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Abstract:    Objective: Cancer stromal fibroblasts are important members of the cancer microenvironment. In this 
study, we determined the effect of sunitinib, a small molecule tyrosine kinase inhibitor, on the primary human colonic 
fibroblasts. Methods: Cell cycle analysis and cell proliferation assays were performed to evaluate the inhibitory effect of 
sunitinib in vitro. Western-blot analysis was performed to evaluate variations in the levels of phosphorylated platelet- 
derived growth factor receptor β (PDGFR-β), Akt, and ERK proteins. Co-injection of SW620 cells and colonic fibro-
blasts in nude mice was employed to test anti-growth efficacy in vivo. Results: Sunitinib was found to effectively inhibit 
the growth of primary colonic fibroblasts. Low-dose sunitinib blocked the PDGF-BB-induced cell proliferation and 
PDGFR-β signaling. Co-injection of SW620 cells and colonic fibroblasts in nude mice generated greater tumor vol-
umes than single injection of SW620 cells. Sunitinib treatment inhibited the SW620 cell+colonic fibroblast tumor growth 
more effectively than treatment of 5-fluorouracil. Conclusions: Sunitinib mesylate inhibited the proliferation of primary 
human colonic fibroblasts through target-inhibited PDGFR signaling in vitro and in vivo.  
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1  Introduction 
 

Colorectal cancer (CRC) is a leading cause of 
cancer deaths worldwide (Siegel et al., 2014). In 
recent years, advances in surgical management and 
chemotherapy have prolonged the overall survival 
rate of CRC patients; however, the prognosis of ad-
vanced and recurrent CRC remains poor. Thus, CRC 
biology should be further explored to improve the 

current treatment methods or develop new approaches. 
CRC cells secrete numerous growth factors and 

cytokines, such as the platelet-derived growth factor 
(PDGF) family, during tumor progression. PDGFs are 
disulfide-linked dimers that consist of two polypep-
tide chains (12.0–13.5 kDa) and designated as PDGF- 
A and PDGF-B. The five naturally occurring PDGFs 
(PDGF-AA, PDGF-BB, PDGF-AB, PDGF-CC, and 
PDGF-DD) are potent mitogens for various cancer 
cell types including gliomas, sarcomas, and pancre-
atic and prostate cancers. They possess angiogenic 
abilities in vivo (Heldin and Westermark, 1999; Li et 
al., 2000; LaRochelle et al., 2001). Two distinct 
signaling receptors, PDGF receptor α (PDGFR-α) and 
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PDGFR-β, used by PDGFs, have been identified 
(Heldin et al., 1998). PDGFR-α is a high-affinity 
receptor that interacts with all the five PDGF forms, 
whereas PDGFR-β only interacts with PDGF-BB, 
PDGF-AB, and PDGF-DD (Bergsten et al., 2001). 
Recent reports have indicated that PDGFR-β is pre-
dominantly expressed by cancer-associated stromal 
cells and pericytes in human colon carcinomas; 
PDGFR-β expression and phosphorylation in stromal 
cells are related to tumor vascularity and tumor stage 
(Kitadai et al., 2006).  

Putative cancer stroma consists of several cellular 
elements, among which cancer stromal fibroblast is 
one of the major elements. Cancer stromal fibroblasts 
differ from normal fibroblasts in terms of phenotype, 
tumor-enhancing functions, and gene expression pro-
files (Allinen et al., 2004; Orimo et al., 2005; Bauer et 
al., 2010). Moreover, tumor cells induce fibroblast 
activation in CRC, which consequently promotes 
tumor cell migration (Henriksson et al., 2011). The 
interaction between cancer cells and their stromal 
microenvironment is crucial to cancer development 
and progression. These specific interactions may 
become promising targets for new CRC therapies. 

