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Abstract

Purpose: To understand the influence of Stromal Cell-Derived Factor 1 (SDF-1) and corresponding
receptor CXCR4 on proliferation, infiltration and metastasis of cervical cancer HeLa cells.
Method: The flow cytometry dyeing and the Western blot method are adopted to detect the expression
conditions of CXCR4 in HeLa cells; the MTT method is adopted to detect the influence of SDF-1 and
corresponding receptor CXCR4 on proliferation of HeLa cells; the Boyden chamber method is adopted
to detect the influence of SDF-1 and corresponding receptor CXCR4 on infiltration and metastasis of
HeLa cells.
Results: There is high expression on receptor CXCR4, the receptor of SDF-1; after the SDF-1
stimulation, the proliferation ability of HeLa cells is significantly increased (P<0.05), and this effect is
dose-dependent; after the knock-down of CXCR4 expression on surface of HeLa cells with RNAi, the
proliferation of HeLa cells caused by SDF-1 stimulation is significantly interdicted (P<0.05). SDF-1 may
give rise to infiltration and metastasis of HeLa cells. After the knock-down of CXCR4 expression on
surface of HeLa cells with RNAi, the infiltration and metastasis of HeLa cells are significantly
interdicted (P<0.05).
Conclusion: The CXCR4 with high expression on surface of HeLa cells plays a significant role in
inducing proliferation, infiltration and metastasis of HeLa cells.
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Introduction
As the commonest gynecologic malignant tumor, cervical
cancer is the second largest reason for death of women in
developing countries [1,2]. The prognosis of cervical cancer
patients is closely related to clinical stages and pathological
categories, and the cervical cancer patients with lymphatic
metastasis have poorer prognosis than that without lymphatic
metastasis [3]. According to research findings, Stromal Cell-
Derived Factor 1 (SDF-1) and corresponding receptor CXCR4
are closely related to metastasis of multiple tumors [4,5], and
there is little research on roles of SDF-1 and corresponding
receptor CXCR4 in cervical cancer. Therefore, HeLa cells of
human cervical carcinoma are adopted as the research model in
this experiment, to conduct preliminary discussion on roles
played by SDF-1 and corresponding receptor CXCR4 in
inducing of proliferation, infiltration and metastasis of Hela
cells. According to research findings, there is high CXCR4
expression on surface of Hela cells, and SDF-1 simulation can
give rise to proliferation, infiltration and metastasis of HeLa

cells. After the knock-down of the expression of CXCR4 on
HeLa cell surface, the proliferation, infiltration and metastasis
caused by SDF-1 stimulation are significantly interdicted. It
indicates that the CXCR4 with high expression on surface of
HeLa cells plays a significant role in inducing proliferation,
infiltration and metastasis of HeLa cells.

Data and Method

Material
The human cervical carcinoma HeLa cells were purchased
from ATCC; the chromosome antibodies of CXCR4 flow
cytometry were purchased from Biolegend Company; the
CXCR4 Western blot antibodies were purchased from R&D
Company; the CXCR4 siRNAs were purchased from Santa
Cruz Company; the electric transfection kit was purchased
from Lonza Company; the Boyden chamber was purchase from
American Millipore Company; the CytoBuster protein
extraction reagent was purchased from Novagen Company; the
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protease and phosphatase inhibitor were purchased from
Thermo Company.

Cell culture
The cervical cancer cell strains HeLa was cultivated with
RPMI1640 culture medium with 10% fetal calf serum in
conditions of 37°C and 5% CO2. The passage was conducted at
the time of 80% integration of cells.

The flow cytometry dyeing method
Hela cells were washed twice by PBS with 1% BSA, and
corresponding fluorescent antibodies (CXCR4) were added, for
incubation of 30 min at 4°C keeping out of the sun; they were
washed twice by PBS with 1% BSA, and then the cells were
re-suspended in 0.1 ml 1% paraformaldehyde stationary liquid
for detection of flow cytometry.

