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Abstract: Our preliminary study found that CD147 is related to radioresistance and maybe an adverse prognostic
factor in cervical cancer. To date, the mechanisms underlying CD147-induced radioresistance in cervical cancer
remain unclear. In the present study, we investigated the mechanisms by which CD147 affects radiosensitivity in
cervical cancer both in vitro and in vivo. In this study, the clonogenic assay showed that radiosensitivity was signifi-
cantly higher in the experimental group (the CD147-negative cell lines ) than in the control group (the CD147-positive
cell lines). After radiotherapy, the residual tumour volume was significantly lower in the experimental group. FCM
analysis showed the cells percentage in the G2/M phase of the cell cycle were significantly higher in the CD147-
negative group than in the control group. However, there was no significant difference in terms of apoptosis. The
expression of gamma-H2A histone family, member X (yH2AX) was dramatically elevated in the CD147-negative cell
lines after irradiation, but the expression of ataxia-telangiectasia mutated (ATM) was not different between the two
groups. WB analysis did not show any other proteins relating to the expression of CD147. In conclusion, it is likely
that CD147 regulates radioresistance by regulating the percentage of the cells in the G2/M phase of the cell cycle
and the repair of DNA double-strand breaks (DSBs). Inhibition of CD147 expression enhances the radiosensitivity
of cervical cancer cell lines and promotes post-radiotherapy xenograft tumour regression in nude mice. Therefore,
CD147 may be used in individualized therapy against cervical cancer and is worth further exploration.

Keywords: Cervical cancer, radiosensitivity, extracellular matrix metalloproteinase inducer, DNA double-strand
breaks

Introduction

Cervical cancer is the most common malignan-
cy of the female reproductive system. Appro-
ximately 500,000 new cases of cervical cancer
are reported every year worldwide [1]. Eighty
percent of cervical cancer cases occur in devel-
oping countries, including China. In China,
approximately 130,000 new cases of cervical
cancer are diagnosed every year [2]. More than
50% of cervical cancer patients have cancers
that are already at an advanced stage at the
time of diagnosis, and chemoradiotherapy has
become the only treatment option, and the five-
year survival rate is less than 50% for these
advanced stage patients. More than 70% of

relapses occur within the first 2 years after
treatment. The most common site of recurrence
is within the pelvic radiation field. The insensi-
tivity of tumour cells to radiotherapy is the main
reason for treatment failure [3, 4]. Therefore,
investigating the mechanisms underlying tu-
mour cell radioresistance, seeking predictors of
radiosensitivity, identifying patients with radio-
resistant tumours, and developing targeted
therapies and radiosensitization strategies ai-
med at radioresistance factors are the foci of
clinical and basic cervical cancer studies.

Extracellular matrix metalloproteinase inducer
(EMMPRIN/CD147) is a member of the immu-
noglobulin superfamily. The expression of
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CD147 is increased in tumour cells, and this
increase is correlated with invasion, metasta-
sis, drug-resistance and other malignant behav-
iours in a variety of malignant tumours [5].
Targeted inhibition of CD147 expression in
tumour cells inhibits tumour cell growth, reduc-
es the invasive and metastatic capability of
tumour cells, and increases the sensitivity of
tumour cells to chemotherapy. Therefore, CD-
147 is a valuable therapeutic target [6, 7]. Our
previous study found that CD147 is negatively
correlated with the regression of cervical can-
cer after radiotherapy and may induce radiore-
sistance in cervical cancer cells [8]. However,
the underlying mechanisms remain unknown.
The radiosensitivity of malignant tumour cells
is related to DNA DSB repair [9], cell cycle distri-
bution (G2/M phase arrest) [10, 11], apoptosis
[12] and metabolism under hypoxic conditions
[13]. Therefore, in the present study, we at-
tempted to explore the mechanisms underlying
CD147-induced radioresistance in cervical can-
cer cells from these pathways and to further
verify the relationship between CD147 and the
radiosensitivity of cervical cancer through in
vivo and in vitro experiments.

Materials and methods
Cells and cell culture

The cervical cancer cell lines ME-180 and SiHa
were purchased from the American Type Cul-
ture Collection (ATCC) and the Shanghai Insti-
tute of Biochemistry and Cell Biology (SIBCB) of
the Chinese Academy of Sciences (CAS), res-
pectively. The cells were cultured in accordance
with the suppliers’ instructions.

