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Abstract
AIM: To investigate the role of pancreatic stellate cells 
(PSCs) and galectin-3 (GAL-3) in the proliferation and 
infiltration of pancreatic cancer cell line SW1990.

METHODS: Human pancreatic cancer cell line SW1990 
and PSCs were cultured in vitro . Supernatant fluid of 
cultured PSCs and SW1990 cells was collected. Expression 
of GAL-3 in SW1990 cells and PSCs was detected by 
ELISA, RT-PCR and Western blotting. Proliferation of 
cultured PSCs and SW1990 cells was measured by 3-(4, 
5-methylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 
(MTT) assay and flow cytometry. Infiltration of SW1990 
cells was detected by a cell infiltration kit.

RESULTS: SW1990 cells expressed GAL-3 and this was 
up-regulated by the supernatant fluid of cultured PSCs. 
PSCs did not express GAL-3. SW1990 cells stimulated 
proliferation of PSCs via  GAL-3. GAL-3 antibody inhibited 
SW1990 cell proliferation, while the supernatant fluid of 
PSCs stimulated proliferation of SW1990 cells through 
interaction with GAL-3 protein. The supernatant fluid of 
PSCs enhanced the invasiveness of SW1990 cells through 
interaction with GAL-3.

CONCLUSION: GAL-3 and PSCs were involved in the 
proliferation and infiltration process of pancreatic cancer 
cells.
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INTRODUCTION
Tumor desmoplasia, a process in which fibrous tissue (e.g., 
collagen, fibronectin and laminin) infiltrates and envelops 
neoplasia, is one of  the representative histopathological 
findings in ductual adenocarcinoma of  the pancreas. 
The desmoplastic reaction may contribute to the rapid 
progression, early metastasis, and a limited response to 
chemotherapy and radiotherapy of  pancreatic carcinoma[1-5]. 
Some studies have confirmed that pancreatic cancer cells 
activate pancreatic stellate cells (PSCs) via transforming 
growth factor (TGF)-β and other cytokines[6,7]. Although 
pancreatic carcinoma cells are able to produce the fibrotic 
extracellular matrix (ECM) that surrounds carcinoma, most 
studies have indicated that the fibrotic ECM is mainly 
produced and secreted by PSCs[8].

Galectin-3 (GAL-3), is a member of  the β-galactoside-
binding protein family which recognizes the N-acetyllactosamine 
structure of  various glycoconjugates[9,10]. Studies on hepatic 
stellate cells (HSCs) have shown that GAL-3 stimulates 
HSC DNA synthesis in a dose-dependent manner, but 
no report on the effect of  GAL-3 on PSCs has been 
published[11]. Some studies have been carried out to evaluate 
the role of  GAL-3 in carcinoma proliferation, infiltration 
and metastasis[12-18], but few of  these were on pancreatic 
cancer. Some immunohistochemical studies have reported 
that GAL-3 is expressed in pancreatic cancer[19,20]. It has 
been confirmed that laminin, one important component 
of  the fibrotic ECM that surrounds pancreatic cancer, can 
be recognized by GAL-3, so GAL-3 may play an important 
role in the progression of  pancreatic cancer.

MATERIALS AND METHODS
Cell isolation and culture
SW1990 cells were cultured in 100 mL culture bottles 
containing Dulbecco’s modified Eagle’s medium (DMEM, 
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Gibco) supplemented with 10% fetal bovine serum (FBS, 
Gibco) 100 U/mL penicillin and 100 U/mL streptomycin 
at 37℃ in a 5% CO2/air humidified atmosphere. PSCs 
were provided by our laboratory and were cultured in 
DMEM/F-12 supplemented with 10% FBS and antibiotics 
under the same conditions.

Collecting supernatants of cultured cells
SW1990 cells and PSCs cultured in 100 mL bottles were 
washed in PBS and then incubated with serum-free 
DMEM (5 mL/bottle) for 24 h. Supernatants of  cells were 
collected and filtered under sterilized conditions to remove 
cell debris, and were stored at -80℃. The concentration 
of  GAL-3 protein in these supernatants was detected by 
ELISA (Bender Systems).