The extraction of total cell protein
Hela cells were washed twice by iced PBS, 400 Xg centrifuged
for 5 min; the decellularization supernatant was abandoned,
and then protease, phosphatase inhibitor and 100 μL
CytoBuster protein extraction reagent were added into the
sediment, which were blown and beat for mixing, and was
placed for 15 min at room temperature; 4°C, 12000 Xg
centrifuged for 15 min; the acquired supernatant was the total
cell protein, some of which was kept for detection on protein
concentration, and the other supernatant was sub-packaged
with 15 μL in each pipe, for freeze preservation at -80°C.

Measurement of protein concentration with the BCA
method
The dilution was conducted on the standard substance BSA
strictly according to the specification of the BCA kit; Reagent
A and B in the kit were mixed according to the volume ratio of
50:1, to acquire the working solution; 200 μL working solution
was added into the 96-well plate, and then 25 μL multiple
proportion diluted standard substance or sample to be tested
was added, and 3 multiple pores were set for each category of
sample. The OD value was measured at the wave length of 562
nm after incubation at 37°C for 30 min. The standard curve
was drawn according to the optical density and the
concentration gradient of the standard substance, and the
concentration of the sample was calculated according to the
standard curve and the OD value of the sample to be tested.

Western blot
The above protein of the same amount was extracted, which
was transfected and printed half-dry after 8%-10% SDS-PAGE
separation gel and 5% spacer gel separation. The TBST with
5% BSA was sealed and incubated for 2 h at indoor
temperature, and then mouse anti-human CXCR4 antibodies
were added for incubation overnight at 4°C. On the next day, it
was conducted with membrane cleaning for 3 times with 0.1%
TBST, 5 min each time. The HRP of corresponding species
was added to mark the second antibody, for incubation of 1h at

indoor temperature. It was then conducted with membrane
cleaning with 0.1% TBST, and Supersignal West Femto/Pico
HRP sensitive chemiluminiscence substrate was adopted for
color development to the stripe. Actin was adopted as the
internal control. All the experiments should be conducted at
least 3 times.

Procedures and effect detection of transfection
Please refer to the specification of the kit for detailed operating
procedures.

Detection on cell proliferation ability with the MTT
method
The RPMI-1640 culture medium with low serum was adopted
to cultivate for Hela cells, and SDF-1 of 0, 1, 10, 20, 50,100
and 200 ng/ml was added into the culture medium. The cells
were inoculated into 96-core culture plate. After 72 h of
cultivation, each hole was added into 20 μL MTT solution, and
the supernatant was extracted after action of 4 h. The DMSO
solution of 150 μL was added for 10 min of low velocity
vibration, and the OD value was measured at the wave length
of 490 nm.

Detection on infiltration ability
The Boyden chamber was adopted to analyse and detect cell
infiltration ability, with the following procedures: The trypan
blue was adopted for counting and re-suspending of cells for
experiments. 1 × 105 cells were placed in upper layer chamber
spread with glue, and the culture medium was supplemented to
300 μL. The cotton swab was adopted to eliminate the cells
without infiltration from the upper layer chamber. The cells in
lower layer chamber were fixed and dyed with 0.1% crystal
violet, after incubation of 12 h, so as to count the number of
cells with infiltration.

Statistical method
The SPSS 16.0 software was adopted, and t-test was adopted
for statistical analysis on the data. The difference had statistical
significance if P<0.05.

Results

Detection on CXCR4 expression on surface of HeLa
cells of cervical cancer
As shown in Figure 1, according to the detection result of the
flow cytometry, CXCR4 receptor expression rate on surface of
HeLa cells of cervical cancer was as high as more than 90%.
At the same time, according to Western blot results, the
CXCR4 receptor had high expression on HeLa cells in cervical
cancer.
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Detection on cell transfection efficiency and
interfering effect
As shown in Figure 2A, the Lonza electric transfection method
was adopted for HeLa cell strain transfection of cervical
cancer, with transfection ratio of more than 90%; after the
transfection of CXCR4 siRNA, the positive rate of CXCR4
expression on surface of HeLa cells of cervical cancer was
significantly reduced (Figure 2B).

Figure 1. Results on analysis in CXCR4 expression in HeLa cells.

Figure 2. Detection on cell transfection efficiency and interfering
effect.