Sunitinib mesylate (SU11248, Sutent) is an 
orally bioavailable small molecule that inhibits mul-
tiple molecules involved in tumor growth, prolifera-
tion, and metastasis. Sunitinib targets two important 
receptors, namely vascular endothelial growth factor 
receptor (VEGFR) and PDGFR, which are expressed 
in various types of solid tumors (Mendel et al., 2003). 
Moreover, sunitinib inhibits other receptors, such as 
KIT, FLT3 (fms-like tyrosine kinase 3), and RET, 
which have key roles in solid tumors and hematologic 
malignancies (Chow and Eckhardt, 2007). The indi-
cations and usage of the kinase inhibitor sunitinib, 
approved by the US Food and Drug Administration, is 
for treating advanced renal cell carcinoma, gastroin-
testinal stromal tumor after disease progression, as 
well as imatinib mesylate intolerant and progressive, 
well-differentiated pancreatic neuroendocrine tumors 
in patients with locally advanced irremovable tumor 
or metastatic disease (Demetri et al., 2006; Motzer et 
al., 2007; Raymond et al., 2011).   

Preclinical studies have indicated that sunitinib 
exhibits anti-cancer activities on colon cancer cells 
when combined with tumor necrosis factor-related 
apoptosis-inducing ligand (Ding et al., 2010). How-

ever, the effect of sunitinib on colon cancer stroma 
remains unclear. In the present study, we determined 
the effect of sunitinib on primary human colonic 
fibroblasts from colon cancer in vitro and in vivo, as 
well as its underlying molecular mechanisms. 

 
 

2  Materials and methods 

2.1  Reagents 

Sunitinib (Pfizer Inc., USA) was suspended in 
dimethylsulfoxide (DMSO) for in vitro studies, or in a 
carboxymethylcellulose (CMC) solution (0.5% (5 g/L) 
CMC, 1.8% (18 g/L) NaCl, 0.4% Tween 80, and 0.9% 
benzyl alcohol in distilled water) for in vivo experi-
ments, to obtain 100 mmol/L stock solutions, which 
were then stored at −20 °C.  

5-Fluorouracil (5-FU; Sigma-Aldrich, USA) was 
suspended in DMSO to obtain 250 mmol/L stock 
concentration, which was then stored at −20 °C and 
diluted in cell medium or phosphate buffered saline 
(PBS) for in vitro or in vivo assay, respectively.  

Recombinant human PDGF-BB (PeproTech, 
USA) was dissolved in sterilized water that contained 
0.1% bovine serum albumin to obtain 1 μg/μl stock 
solution, which was then stored at −80 °C. 

Antibodies used are: anti-human-Akt, anti-  
human-phospho-Akt (Ser473), anti-human-phospho- 
PDGFR-β (Tyr751), and anti-human-GAPDH ob-
tained from Cell Signaling Technology (Danvers, 
MA, USA); anti-human-vimentin, anti-mouse CD34, 
and anti-human-ERK2 obtained from Abcam plc 
(Hong Kong, China); anti-human-PDGFR-α, anti- 
human-phospho-p44/42 MAPK (mitogen-activated 
protein kinase) (ERK1/2) (Thr202/Tyr204), anti- 
human-PDGFR-β, horseradish peroxidase (HRP), 
and conjugated anti-mouse and anti-rabbit IgG were 
obtained from Epitomics (Burlingame, USA).  

2.2  Cells and culture conditions 

The freshly dissected colon cancer tissue spec-
imens were extensively washed, minced, and incu-
bated in 1 mg/ml collagenase type I and 1 mg/ml 
hyaluronidase (Sigma-Aldrich, USA) for 2 h at 37 °C. 
The cells were separated by centrifugation and 
re-suspended in Iscove’s modified Dulbecco’s me-
dium (Invitrogen, USA) supplemented with penicillin- 
streptomycin and 10% fetal bovine serum (FBS; 



Wang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)   2014 15(8):701-712 703

Invitrogen, USA). Early passages of the three colonic 
fibroblasts (F-1, F-2, and F-3) were used in the fol-
lowing experiments (passage 15 for all experiments). 

Colon cancer cell line SW620 (Cell Bank of 
Type Culture Collection, Chinese Academy of Sci-
ences, China) was maintained in Leibovitz’s L-15 
medium (Invitrogen, USA) supplemented with 10% 
FBS, and stored at 37 °C in an incubator aerosolized 
with 5% CO2.  