Antibody sources

Rabbit anti-human CD147 antibody was pur-
chased from BiolLegend. Rabbit anti-human
mammalian target of rapamycin (mTOR), cyclin
D1, survivin, ataxia-telangiectasia mutated
(ATM) and checkpoint kinase 2 (Chk2) antibod-
ies were purchased from Epitomics. Rabbit
anti-human cyclin-dependent kinase 2 (Cdk-2),
hypoxia-inducible factor 1-alpha (HIF-1a), gam-
ma-H2A histone family, member X (YH2AX),
XRCC4-like factor (XLF) and beta-actin antibod-
ies were purchased from Cell Signaling Tech-
nology (CST) Inc. All secondary antibodies, in-
cluding goat anti-rabbit 1gG and goat anti-
mouse IgG, were purchased from CST Inc.
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Examination of apoptosis by flow cytometry

(Annexin V-propidium iodide (PI) staining): Cell
were seeded into 6-well plates at a density of
5x10°% cells/well and cultured overnight. The
cells were then trypsinized and centrifuged.
After removal of the supernatant, the cells were
resuspended in an appropriate buffer and
labelled with fluorescein isothiocyanate (FITC)-
conjugated Annexin V. Three test tubes were
set up as controls.

Analysis of the cell cycle by flow cytometry

The cells were seeded into 6-well plates at a
density of 5x10° cells/plate. After overnight
cultivation, the cells were trypsinized and cen-
trifuged. The supernatant was discarded, and
the cells were resuspended in phosphate-buff-
ered saline (PBS). Subsequently, the cells were
fixed, centrifuged and stained with PI (a fluores-
cent DNA-intercalating dye). Cell cycle analysis
was then conducted using flow cytometry.

Lentiviral packaging and construction of stably
transduced cell lines

The lentiviruses used in the present study were
packaged by Shanghai GenePharma Co., Ltd.
Stable cell lines were constructed using the
manufacturer’s instructions. ME-180 and SiHa
cells were cultured to 80-90% confluence in
10-cm dishes. After being treated with normal
and standard solutions, the cells were pipetted
to create a suspension of single cells. Then the
cells were seeded evenly into 6-well plates at a
density of 10x10° cells/well and cultured for 24
h at 37°C under an atmosphere of 5% CO,. The
culture medium in the 6-well plates was aspi-
rated and replaced with the diluted viral solu-
tion (1 ml per well). A blank control group was
set up at the same time. After incubation and
being replaced coulture solution, once the cells
reached 80-90% confluence in 6-cm dishes,
puromycin was added to the cells at a concen-
tration that was determined using the lethal
dose test. A blank control group was set up at
the same time. Until all cells in the blank con-
trol group were killed, cells that survived puro-
mycin selection were considered stably trans-
duced. After establishment of the stable cell
lines, the cells were amplified, collected, and
examined by polymerase chain reaction (PCR)
and western blot (WB) analyses.
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Real-time quantitative PCR (RT-PCR)

Total RNA were extracted using the manufac-
turer’s instructions. Agarose gel electrophore-
sis was performed to examine the integrity of
the RNAs. The RNA primers were provided by
Shanghai GenePharma Co., Ltd. The reverse
transcription (RT) reactions were set up as fol-
lows: 10 ul of RT buffer, 1.2 pl of RT primer, 0.2
ul of total RNA, and sufficient DEPC-treated
water to bring the volume to 20 pl under reac-
tion conditions of 42°C for 30 min and 85°C for
10 min. The fluorescence-based quantitative
real-time PCR systems were set up as follows:
10 ul of Quantitative PCR Master Mix, 0.08 ul of
upstream primer (20 uM), 0.08 ul of down-
stream primer (20 uM), 2 ul of complementary
DNA (cDNA) template, 0.4 ul of Tag DNA poly-
merase (2.5 U/pl), and sufficient ddH,0 to bring
the volume to 20 pl under reaction conditions
of denaturation at 95°C for 3 min and 40 cycles
of 95°C for 12 sec and 62°C for 40 sec.

Western Blot

The concentration of total cellular protein was
determined using the Bicinchoninic acid (BCA)
assay. The proteins were subjected to sodium
dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE), transferred to polyvinyli-
dene fluoride (PVDF) membranes, hybridized
with antibodies and incubated overnight. Su-
bsequently, electrochemiluminescence (ECL)
reagent was dropped evenly onto each PVDF
membrane (which was placed on a tray) until
the membrane was fully immersed in the chro-
mogenic reagent. After incubation for 1-2 min,
the PVDF membranes were placed in an
ImageQuant LAS 4000 gel imaging system and
imaged using appropriate software. The imag-
es were analysed and processed using Gel-Pro
Analyzer software.

Clonogenic assay

Cells that were seeded at a density of 5x10°
cells/well in 6-well plates were trypsinized to
form single-cell suspensions and counted. SiHa
and ME-180 cells were seeded at 200, 500,
1,500, 4,000 and 6,000 cells per well and
overlaid with 3 ml of complete medium. The
cells were then statically cultured under 37°C,
5% CO2 and saturated humidity. The cells were
subjected to radiotherapy (X-ray-beam energy,
6 MV) after adhering to the culture surface. The
cells were irradiated at various doses (0, 2, 4, 6
and 8 Gy), and each dose was repeated 3
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times. At 10-13 d after radiotherapy, clones vis-
ible to the naked eye appeared in the plates.
The clones were washed , fixed and stained.
The rates of clone formation were calculated,
and survival curves were established. Clone
formation rate (plating efficiency, PE) = number
of clones/number of cells seeded x 100%.
Surviving fraction (SF) = number of clones in an
experimental group/(number of cells seeded x
PE) x 100%. Experimental data for PE and SF
were fitted using the multi-target single-hit
model and the linear quadratic model, respec-
tively. Survival curves were plotted.

