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Laparoscopic surgery inhibits the proliferation  
and metastasis of cervical cancer cells
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Abstract: Aims: The present study is to investigate the effect of laparoscopic surgery on the proliferation and me-
tastasis of cervical cancer cells. Methods: A total of 40 patients with phase I squamous cell carcinoma of the cervix 
were enrolled in the study, and divided evenly into laparoscopic surgery group and laparotomy group. In addition, 
another 20 patients with benign uterine lesions received laparoscopic panhysterectomy using celoscopes and were 
enrolled as control group. Cell apoptotic rates were determined using flow cytometry. The expression of N-myc, 
Fas, metastasis-associated gene 1, and nm23-H1 genes in tissues were measured using quantitative real-time 
polymerase chain reaction. Results: Cervical cancer cell apoptosis was promoted by laparoscopic surgery, but not 
affected by laparotomy. The expression of apoptosis suppressor gene N-myc in cervical cancer cells was reduced 
by laparoscopic surgery, but not affected by laparotomy. In addition, the expression of apoptosis promoting gene 
Fas in cervical cancer cells was enhanced by laparoscopic surgery, but not affected by laparotomy. Similarly, the 
expression of metastasis promoting gene MTA1 in cervical cancer cells was lowered by laparoscopic surgery, but 
not affected by laparotomy. Moreover, the expression of metastasis suppressor gene nm23-H1 in cervical cancer 
cells was increased by laparoscopic surgery, but not affected by laparotomy. Of note, laparoscopic panhysterectomy 
had no effect on the apoptosis or the expression of N-myc, Fas, MTA1 and nm23-H1 genes in normal cervical cells. 
Conclusions: Laparoscopic surgery is a safe treatment method for cervical cancer. It inhibits the proliferation and 
metastasis of cancer cells, but has no such effects on normal cells.
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Introduction

Cervical cancer is one of the most common 
gynecological malignant tumors that threatens 
the health and life of patients. The treatment 
methods for cervical cancer are mainly surger-
ies accompanied with radiotherapy and chemo-
therapy [1, 2]. The purpose of surgeries is to 
resect cancerous tissues and tissues with 
metastases, and to carry out comprehensive 
surgical staging. The conventional surgical 
method for cervical cancer is extensive abdom-
inal hysterectomy and pelvic lymphadenectomy 
[1, 3]. However, this surgical method causes 
severe trauma and slow recovery in the 
patients. After long-term disputes and practice, 
laparoscopic surgery of cervical cancer has 
been accepted by most researchers [2, 4]. In 
addition, laparoscopic lymphadenectomy has 
elevated laparoscopic surgery of cervical can-
cer to a newer level [2-4].

Artificial pneumoperitoneum state and opera-
tion of surgical instruments during laparoscopic 
surgery render the human bodies to be in stress 
conditions, leading to changes in microenviron-
ment of the bodies, as well as the production 
and release of multiple cell factors. These cell 
factors may alter intracellular ion levels, enzy-
matic activities, gene induction and chemical 
balances, finally resulting in changes in cell 
functional status and apoptosis [5, 6]. In addi-
tion, the effect of laparoscopic surgery on the 
biological behaviors of cervical cancer cells and 
its molecular mechanism attract more and 
more concerns. In the present study, we investi-
gate the apoptotic rate, the expression of apop-
tosis suppressor genes and apoptosis promot-
ing genes, and the expression of metastasis 
promoting genes and metastasis suppressor 
genes after laparoscopic surgery, laparotomy, 
and laparoscopic panhysterectomy.
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Materials and methods

Patients

A total of 40 patients with phase I squamous 
cell carcinoma of the cervix, with low or medi-
um levels of differentiation and no lympha node 
or distal metastasis after surgery, were enrolled 
in the study, and divided evenly into laparo-
scopic surgery group and laparotomy group. In 
addition, another 20 patients with benign uter-
ine lesions (all uterine fibroids) received laparo-
scopic panhysterectomy using celoscopes and 
were enrolled as the control group. The ages of 
the three groups were not significantly different 
from each other. The weights of the patients 
were not different. Their ethnic affiliation and 
religious belief were the same. Before surger-
ies, none of the patients received chemothera-
py, radiotherapy or biotherapy, or had other 
complications or tumors. The surgical time was 
controlled within 100 minutes. Immediately 
after the surgery, tissues and cells were col-
lected. All procedures were approved by the 
Ethics Committee of Central South University. 
Written informed consents were obtained from 
all patients or their families.

Flow cytometry

Cells suspension was prepared from tissues 
(0.5-1.0 g) using overlapped 100-hole copper 
mesh and 300-hole nylon mesh. The cells were 
collected in 10 ml centrifuge tubes containing 
phosphate-buffered saline (PBS), followed by 
centrifugation at 800 rpm for 5 min. After wash-
ing with 2 ml PBS, the cells were centrifuged at 

Subsequently, cell apoptosis were determined 
using flow cytometry (FACS can, BD Biosciences, 
Franklin Lakes, NJ, USA) following the manufac-
turer’s manual. The data were recorded and 
analyzed using Modifit software (BD Bios- 
ciences, Franklin Lakes, NJ, USA). Cell apoptot-
ic rate = No. of apoptotic cells/No. of total cells 
× 100%.