2.3  Cell cycle analysis 

Cell cycle was analyzed by flow cytometry. 
Subconfluent cultures (24 h) of sunitinib-treated co-
lonic fibroblasts (1 or 8 μmol/L) were trypsinized, 
washed with PBS, fixed in 70% ethanol, and stained 
with propidium iodide (50 μg/ml) in the presence of 
MgCl2 (5 mmol/L) and RNase A (10 μg/ml) in 
Tris-HCl (pH 7.5; 10 mmol/L). DNA content was 
determined using a FACSCalibur flow cytometer 
(Becton, Dickinson and Company, USA) with Modfit 
software.  

2.4  Cell proliferation assay 

Cell proliferation assays were performed by us-
ing CellTiter 96 Aqueous One Solution Cell Prolif-
eration Assay that contained MTS (Promega Corpo-
ration, USA). Each well of the 96-well plates was 
seeded with 2000–3000 colonic fibroblasts or 3000 
SW620 cells in a culture medium that contained 10% 
FBS. The cells were treated with different concentra-
tions of 5-FU or sunitinib after overnight culture. 
MTS was added to the cells in accordance with the 
protocol of the supplier 72 h after the treatments. 
Absorbance was then measured at 490 nm using an 
automated enzyme-linked immunosorbent assay 
(ELISA) plate reader.  

The medium in the overnight cultured cells in the 
96-well plates was replaced by a serum-free medium 
that contained PDGF-BB (10 ng/ml) and various 
sunitinib concentrations to evaluate the effects of 
growth factors PDGF-BB and tyrosine kinase inhib-
itor sunitinib on the colonic fibroblast growth. MTS 
assay was conducted 72 h after treatment.  

2.5  Western-blot analysis 

Subconfluent colonic fibroblasts were cultured 
overnight in a serum-free medium, pretreated with 
various sunitinib concentrations for 2 h, and stimu-

lated with PDGF-BB (10 ng/ml) for 20 min. The cells 
were washed with ice-cold PBS and lysed in a protein 
lysis buffer (Pierce Chemical Company, USA) sup-
plemented with protease/phosphatase inhibitor cock-
tails (Pierce Chemical Company) in accordance with 
the protocol of the manufacturer. Protein concentra-
tions were determined using the BCA protein assay 
kit (Pierce Chemical Company). The samples were 
separated on 8%–12% sodium dodecyl sulfate- 
polyacrylamide gels, transferred to polyvinylidene 
difluoride (PVDF) membranes (EMD Millipore, 
USA), blocked, and detected by appropriate primary 
and secondary antibodies before visualization using a 
chemiluminescence detection kit for HRP.  

2.6  Animals and orthotopic tumor implantation  

This study was approved by the Institutional 
Animal Ethical Committee of the Second Affiliated 
Hospital of Zhejiang University, China. Animal care 
was performed in accordance with the institutional 
guidelines.  

Six-week-old male BALB/c athymic nude mice 
(SLAC Laboratory Animal Co. Ltd., Shanghai, China) 
were used for tumorigenesis assay. SW620 cells, 
(SW620+F-1) cells, or (SW620+F-2) cells (1×106 
cells of each cell line) mixed in Matrigel matrix (BD 
Biosciences, USA) were injected subcutaneously into 
nude mice at random. Each group of mice was sub-
divided into control and treatment subgroups (n=6). 
Four days after injection, the mice were treated with a 
vehicle of sunitinib (40 mg/kg; oral route) or 5-FU 
(20 mg/kg; intraperitoneal injection) in a 5-d-on/ 
2-d-off treatment cycle (5/2 schedule) based on the 
subgroup. The length (l) and width (w) of the tumor 
and body weight of the mice were measured with 
calipers twice a week. The tumor volume (V) was 
calculated as V=lw2/2.  

2.7  Immunohistochemical analysis  

Tumors from both control and treatment groups 
were excised after 5 d, fixed with formalin, embedded 
in paraffin, and cut into serial 4-μm sections. Tissue 
sections were stained with antibodies to detect pri-
mary human colonic fibroblasts using anti-human 
vimentin, whereas tumor microvascular density 
(MVD) was determined using anti-mouse CD34. The 
sections were visualized using the EnVision Detec-
tion System (Dako, Glostrup, Denmark). Three tissue 
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sections from each of the six mice in each group were 
evaluated. Tissue sections were examined under a 
light microscope to identify five regions with the 
highest MVD (100×), and then recorded to quantify 
tumor MVD (200×). Tissue sections were also ex-
amined (100×) to identify five regions with the 
highest vimentin-positive cells, and then recorded to 
quantify primary human colonic fibroblasts (400×). 
The results were then statistically analyzed. 