RT-PCR
SW1990 cells were washed in PBS and incubated with 
serum-free DMEM for 24 h. The cells were divided 
into two groups, one was still incubated with serum-free 
medium, and the other was exposed to serum-free DMEM 
supplemented with 40% (v/v) supernatants of  PSCs 
(SPSCs). Cells were harvested and counted 24 h later. Total 
RNA of  106 cells in each group was extracted according 
to the manufacturer’s instructions (TRIzol, Gibco-BRL, 
Rockville, MD, USA). The concentration and purity of  
RNA was determined by measuring the absorbance at 260 
and 280 nm. After that, 1 μg total RNA in each group was 
reversed-transcribed to cDNA and amplified by RT-PCR 
(Gibco) according to the manufacturer’s instructions. For 
detection of  GAL-3 mRNA, the following oligonucleotide 
primers were used: 5'-ATGATGCGTTATCTGGGT
CT-3' and 3'-TATTGGACGGAAACGGAC-5'. The 
amplification reaction involved denaturation at 94℃ for 
5 min followed by 35 cycles of  denaturation at 94℃ for 
1 min, annealing for 1 min at 58℃, and extension for  
1 min 30 s at 97℃. Expression of  GAL-3 by PSCs was 
also detected by RT-PCR. 

Western blotting
Two groups of  SW1990 cells were prepared as mentioned 
for RT-PCR. SW1990 cells were centrifuged at 600 g 
for 10 min. The cell pellet was washed twice with ice-
cold PBS, resuspended in 150 mL lysis buffer (1% Triton 
X-100 in 5 mmol/L Tris-HCl, pH 8.0, 15 mmol/L NaCl, 
2 mmol/L PMSF). The fragmented cells were scraped and 
removed into a sterilized Eppendorf  tube and conserved 
on ice for 20 min, then centrifuged at 12 000 r/min for  
20 min, and unresolved debris was discarded. Proteins were 
transferred onto PVDF membranes using the wet transfer 
technique, and the membranes were incubated overnight 
with monoclonal mouse anti-human-GAL-3 antibodies 
(R&D) diluted 1:200 in TBS. After 1 h incubation with 
horseradish peroxidase-labeled secondary antibodies (goat 
anti-mouse IgM diluted 1:10 000 in TBS), GAL-3 was 
visualized with the ECL Western Blot Detection Kit (Gibco).

Cell proliferation test
Cell growth experiments were performed using the 3-(4, 
5-methylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 
(MTT) assay and were reconfirmed by cell cycle analysis, 

which was performed by flow cytometry. In the MTT as-
say, cells were seeded with medium that contained 10% 
FBS at a density of  6000 cells/well in 96-well plates, grown 
overnight, washed in PBS, and incubated with serum-free 
medium for 24 h. Cells were exposed to different concen-
tration of  SPSC (5%, 10%, 20% or 40%), supernatants of  
SW1990 cells (SSW; 5%, 10%, 20% or 40%), GAL-3 mono-
clonal antibody (GAL-3 MA; 10, 50 or 250 ng/mL, or 1.25 
μg/mL), or recombinant human GAL-3 protein (5, 25, 125 
or 625 ng/mL). Twenty-four hours later, MTT was added (50 
μg/well) for 4 h. Formazan products were solubilized with 
DMSO, and the optical density was measured at 490 nm.

For flow cytometry, cells cultured in 100-mL culture 
bottles were washed in PBS and incubated with serum-free 
medium for 24 h. Cells were then exposed to 40% SPSC 
(for SW1990 cells), 40% SSW (for PSCs), 1 μg/mL GAL-3 
MA or 100 ng/mL recombinant GAL-3 protein for 24 h. 
Cells were harvested and resuspended in fixation fluid at 
a density of  106/mL, then 1800 μL trypsin solution was 
added to the fixation fluid, followed by 1500 μL RNase 
solution. Several minutes later, 1500 μL propidium iodide 
solution was added, and 15 min later, cells were filtered, 
and the cell cycle was detected by FACSCaliber (Becton 
Dickinson).