Quantitative real-time polymerase chain reac-
tion (qRT-PCR)

Total RNA was extracted from 0.25 g cervical 
cancer tissue using RNAiso Plus kit (D9108A, 
Takara, Dalian, China) following the manufac-
turer’s protocol. The purity of RNA was deter-
mined by A260/A280 using ultraviolet spec- 
trophotometry (Nanodrop ND1000, Thermo 
Scientific, Waltham, MA, USA). Then, cDNA was 
obtained by reverse transcription using Rever- 
Tra Ace qPCR RT Kit (FSK-100; Toyobo, Osaka, 
Japan) from 2 μg RNA and stored at -20°C. qRT-
PCR was performed using One-Step SYBR 
PrimeScript RT-PCR Kit II (RR086A, Takara, 
Dalian, China). The PCR system (25 μl) was 
composed of 10 × PCR Buffer (2.5 μl), 2.5 mM 
dNTP (2 μl), dH2O (16 μl), 15 pmol/μl primer 1 (2 
μl), 15 pmol/μl probe (0.3 μl), 5 U/μl Taq (0.2 
μl), and template (2 μl), where PCR buffer was 
composed of 100 mM Tris-HCl (pH 8.3), 500 
mM KCl, and 15 mM MgCl2. qRT-PCR amplifica-
tion was performed on MJ OPTICON2 system 
(Bio-Rad, Hercules, CA, USA) as follows: 94°C 
for 120 s; 40 cycles of 94°C for 5 s and 55°C 
for 30 s; 30°C for 5 s. The primers and probes 
for N-myc, Fas, MTA1, nm23-H1 and β-actin 
were designed using Primer Express 2.0 (Ther- 

Table 1. Primer and probe sequences
β-actin forward 5’GGA TGC AGA AGG AGA TCA CTG3’
β-actin probe FAM-CAG GAG GAG CAA TGA TCT TGA TCT TCATTGTGC-BHQ1
β-actin reverse 5’CGA TCC ACA CGG AGT ACT TG3’
N-myc forward 5’CCA AGC CAG TTC CAT TAA AT3’
N-myc probe FAM-CAG GAG TCA GAT TCC AGG TTT ATG T-BHQ1
N-myc reverse 5’GTC AGG AAT TTC AGT AAC ATT G3’
Fas forward 5’CAT CAT GAT GGC CAA TTC TGC C3’
Fas probe FAM-CCT GTC CTC CAG GTG AAA GGA AAG C-BHQ1
Fas reverse 5’TCT GGT TCA TCC CCA TTG ACT G3’
MTA1 forward 5’CCT ACC TGC CCA TCA ACA GCG C3’
MTA1 probe FAM-CCA TCA AGG CCG AGT GCA CGG CGC-BHQ1
MTA1 reverse 5’TCA GCA CCA GCG GGC TCT G3’
nm23-H1 forward 5’TTT GAG CAG AAA GGA TTC C3’
nm23-H1 probe FAM-TGT TGG TCT GAA ATT CAT GCA AGC TTC C-BHQ1
nm23-H1 reverse 5’AAC GTA GTG TTC CTT GAG3’

1500 rpm for 5 min. After 
disposing supernatants, 
the cell density was ad- 
justed to 106/mL for stor-
age at 4°C. Before flow 
cytometry, the cell sus-
pension was centrifuged 
at 1500 rpm for 5 min and 
washed with PBS. After fil-
tration using 100 mesh, 
the cell suspension was 
centrifuged at 1500 rpm 
for 5 min again before 
removing the superna-
tants. Then, 0.5 ml prop-
idium iodide (10 μg/mL) 
was added, followed by 
incubation in dark at room 
temperature for 30 min. 
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mo Fisher Scientific, Waltham, MA, USA) and 
synthesized by Shanghai Invitrogen Biotech- 
nology Co., Ltd., Shanghai, China (Table 1).

Statistical analysis

The results were analyzed using SPSS 19.0  
statistical software (IBM, Armonk, NY, USA). 
Differences between two groups of data were 
compared using t-test. P < 0.001 was consid-
ered statistically significant.

Results

Laparoscopic surgery for cervical cancer sig-
nificantly promotes cervical cancer cell apop-
tosis

To obtain cervical cell apoptotic rates, flow 
cytometry was performed. The data showed 
that the apoptotic rate of cervical cancer cells 

after laparoscopic surgery was significantly hig- 
her than that before laparoscopic surgery (P = 
0.000). However, the apoptotic rate of cervical 
cancer cells after laparotomy was not signifi-
cantly different from that before laparotomy (P 
= 0.580). In addition, the apoptotic rate in nor-
mal cervical cells after laparoscopic panhyster-
ectomy was not significantly different from that 
before laparoscopic panhysterectomy (P = 
0.150) (Table 2). The results suggest that lapa-
roscopic surgery for cervical cancer significant-
ly promotes cervical cancer cell apoptosis.