2.8  Statistical analysis 

The results were expressed as mean±standard 
error (SE). The differences between each group, such 
as cellular growth rate, were analyzed by paired 
Student’s t-test and based on the mouse body weight. 
Quantifications of the Western-blot results, tumor 
volumes, CD34+ areas, and vimentin-positive cells 
were analyzed using one-way analysis of variance 
(ANOVA) or non-parametric test. P<0.05 was con-
sidered as statistically significant.  

 
 

3  Results 

3.1  Effects of sunitinib and 5-FU on the growth of 
SW620 cells and human colonic fibroblasts 

Cell proliferation assays were carried out in the 
presence of varying sunitinib concentrations for 72 h 
to determine the inhibitory effect of sunitinib on co-
lonic fibroblasts and SW620 colon cancer cells in 
vitro. Significant growth inhibitory effects on SW620 
cells and colonic fibroblasts were observed in a 
dose-dependent manner (Fig. 1a). Moreover, the ef-
fects of 5-FU on the growth of colonic fibroblasts and 
SW620 cells for 72 h were determined via MTS assay. 
5-FU significantly inhibited SW620 cell growth in a 
dose-dependent manner, but had no effect on colonic 
fibroblasts even at 250 μmol/L (Fig. 1b).  

3.2  Cell cycle analysis 

Cell cycle analysis (24 h) of 1 or 8 μmol/L 
sunitinib-treated colonic fibroblasts was performed 
via flow cytometry to evaluate the inhibitory effect of 
sunitinib against colonic fibroblast proliferation. The 
result indicates a dose-dependent decrease in S and 
G2/M phases as well as an accumulation of cells in 
the G0/G1 phase. No significant cell apoptosis was 
detected even at 8 μmol/L sunitinib (Figs. 1c–1e).  

3.3  Expression levels of PDGFR-α and PDGFR-β 
in SW620 cells and human colonic fibroblasts  

PDGFR-α and PDGFR-β expression levels in 
colonic fibroblasts and SW620 cells were determined 
by Western-blot analysis. Anti-PDGFR-α (110 kDa) 
and PDGFR-β (190 kDa) immunoreactive proteins 
were found in all colonic fibroblast protein extracts. 
In contrast to PDGFR-α expression, PDGFR-β was 
highly expressed in all colonic fibroblasts. Neither 
PDGFR-α nor PDGFR-β was expressed in SW620 
cells (Fig. 2a).  

3.4  Blocking of PDGF-BB-induced human colonic 
fibroblast proliferation by sunitinib  

Given that sunitinib mesylate is a specific in-
hibitor of the PDGFR, we subsequently assessed the 
effect of PDGF on colonic fibroblast proliferation, 
with or without sunitinib. Incubating with 10 ng/ml 
PDGF-BB significantly stimulated colonic fibroblast 
growth in the serum-free culture medium for 72 h, 
whereas co-incubating with 10 ng/ml PDGF-BB and 
various sunitinib concentrations, even at 50 nmol/L, 
effectively blocked PDGF-induced growth of colonic 
fibroblasts (Figs. 2b–2d).  

