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Abstract: Chemokine SDF-1 and their receptor CXCR4 play a key role in tumor invasion and metastasis. Ubiquitylation 
and degradation of epithelial E-cadherin complex mediated by Cb1 proto-oncogene-like 1 (CBLL1, also known as 
HAKAI) may regulate cell proliferation. Ovarian cancer has the highest mortality among malignant tumors of female 
reproductive system. Human mesenchymal stem cells (hMSC) are mesenchymal stem cells derived from bone mar-
row, and hMSC homing has been considered the most promising and effective way to treat cancers. A preliminary 
was conducted, based on the established lentiviral vectors LV3-CXCR4 siRNA and LV3-CBLL1 RNAi, and hMSC, 
human ovarian cancer cell SKOV-3, as well as human cervical cancer Hela cells, to investigate the mechanism of 
hMSC homing induced by SKOV-3. The study showed that SDF-1/CSCR-4 biological axis participated in hMSC hom-
ing induced by SKOV-3. hMSC facilitated SKOV-3 cell migration to the damaged site, and repaired SKOV-3 lesions. 
Degradation of E-cadherin mediated by CBLL1 also played an important role in this process. 

Keywords: Human bone marrow mesenchymal stem cell homing, stromal cell derived factor-1, CXCR4, CBLL1, 
SKOV-3

Introduction

Ovarian cancer has the highest mortality 
among malignant tumors of the female repro-
ductive system, while the mechanism of metas-
tasis remains unclear [1]. It is reported that 
chemokines and their receptors play an im- 
portant role in tumor invasion and metastasis 
[2]. hMSCs are non-hematopoietic stem cells 
derived from bone marrow with abilities of 
adhesion and self-renewal. hMSCs also have 
the following characteristics: 1) easy to be 
obtained and cultured, with high proliferation; 
2) multipotency and able to differentiate into 
bone cells, cartilage cells, adipocytes, cardiac 
muscle cells, etc; 3) low immunogenicity and 
low rejection following transplantation [3]. 
hMSC has been considered the most promising 
stem cells for the treatment of multiple diseas-
es. hMSC homing refers to the process dur- 
ing which hMSC directionally migrates to and 
engrafts in the target tissues under the effects 
of multiple factors. Thus, hMSC homing is criti-
cal for hMSC treatment and has gained wide-
spread attention [4, 5]. Chemokine stromal 
cell-derived factor-1 (SDF-1) and its specific 

receptor CSCR-4 participate in the metastatic 
process of some malignant tumors [6, 7]. 
Ovarian cancer cells mainly diffuse towards 
peritoneum. Since CXCR4 is expressed in ovar-
ian cancer cells, SDF-1/CXCD4 axis probably 
participates in this process and leads to ovari-
an cancer progression [8, 9]. Human E3 ubiqui-
tin protein ligase HAKAI (aka CBLL1), coded by 
cbll1 gene, has a Ring-finger structure, which 
participates in the ubiquitination of E-cadherin 
complex, endocytosis and degradation in epi-
thelial cells, and regulates cell proliferation. The 
two lysine residues on the cytoplasmic region 
of E-cadherin are the ubiquitination site. The 
degradation of E-cadherin by proteasome is 
regulated by phosphorylation. The binding sites 
on E-cadherin to Hakai contain several tyrosine 
residues, which can be phosphorylated by tyro-
sine kinase (such as Src and Met) to enhance 
the binding between the two proteins [10, 11]. 

A preliminary study was conducted to investi-
gate the mechanism of SKOV-3 inducing hMSC 
homing, based on the established lentiviral vec-
tors LV3-CXCR4 siRNA and LV3-CBLL1 RNAi 
and using human bone marrow MSC, human 
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ovarian cancer cell SKOV-3 and human cervical 
cell Hela system, providing theoretical support 
for application of hMSC in the treatment of 
ovarian cancer. 