Xenograft tumour formation in nude mice and
radiosensitivity assay

Logarithmically growing SiHa and SiHa-1575
cells were harvested and dispersed into single-
cell suspensions. Cell concentration was adju-
sted to 1x108 cells/ml. Twenty-four nude mice
were randomly divided into two groups: group A
and group B. Nude mice in group A were inject-
ed with 0.1 ml of SiHa cells in the right thigh,
whereas nude mice in group B were injected
with 0.1 ml of SiHa-1575 cells in the right thigh.
On the 10th day after inoculation of the tumour
cells (when the subcutaneous tumours had
diameters of approximately 5 mm), the 12 mice
in group A were randomly divided into 2 groups.
One group received radiotherapy (16 Gy of
6-MV X-rays); the other group did not. Mice in
group B were subjected to the same treat-
ments. Tumour volume was measured every
3-5 d, and the data were recorded. On the 37th
day after inoculation of the tumour cells, all
mice were Killed. Tumour volume growth curves
were created. Tumour volume was calculated
using the following formula: Tumour volume =
(short diameter2 x long diameter)/2.

Statistical analysis

Statistical analysis was conducted using SPSS
19 statistical software. Intergroup differences
were analysed using Student’s t test. P values
of less than 0.05 were considered statistically
significant.

Results

Evaluation of CD147 expression of stable cell
lines by RT-PCR and WB

RT-PCR and WB analyses of the stable cell lines
were conducted. The parental ME-180 and
SiHa cells expressed CD147. The cell lines that
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Figure 1. Evaluation of CD147 expression of stable cell lines by RT-PCR and WB. A. CD147 expression in various
cell lines as determined by RT-PCR: 1 and 2, the shRNA-CD147-transduced CD147-negative cell lines ME-180-1575
and ME-180-1576; 3, the cDNA-CD147-transduced CD147-positive cell line ME-180-2459; 4, the control LV3-NC;
5, the blank control LV5-NC; and 6, untransduced parental ME-180 cells.The results shown are representative of 3
independent experiments. B. CD147 expression in various cell lines as evaluated by WB analysis: 1 and 2, the shR-
NA-CD147-transduced CD147-negative cell lines ME-180-1575 and ME-180-1576; 3, the cDNA-CD147-transduced
CD147-positive cell line ME-180-2459; 4, the control LV3-NC; 5, the blank control LV5-NC; and 6, untransduced
parental ME-180 cells. The cell lines that were stably transduced with lentivirus-carrying cDNA-CD147 (-2459 cell
lines) expressed CD147 at levels similar to those of the parental cells. In contrast, short hairpin RNA (shRNA)-CD147
inhibited CD147 expression by more than 90% in both cell lines -1575 and -1576, so we selected -1575 as experi-
mental group.The results shown are representative of 3 independent experiments. C. CD147 expression in various
cell lines as determined by RT-PCR: 1, the shRNA-CD147-transduced CD147-negative cell line SiHa-1575; 2, the
cDNA-CD147-transduced CD147-positive cell line SiHa-2459; 3, the blank control LV5-NC; and 4, untransduced pa-
rental SiHa cells.The results shown are representative of 3 independent experiments. D. CD147 expression in vari-
ous cell lines as evaluated by WB analysis: 1, the shRNA-CD147-transduced CD147-negative cell line SiHa-1575; 2,
the cDNA-CD147-transduced CD147-positive cell line SiHa-2459; 3, the blank control LV5-NC; and 4, untransduced
parental SiHa cells.
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Figure 2. CD147 leads to radioresistance in cervical cancer cells in vitro. Clonogenic assay was conducted to ex-
amine the radiosensitivity of the cell lines. A. Survival curves of ME-180 cell lines after receiving 2 Gy, 4 Gy, 6 Gy
and 8 Gy of radiation. The lowermost curve represents the survival curve of ME-180-1575 cells; the 2 overlapping
curves at the top represent the survival curves of ME-180-2459 cells and ME-180 cells. B. Survival curves of SiHa
cell lines after receiving 2 Gy, 4 Gy, 6 Gy and 8 Gy of radiation. The lowermost curve represents the survival curve
of SiHa-1575 cells; the 2 overlapping curves at the top represent the survival curves of SiHa-2459 cells and SiHa
cells. No significant differences in radiosensitivity were detected between cell lines that were stably transduced with
CD147-cDNA (SiHa-2459 and ME-180-2459) and the untransduced parental SiHa and ME-180 cells.
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were stably transduced with lentivirus-carrying
cDNA-CD147 (-2459 cell lines) expressed CD-
147 at levels similar to those of the parental
cells. In contrast, short hairpin RNA (shRNA)-
CD147 inhibited CD147 expression by more
than 90% (cell lines -1575 or-1576). The results
are shown in the Figure 1.

