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Abstract. The aim of the present study was to investigate the 
tropism of mesenchymal stem cells (MSCs) to the tumor micro-
environment, and to evaluate the feasibility of bone marrow 
mesenchymal stem cells differentiating into myofibroblasts 
in vitro. A total of 1 ml bone marrow was extracted from the 
greater trochanter of one male New Zealand rabbit, and MSCs 
were obtained by density gradient centrifugation and cultured 
routinely. The surface markers were analyzed by flow cytom-
etry. A VX2 tumor was aseptically excised from another male 
New Zealand rabbit and primary cultured. The tropism of MSCs 
for 30% and 50% VX2 conditioned medium was determined 
by using Transwell migration assays. MSCs were incubated 
in 30% VX2 conditioned medium for 7 or 14  days. The 
messenger (m)RNA levels and protein expression of α‑smooth 
muscle actin (α‑SMA) and vimentin were measured by reverse 
transcription‑polymerase chain reaction and western blotting. 
MSCs were observed to have a spindle shape. The cultured 
MSCs were cluster of differentiation (CD)44+, CD105+, CD106+ 
and CD34‑. VX2 cells demonstrated a spindle or polygon shape. 
In the Transwell assay, it was observed that the migrated cells 
appeared more frequently in the 30% VX2 conditioned medium 
group compared with the other groups when microscopically 
examined, which was additionally confirmed by the results of a 
colorimetric assay. The mRNA levels and protein expression of 
α‑SMA and vimentin significantly increased in the test group 
compared with the control group at 7 days (P<0.01), and further 
increased in the test group at 14 days (P<0.01). The results of 

the present study demonstrated that MSCs have tropism for the 
tumor microenvironment and furthermore, may differentiate 
into myofibroblasts in the tumor microenvironment in vitro. The 
present study suggested that MSCs may migrate to the tumor 
and subsequently differentiate into myofibroblasts due to the 
tumor microenvironment, which may lead to promotion of the 
growth of the tumor. The present study additionally suggested 
that MSCs may be the precursors of tumor/carcinoma‑associ-
ated myofibroblasts.

Introduction

Stromal cells are the most important components of carcinoma 
and have a significant role in cancer development (1). Myofibro-
blasts constitute the bulk of the cancer stroma; these cells are 
activated, non‑transformed fibroblasts that express α‑smooth 
muscle actin (α‑SMA)  (2) and are observable in various 
human carcinomas (3). Myofibroblasts are able to promote 
cancer initiation, angiogenesis, invasion and metastasis (4) 
by secretion of elevated levels of growth factors, chemokines 
and matrix metalloproteinases (MMPS) (5,6). The origin of 
myofibroblasts in tumors remains to be fully elucidated. Fibro-
cytes (7), pericytes (8) and smooth muscle cells (9) are thought 
to be the precursors of myofibroblasts. However, certain 
studies have demonstrated that bone mesenchymal stem cells 
(MSCs) may be the source of myofibroblasts (10‑12).

MSCs are defined by their self‑renewal, plastic adherence 
and multiple differentiation potential  (13). MSCs possess 
the capacity to differentiate into osteoblasts, adipocytes, 
chondrocytes, myocytes and cardiomyocytes depending on 
the defining microenvironment  (14). Previous studies have 
reported that engrafted MSCs are able to differentiate into 
myofibroblasts  (15) and promote tumor growth in a rabbit 
bladder cancer model (16). MSCs additionally exhibit tropism, 
which means that they are attracted to sites of tissue injury, as 
well as tumor microenvironments. The tropism of MSCs may 
be controlled by inflammatory mediators produced during 
tissue damage or by the tumor microenvironment (17,18).

The VX2 tumor is derived from Shope papilloma virus, 
which induces malignant papilloma formation of a malignant 
epithelial tumor that is a type of squamous cell carcinoma (19). 
In a previous study by the present authors, it was observed 
that MSCs were able to differentiate into myofibroblasts in a 
rabbit VX2 bladder cancer model (15). In the present study, 
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a primary culture of MSCs and VX2 cells was utilized to 
demonstrate the tropism of MSCs, as well as their capacity to 
differentiate into myofibroblasts in VX2 conditioned medium. 
The results of the present study provide evidence that MSCs 
may be the precursor of myofibroblasts. 