Materials and methods

Cells and lentiviral vectors

Human bone marrow mesenchymal stem cells 
(hMSC) were purchased from Guangzhou Saiye 
Co. Human ovarian cancer cells SKOV-3. 
Human cervical cancer cells Hela were pur-
chased from Chinese Academy of Sciences 
(Shanghai). LV3-CXCR4 siRNA and LV3-CBLL1 
RNAi lentiviral vectors were constructed by our 
institute. 

Methods

SDF-1 expression before and after CXCR4 
interference on hMSC migration in two types  
of cells detected by ELISA: Cultured SKOV-3 
and Hela cells were transfected with estab-
lished LV-CXCR4 siRNA lentiviral vector [12] 
and details of experimental groups are listed in 
Table 1. After treatment, cells were collected 
and cell suspension was diluted with PBS (pH 
7.4) to a concentration of 1,000,000/ml. After 
several freeze-thaw cycles, cells were damaged 
and cellular contents were released. Cells were 
centrifuged for about 20 min (2000-3000 rpm) 
and supernant was collected carefully.  

me labeled antibody complex. After thorough 
washes, TMB substrates were added for color 
development. TMB turned into blue color  
catalyzed by HRP enzyme and changed to yel-
low under the effect of acid. The strength of 
color was positively correlated with SDF-1 lev-
els in the samples. Absorbance (OD value)  
was detected under 450 nm wavelength using 
spectrophotometer. SDF-1 concentration in sa- 
mples was calculated using standard curve. 

The concentrations of standards were plotted 
as x-axis and OD values were plotted as y-axis. 
The linear regression equation of standard 
curve was calculated. Sample OD values were 
plugged into equation to calculate sample  
concentrations, which was multiplied by dilu-
tion factor to obtain the real SDF-1 concentra-
tion in samples. 

hMSC migration ability towards two types of 
cells detected by scratch assay: Cell scratch 
assay (repair) is a convenient way to detect  
cell migration and repair ability [13]. In the 
present study, on the plate cultured with in vitro 
SKOV-3 and Hela cells, a pipette tip was used 
to draw lines in the central area of cell culture 
to remove the cells growing in the center. Cells 
were continued to be cultured until 24 h and 
the culture dish was taken out to examine 
whether the cells in peripheral regions migrat-
ed to the central scratch area and determine 
the cell migration ability. Details of experimen-
tal groups are listed in Table 2.

Steps of scratch assay are listed as follows:

Cells were cultured in RPMI-1640 containing 
10% FBS and seeded in 6-well plates at a cer-
tain concentration. Different concentrations of 
hMSC were seeded in the upper chamber of 
Transwell. Cells were cultured for approximately 
24 h until monolayer cells reaching 70-80% 
confluence. 

Table 1. Grouping of experiment
ELISA 
Groups Different treatment

1-a Normal Hela cell group
2-a Empty lentivirus transfected Hela cell group
3-a LV3-CXCR4 siRNA lentiviral transfected Hela cell group
4-a Normal SKOV-3 cell group
5-a Empty lentivirus transfected SKOV-3 cell group
6-a LV3-CXCR4 siRNA Lentiviral transfected SKOV-3 cell group

Table 2. Scratch grouping
Scratch Assay Groups Different Treatment
1-b Hela normal cell group
2-b hMSC: Hela 1:500
3-b hMSC: Hela 1:1000
4-b SKOV-3 normal cell group
5-b hMSC : SKOV-3 1:500
6-b hMSC: SKOV-3 1:1000

SDF-1 levels before and after CX- 
CR4 interference on hMSC migra-
tion were detected using ELISA kit 
(double sandwich method) (Lianke, 
China). Purified stromal cell-derived 
factor (SDF-1) antibody was used as 
solid antibody to coat the micro-
plate. SDF-1 was added to monoclo-
nal antibody coated wells, bound  
to HRP labeled SDF-1 antibody  
and formed antibody-antigen-enzy- 
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Without changing media, a 2.5 ul sterile pipet 
tip was used to slightly scratch a line through 
the well on the monolayer of cells (pipet tip ver-
tical to the bottom of well, not tilt, to make a 
straight line in the same direction). 