3.5  Inhibition of PDGF-BB-induced PDGFR-β 
signaling in human colonic fibroblasts by sunitinib  

The total levels of phosphorylated PDGFR-β, 
Akt, and ERK proteins in colonic fibroblasts treated 
with PDGF and/or sunitinib were examined to inves-
tigate the mechanisms by which sunitinib inhibits 
PDGF-induced colonic fibroblast proliferation. The 
total protein levels of PDGFR-β, Akt, and ERK1/2 in 
all three colonic fibroblasts were not significantly 
changed; however, stimulation by 10 ng/ml PDGF- 
BB alone significantly increased the phosphorylated 
levels of the aforementioned proteins. Meanwhile, 
pretreatment with sunitinib at various concentrations 
(0.05, 0.10, 0.20, 0.50, and 1.00 μmol/L) suppressed 
the PDGF-stimulated phosphorylation in a dose-  
dependent manner (Fig. 3). Fold changes in phos-
phorylated protein (RR:) between the treatment and 
the control groups were determined by three inde-
pendent experiments and normalized by the total 
protein level.  
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Fig. 1  Cell proliferation assay carried out in the presence of sunitinib (a) or 5-FU (b) for 72 h and cell circle analyses 
of colonic fibroblasts F-1 (c), F-2 (d), and F-3 (e) treated with sunitinib for 24 h 
Sunitinib inhibited the proliferation of SW620 cells and colonic fibroblasts (F-1, F-2, and F-3) in a dose-dependent manner 
(a), while 5-FU effectively inhibited SW620 cell growth, but exhibited no significant effect on colonic fibroblasts (F-1, F-2, 
and F-3) (b). As shown in (c)–(e), results of cell cycle analysis indicate a decrease in S and G2/M phases, as well as cell 
accumulation in G0/G1 phase by the sunitinib treatment. Data are presented as mean±SE (n=3). *P<0.05, **P<0.01, vs. 
control  

C
el

l (
%

) 

C
el

l (
%

) 

C
el

l (
%

) 



Wang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)   2014 15(8):701-712 706

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

3.6  Effect of sunitinib on tumor growth in mice 
xenograft models 

We developed a mouse xenograft model that 
bore subcutaneous SW620 cells and colonic fibro-
blasts to determine the contribution of colonic fibro-
blasts to tumor growth and the effect of sunitinib in 
vivo. SW620 cells or SW620 cells mixed with F-1 
cells (SW620+F-1) or F-2 cells (SW620+F-2) in a 1:1 
ratio were inoculated subcutaneously into immuno-
compromised nude mice to develop the mouse xeno-
graft model. Each group was divided into three sub-
groups administered with a vehicle, sunitinib, or 5-FU. 
F-3 cells were not included in the in vivo tests because 
the life span is too short to obtain sufficient numbers 
of cells.  

SW620 cells mixed with either F-1 or F-2 cells 
inoculated into nude mice generated significantly  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

greater tumor volumes than inoculation with SW620 
cells alone (P<0.05), whereas nude mice inoculated 
with colonic fibroblasts alone did not generate any 
tumor (data not shown). These results indicate that 
F-1 and F-2 cells significantly enhanced SW620 tu-
mor cell growth. By contrast, sunitinib significantly 
inhibited tumor growth in all three groups, namely, 
SW620, SW620+F-1, and SW620+F-2 (P<0.05), 
whereas 5-FU administration resulted in moderate 
tumor growth inhibition in the SW620+F-1 and 
SW620+F-2 groups (P<0.05; Fig. 4).  

The side-effects of sunitinib and 5-FU were also 
evaluated based on the in vivo assay. No mouse died 
in any of the groups. In each group, the average body 
weights of the mice in the sunitinib or 5-FU sub-
groups were not significantly different from those of 
the mice in the control subgroups (Table 1).  
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Fig. 2  Expression levels of PDGFR-α and PDGFR-β in SW620 cells and human colonic fibroblasts (a) and blocking 
effects of sunitinib on the proliferation of PDGF-BB-induced human colonic fibroblasts F-1 (b), F-2 (c), and F-3 (d)
(a) PDGFR-α and PDGFR-β expression levels in SW620 cells and colonic fibroblasts (F-1, F-2, and F-3) were determined 
by Western-blot analysis. (b–d) Cell proliferation assay suggested that 10 ng/ml PDGF-BB significantly stimulated the 
growth of all colonic fibroblasts in the serum-free culture medium for 72 h. Sunitinib blocked PDGF-BB-induced colonic 
fibroblast growth even at 50 nmol/L concentration. Data are presented as mean±SE (n=3). * P<0.05, ** P<0.01, *** P<0.001, 
vs. control 
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Fig. 3  Inhibition of PDGF-BB-induced PDGFR-β signaling in human colonic fibroblasts by sunitinib 
The stimulation induced by 10 ng/ml PDGF-BB increased the amounts of phosphorylated PDGFR-β, Akt, and ERK pro-
teins in colonic fibroblasts F-1 (a, b), F-2 (c, d), and F-3 (e, f). Pretreatment with various sunitinib concentrations sup-
pressed the phosphorylated levels of the aforementioned proteins in a dose-dependent manner. Fold changes in phos-
phorylated protein (RR:) between the treatment and the control groups were determined by three independent experiments 
and normalized by the total protein level. Data are presented as mean±SE. * P<0.05, ** P<0.01, vs. control 
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Table 1  Antitumor effects of sunitinib and 5-FU 