Influence of SDF-1 and corresponding receptor
CXCR4 on HeLa cell proliferation
As shown in Figure 3A, after the treatment of Hela cells with
SDF-1 of 0, 1, 10, 20, 50, 100 and 200 ng/ml, the proliferation
efficiency of Hela cells was (0.358 ± 0.124), (0.685 ± 0.176),
(1.056 ± 0.135), (1.524 ± 0.204), (1.867 ± 0.267), (2.157 ±
0.301) and (2.025 ± 0.287), respectively. With the increase in
SDF-1 concentration, the proliferation efficiency of Hela cells
gradually increased; at the SDF-1 concentration of 100ng/ml,
the proliferation efficiency of Hela cells achieved the highest.
After the knock-down of the CXCR4 expression on surface of
HeLa cells with RNAi, the HeLa cell proliferation caused by
SDF-1 stimulation was significantly interdicted (P<0.05)
(Figure 3B).

Influence of Transwell detection SDF-1 and
corresponding receptor CXCR4 on infiltration and
metastasis of HeLa cells
As shown in Figure 4A, the number of cells with infiltration on
Hela without any treatment was (100.25 ± 19.46). After the
SDF-1 stimulation, the number of invaded cells in Hela cells
was (304.25 ± 33.24), and the number of the invaded cells in

Hela cells after knockdown of CXCR4 expression group on
surface of HeLa cells was (103.24 ± 22.34). The number of
invaded cells after SDF-1 stimulation after knockdown of
CXCR4 expression on surface of HeLa cells with RNAi was
(114.45 ± 24.24). It indicates that after the knockdown of
CXCR4 on surface of HeLa cells, the HeLa cell infiltration
caused by SDF-1 was significantly interdicted (P<0.05).

Figure 3. Detection results on proliferation rate of HeLa cells of
cervical cancer.

Figure 4. Detection on HeLa cell infiltration and metastasis ability.

Discussion
As the commonest gynecological malignant tumor, cervical
cancer is the second largest reason for death of women in
developing countries [1,2]. The prognosis of cervical cancer
patients is closely related to clinical stages and pathological
categories, and the cervical cancer patients with lymphatic
metastasis have poorer prognosis than that without lymphatic
metastasis [3]. Chemotactic factors play a main role of
promoting cell migration. Cells migrate to the places with high
concentration of chemotactic factors along with the signal on
increased chemotactic factor concentration. According to
research findings, multiple chemotactic factors and related
receptors participate in infiltration and metastasis of tumor
cells, playing significant roles in occurrence and development
of tumors. CXCR4 is an important member in chemokine
receptor family. According to research findings, CXCR4 is
closely related to growth, infiltration and metastasis of breast
cancer, gastric cancer, colorectal cancer, pancreatic duct cell
cancer and liver cancer [6-10]. Based on research findings,
HeLa cells of cervical cancer have relatively high level on
CXCR4 expression. At the same time, the corresponding
chemotactic factors in CXCR4 in cervical cancer tissues,
Stromal Cell-Derived Factor 1 (SDF-1), have relatively high
expression [11]. It indicates that CXCR4 plays important roles
in occurrence and development of cervical cancer. In order to
discuss on the mechanism on occurrence and development of
cervical cancer, the influence of CXCR4 and SDF-1 on
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proliferation, infiltration and metastasis on HeLa cells of
cervical cancer have been observed. Based on results, with
SDF-1 stimulation of different concentrations in Hela cell
culture medium can significantly improve the proliferation
ability of SDF-1 (P<0.05). At the same time, SDF-1 can also
give rise to infiltration and metastasis of HeLa cells. After the
knock-down of CXCR4 expression on surface of HeLa cells
with RNAi, the infiltration and metastasis of HeLa cells caused
by SDF-1 stimulation are significantly interdicted (P<0.05).
Therefore, CXCR4 with high expression on surface of HeLa
cells plays important role in inducing proliferation, infiltration
and metastasis of HeLa cells, and CXCR4 may participate in
occurrence and development of cervical cancer by promoting
proliferation, infiltration and metastasis of HeLa cells.
However, the mechanism for CXCR4 and corresponding
chemotactic factors to induce the proliferation, infiltration and
metastasis of HeLa cells shall be further researched.
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