Another line was scratched vertical to the first 
line to make a cross scratch in each well.

After scratching, wells were slightly washed 
twice with media to remove falling cells and 
new media was added. 

Cell culture was taken out at 6 h, 12 h and 24 h 
for imaging to record cell growth.

Influences of hMSC on migration ability of two 
types of cells by transwell migration assay

Transwell was placed in culture plates. Upper 
chamber and lower chamber were separated by 
polycarbonate membrane and cells were seed-
ed in the upper chamber. Due to the permeabil-
ity of polycarbonate membrane, culture media 
in the lower chamber can affect cells in the 
upper chamber. Thus this assay can be used  
to study the effect of culture media in the  
lower chamber on cell growth and mobility. 
SKOV-3 and Hela cells in the study were cul-
tured in RPMI1640 media containing 10% FVS, 
100 kU/L penicillin and 100 mg/L streptomycin 
at 37°C with relative humidity 100% and 5% 
CO2 in the incubator. Media was changed every 

three days and cells were passaged every five 
days. In this study, Transwell migration assay 
was used to detect the effect of hMSC on 
migration ability of two types of cells. Detailed 
experiment steps are listed as follows: 

All cell culture reagent and culture plates were 
placed at 37°C. 

Cells were cultured till logarithm phase. Cells 
were digested, and washed with PBS and 
serum-free media successively. Cells were sus-
pended with serum free media, counted and 
adjusted to a concentration of 2×105/ml. 

700 µl media containing 10% serum and differ-
ent ratios of hMSC were added in the lower 
chamber (experiment group shown in Table 3). 
150 µl tumor cell suspension was added in the 
upper chamber. Cells were cultured in the incu-
bator for 24 h. 

The lower surface was soaked in 70% methanol 
solution, fixed for 40 min, stained with trypan 
blue and observed using a microscope. Five 
regions including the center and four corners 
were selected and mean was calculated to 
count the cell numbers on the lower surface of 
PET membrane.

“Artificial” wound healing under different con-
centrations of hMSC detected by immunohisto-
chemistry

Based on the principle of specific binding 
between antigen and antibody, immunohisto-
chemistry is a method to locate the antigen 
(polypeptide and protein) in tissues and cells in 
a qualitative and quantitative way, by color 
development of antibody labeling reagent (fluo-
rescein, enzymes, metal ions and isotopes). In 
the present study, rabbit anti-vimentin anti-
body, HRP labeled streptavidin and biotin 
labeled secondary antibody were used to 
detect Vimentin expression based on the colo-
rimetric development and to determine the 
effect of hMSC on artificial would healing. 
Detailed experiment group information is listed 
in Table 4.

Detailed immunohistochemistry steps are list-
ed as follows:

Preparation of cell culture glass slides: cells 
were digested and suspended with complete 
culture media to a concentration of 2*104/ml. 

Table 3. Transwell migration assay-grouping
Transwell Migration 
Assay-Groups A Variation Treatment

1-c Hela normal cell group
2-c hMSC: Hela 1:500 group 
3-c hMSC: Hela 1:1000 group 
4-c SKOV-3 normal cell group
5-c hMSC: SKOV-31:500 group 
6-c hMSC: SKOV-31:1000 group 

Table 4. Immunohistochemistry grouping
Groups Variation Treatment
1-d Hela normal cell group
2-d hMSC: Hela 1:500 group 
3-d hMSC: Hela 1:1000 group 
4-d SKOV-3 normal cell group
5-d hMSC: SKOV-31:500 group 
6-d hMSC: SKOV-31:1000 group 



Mechanism of SKOV-3 inducing hMSC homing

6265 Int J Clin Exp Med 2017;10(4):6262-6272

Glass slides were placed in a sterile 12-well 
plate. Cell suspension was dropped on the 
round glass slides and cells were given 30min 
to attach. Complete media was added and cells 
were cultured at 37°C with 5% CO2 in the 
incubator. 