CD147 leads to radioresistance in cervical
cancer cells in vitro

The effects of CD147 on the radiosensitivity of
cervical cancer cells were examined in vitro
using a clonogenic assay. The results are shown
in the Figure 2. Silencing of CD147 gene expres-
sion in the cell lines of the experimental group
(SiHa-1575 and ME-180-1575) resulted in in-
creased radiosensitivity. Compared to the cell
lines in the control group (SiHa, SiHa-2459,
ME-180, and ME-180-2459), the survival cur-
ves of the experimental group were shifted to
the left, no significant differences existed in the
clonogenic capacities of the non-irradiated cell
lines, the clonogenic capabilities of the cell
lines were markedly reduced after irradiation,
SF was significantly decreased in cells that
received 4 Gy, 6 Gy and 8 Gy of radiation statis-
tically (P < 0.05). No significant differences in
radiosensitivity were detected between cell
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Figure 3. CD147 leads to radioresistance in cervi-
cal cancer cells in vivo. Subcutaneous xenograft
tumours were made in nude mice, and the chang-
es in tumour volume after radiotherapy were ex-
amined. The red, black, green and blue (from
top to bottom) curves represent tumour growth
curves of the untransduced parental SiHa, SiHa-
1575, SiHa+X-ray and SiHa-1575+X-ray groups
of nude mice, respectively. Tumour volume was
least in the SiHa-1575+X-ray group, P = 0.00405.

lines that were stably transduced with CD147-
cDNA (SiHa-2459 and ME-180-2459) and the
untransduced parental SiHa and ME-180 cells.

CD147 leads to radioresistance in cervical
cancer cells in vivo

In vitro experiments showed that silencing of
CD147 gene expression in SiHa and ME-180
cell lines (SiHa-1575 and ME-180-1575) result-
ed in increased radiosensitivity (Figure 3). This
increase was more significant in the radioresis-
tant SiHa cell lines. RNA and protein analyses
showed that the CD147 gene was expressed at
similar levels in cDNA-CD147-transduced cell
lines and their parental cell lines. In addition,
the radiosensitivity curves of the cell lines virtu-
ally overlapped. Therefore, the radioresistant
cell lines SiHa and SiHa-1575 were used in the
animal experiments to verify radiosensitivity
and were used in the second half of the present
study to investigate the mechanisms underly-
ing radiosensitivity. SiHa and SiHa-1575 cells
were inoculated subcutaneously into nude
mice. The size of the xenograft tumours and
changes in the size of the residual tumours
after irradiation were recorded. The SiHa and
SiHa-1575 groups contained 12 mice each.
Tumour size and the time needed for tumouri-
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Figure 4. Silencing CD147 can affect DNA DSBs repair with elevating the expression of yH2AX. WEB examined the
level of yH2AX in cell lines at different time after a single dose of 10 Gy irradiation. In ME-180 cell lines (upper
panel), the level of yH2AX in untransduced parental ME-180 cells decreased at 6 h, and became barely detectable
at 24 h. In contrast, the level of yH2AX in ME-180-1575 cells started to increase within 30 min after irradiation,
reached a peak at 6 h, and remained at the peak level until at least 24 h after irradiation. In SiHa cells (lower panel),
the level of yH2AX started to rise within 30 min after irradiation and decreased significantly after 1 h. In contrast,

the level of yH2AX in SiHa-1575 cells rapidly increased within 30 min after radiation damage and remained at the

peak level until at least 24 h after irradiation.
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Figure 5. Silencing CD147 is not related to the expression of ATM in cell lines.
WEB examined the level of ATM in cell lines at different time after a single
dose of 10 Gy irradiation. At 30 min after radiotherapy, ATM expression levels
were lower in ME-180 and SiHa cells than in ME-180-1575 and SiHa-1575
cells. However, ATM expression levels in cell lines were gradually elevated
over time for ME-180, ME-180-1575 and SiHa cells. Eventually, there were
no significant differences in ATM expression levels at 24 hours after irradia-
tion.

ATM

genesis were recorded. On the 10th day of
tumour growth (when the subcutaneous tu-
mours had diameters of approximately 5 mm),
the 12 tumour-bearing nude mice in Group A

2503

were randomly divided into
two groups. One group re-
ceived radiotherapy (16 Gy of
6-MV X-rays); the other did
not. Mice in group B were
subjected to the same tre-
atments.