Cell invasion analysis
Invasion assays were carried out following the manufacturer’s  
instructions of  cell invasion assay kit (Chemicon Interna-
tional Inc., catalog: ECM550). For the invasion assay, we 
used a modified Boyden chamber. The chamber had two 
compartments divided by a polycarbonate filter (8 μm pore 
size), coated with a reconstituted basement membrane 
(ECMatrix solution). 3 × 105 SW1990 cells were added to 
each upper compartment, and chemoattractant fluid was 
added to the lower compartment (Group A: control group, 
serum-free medium in the upper compartment and medi-
um containing 2% FBS in the lower compartment; Group 
B, serum-free medium containing 1 mg/mL GAL-3 MA in 
the upper compartment and medium containing 2% FBS 
in the lower compartment; Group C, serum-free medium 
in the upper compartment and medium containing 2% 
FBS and 40% SPSC in the lower compartment; Group D, 
serum-free medium containing 1 mg/mL GAL-3 MA in 
the upper compartment and medium containing 2% FBS 
and 40% SPSC in the lower compartment). After 48 h  
incubation, non-invading cells were removed by cotton-
tipped swabs and the filters were stained in the staining 
solution for 20 min and rinsed several times in water and 
air dried. Three filters were used per group. The number 
of  invading cells was counted in 10 random high-powered 
fields per filter under a Zeiss microscope.

Statistical analysis
The data were expressed as mean ± SD and compared by 
ANOVA and the bivariate correlate test. P < 0.05 was con-
sidered statistically significant.

RESULTS
GAL-3 in SSWs and SPSCs
GAL-3 protein in SSWs and SPSCs was measured by 
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ELISA kit (Figure 1). The concentration of  GAL-3 in 
SSWs was above the upper limit of  the ELISA kit detec-
tion range (10 ng/mL), which meant that SW1990 cells 
could secrete relatively large amounts of  GAL-3 into the 
extracellular fluid. There was little GAL-3 in SPSCs.

GAL-3 expression at the mRNA and protein level
Both RT-PCR (Figure 2) and Western blotting (Figure 3) 
confirmed that SW1990 cells expressed GAL-3, and the 
SPSCs up-regulated expression of  GAL-3. PSCs showed 
no expression of  GAL-3 according to RT-PCR and West-
ern blotting.

PSC proliferation 
According to MTT assay (Figure 4), GAL-3 antibody had 
no effect on the proliferation of  PSCs. SSW stimulated 
PSC proliferation and this was partly inhibited by GAL-3 
MA, which suggested that the stimulatory effect of  SSW 
on PSC proliferation was partly mediated via GAL-3. 
This was confirmed by the effect of  recombinant GAL-3 
protein on PSC proliferation. According to the GAL-3 
ELISA kit, the concentration of  GAL-3 in SSW was  
> 10 ng/mL, and in the MTT assay, 5 ng/mL GAL-3 
was sufficient to significantly stimulate PSC proliferation, 
which meant that GAL-3 secreted by pancreatic cells 
played a role in PSC proliferation in pancreatic cancer.

PSC proliferation detected by flow cytometry is show 

in Table 1. The S-phase fraction of  the control group was 
the lowest, that of  group 4 was the highest, and group 2 
had a higher S-phase fraction than group 3. This result was 
consistent with that of  the MTT assay. PSCs are normal 
cells that grow very slowly, and have high demand on 
serum during culturing, so the S-phase fraction of  all four 
groups was not very high.