Materials and methods

Animals. A total of 6 three-month old male New Zealand rabbits, 
weighing ~1.5 kg, were purchased from the Shandong Academy 
of Agricultural Sciences (Jinan, China). One three‑month old 
male New Zealand rabbit, weighing 2 kg, with a VX2 tumor 
was obtained from Shanghai Jiao Tong University School of 
Medicine (Shanghai, China). The rabbits were maintained in 
specific pathogen‑free environment at a temperature of 23±1˚C 
with a 12 h light/dark cycle and supplied rabbit chow and water 
ad  libitum. The present study was approved by the Ethics 
Committee of the Shandong Provincial Hospital Affiliated to 
Shandong University (Jinan, China; approval no., 2014‑003).

MSC isolation and culture. Rabbit MSCs were aspirated from 
the bone marrow of the proximal tibia of one male rabbit. 
MSCs were isolated as described previously (10) through the 
gradient centrifugation method as follows: The aspirates were 
mixed with an equal volume of phosphate‑buffered saline 
(PBS) and centrifuged (Heraeus™ Pico™ microcentrifuge; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) at room 
temperature (1,200 x g for 5 min); the pellets were suspended 
in 5 ml PBS and were added to 4 ml lymphocyte separating 
medium (Tianjin Haoyang Biological Products Technology 
Co., Ltd., Tianjin, China) and centrifuged again (2,000 x g 
for 20 min); the stratum intermedium was suspended in 6 ml 
PBS and centrifuged (1,200 x g for 5 min) and the pellets 
were suspended in 6 ml PBS and centrifuged at 1,000 x g 
for 5 min. Subsequently, the MSC pellets were suspended in 
low‑glucose Dulbecco's modified Eagle's medium (DMEM; 
Gibco; Thermo Fisher Scientific, Inc.) supplemented with 
10% calf‑serum (Gibco; Thermo Fisher Scientific, Inc.) and 
100 U/ml penicillin‑streptomycin mixture (Shanghai Solarbio 
Science & Technology Co., Ltd., Shanghai, China), followed 
by plating at an initial seeding density of 4.0x105/cm2. Nonad-
herent cells were removed following 72 h of incubation and the 
culture medium was replaced every 3 days. When cells grew 
to 80% confluence, they were trypsinized (0.25% trypsin; 
Sigma‑Aldrich, St. Louis, MO, USA) and subcultured in a 
1:2 split. Flow cytometry (FC500 Flow Cytometer; Beckman 
Coulter, Inc., Brea, CA, USA) was performed in order to identify 
passage 2 MSCs using mouse anti‑rabbit cluster of differentia-
tion (CD) 34 (cat. no. MCA547B; dilution, 1:15), anti‑CD44 
(cat. no. MCA806GA; dilution, 1:15), anti‑CD105 (cat. no.  
MCA1557; dilution, 1:15) and anti‑CD109 (cat. no. MCA907F; 
dilution, 1:15) primary antibodies (AbD Serotec, Kidlington, 
UK) (4˚C incubation for 30  min) and sheep anti‑mouse 
f luorescein isothiocyanate labeled secondary antibody 
(cat. no. ZDR-5307; dilution, 1:15; Beijing Zhongshan Jinqiao 
Biotechnology Co., Ltd., Beijing, China) (room temperature 
incubation for 1 h). The experiment was repeated three times.

VX2 cell isolation and culture. As previously described (10), an 
aseptically excised tumor (>3 cm volume), which had been grown 

in a male New Zealand rabbit for 4 weeks, was cut with scissors 
into sections (<1 mm in diameter) following euthanization with 
100 mg/kg sodium pentobarbital (New Asia Pharmaceutical Co., 
Ltd., Shanghai, China). The sections were trypsinized in 0.25% 
trypsin and 0.1% collagenase I (Gibco; Thermo Fisher Scientific, 
Inc.) at 37˚C for 20 min. The mixture was filtered using a 200 µm 
nylon mesh filter and the cells were suspended in RPMI‑1640 
medium (Gibco; Thermo Fisher Scientific, Inc.) supplemented 
with 15% calf‑serum and 100 U/ml penicillin‑streptomycin 
mixture, followed by plating at an initial seeding density of 
4.0x105/cm2. Nonadherent cells were removed following 72 h of 
incubation and the culture medium was replaced every 2 days. 
When cells grew to 80% confluence, they were trypsinized 
(0.25% trypsin). The cells were then fixed in 4% paraformal-
dehyde (Macklin Biochemical Co., Ltd., Shanghai, China) at 
the room temperature for 30 min., stained with hematoxylin 
and eosin (Chengdu Rich Science Industry Co., Ltd., Chengdu, 
China) and the morphology of cells was analyzed using a micro-
scope (CX23; Olympus Corporation, Tokyo, Japan).