Before immunohistochemistry, cells were taken 
out, washed twice with PBS, treated with para-
formaldehyde for 20 min at room temperature 
and then rinsed for three times with PBS. Cells 
were treated with 5% Triton X-100 for 20 min at 
room temperature and rinsed with PBS for 
three times. Cells were treated with 3% H2O2 for 
15 min at room temperature and rinsed with 
PBS for three times. 

min with a gradient of ethanol 75%, 85%, 95%, 
100%, respectively. Slides were then cleared 
with xylene for 3 min twice and mounted with 
neutral gum. 

Transwell analysis on the effect of e-cadherin 
degradation on SKOV-3 migration under the 
influence of hMSC

Cells were cultured in the same way as 1.2.4. 
Transwell assay was conducted to analyze the 
effect of E-cadherin degradation on SKOV-3 cell 
migration under the influence of hMSC. Detailed 
experiment steps are listed as follows: 

All cell culture reagents and culture plates were 
incubated at 37°C. 

Cells were cultured till logarithm phase. Cells 
were digested, and washed with PBS and 
serum-free media successively. Cells were sus-
pended with serum free media, counted and 
adjusted to a concentration of 2×105/ml. 

700 µl media containing 10% serum and differ-
ent ratios of hMSC were added in the lower 
chamber (experiment group shown in Table 5). 
150 µl tumor cell suspension was added in the 

Table 5. Transwell migration assay-grouping
Transwell  
Migration Assay- 
Groups B

Variation Treatment

1-e Normal Hela cell group
2-e Empty lentiviral vector transfected Hela cell group
3-e LV3-CBLL1 RNAi lentiviral vector transfected Hela cell group
4-e Normal SKOV-3 cell group
5-e Empty lentiviral vector transfected SKOV-3 cell group
6-e LV3-CBLL1 RNAi lentiviral vector transfected SKOV-3 cell group

Figure 1. Standard curve line of ELISA.

Immunohistochemistry: 
goat serum was used for 
blocking for 60 min. Sli- 
des were taken out to 
get rid of blocking buffer 
(no rinsing) and incubat-
ed with the primary anti-
body (1:200) overnight 
at 4°C (primary antibody 
was replaced with PBS 
solution in negative con-
trol). Samples were rin- 
sed for 3 min three times 

with PBS and incubated with 
biotin-labeled secondary anti-
body working solution at 37°C 
for 30 min. Samples were 
incubated with HRP labeled 
streptavidin working solution 
for 30 min at 37°C, rinsed for 
3 min three times with PBS 
and then subjected to DBA 
development for about 5 min. 
After washed twice with ster-
ile water, samples were coun-
terstained with hematoxylin. 
After washed with tap water, 
cells were dehydrated for 3 

Table 6. SDF-1 expression in each group
Group N Mean ± SD F value P value
1-a 3 619.96±3.75 148.90 <0.001
2-a 3 595.53±25.19*
3-a 3 426.03±3.64*
4-a 3 590.20±14.53*
5-a 3 423.86±10.11*
6-a 3 541.15±4.21*
*Compared to 1-a group, P<0.05.
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upper chamber. Cells were cultured in the incu-
bator for 24 h. 

The lower surface was soaked in 70% metha-
nol solution, fixed for 45 min, stained with try-

pan blue and observed using a microscope. 
Five regions in the center and four corners were 
selected and mean was calculated to count the 
cell numbers on the PET membrane lower 
surface.