Proliferation of SW1990 cells
According to MTT assay (Figure 5), GAL-3 MA inhibited 
proliferation of  SW1990 cells, and this was positively 
related to antibody concentration, which suggested 
that GAL-3 protein was involved in the proliferation 
process of  SW1990 cells. SW1990 cells may increase their 
proliferation by paracrine or autocrine GAL-3 protein. 
SPSC stimulated proliferation of  SW1990 cells. After 
GAL-3 MA was added to serum-free DMEM containing 
40% SPSC, absorbance declined with the increase in 
antibody concentration, but it was still higher than that in 
groups that only used GAL-3 MA. There was a significant 
correlation between the effect of  GAL-3 MA and SPSC 
on absorbance, which suggested that the stimulatory effect 
of  SPSC on proliferation of  SW1990 cells was partly 
related to GAL-3.

SW1990 cell proliferation detected by flow cytometry 
is show in Table 2. SW1990 cells are quickly proliferating 
cancer cells, and the S-phase fraction may not properly 
reflect their proliferation. Therefore, we use the total 
S phase plus G2/M phase fraction to measure their 
proliferation. Compared with the control group, GAL-3 
MA distinctly inhibited their proliferation, SPSC obviously 
stimulated proliferation, and GAL-3 MA partly inhibited 
the SPSC-induced stimulation. This result was consistent 
with the results of  the MTT assay.

Invasion of SW1990 cells
The results of  cell invasion are shown in Figures 6 and 7. 
GAL-3 MA had no effect on invasion of  SW1990 cells. 
SPSC stimulated invasion of  SW1990 cells and this was 
partly inhibited by GAL-3 MA, which suggested that the 
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Figure 1  Concentration of GAL-3 in SPSC and SSW (ELISA).

Figure 2  GAL-3 mRNA of SW1990 cells detected by RT-PCR. M: Marker; 1: 
GAPDH of control group; 2: GAPDH after stimulation with 40% SPSC; 3: GAL-3 of 
control group; 4: GAL-3 after stimulation with 40% SPSC.
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Figure 3  GAL-3 protein of SW1990 cells detected by Western blotting. 1: GAL-3 
of control group; 2: GAL-3 after stimulation with 40% SPSC.
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Table 1  PSC cycle detected by flow cytometry (%)

Group Medium G0 + G1 
fraction

S phase
fraction

G2/M
fraction

S + G2/M
fraction

1 (Control) Serum-free medium 89.81 1.94 8.25 10.19
2 Serum-free medium 

containing 40% SSW
89.63 3.23 7.14 10.37

3 Serum-free medium 
containing 40% SSW 
and 1 μg/mL GAL-3 
antibody

89.42 2.70 7.88 10.58

4 Serum-free medium
containing 
100 ng/mL 
GAL-3 protein

87.04 3.68 9.28 12.96

Group 1: PSCs exposed to serum-free medium (control group); Group 2: PSCs 
exposed to serum-free medium containing 40% SSW; Group 3: PSCs exposed 
to serum-free medium containing 40% SSW and 1 μg/mL GAL-3 antibody; 
Group 4: PSCs exposed to serum-free medium containing 100 ng/mL  
GAL-3 protein.
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stimulatory effect of  SPSC on SW1990 cell invasion was 
partly mediated via GAL-3 expressed on the cells.

DISCUSSION
Our study confirmed that human pancreatic cancer cell 
line SW1990 expressed and secreted GAL-3 protein, and 
that GAL-3 MA inhibited proliferation of  SW1990 cells, 
which suggests that cancer cells such as SW1990 can stim-
ulate their proliferation by autocrine or paracrine GAL-3. 

Figure 4  Proliferation of PSCs detected 
by MTT assay. (A) Absorbance at 490 nm 
after exposure to different concentrations 
of GAL-3 MA; (B) Absorbance at 490 nm 
after exposure to different concentrations 
of recombinant human GAL-3 protein; (C) 
Absorbance at 490 nm after exposure 
to different concentrations of SSW; (D) 
Absorbance at 490 nm after exposure to 
40% SSW plus different concentrations of 
GAL-3 MA (aP < 0.05).