On the 16th day after inocula-
tion of the tumour cells, no
palpable tumours were found
in one of the nude mice in the
SiHa+X-ray group of nude
mice, and this nude mice was
ruled out of the group for sta-
tistic analysis. Two nude mice
in the SiHa-1575+X-ray group
died, one on the 18th day and
the other on the 20th day,
and these two nude mice
were also ruled out. On the
37th day after inoculation of
the tumour cells, all nude
mice were killed. The mean

tumour volumes in the SiHa, SiHa-1575, SiHa
+X-ray and SiHa-1575+X-ray groups were 408
+50.20, 350457.34, 89.9+26.65 and 17.76+
4.15, respectively. Tumour volume was lower in
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Figure 6. Silencing CD147 leads to G2/M phase arrest of the cell cycle after irradiation. Flow cytometry was em-
ployed to analyse the cell cycle of ME-180 cell lines after irradiation. A. ME-180 untransduced parental cell; B.
shRNA-CD147-transduced CD147-negative cell line ME-180-1575; C. cDNA-CD147-transduced CD147-positive cell
line ME-180-2459. ME-180-1575 contained a significantly higher percentage of cells in the G2/M phase of the cell
cycle; D. The P values for these differences were 0.0138 and 0.005, respectively.
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Figure 7. Silencing CD147 leads to G2/M phase arrest of the cell cycle after irradiation. Flow cytometry was em-
ployed to analyse the cell cycle of SiHa cell lines after irradiation. A. SiHa untransduced parental cell; B. shRNA-
CD147-transduced CD147-negative cell line SiHa-1575; C. cDNA-CD147-transduced CD147-positive cell line SiHa-
2459. The SiHa-1575 cells contained a significantly higher percentage of cells in the G2/M phase; D. The P values
of these differences were 0.0342 and 0.0260, respectively.
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Figure 8. Silencing CD147 does not change the cell lines apoptosis after irradiation. Flow cytometry was employed
to analyse ME-180 cell lines apoptosis after irradiation. The apoptotic rate in ME-180-1575 cells was compared to
those in untransduced parental ME-180 and ME-180-2459 cells. The P values were 0.18 and 0.056, respectively.

the SiHa-1575 group than in the SiHa group.
However, the difference was not statistically
significant (P = 0.068). In contrast, tumour vol-
ume was significantly lower in the SiHa-1575+X-
ray group than in the SiHa+X-ray group (P =
0.00405).

Silencing CD147 affects DNA DSBs repair

The expression of yH2AX and ATM in cancer
cells post-radiotherapy can reflect the status of

2505

DNA DSBs repair. Therefore, cells were subject-
ed to WB analysis to examine the expression le-
vels of the yH2AX protein at O min, 30 min, 1 h,
6 h and 24 h after X-ray irradiation (6-MV X-ray
beam). The results are shown in the Figure 4.

In ME-180 cells, the level of yH2AX started to
rise within 30 min after a single dose of 10 Gy
irradiation, decreased at 6 h, and became
barely detectable at 24 h. In contrast, the level
of yH2AX in ME-180-1575 cells started to
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Figure 9. Silencing CD147 does not change the cell lines apoptosis after irradiation. Flow cytometry was employed
to analyse SiHa cell lines apoptosis after irradiation. The apoptotic rate in SiHa-1575 cells was compared to those
in untransduced parental SiHa and SiHa-2459 cells; the P values were 0.96 and 0.45, respectively, indicating that

the differences were not statistically significant.

increase within 30 min after irradiation,
reached a peak at 6 h, and remained at the
peak level until at least 24 h after irradiation.

In SiHa cells, the level of yH2AX started to rise
within 30 min after irradiation and decreased
significantly after 1 h. In contrast, the level of
YH2AX in SiHa-1575 cells rapidly increased
within 30 min after radiation damage and
remained at the peak level until at least 24 h
after irradiation.

At 30 min after radiotherapy, ATM expression
levels were lower in ME-180 and SiHa cells than
in ME-180-1575 and SiHa-1575 cells. However,
ATM expression levels in cell lines were gradu-
ally elevated over time for ME-180, ME-180-
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1575 and SiHa cells. Eventually, there were no
significant differences in ATM expression levels
at 24 hours after radiotherapy. The results are
shown in the Figure 5.

Silencing CD147 changes the G2/M phase of
the cell cycle after irradiation

Changes in cell cycle distribution after radio-
therapy were analysed using flow cytometry.
The percentage of cells in the G2/M phase was
higher in the CD147-negative group than in the
control group. The results are shown in the
Figures 6, 7.