Figure 2. Scratch test result. A: 6 h; B: 12 h; C: 24 h (1: 1-b group; 2: 2-b group; 3: 3-b group; 4: 4-b group; 5: 5-b 
group; 6: 6-b group).
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Statistical processing

Statistical analysis was performed using SPSS 
17.0 software. Count data were presented as 
[N (%)], and X2 test was used for comparison 
analyses. The measurement data were report-
ed as Mean ± SD, and t-test was adopted for 
intergroup comparison. Pearson correlation 
analyses were utilized to perform the correla-
tion analysis. P<0.05 indicated statistical 
significance. 

Results

SDF-1 expression before and after CXCR4 in-
terference on hMSC migration in two types of 
cells

SDF-1 levels in two types of cells before and 
after CXCR4 interference on hMSC migration 
were detected by ELISA. The standard curve of 
calibrated solution is shown in Figure 1. Plate 
layout and results of detection are shown in 
Table 6.

The results showed that after transfected by 
LV3-CXCR4 siRNA lentivirus, CXCR4 expression 
was inhibited in Hela and SDOV-3 cells. The 
SDF-1 levels in these two groups, especially in 
SKOV-3 cells, were significantly lower than 
those in normal control group. SDF-1/CXCR4 
participated in the process of SKOV-3 inducing 
hMSC homing. 

hMSC migration ability towards two types of 
cells detected by scratch assay 

According to protocols, cells were taken out for 
imaging at 6 h, 12 h and 24 h after scratching 
to record cell growth. Results are shown in 
Figure 2.

The results showed that 12 h after scratching, 
hMSC had facilitated the migration and growth 
of some of SKOV-3 and Hela cells from periph-
eral region to central scratching area. At 24 h, 
the central scratching region of SKOV-3 and 
Hela cells were both basically covered by grow-
ing cells. And the effect of hMSC on SKOV-3 
repair and growth was more obvious. hMSC 
played an important role in SKOV-3 migration 
towards lesion sites. 

Influence of hMSC on the migration ability of 
two types of cells

According to the protocol, Transwell assay was 
conducted for cells in each treatment group to 

detect the effect of hMSC on Hela and SKOV-3 
migration ability. Cells were examined under 
microscope and five regions were selected for 
cell counting. Results are shown in Figure 3 
(100×).

The results showed that hMSC increased migra-
tion ability of Hela and SKOV-3 cells. The migra-
tion in groups with hMSC to cells 1:1000 was 
significantly better than that in 1:500 groups. 
In 1:500 groups, hMSC migration ability 
towards SKOV-3 and Hela cells was compara-
ble, while in 1:1000 group, migration of hMSC 
towards SKOV-3 was significantly better than 
that towards Hela cells. 

“Artificial” wound healing under different con-
centrations of hMSC

Rabbit anti-Vimentin antibody, HRP labeled 
streptavidin and biotin labeled secondary anti-
body were used to detect Vimentin expression 
level based on the colorimetric development 
and to determine the effect of hMSC on artifi-
cial would healing. Detailed results are shown 
in Figure 4 (100× and 400×). 

Results showed that hMSC significantly facili-
tated the “artificial” wound healing of Hela and 
SKOV-3 cells. Wound healing of groups with 
hMSC/cells ratio of 1:1000 was significantly 
better than that in 1:500 groups. In 1:1000 
groups, would healing of SKOV-3 by hMSC was 
significantly better than that in Hela cells, which 
was consistent with the results of 2.3, suggest-
ing that hMSC was able to repair cell damage of 
SKOV-3. 

Effect of E-cadherin degradation on SKOV-3 
migration under the Influence of hMSC

According to protocols, Transwell assay was 
conducted on the cells in each group to detect 
the effect of E-cadherin degradation on SKOV-3 
migration under the influence of hMSC. Detailed 
results are shown in Figure 5 (100×).