In vitro migration assay. The tropism of MSCs for VX2 cells 
was determined using an in vitro migration assay. MSCs in 
serum‑free low‑glucose DMEM were placed into the upper 
well of 24 mm tissue culture Transwell plates (12 µm; EMD 
Millipore, Billerica, MA, USA) coated with Matrigel [90 µl 
endothelial cell medium (Matrigel; Sigma‑Aldrich) diluted 
in 270 µl low‑glucose DMEM]. VX2 cells were incubated 
at 37˚C in RPMI‑1640 medium supplemented with 15% 
calf‑serum for 48 h. The resulting conditioned medium was 
aspirated and prepared for the subsequent experiments. The 
cells were divided into three groups as follows, based on the 
medium placed into the lower well of the Transwell plates: 
Control group (low‑glucose DMEM supplemented with 10% 
calf‑serum), Test 1 group (low‑glucose DMEM supplemented 
with 10% calf‑serum and 30% VX2 conditioned medium) and 
Test 2 group (low‑glucose DMEM supplemented with 10% 
calf‑serum and 50% VX2 conditioned medium). MSCs were 
incubated for 12 h at 37˚C. The migrated cells were stained 
using crystal violet (A. B. Enterprises, Mumbai, India) and 
observed under a microscope (CX23; Olympus Corporation). 
The migration ratio was determined by using a colorimetric 
assay (WSL-2 colorimeter; Shanghai Laipade Science Instru-
ments Co., Ltd., Shanghai, China). All experiments were 
performed in triplicate.

Table I. Rabbit‑specific primer sequences.

Primer	 Sequence	 Size, bp

α‑SMA	 GTGTGAGGAAGAGGACAGCA	 391
	 TACGTCCAGAGGCATAGAGG	
Vimentin	 CTTCTCAGCATCACGACC	 146
	 ATCTATCTTGCGCTCCTG	
GAPDH	 GAGCTGAACGGGAAACTCAC	 476
	 GGTCTGGGATGGAAACTGTG	

SMA, smooth muscle actin; GAPDH, glyceraldehyde‑3‑phosphate 
dehydrogenase.
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Reverse transcription‑polymerase chain reaction (RT‑PCR). 
MSCs were incubated in conditioned medium (low‑glucose 
DMEM supplemented with 10% calf‑serum and 30% VX2 
conditioned medium) for 7 or 14 days at 37˚C. Total RNA was 
extracted from the MSCs and purified with the RNeasy Mini 
kit (Qiagen China Co., Ltd., Shanghai, China), according to the 
manufacturer's protocol. RT of the total RNA was performed 
using the PrimeScript™ 1st Strand cDNA synthesis kit (Takara 
Biotechnology Co., Ltd., Dalian, China). Glyceraldehyde‑3‑phos-
phate dehydrogenase (GAPDH) was utilized as the loading 
control gene, whereby each RT sample was normalized to the 
GAPDH level. The PCR was performed with rabbit primers 
(Table I; Invitrogen; Thermo Fisher Scientific, Inc.). The PCR 
was performed in a thermal cycler (Gene Cycler™, Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA). The cycling conditions 
were as follows: 22 cycles at 94˚C for 1 min, 58˚C for 60 sec, 72˚C 
for 60 sec and 72˚C for 7 min. PCR products were electropho-
resed on a 1% agarose gel containing ethidium bromide (Beijing 
NuoqiYa Biotechnology Co., Ltd., Beijing, China), and were 
visualized and images were captured using an ultraviolet transil-
luminator (UVsolo TS; Biometra GmbH, Göttingen, Germany). 
The experiment was performed in triplicate and diethyl pyrocar-
bonate water was used as the negative control.

Western blotting. As mentioned previously, MSCs were 
incubated in conditioned medium (low‑glucose DMEM 

supplemented with 10% calf‑serum and 30% VX2 conditioned 
medium) for 7 or 14 days at 37˚C. To identify the protein 
expression of α‑SMA and vimentin, western blotting was 
performed. Protein extracts were separated using 14% sodium 
dodecyl sulfate polyacrylamide gel electrophoresis and trans-
ferred to polyvinylidene difluoride membranes. Following 
blocking with 5% non‑fat dry milk for 1 h at room tempera-
ture, the membrane was incubated overnight at 4˚C with the 
appropriate primary antibody (monoclonal mouse anti‑rabbit 
α‑SMA; cat. no. 04-1100; dilution, 1:1,000, EMD Millipore; 
or polyclonal mouse anti‑rabbit vimentin; cat. no. ab45939; 
dilution, 1:200; Abcam, Cambridge, UK). Subsequently, 
the membrane was washed three  times with Tris‑Buffered 
Saline and Tween 20 for 30 min, followed by incubation with 
secondary antibody (horseradish peroxidase‑conjugated poly-
clonal sheep anti‑mouse antibody; cat. no. ZDR-5307; dilution, 
1:5,000; Beijing Zhongshan Jinqiao Biological Technology Co., 
Ltd., Beijing, China) for 1 h at room temperature. The labeled 
proteins were visualized using ECL Western Blotting Detec-
tion System (BestBio Company, Shanghai, China) and exposed 
to film. Polyclonal goat anti-rabbit β‑actin (cat. no. TA-09; dilu-
tion, 1:500; Beijing Zhongshan Jinqiao Biological Technology 
Co., Ltd.) was used as a protein loading control.