After irradiation, the percentages of ME-180,
ME-180-1575 and ME-180-2459 cells in the
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Figure 10. CD147 expression does not relate to some of the important pro-
teins in apoptosis and cell cycle regulatory pathways. WB methods was used
to examined the level of apoptosis inhibitory proteins and cell cycle regu-
latory proteins in cell lines, no certain relationship was found bwteen the
expression of CD147 and these proteins. The apoptosis inhibitory proteins
and cell cycle regulatory proteins were highly expressed in SiHa cells regard-
less of whether CD147 was expressed. ME180 cells: XIf and cyclin D1 were
not expressed. No significant difference was detected in cdk-2 or mTOR ex-
pression levels before and after blocking CD147 expression. Survivin was
not expressed before the blockade of CD147 expression but was strongly
expressed after the blockade of CD147 expression. Chk2 expression was
slightly upregulated after the blockade of CD147 expression.

flow cytometry. The results are
shown in the Figures 8, 9.

Flow cytometric analysis sh-
owed that the mean apoptotic
rates in logarithmically grow-
ing ME-180-1575 cells, paren-
tal ME-180 cells and ME-180-
2459 cells were 5.8+1.0%,
4.27+1.12% and 3.8+0.45%,
respectively. The apoptotic ra-
te in ME-180-1575 cells was
compared to those in ME-180
and ME-180-2459 cells. The P
values were 0.18 and 0.056,
respectively. The mean apop-
totic rates in logarithmically
growing SiHa-1575 cells, SiHa
cells and SiHa-2459 cells we-
re 5.63+0.40%, 5.30+0.56%
and 5.60+1.08%, respective-
ly. The apoptotic rate in SiHa-
1575 cells was compared to
those in SiHa and SiHa-2459
cells; the P values were 0.96
and 0.45, respectively, indi-
cating that the differences
were not statistically signifi-
cant.

Correlation between CD147
expression and proteins of
apoptosis and cell cycle

G2/M phase were 30.3%, 49.3% and 34%, res-
pectively. Compared to ME-180 and ME-180-
2459 cells, ME-180-1575 contained a signifi-
cantly higher percentage of cells in the G2/M
phase of the cell cycle; the P values for these
differences were 0.0138 and 0.005, respe-
ctively.

After irradiation, the percentages of SiHa, SiHa-
1575 and SiHa-2459 cells in the G2/M phase
of the cell cycle were 10.17%, 21% and 12%,
respectively. Compared to SiHa and SiHa-2459
cells, the SiHa-1575 cells contained a signifi-
cantly higher percentage of cells in the G2/M
phase; the P values of these differences were
0.0342 and 0.0260, respectively.

Silencing CD147 does not change the cell
lines apoptosis after irradiation

The post-irradiation changes in the apoptosis
of the various cell lines were examined using
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Prior to irradiation, WB analy-

sis was performed to examine
the expression levels of apoptosis inhibitory
proteins (such as survivin, XIf and mTOR/FRAP)
and cell cycle regulatory proteins (such as Cdk-
2, Cyclin D1 and Chk2) in various cell lines.
There was no significant correlation between
the expression of these proteins and CD147
expression status. However, different expres-
sion patterns were observed between ME-180
and SiHa cells. The results are shown in the
Figure 10.

The apoptosis inhibitory proteins and cell cycle
regulatory proteins were highly expressed in
SiHa cells regardless of whether CD147 was
expressed.

XIf and cyclin D1 were not expressed in ME180
cells. No significant difference was detected in
cdk-2 or mTOR expression levels before and
after blocking CD147 expression. Survivin was
not expressed before the blockade of CD147

Am J Transl Res 2016;8(6):2498-2511



CD147/BSG/EMMPRIN-induced radioresistance in cervical

10 Gy

- -

P-actin @ —— — —

1 2

HIF-1a

1 2
10 Gy
+ +
L — m—

B-actin “ -— —

3 4

3 4

1: ME-180 2: ME-180-1575

3: SiHa

4: SiHa-1575

Figure 11. Silencing CD147 does not change the expression of HIF-1a in cell lines under hypoxic conditions. WEB
examined the level of HIF-1a in cell lines at different time before and after a single dose of 10 Gy irradiation. WB
analysis showed that the ME-180 and ME-180-1575 cells expressed low levels of HIF-1«, both before and after
exposure to X-ray irradiation. Moreover, virtually no HIF-1a expression was detected in SiHa and SiHa-1575 cells.

expression but was strongly expressed after
the blockade of CD147 expression. Chk2 ex-
pression was slightly upregulated after the
blockade of CD147 expression.