A
49

0  
nm

GAL-3 MA (ng/mL)

0.30

0.25

0.20

0.15
0           10         50         250        1250

a
a

D

A
49

0  
nm

0.30

0.25

0.20

0.15
0          5%        10%      20%       40%

SSW (V/V)

a

a
aa

C

0.30

0.25

0.20

0.15

A
49

0  
nm

0           5           25         125        625

GAL-3 protein (ng/mL)

a
a

aa

B

A
49

0  
nm

GAL-3 MA (ng/mL)

0.30

0.25

0.20

0.15
0          10          50         250       1250

A

A
49

0  
nm

GAL-3 MA (ng/mL)

0.50

0.40

0.30
0        10        50        250     1250

A
49

0  
nm

0.50

0.40

0.30

SPSC (V/V)
0          5%      10%      20%      40%

A
49

0  
nm

GAL-3 MA (ng/mL)

0.50

0.40

0.30
0        10        50        250     1250

CBA

a

a
a

a

a

Figure 5  Proliferation of SW1990 cells detected by MTT assay. (A) Absorbance at 490 nm after exposure to different concentrations of GAL-3 MA; (B) Absorbance at  
490 nm after exposure to different concentrations of SPSC; (C) Absorbance at 490 nm after exposure to 40% SPSC plus different concentrations of GAL-3 MA (aP < 0.05).
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Figure 6  Number of infiltrating cells in each group. aP < 0.05 vs control; cP < 0.05 
vs 40% SPSC.

a

cGroup Medium G0 + G1
fraction

S phase
fraction

G2/M
fraction

S + G2/M
fraction

1 (control) Serum-free DMEM 71.80% 16.76% 11.45% 28.20%
2 Serum-free DMEM 

containing 1 μg/mL 
GAL-3 MA

79.28% 13.87%   6.85% 20.72%

3 Serum-free DMEM 
containing 40% SPSC

62.51% 20.34% 17.15% 37.49%

4 Serum-free DMEM 
containing 40% SPSC 
and 1 μg/mL GAL-3 
MA

67.91% 20.56% 11.53% 32.09%

Group 1: Sw1990 cells exposed to serum-free DMEM (control group); Group 2: 
SW1990 cells exposed to serum-free DMEM containing 1 μg/mL GAL-3 MA; 
Group 3: PSCs exposed to serum-free DMEM containing 40% SPSC; Group 
4: PSCs exposed to serum-free DMEM containing 40% SPSC and 1 μg/mL 
GAL-3 MA.

Table 2  Proliferation of SW1990 cells detected by flow cytometry
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Figure 7  Infiltrating SW1990 cells. (A) 
Control group. (B) GAL-3 MA group. (C) 
SPSC group. (D) SPSC plus GAL-3 MA 
group. Compared with the control group, 
GAL-3 antibody had no significant effect on 
invasion of SW1990 cells. SPSC stimulated 
the invasion process of SW1990 cells, 
and this stimulation was partly inhibited by 
GAL-3 antibody.

However, more studies should be done to clarify this and 
to establish the signaling pathway through which GAL-3 
stimulates proliferation of  cancer cells.

Ductal adenocarcinoma of  the pancreas is composed 
of  infiltrating cancer cells surrounded by a predominant 
dense fibroblastic stroma. Previous studies have shown 
that the fibrotic ECM is mainly produced and secreted by 
PSCs, and pancreatic cancer cells activate PSCs via TGF-β 
and other cytokines such as basic fibroblast growth factor 
to increase production of  ECM[8]. Our study, including 
MTT assay and flow cytometry, confirmed that pancreatic 
cancer cells stimulated proliferation of  PSCs via GAL-3, 
but further studies should be performed to elucidate the 
stimulation mechanism of  GAL-3 on the proliferation 
of  PSCs. Our study also confirmed that PSCs, through 
interaction with GAL-3, stimulated pancreatic cancer 
cells to proliferate, but the exact mechanism needs to be 
further investigated. Our study confirmed that pancreatic 
cancer cells and PSCs stimulated proliferation of  each 
other. This may be one of  the important reasons for the 
rapid progression of  pancreatic cancer, and preventing 
this counter-stimulation may be very important in slowing 
the progression of  the disease. GAL-3 is involved in the 
counter-stimulation between pancreatic cancer cells and 
PSCs, and this may help us to establish new methods for 
treating pancreatic cancer.