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation. Differences between two groups were compared 

Figure 1. Characterization of MSCs. (A) Spindle‑shaped MSCs (no staining; magnification, x200). (B) MSC growth curve forms an ‘S’ shape. (C) Representative 
data from flow cytometry. The majority of MSCs were positive for CD44, CD105 and CD106, but negative for CD34. MSC, mesenchymal stem cell; CD, cluster 
of differentiation.

  A   B

  C
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using the Student's t‑test and differences between multiple 
groups were analyzed by one‑way analysis of variance, using 
SPSS version 17.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was 
considered to indicated a statistically significant difference.

Results

MSCs and VX2 cell isolation and culture. MSCs possessed a 
spindle shape (Fig. 1A) and their doubling time at passage 2 

Figure 3. Tropism of MSCs for VX2 cells. (A) Control group; (B) Test 1 group (30% VX2 conditioned medium); (C) Test 2 group (50% VX2 conditioned medium) 
(crystal violet staining; magnification, x200). (D) The OD value of migrated cells in the control (1.00), Test 1 (2.00) and Test 2 (3.00) groups; *P<0.05. Data are 
presented as the mean ± standard deviation. MSC, mesenchymal stem cell; OD, optical density.

  A   B

  C   D

  A   B

  C

Figure 2. Characterization of VX2 cells. (A) VX2 cells exhibited a spindle or polygon shape (no staining; magnification, x200). (B) Hematoxylin and 
eosin‑stained VX2 cells (magnification, x200). (C) VX2 cell growth curve.
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was ~30 h (Fig. 1B). MSCs were positive for CD44, CD105 and 
CD106, but negative for CD34 expression (Fig. 1C). VX2 cells 
exhibited a spindle or polygon shape (Fig. 2A and B). Their 
doubling time at passage 2 was ~22 h (Fig. 2C).

Tropism of MSCs to the tumor microenvironment. The majority 
of the MSCs migrated through the Matrigel in all three groups, 
and the migrated cells demonstrated an uneven distribution. 
The cells of Test 1 group had increased migration compared 

Figure 4. Messenger RNA levels of α‑SMA, vimentin and GAPDH. Mesenchymal stem cells were incubated in various groups in conditioned medium for 7 or 
14 days as follows: 1, 7 days control group; 2, 7 days test group; 3, 14 days control group; 4, 14 days test group. *P<0.05. Data are presented as the mean ± stan-
dard deviation. SMA, smooth muscle actin; GAPDH, glyceraldehyde‑3‑phosphate dehydrogenase; M, marker.

Figure 5. The protein expression of α‑SMA and vimentin. Mesenchymal stem cells were incubated in various groups in conditioned medium for 7 or 14 days 
as follows: 1, 7 days control group; 2, 7 days test group; 3, 14 days control group; 4, 14 days test group. *P<0.05. Data are presented as the mean ± standard 
deviation. SMA, smooth muscle actin.
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with the other groups under microscope (magnification, x200; 
CX53; Olympus Corpoation), which was additionally 
confirmed by the results of the colorimetric assay. The results 
for the control group, Test 1 group and Test 2 groups were 
0.0898±0.0110, 0.1235±0.0059 and 0.0808±0.0179, respec-
tively, which indicated that Test 1 group cells had migrated 
significantly more compared with the other groups (Fig. 3). 
These results suggested that 30% VX2 conditioned medium 
may induce increased myofibroblast generation compared with 
50% VX2 conditioned medium, which may mean that 30% 
VX2 conditioned medium is the most suitable concentration 
for tropism of myofibroblast cells.

MSCs differentiate into myofibroblasts. Following incuba-
tion of MSCs with conditioned medium for 7 and 14 days, it 
was subsequently observed that the mRNA levels of α‑SMA 
and vimentin (myofibroblast markers) (11) had significantly 
increased in a time‑dependent manner (P<0.01; Fig. 4). The 
protein levels of α‑SMA and vimentin were additionally 
observed to have increased significantly in a time‑dependent 
manner (P<0.01; Fig. 5).