Group Treatment Body weight (g) Tumor incidence (%) Tumor volume (mm3) 

SW620 Control 23.92±0.87 100   1303±186.9 

 5-FU 22.80±0.65 100 826.4±70.9 

 Sunitinib 25.28±1.13 100      523±92.9** 

SW620+F-1 Control 22.04±0.51 100    2116±203.4 

 5-FU 20.88±0.82 100     1064±199.9* 

 Sunitinib 24.40±0.76 100     653.6±166.5** 

SW620+F-2 Control 21.64±0.53 100    1966±173.8 

 5-FU 20.50±1.62 100     1417±97.73* 

 Sunitinib 24.24±1.19 100    399.2±47.7*** 

Data are presented as mean±SE (n=6). * P<0.05, ** P<0.01, *** P<0.001, vs. control 
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Fig. 4  Tumor volumes of the mice injected with SW620, SW620+F-1, or SW620+F-2 cells under different 
treatments 
Each group was divided into the following subgroups: control, sunitinib, and 5-FU. (a) SW620 cells mixed with 
either F-1 or F-2 cells generated greater tumor volumes compared with those from SW620 cells alone. (b, c) In 
the SW620+F-1 and SW620+F-2 groups, both sunitinib and 5-FU significantly inhibited tumor growth; however, 
sunitinib more effectively inhibited tumor growth than 5-FU. (d) In the SW620 cell group, sunitinib significantly 
inhibited tumor growth compared with 5-FU and the control. Data are presented as mean±SE (n=6). * P<0.05, 
** P<0.01, *** P<0.001; the black * indicates comparison of the treatment subgroup with the control subgroup; the 
red * denotes comparison of sunitinib with 5-FU 
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3.7  Histopathologic analysis of mouse xenograft 
tumor 

The total numbers of colonic fibroblasts were 
determined by staining SW620+colonic fibroblast 
tumors with anti-human vimentin. Sunitinib treatment 
significantly decreased the number of colonic fibro-
blasts compared with the control (P<0.001) and 5-FU 
treatment (P<0.001), whereas 5-FU treatment did not 
significantly change the numbers of colonic fibro-
blasts (Fig. 5).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tumor MVD was evaluated by CD34 staining. 
Mixing colonic fibroblasts with SW620 cells signif-
icantly increased the tumor MVD compared with 
using SW620 cells only (P<0.001). In the SW620+ 
colonic fibroblast group, sunitinib significantly de-
creased the tumor MVD compared with the control 
(P<0.001) and 5-FU (P<0.05). However, neither 
sunitinib nor 5-FU treatment significantly decreased 
tumor MVD in the SW620 cell group compared with 
that in the control group (Fig. 5). 
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Fig. 5  Results of histopathologic analysis of mouse xenograft tumor 
(a, e) SW620 cell control; (b, f) SW620 cell+colonic fibroblast control; (c, g) SW620 cells+colonic fibroblasts treated with 
5-FU; (d, h) SW620 cells+colonic fibroblasts treated with sunitinib. (i) MVD was quantified according to the 
CD34-positive areas (a–d) at 200× magnification. Co-mixing colonic fibroblasts with SW620 cells significantly increased 
tumor MVD compared with using SW620 cells alone (P<0.001). In the SW620 cell+colonic fibroblast group, sunitinib 
treatment significantly decreased tumor MVD compared with the control (P<0.001) and 5-FU treatment (P<0.05). How-
ever, neither sunitinib nor 5-FU treatment significantly decreased tumor MVD in the SW620 cell group compared with the 
control group. (j) Primary fibroblasts were quantified according to vimentin-positive (e–h) areas at 400× magnification. 
Sunitinib treatment significantly decreased the numbers of colonic fibroblasts compared with the control (P<0.001) and 
5-FU treatment (P<0.001), whereas 5-FU treatment exhibited no significant effect on the numbers of colonic fibroblasts. 
Data are presented as mean±SE (n=6). * P<0.05; ** P<0.01; *** P<0.001 
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4  Discussion 
 
