (P=0.021), while strong CD3 expression was found
in 80 % (8/10) of well differentiated, 54.2 % (13/24) of
moderately differentiated, and 28.1 % (9/32) of poorly
differentiated pancreatic cancer cells (P= 0.009)
(Table 2). These results indicate that as galectin-1 stain-
ing intensity gradually increased, CD3 staining was
highest in well-differentiated cells and lowest in poorly
differentiated cells. This phenomenon was also apparent
with UICC stage. In addition, strong galectin-1 staining
was also associated with tumor size (P=0.007) and
lymph node metastasis (P=0.019). Correlation analysis
showed that CD3 expression was inversely proportional
to galectin-1 expression in pancreatic cancer tissues
(Table 3). Staining of galectin-1 and CD3 was found
to be weak or negative in normal pancreatic tissue sam-
ples. These results suggest that PSC-derived galectin-1
expression is associated with tumor progression, includ-
ing nodal metastasis and local invasion of cancer cells,
and with immune privilege by decreasing the number of
T cells.

Strong galectin-1 expression and weak CD3 expression is
associated with shorter patient survival times

Strong galectin-1 expression and weak CD3 expression were
associated with shorter patient survival times (Fig. 4). The
median survival times for patients with strong and weak ex-
pression of galectin-1 were 14.1 and 24.8 months, respective-
ly. The median survival times for patients with strong and
weak expression of CD3 were 19.0 and 14.1 months, respec-
tively. Next, we performed a multivariate survival analysis
based on the Cox proportional hazard model on all parameters
found to be significant by univariate analysis, including strong
galectin-1 staining, pT3/pT4, pN1, UICC stages III/IV, and
G3 tumor. Strong galectin-1 expression was an independent
marker of poor prognosis in pancreatic cancer patients, with a
relative risk of 4.676 (Table 4).

Fig. 3 Effect of PSC-derived
galectin-1 on Th1/Th2 cytokine
secretion by T cells. Co-culture
with hCaPSCs and hNPSCs sig-
nificantly reduced a TNF-β and b
IFN-γ secretion by T cells
(*P<0.05, **P<0.01 vs. CM)
and significantly increased c IL-6
and d IL-10 secretion by Tcells in
comparison to control naive T
cells cultured in complete medi-
um only (CM) (**P<0.01 vs.
CM). These effects were all sig-
nificantly greater with hCaPSCs
than with hNPSCs (#P<0.05) and
were all blocked by 50 mM β-
lactose (P>0.05 vs. CM)

Table 3 Relationship between PSC-derived galectin-1 and CD3 ex-
pression in patients with pancreatic cancer

CD3 Total χ2 P

Strong Weak

Galectin-1 Strong 15 32 47 12.072 0.001
Weak 15 4 19

Total 30 36 66
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Discussion

Despite strong infiltration of pancreatic cancer tissue with po-
tentially tumor cytotoxic T lymphocytes (CTLs), the host im-
mune system still fails to effectively eliminate these malignant
cells [30, 31]. It is becoming increasingly evident that the
pancreatic cancer microenvironment may have novel charac-
teristics, among which is an intrinsic resistance to CTL infil-
tration that might enable cancer cells to evade immune sur-
veillance [32, 33]. An understanding of the molecular mech-
anisms involved in the microenvironment of pancreatic cancer
that enable pancreatic carcinoma cells to evade CTL-mediated
killing and lead to a survival advantage is a prerequisite for the
design of targeted immune therapies. A large body of evi-
dence indicates that galectin-1 induces apoptosis in activated
T cells, suggesting a role for galectin-1 in the mechanism of
tumor immune privilege [17, 34]. Recent studies have also
shown that activated PSCs in the pancreatic cancer microen-
vironment express increased levels of galectin-1, which in
turn activate the quiescent PSCs [22, 35]. For these reasons,
endogenous galectin-1 expressed by activated PSCs may

qualify as a potential molecular target for immune therapy in
pancreatic cancer. However, the detailed mechanisms in-
volved and the functional effects on T cell immunity of en-
dogenous galectin-1 secretion by activated PSCs are unclear at
present.

Our previous study indicated that high expression of
galectin-1 in primary cultured PSCs following gene transfec-
tion induced T cell apoptosis and Th2 cytokine secretion [25].
To evaluate the actual functional profile of PSCs in pancreatic
cancer, we isolated and cultured primary PSCs from healthy
and cancerous pancreas tissues and demonstrated that both
galectin-1 mRNA and protein levels were higher in hCaPSCs
than in hNPSCs.When PSCs were co-cultured with primary T
lymphocytes, hCaPSCs induced higher levels of CD3+ T cell
apoptosis, caspase-9 and caspase-3 activities and secretion of
Th2 cytokines than did hNPSCs. Furthermore, these effects
could all be inhibited by β-lactose, a competitive inhibitor of
galectin-1. Taken together, these results support the view that
high expression of galectin-1 in hCaPSCs may play a key role
in the regulation of immune homeostasis in the microenviron-
ment of pancreatic cancers.