It has been shown by many studies that GAL-3 plays 
an important role in the interaction between cells and 
ECM, and this interaction is very important for carcinoma 
infiltration and metastasis. Activated PSCs can produce 
and secrete a lot of  ECM, including collagen, fibronectin 
and laminin. Our infiltration study confirmed that the 
SPSC stimulated the infiltration of  pancreatic cancer cells 
through interaction with GAL-3, which suggests that PSCs 

play an important role in the early infiltration of  pancreatic 
cancer. Since GAL-3 stimulated the proliferation of  
pancreatic cancer cells and PSCs, and was involved in 
neoplastic and ECM interaction, we suggest that it plays 
an important role in the infiltration and metastasis of  
pancreatic cancer.

 COMMENTS
Background
Bachem et al[8] discovered pancreatic stellate cells (PSCs) in 1998. After that, 
several studies showed that there are activated PSCs around pancreatic cancer 
tissues, pancreatic cancer cells can activate PSCs, and activated PSCs can pro-
duce a lot of extracellular matrix (ECM), which lead to the desmoplasia reaction in 
pancreatic cancer. Galectin-3 (GAL-3) is a member of the β-galactoside-binding 
protein family which recognizes the N-acetyllactosamine structure of various 
glycoconjugates. Many studies have shown that GAL-3 plays a role in carcinoma 
proliferation, infiltration and metastasis. One study has also shown that pancreatic 
cancer may express GAL-3, but the role of GAL-3 in pancreatic cancer has not 
been investigated.

Research frontiers
Previous studies have shown that pancreatic cancer cells can activate PSCs via 
cytokines such as TFG-β and platelet-derived growth factor, which are expressed 
by cancer cells, but few have discussed the role of activated PSCs in the progres-
sion of pancreatic caner. Bachem et al[8] have shown that GAL-1 can activate 
PSCs, and several others have shown that Gal-3 activates HSCs, but up till now, 
no study on the effect of GAL-3 on PSCs has been published.

Innovations and breakthroughs
This study showed that pancreatic cancer cells activated PSCs via GAL-3 expressed 
by cancer cells besides TGF-β and PDGF. It showed that activated PSCs promoted 
progress of pancreatic cancer by stimulating the proliferation and invasion of cancer 
cells. This study showed that there were complicated interactions between pancreat-
ic cancer cells and PSCs. It also suggests that ECM and polysaccharides might play 
a role in the progress of pancreatic cancer, since GAL-3 is a lectin that recognizes 
the N-acetyllactosamine structure of various glycoconjugates.
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Applications
This study provides a basis for future studies on the mechanisms of how GAL-3 
activates PSCs, and how PSCs promote the proliferation and invasion of pancre-
atic cancer. It also provides a basis for future studies on treating pancreatic cancer 
through inhibition of GAL-3.

Terminology
SW1990 is a commonly used human pancreatic cancer cell line in pancreatic 
cancer research, which was first derived from spleen metastasis of a grade 2 ductal 
pancreatic cancer in the early 1980s. PSCs are vitamin A-storage cells that resemble 
HSCs in the healthy pancreas and comprise approximately 4% of all pancreatic cells; 
they show a periacinar distribution. GAL-3 is an endogenous β-galactoside-binding 
protein that is expressed widely in normal and neoplastic cells.

Peer review
This was a well-executed study. It explored the role of GAL-3 in the proliferation 
and invasion of pancreatic cancer cells in vitro, and showed that GAL-3 may play 
a role in the progression of pancreatic cancer.
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