Cancer progression is increasingly recognized as 

being dependent not only on the cancer cells them-
selves, but also on stromal fibroblasts in cancer mi-
croenvironments (Mueller et al., 2007b; Cui et al., 
2010; Henriksson et al., 2011; Tyan et al., 2011; 
Zhang et al., 2011). Stromal fibroblasts modulate 
tumorigenic activities of cancer cells, such as prolif-
eration, apoptosis, and angiogenesis (Tomasek et al., 
2002; Kalluri, 2003; Micke and Ostman, 2005). 
Therefore, it is necessary to determine the specific 
interaction between cancer cells and stromal fibro-
blasts. Continuous cell line growth may exhibit dif-
ferences in cell proliferation and protein expression; 
thus, performing experiments during early passage is 
important. In the present study, we used three 
low-passage primary human colonic fibroblasts (F-1, 
F-2, and F-3) cultured from an excised tissue speci-
men of colon cancer. Similar experiments were per-
formed on these low-passage colonic fibroblasts to 
determine their common features. However, primary 
cells have a short life-span, thereby limiting the ex-
perimental repeatability. In the present study, the 
three primary colonic fibroblasts had short life-spans. 
Although the life-span of F-3 cells was too short to 
obtain sufficient numbers of cells to conduct animal 
tests, the biological properties of the three colonic 
fibroblasts were extremely similar. Thus, the animal 
experiments on F-1 and F-2 cells may represent their 
common features. 

Several studies have been carried out to target 
stromal fibroblasts using tyrosine kinase inhibitor, 
such as dasatinib or imatinib (Mueller et al., 2007a; 
Gioni et al., 2008; Haubeiss et al., 2010). Mueller et 
al. (2007a) showed that imatinib inhibits proliferation 
and modulates cytokine expression of human cancer- 
associated fibroblasts from colorectal metastases. 
However, the microenvironments of primary and 
metastatic lesions of colon cancer are dissimilar. Our 
results showed that the tyrosine kinase inhibitor 
sunitinib exhibits an inhibitory effect against human 
colonic fibroblasts from primary colon cancer both in 
vitro and in vivo. 

We initially investigated the effect of sunitinib 
on human colonic fibroblast growth by using 5-FU as 
control. Although 5-FU is a widely used agent in the 
clinical management of colon cancer, the inhibitory 

effects of sunitinib and 5-FU on colonic fibroblasts 
are significantly different. Cell proliferation assay 
indicated that sunitinib effectively inhibited human 
colonic fibroblast proliferation, whereas 5-FU 
showed no significant effect (Fig. 1). Given that fi-
broblasts are mainly stromal cells that are different 
from epithelial cells, we considered that the drug 
sensitivity of cancer cells and cancer stromal cells 
may be completely different. Furthermore, micro-
scopic observations showed that the inhibitory effect 
of sunitinib on colonic fibroblasts was cytostatic (not 
cytotoxic), which was confirmed by the cell cycle 
analysis by flow cytometry (Fig. 1). 

Subsequently, we confirmed that PDGFR-α and 
PDGFR-β, which bind PDGF-BB, were expressed in 
the three primary fibroblasts. In addition, PDGF-BB 
stimulated colonic fibroblast proliferation in serum- 
free medium. Moreover, 50 nmol/L sunitinib inhib-
ited PDGF-BB-mediated colonic fibroblast prolifera-
tion (Fig. 2). The dose-dependent inhibitory effects of 
sunitinib on the PDGF-BB-mediated phosphorylation 
of PDGFR-β, ERK1/2, and Akt pathways were 
demonstrated to elucidate the mechanisms of the 
inhibitory action of sunitinib (Fig. 3). PDGFR sig-
naling pathways are important in stromagenesis and 
cancer progression, and thus, PDGFR signaling inhi-
bition by sunitinib may be significant in tumor stro-
mal targeted treatment. Given that sunitinib is a multi- 
target tyrosine kinase inhibitor, we investigated the 
effect of sunitinib on VEGFR, which is one of its 
important targets in primary fibroblasts. However, the 
Western-blot analysis indicated that none of the 
VEGFR signaling receptors, such as VEGFR1, 
VEGFR2, and VEGFR3, were expressed in these 
fibroblasts (data not shown).  