Exression of CD147 and HIF-1o in cell lines
under hypoxic conditions after silencing CD147

The experimental group (ME-180-1575 and
SiHa-1575 cells) and the control group (ME-180
and SiHa cells) were cultured under hypoxic
conditions (0.02% 0,) for 1 week. Each cell line
was cultured in 2 dishes. One dish of each cell
line was used for total protein extraction. The
other dish was exposed to 10 Gy of X-ray irra-
diation (6-MV X-ray beam). At 24 h after irradia-
tion, total cellular protein was isolated. WB
analysis showed that the ME-180 and ME-180-
1575 cells expressed low levels of HIF-1«, both
before and after exposure to X-ray irradiation.
Moreover, virtually no HIF-1a expression was
detected in SiHa and SiHa-1575 cells. The
results are shown in the Figure 11.
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Discussion

In the present study, in vitro experiments
showed that CD147 expression was correlated
with radioresistance in cervical cancer cell
lines, a finding that is consistent with the
results of our previous clinical study. We dem-
onstrated that CD147 expression is related to
radiosensitivity in patients with cervical cancer,
such patients generally showed poor progno-
sis, CD147 represents an adverse prognostic
factor [8]. Huang et al. conducted a immunohis-
tochemical study and found that CD147 expres-
sion is correlated with radiosensitivity and pro-
gression-free survival (PFS) in patients with
cervical cancer [14], a finding that is also con-
sistent with the results of our previous clinical
study. A study conducted by Wu et al. shows
that knocking out CD147 expression increases
the radiosensitivity of SMMC-7721 and HepG2
hepatocellular carcinoma cells and suppresses
the proliferative and metastatic capability of
hepatocellular carcinoma after radiotherapy
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[15]. The present study also found that inhibi-
ting CD147 expression enhanced the radiosen-
sitivity of cervical cancer cell lines. This en-
hancement was more significant in radioresis-
tant SiHa cells. Therefore, CD147 may be the
main intrinsic factor that induces radioresis-
tance in cervical cancer cells.

In the present study, in vivo experiments
showed that the inhibition of CD147 expression
affected the growth rate of xenograft tumours
in nude mice. However, the effect was not sig-
nificant. In contrast, the inhibition of CD147
expression significantly increased the rate of
xenograft tumour regression after radiothera-
py. Moreover, the post-radiotherapy tumour re-
gression rate was markedly reduced in nude
mice with xenograft tumours expressing high
levels of CD147. Using a nude mouse xenograft
model of head and neck cancer, Dean et al.
found that nude mice that had been treated
with a CD147-specific antibody experienced
delayed tumour growth in comparison with a
control group [6]. Combined administration of
the anti-CD147 antibody and radiotherapy in
nude mice resulted in the most significant
tumour regression. In addition, the growth of
CD147-positive xenograft tumours in nude
mice was not significantly inhibited after radio-
therapy. The above findings are consistent with
the results of the present study. To date, stud-
ies focusing on the mechanisms underlying
CD147-mediated tumour radioresistance are
very rare.

The present study found that after a single
10-Gy dose of irradiation, the levels of yH2AX
rapidly decreased over time in cell lines that
expressed high levels of CD147 (ME-180 and
SiHa). In addition, the decrease occurred earli-
er in the SiHa cell line than in the ME-180 cell
line. In ME-180 cells, the reduction in yH2AX
levels occurred at 6 h after radiotherapy. In
SiHa cells, the decrease in yH2AX levels oc-
curred at 1 h after radiotherapy. This phenom-
enon may be related to the fact that ME-180
cells are inherently relatively radiosensitive,
whereas SiHa cells are radioresistant. After the
blockade of CD147 expression, the expression
of yH2AX increased rapidly in both ME-180 and
SiHa cells and reached maximal values at 30
min after radiation treatment. Afterward, the
expression of yH2AX in both ME-180 and SiHa
cells remained at the maximum level until 24 h
after radiation treatment. The extent of post-
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radiotherapy cell death is directly related to
radiotherapy-induced double-stranded DNA
damage [16]. In irradiated cells, the time win-
dow for the repair of DNA damage is 4-6 h.
During this period, cells suffering mild DNA
damage complete damage repair and enter the
proliferation cycle, whereas cells suffering
severe or irreparable damage are induced to
undergo apoptosis [17]. Intracellular yH2AX lev-
els are a marker for DNA DSBs [9]. The present
study found that yH2AX expression was higher
in cervical cancer cells with blocked CD147
expression after radiotherapy than in the
CD-147-positive group, indicating that CD147
may play an important role in the regulation of
DNA DSBs repair after radiotherapy. CD147
may directly participate in DNA DSBs repair,
thereby mediating radioresistance in cervical
cancer cells.

The results also showed that ATM expression
was increased in the CD147-negative group
(ME-180-1575 and SiHa-1575 cells) shortly
after radiotherapy. However, the expression of
ATM in both cell types increased gradually over
time. Eventually, there was no significant differ-
ence in ATM expression between these cell
types. It is likely that ATM-mediated nonhomol-
ogous end-joining repair was partially upregu-
lated. However, the role of ATM in the repair of
radiation-induced damage is rather complex. In
cells suffering radiation-induced injury, ATM
participates in DNA damage checkpoint path-
ways, which not only initiate the apoptotic pro-
cess to induce cell death but also protect cells
from apoptosis [18]. ATM dysfunction leads to
impaired DNA repair capacity. The regulation of
ATM by CD147 and the specific role of ATM
under CD147 regulation warrants further inve-
stigation.