Discussion

Myofibroblasts were first identified in granulation tissue 
by Gabbiani and Majno (20) in 1972, and have been subse-
quently observed in a wide range of normal and abnormal 
tissues (21,22). Prior to the study by Gabbiani and Majno, 
there had not been an exact definition of myofibroblasts, as 
their appearance and function was not invariable within 
different tissues. Currently, it is generally accepted that myofi-
broblasts possess similar features to fibroblasts and smooth 
muscle cells, as they express the fibroblast marker vimentin 
and the smooth muscle marker α‑SMA (23). Myofibroblasts 
have roles in contraction, secretion and synthesis, and possess 
a significant role in injury healing, organogenesis and tissue 
molding (24,25).

Myofibroblasts are an important component of tumors/carci-
nomas; these cells are known as tumor/carcinoma‑associated 
myofibroblasts and differ from the myofibroblasts observed 
within normal tissues  (26). Tumor/carcinoma‑associated 
myofibroblasts are perpetually activated, and do not undergo 
apoptosis or elimination, which results in tumor/carcinoma 
growth and development (27). It has been reported that myofi-
broblasts promote tumor/carcinoma growth and progression 
by secretion of growth factors, chemokines and MMPs (28). In 
prostate cancer, myofibroblasts promote cancer cell growth and 
invasion by increasing the expression of chemokine (C‑X‑C 
motif) ligand (CXCL)12, CXCL14, MMP2 and MMP3 (29). It 
has been reported that myofibroblasts may promote cancer cell 
growth, angiogenesis and invasion by increasing the expres-
sion of CXCL12, MMP9 and MMP14 in breast cancer (30). 
Due to the accumulating evidence of their cancer‑promoting 
effects, myofibroblasts may be promising novel therapeutic 
targets for the treatment of cancer (31).

The source of tumor/carcinoma‑associated myofibroblasts 
remains to be elucidated. Certain previous studies reported that 
tumor/carcinoma‑associated myofibroblasts may be derived 
from myofibroblasts within normal tissue, which are activated 
by transforming growth factor (TGF)β1 and basic fibroblast 

growth factor (32,33). Another study reported that bone marrow 
was the primary source of tumor/carcinoma‑associated myofi-
broblasts (34), and an alternative study proposed that epithelial 
to mesenchymal transition may be responsible for the origin 
of myofibroblasts (35). The present study demonstrated that 
myofibroblasts may be derived from bone marrow MSCs. The 
following characteristics of MSCs suggest that they may be the 
precursors of myofibroblasts: Multiple differentiation potential 
and tropism (36). The results of the present study revealed that 
MSCs were able to differentiate into myofibroblasts in the 
presence of conditioned medium, which suggested that MSCs 
may be the primary source of myofibroblasts. The mechanism 
underlying this process remains to be elucidated. It was inferred 
that chemokines/cytokines secreted by tumor/cancer cells had a 
significant role. Tumor/cancer cells produce epidermal growth 
factor, platelet‑derived growth factor, vascular endothelial 
growth factor and TGFβ1, and TGFβ1 in particular promotes 
the transdifferention process (37). A previous study observed 
that tumor/cancer‑derived lysophosphatidic acid was involved 
in the differentiation of MSCs to myofibroblasts (38).

In the present study, the cells of Test 1 group had increased 
migration compared with the control group, which demonstrated 
the tropism of MSCs to the tumor microenvironment, which was 
consistent with previous studies (39,40). Furthermore, it is notable 
that migrated cells were significantly increased in the 30% VX2 
conditioned medium group compared with the 50% VX2 condi-
tioned medium group, however, these results contradict the results 
of previous studies (39,40). There may be various reasons for this 
result. Culturing MSCs is challenging and minor alterations in 
the composition of media may cause cell death. The composi-
tion of VX2 conditioned medium was complex and included a 
wide range of chemokines/cytokines and metabolic products. 
The results of the migration assay suggested that 30% VX2 
conditioned medium may be more appropriate, rather than 50% 
VX2 conditioned medium. There were a number of limitations 
of the present study. A component analysis of the VX2 condi-
tioned medium was not performed to additionally investigate the 
mechanism of MSC differentiation into myofibroblasts. These 
underlying mechanisms are of great interest for future studies.

In conclusion, MSC differentiation into myofibroblasts 
observed in the tumor/cancer stroma may be mediated by a 
range of chemokines/cytokines produced by the tumor/cancer, 
and this may be the primary source of tumor/cancer‑associated 
myofibroblasts.
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