Recent studies have shown that co-injecting 
stromal fibroblasts and tumor cells is more consistent 
in promoting cell growth than injecting tumor cells 
alone (Orimo et al., 2005; Liao et al., 2009). The 
co-injection model provides the basis for studying the 
interactions between stromal fibroblasts and cancer 
cells in vivo. Thus, in vivo assay was performed using 
the SW620 cell+colonic fibroblast co-injection model 
to evaluate the effect of sunitinib on colonic fibro-
blasts. The results showed that primary human co-
lonic fibroblasts enhanced the proliferation of SW620 
cells. The nude mice that bore colonic fibroblasts+ 
SW620 tumor cells generated larger tumor volumes 



Wang et al. / J Zhejiang Univ-Sci B (Biomed & Biotechnol)   2014 15(8):701-712 711

than the mice with only SW620 tumor cells (Fig. 4). 
Histopathologic analysis confirmed that the MVD of 
colonic fibroblasts+SW620 tumor cells was signifi-
cantly increased compared with that of SW620 tumor 
cells alone (Fig. 5). Treatment with sunitinib inhibited 
colonic fibroblasts+SW620 tumor cell growth more 
effectively than the 5-FU treatment. Moreover, 
sunitinib influenced the structure of colonic SW620+ 
fibroblasts tumor cells. Histopathologic analysis that 
used vimentin-positive staining indicates that tumor 
MVD and the numbers of colonic fibroblasts were 
significantly decreased after the sunitinib treatment 
(Fig. 5).  

In conclusion, we demonstrated that small mo-
lecular tyrosine kinase inhibitor sunitinib mesylate 
inhibited proliferation of primary human colonic 
fibroblasts from colon cancer in vitro and in vivo. 
Sunitinib-targeted treatment also inhibited PDGFR 
signaling of colonic fibroblasts by PDGF-BB stimu-
lation. Our results indicate that sunitinib may be 
valuable in treating colon cancer by suppressing 
stromal fibroblasts. The effect of sunitinib on stromal 
response can augment current chemotherapy of colon 
cancer by establishing a synergistic approach. 
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中文概要： 
 

本文题目：舒尼替尼对结肠成纤维细胞体内外抑制机制研究 

Sunitinib mesylate inhibits proliferation of human colonic stromal fibroblasts in vitro and in vivo 

研究目的：探索小分子酪氨酸激酶抑制剂舒尼替尼（sunitinib）对结肠肿瘤微环境中的肿瘤相关成纤维细

胞的作用及其机制。 

创新要点：舒尼替尼通过抑制肿瘤间质成纤维细胞的生长，间接发挥抗肿瘤效应，为结肠癌综合治疗的

提供新途径。 

研究方法：通过细胞周期分析和细胞增殖测定进行舒尼替尼体外抑制肿瘤细胞的研究。采用 Western-blot

检测磷酸化血小板衍生生长因子 β受体（PDGFR-β）、蛋白激酶 B（Akt）及细胞外信号调节

蛋白激酶（ERK）的蛋白水平。通过注射肠腺癌细胞株 SW620 和结肠成纤维细胞构建的裸鼠

移植瘤模型来研究舒尼替尼的体内抑瘤效果。 

重要结论：舒尼替尼可有效抑制结肠癌来源的原代结肠成纤维细胞生长，该抑制作用主要通过抑制血小

板衍生生长因子（PDGF）信号通路得以实现。 

关键词组：结肠癌；肿瘤相关成纤维细胞；舒尼替尼；血小板衍生生长因子（PDGF）；血小板衍生生长

因子受体（PDGFR） 