The results also showed that the percentage of
cells in the G2/M phase of the cell cycle was
significantly increased in the CD147-negative
group (ME-180-1575 and SiHa-1575 cells) in
comparison to the CD147-positive group. Cells
in different phases of the cell cycle display dif-
ferent sensitivity to radiotherapy. Cells arrested
at the G1/S phase show a tendency towards
being radioresistant, whereas cells arrested at
the G2/M phase show a tendency to be radio-
sensitive [19]. CD147 may participate in the
regulation of radioresistance through cell cycle
arrest. Therefore, we preliminarily examined
representative factors in cell cycle check-
points.
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The regulatory proteins involved in cell cycle
checkpoints, cyclins/cyclin-dependent kinases
(CDKs), are the main factors that regulate cell
cycle progression and direct apoptosis. Among
the cyclin/Cdk complexes, Cyclin E-Cdk-2 pro-
motes entry into the S phase, whereas cyclin
A-Cdk-2 exerts the opposite effect [20]. Cdk-2
expression induces a prolonged S phase in
malignant tumours, allowing self-repair of the
radiation-induced damage in tumour cells. Ch-
eckpoint kinases (Chks) promote single-strand
DNA repair in various cell cycle phases, includ-
ing the G1/S, S and G2/M phases, and even in
the mitochondrial phase. Chks are core repair
enzymes in DNA damage response pathways
[24]. In the present study, we examined the lev-
els of cell cycle proteins including Cdk-2, cyclin
D1 and Chk2. Cyclin D1 and Cdk2 were strongly
expressed in SiHa cell lines but were weakly or
not expressed in ME-180 cells, regardless of
whether CD147 expression was blocked. Chk2
expression was increased only in ME-180-1575
cells. Therefore, it is likely that CD147 does not
regulate cell cycle progression through these
key cell cycle regulatory proteins described
above or that other regulatory proteins are also
involved. The specific mechanisms involved
also warrant further investigation.

In tumour cells, radiation-induced damage trig-
gers apoptosis-related pathways. Cells that
harbour repairable damage enter the repair
process, whereas cells suffering irreparable
damage enter the apoptotic program [17].
Reduced apoptosis and the downexpression of
apoptosis-related proteins represent other
important reasons underlying the radioresis-
tance of malignant tumours. In the present
study, the expression of the apoptosis-related
protein ATM was slightly downregulated in
CD147-negative cells, whereas the expression
of the apoptosis inhibitory protein survivin was
upregulated in CD147-negative cell lines. In
addition, flow cytometric analysis showed no
significant difference in apoptotic rate be-
tween the CD147-negative and CD147-positive
groups. Therefore, it is likely that CD147 exerts
no significant effect on the apoptosis of cervi-
cal cancer cells and does not affect the radio-
sensitivity of cancer cells through apoptotic
pathways.

In the present study, we examined the differ-
ences in HIF-1a expression before and after the
blockade of CD147 expression under hypoxic
conditions. It was found that HIF-1a was not
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expressed by SiHa and ME-180 cell lines, re-
gardless of the expression level of CD147.
Therefore, it is likely that CD147-mediated
radioresistance in cervical cancer cells is inde-
pendent of the expression of hypoxia-inducible
factors. Researchers have found that the pro-
moter region of CD147 contains a special ele-
ment known as the hypoxia-responsive element
(HRE), which directly binds to HIF-1 [22]. In
addition, CD147 acts in synergy with monocar-
boxylate transporter 1 (MCT1) or monocarbox-
ylate transporter 4 (MCT4) to transport lactic
acid, thus regulating the tumour microenviron-
ment [23]. A recent study has found that cancer
cells predominantly employ glycolysis for ener-
gy production even under aerobic conditions, a
phenomenon known as the “Warburg effect”
[13]. The mechanisms by which lactic acid and
the pH of the tumour microenvironment affect
the efficacy of radiochemotherapy are some-
what complex. It is likely that distinct mecha-
nisms exist in different tumour cells [24].
Therefore, the role of CD147 under hypoxic con-
ditions warrants further investigation.

The present study further demonstrated that
CD147 is an intrinsic factor that is capable of
inducing radioresistance in cervical cancer
cells. The present study discovered for the first
time that CD147 might mediate radioresis-
tance in cervical cancer cells by regulating DNA
DSBs repair and controlling cell cycle progres-
sion. In addition, the targeted inhibition of
CD147 increased the radiosensitivity of cervi-
cal cancer xenografts. Therefore, CD147 may
serve as a potential radiosensitizer in future.
Although the present study comprehensively
explored the potential mechanisms underlying
the CD147-induced radioresistance in cervical
cancer cells from the perspective of different
pathways the study remains superficial. Future
in-depth investigation into each of the path-
ways will be necessary to fully understand this
topic.
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