Fig. 4 Characterization of galectin-1 and CD3 expression in healthy and
cancerous pancreatic tissue. Expression of (a1) galectin-1 and (b1) CD3
was limited in normal pancreatic tissue. (a2–4) Galectin-1 was expressed
in stromal cells of pancreatic cancer tissues, and expression levels in-
creased from well (a2), moderately (a3), to poorly (a4) differentiated
pancreatic cancer. (b2–4) CD3 expression in pancreatic cancer tissues
decreased from well (b2), moderately (b3), to poorly (b4) differentiated
pancreatic cancer. c Quantification of the mean density of galectin-1
expression in normal pancreas and pancreatic cancer tissues. *P<0.05

vs. well, **P<0.01 vs. well, #P<0.05 vs. moderately. d Quantification
of the mean density of CD3 expression in normal pancreas and pancreatic
cancer tissues. *P<0.05 vs. well, **P<0.01 vs. well, #P<0.01 vs. mod-
erately. NP, normal pancreas; well, well-differentiated pancreatic cancer;
moderately, moderately differentiated pancreatic cancer; poorly, poorly
differentiated pancreatic cancer. Original magnification: ×200. e–f
Kaplan-Meier survival curve for 66 pancreatic cancer patients analyzed
by e galectin-1 and f CD3 staining intensity
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An increasing body of evidence suggests that immune me-
diators and modulators released from different cells in the
tumor microenvironment dictate in which direction the bal-
ance between tumor immunosuppression and antitumor im-
munity is tipped [36, 37]. Galectin-1, a member of the
Galectin family that includeβ-galactoside-binding sites, plays
a critical role in regulating growth and apoptosis of activated
peripheral T lymphocytes and infiltration of tumor T cells [38,
39]. Consequently, galectin-1 contributes to the immunologi-
cal balance not only in normal physiological situations but
also in the pathological process of tumor development. Re-
cently, galectin-1 emerged as a primary regulator of PSC-
associated immunosuppressive function in the microenviron-
ment of pancreatic cancer [25, 40]. PSC-derived galectin-1
has been implicated in helping pancreatic cancer cells escape
from systematic immunosurveillance [19], with the potential
to inhibit T cell proliferation [41], influence the persistence of
Tcell subsets [42], and induce apoptosis of infiltrative tumor T

cells [17, 43]. The apoptotic processes can be classified into
two simplified pathways: (1) the Bcaspase first^ activation of
the initiator caspase-8 and subsequent activation of the effec-
tor caspase-3; (2) the Bmitochondria first^ pathway in which
mitochondria are targeted before caspase-9 activation [44].
Our present results indicated that hCaPSC-derived galectin-1
not only triggered the activation of caspase-9, with caspase 3
as an effector, but also the death receptor initiator caspase-8,
albeit in a delayed fashion. Alternatively, caspase-8 may have
been activated by a secondary feedback mechanism following
activation of the caspase-9 and caspase-3 cascades, which
may also be required for the induction of T cell apoptosis by
hCaPSC-derived galectin-1. It is therefore likely that
hCaPSC-induced apoptosis involving galectin-1 is mainly
mediated by the Bmitochondrion first^ pathway, though it
may also be followed by the Bcaspase first^ apoptotic path-
way. Moreover, our findings also demonstrate that endoge-
nous galectin-1 secreted by activated hCaPSCs affects the

Table 4 Univariate and multivariate analysis of prognostic factors and PSC-associated galectin-1 expression in patients with pancreatic cancer

Variable Univariate Multivariate

HR (95% CI) P HR (95% CI) P

Age (>55 vs. ≤55 years) 1.143 (0.670–1.950) 0.624

Sex (female vs. male) 0.640 (0.369–1.111) 0.113

pT category (pT3/pT4 vs. pT1/pT2) 2.297 (1.185–4.454) 0.014 1.429 (0.686–2.976) 0.341

pN category (pN1 vs. pN0) 3.187 (1.831–5.549) <0.001 3.410 (1.384–8.403) 0.008

PNI (positive vs. negative) 1.001 (0.586–1.710) 0.996

UICC stage (II vs. I) 8.760 (3.568–21.504) <0.001 5.349 (2.100–13.628) <0.001

Differentiation

Moderately vs. well differentiated 1.732 (0.754–3.978) 0.195 2.239 (0.767–6.533) 0.140

Poorly vs. well differentiated 6.852 (2.824–16.630) <0.001 3.194 (1.241–8.216) 0.016