Results showed that compared to control 
group, LV3-CBLL1 RNAi lentivirus transfected 
Hela and SKOV-3 cells exhibited the lowest 
migration ability. It might be because CBLL1 
expression was inhibited by LV3-CBLL1 RNAi 
lentivirus, while DBLL1 mediated E-cadherin 
degradation participated in SKOV-3 cell migra-
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tion under the effect of hMSC. Overall, under 
the effect of hMSC, SKOV-3 cells exhibited 
higher migration ability than Hela cells, which 
was consistent with the results in 2.4, suggest-
ing that E-cadherin degradation mediated by 
CBLL1 played an important rolein SKOV-3 cell 
migration under the influence of hMSC. 

Discussion 

hMSC homing is a complicated process and 
may be regulated by multiple factors. Hepa- 
tocyte growth factor (HGF) can bind its receptor 
c-met and play a role in a variety of biological 
activities: anti-apoptosis, promoting cell prolif-

Figure 3. Influence of hMSC on migration ability of two types of cells (A: 1-C group; B: 2-C group; C: 3-C group; D: 4-c 
group; E: 5-c group; F: 6-c group).
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eration and angiogenesis, anti-fibrosis, etc. 
HGF secretion is mainly regulated by microenvi-
ronment. Particularly in tissue lesions and 
inflammation reactions, activated monocytes 

and macrophages can secrete a large amount 
of HGF [16, 17]. Neuss et al reported that hMSC 
also expressed c-met and HGF. They demon-
strated a strong chemotaxis of HGF towards 

Figure 4. Healing effect of different concentrations of hMSC circumstances “artificial” wound (1: 1-d group; 2: 2-d 
group; 3: 3-d group; 4: 4-d group; 5: 5-d group; 6: 6-d group).

Figure 5. Effect of E-cadherin degradation on SKOV-3 cell migration under the influence of hMSC (A: 1-e group; B: 
2-e group; C: 3-e group; D: 4-e group; E: 5-e group; F: 6-e group).
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hMSC, using cell scratch assay and Boyden-
Chamber method. Thus, HGF/c-met signaling 
played an important role in hMSC motivation 
and homing [18]. Monocyte chemotactic pro-
tein-3 (MCP-3) belongs to the CC subtype of 
chemokine family, which has chemotactic abili-
ty towards multiple types of cells including 
monocytes, granulocytes, dendritic cells, etc. 
MCP-3 exerted its influences mainly through 
binding to its specific receptors (CCR-l, CCR-2, 
CCR-3 and CCR-5). Damages and inflamma-
tions can up-regulate MCP-3 expression [19]. 
Schenk et al demonstrated that MCP-3 exhibit-
ed strong chemotaxis towards hMSN in vitro in 
a concentration-dependent manner. In the 
experiment group, MCP-3 transfected fibro-
blasts were transplanted in the myocardial 
infarcts region, where MCP-3 was highly 
expressed. The results showed that hMSC hom-
ing was significantly increased and higher than 
that in control group [20]. SDF-1/CXCR4 partici-
pated in ovarian cancer invasion and metasta-
sis to some extent, enhanced SKOV-3 cell 
migration ability and played a key role in the 
process of SKOV-3 inducing hMSC homing pro-
cess [21, 22]. 

Based on established lentiviral vectors LV3-
CXCR4 siRNA and LV3-CBLL1 RNAi, and hu- 
|man bone marrow hMSC, human ovarian can-
cer cell SKOV-3, as well as human cervical can-
cer cell Hela system, a preliminary study was 
conducted to investigate the mechanism of 
SKOV-3 inducinghMSC homing, indicating that 
SDF-1/CXCR4 participated hMSC homing pro-
cess induced by SKOV-3. hMSC played an 
important role during SKOV-3 migration to the 
lesion site and repaired damages in SKOV3. 
E-cadherin degradation mediated by CBLL1 
was also important in this process. The result 
of this study may provide a theoretical support 
for the application of hMSC homing in the treat-
ment of ovarian cancer. 
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