Galectin-1 intensity (strong vs. weak) 3.987 (2.110–7.534) <0.001 4.676 (1.963–11.134) <0.001

CD3 intensity (strong vs. weak) 0.553 (0.319–0.960) 0.035 3.439 (1.618–7.309) 0.001

Fig. 5 Proposed mechanism of T cell apoptosis induced by hCaPSC-
derived galectin-1. PSCs are activated in pancreatic cancer tissue and
strongly express galectin-1, which binds to an as yet unidentified receptor
on T cells, triggering the following cellular responses: (1) endogenous
galectin-1 affects the Th1/Th2 balance by mediating Th1-cell apoptosis
and stimulating Th2 cytokine secretion; (2) endogenous galectin-1

induces mitochondria-associated apoptosis of Tcells followed by caspase
activation (caspase-9 as initiator caspase and caspase-3 as effector cas-
pase). Caspase-8 might be activated by a feedback mechanism after acti-
vation of the caspase cascade, but this step is delayed and may not be
required for galectin-1-induced T cell apoptosis. PSC pancreatic stellate
cells, PCC pancreatic cancer cells

5624 Tumor Biol. (2015) 36:5617–5626



function of T cell subsets by promoting the secretion of the
cytokine Th2. This consequently alters the Th1/Th2 balance,
suggesting a role for hCaPSC-derived galectin-1 in immune
deviation.

There is also the question of why the isolated hCaPSCs and
hNPSCs are functionally heterogeneous with respect to the
expression of galectin-1 and consequently their effect on T
cells, leading to immune privilege. Increasing evidence has
indicated that PSCs interact with cancer cells to promote the
progression of pancreatic cancer [45]. Pancreatic cancer cells
secrete mitogenic and fibrogenic stimulants, such as
transforming growth factor beta (1), platelet-derived growth
factor (PDGF), and galectin-1, all of which may promote the
activation of quiescent PSCs [22, 35]. PSCs in turn secrete
various factors, including PDGF, galectin-1, stromal-derived
factor 1, epidermal growth factor, and fibroblast growth factor,
that play important roles in tumor growth, invasion, metasta-
sis, and resistance to chemotherapy [20–22, 46]. The isolated
hCaPSCs may therefore have been endued with the character-
istic of high galectin-1 expression in the in vivo microenvi-
ronment of pancreatic cancer.

To further verify the immunosuppressive function of en-
dogenous galectin-1 in pancreatic cancer, we collected data on
galectin-1 expression in 66 pancreatic cancer tissue samples
and 10 normal pancreas tissue samples. The results indicated
that galectin-1 expression gradually increased with the degree
of malignancy, while the reverse was true for CD3 expression.
A previous study showed that the expression pattern of
galectin-1 in pancreatic cancer tissues plays a role in the
desmoplastic reaction occurring around the cancer cells [47].
Similarly, our study also showed that fibroblasts localized in
the stromal region surrounding the pancreatic cancer cells, and
which have been proven to be the activated PSCs [24, 48],
express galectin-1 abundantly, which may form a fibrotic bar-
rier prohibiting the infiltration of T cells [49]. In line with a
recent study demonstrating that PSCs have functional hetero-
geneity that promotes the progression of pancreatic cancer
[24], our results also suggest that hCaPSC-derived galectin-1
is associated with tumor progression, including nodal metas-
tasis and local invasion of cancer cells. Furthermore, galectin-
1 appeared to be correlated with immune privilege via the
induction of T cell apoptosis and anergy. Strong galectin-1
expression is therefore an independent marker of poor prog-
nosis in pancreatic cancer patients.

Based on the data presented in this study, we propose a
mechanism for the induction of immune privilege by
hCaPSC-derived galectin-1 in the microenvironment of pan-
creatic cancer (Fig. 5). PSCs become activated in the pancre-
atic cancer tissue and express large quantities of galectin-1 that
binds to an as yet unidentified receptor on Tcells. This triggers
two cellular responses: endogenous galectin-1 affects the Th1/
Th2 balance by mediating Th1 cell apoptosis and stimulating
Th2 cytokine secretion; simultaneously, endogenous galectin-

1 induces mitochondria-associated T cell apoptosis followed
by caspase activation (caspase-9 as initiator caspase and
caspase-3 as effector caspase). Caspase-8 might be activated
via a feedback mechanism after activation of the caspase cas-
cade, but this step is delayed and may not be required for
galectin-1-induced T cell apoptosis.

In conclusion, hCaPSC-derived galectin-1 in the microen-
vironment of pancreatic cancer promotes evasion of immune
surveillance by the cancer cells by inducing apoptosis and
anergy of T cells. PSCs and galectin-1 will therefore be of
potential value for selective therapeutic targeting in the treat-
ment of pancreatic cancer.
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