Laparoscopic surgery for cervical cancer leads 
to significantly reduced expression of apopto-
sis suppressor gene N-myc

To investigate the expression of apoptosis sup-
pressor gene N-myc, qRT-PCR was performed. 
The data showed that the levels of N-myc ge- 
ne after laparoscopic surgery was significantly 

Table 2. Apoptotic rates of cervical cells before and after surgeries

Groups N Average apoptotic 
rates (%) t P

Laparoscopic surgery group Before laparoscopic surgery 20 4.50 ± 0.88 -57.60 0.000
After laparoscopic surgery 20 31.37 ± 1.66

Laparotomy group Before laparotomy 20 4.38 ± 0.67 -0.56 0.580

After laparotomy 20 4.31 ± 0.53
Control group Before laparoscopic panhysterectomy 20 16.95 ± 1.64 -1.50 0.150

After laparoscopic panhysterectomy 20 17.12 ± 1.57

Table 3. Expression of N-myc gene before and after surgeries
Groups N Gene expression t P
Laparoscopic surgery group Before laparoscopic surgery 20 0.014 ± 0.010 5.072 0.000

After laparoscopic surgery 20 0.002 ± 0.002
Laparotomy group Before laparotomy 20 0.006 ± 0.003 1.125 0.275

After laparotomy 20 0.006 ± 0.002
Control group Before laparoscopic panhysterectomy 20 0.001 ± 0.000 2.062 0.053

After laparoscopic panhysterectomy 20 0.001 ± 0.000

Table 4. Expression of Fas gene before and after surgeries
Groups N Gene expression t P
Laparoscopic surgery group Before laparoscopic surgery 20 0.007 ± 0.003 -5.772 0.000

After laparoscopic surgery 20 0.022 ± 0.011
Laparotomy group Before laparotomy 20 0.008 ± 0.003 -0.442 0.663

After laparotomy 20 0.008 ± 0.003
Control group Before laparoscopic panhysterectomy 20 0.024 ± 0.007 -0.347 0.733

After laparoscopic panhysterectomy 20 0.024 ± 0.007
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lower than that before laparoscopic surgery (P 
= 0.000). However, the expression of N-myc 
after laparotomy was not significantly different 
from that before laparotomy (P = 0.275). In 
addition, the expression of N-myc in normal tis-
sues after laparoscopic panhysterectomy was 
not significantly different from that before la- 
paroscopic panhysterectomy (P = 0.053). Of 
note, the levels of N-myc after laparoscopic sur-
gery was significantly lower than that after la- 
parotomy (T = -4.385, P = 0.000) (Table 3). 
These results indicate that laparoscopic sur-
gery for cervical cancer leads to significantly 
reduced expression of apoptosis suppressor 
gene N-myc.

Laparoscopic surgery for cervical cancer 
causes significantly enhanced expression of 
apoptosis promoting gene Fas

To measure the expression of apoptosis pro-
moting gene Fas, qRT-PCR was employed. The 
data showed that the levels of Fas gene after 
laparoscopic surgery was significantly higher 
than that before laparoscopic surgery (P = 
0.000). However, the expression of Fas after 
laparotomy was not significantly different from 
that before laparotomy (P = 0.663). In addition, 
the expression of Fas in normal tissues after 
laparoscopic panhysterectomy was not signifi-
cantly different from that before laparoscopic 
panhysterectomy (P = 0.733). Of note, the lev-
els of Fas after laparoscopic surgery was sig-

reduced the expression of metastasis promot-
ing gene MTA1

To determine the expression of metastasis pro-
moting gene MTA1, qRT-PCR was used. The 
data showed that the levels of MTA1 gene after 
laparoscopic surgery was significantly reduced 
than that before laparoscopic surgery (P = 
0.000). However, the expression of MTA1 after 
laparotomy was not significantly different from 
that before laparotomy (P = 0.951). In addition, 
the expression of MTA1 in normal tissues after 
laparoscopic panhysterectomy was not signifi-
cantly different from that before laparoscopic 
panhysterectomy (P = 0.061). Of note, the lev-
els of MTA1 after laparoscopic surgery was sig-
nificantly lower than that after laparotomy (T = 
-6.557, P = 0.000) (Table 5). These results indi-
cate that laparoscopic surgery for cervical can-
cer significantly reduced the expression of me- 
tastasis promoting gene MTA1.

Laparoscopic surgery for cervical cancer sig-
nificantly increased the expression of metasta-
sis suppressor gene nm23-H1

To test the expression of metastasis suppres-
sor gene nm23-H1, qRT-PCR was carried out. 
The data showed that the levels of nm23-H1 
gene after laparoscopic surgery was significant-
ly higher than that before laparoscopic surgery 
(P = 0.000). However, the expression of nm23-
H1 after laparotomy was not significantly differ-

Table 5. Expression of MTA1 gene before and after surgeries
Groups N Gene expression t P
Laparoscopic surgery group Before laparoscopic surgery 20 0.060 ± 0.051 4.454 0.000

After laparoscopic surgery 20 0.023 ± 0.015
Laparotomy group Before laparotomy 20 0.071 ± 0.033 0.063 0.951

After laparotomy 20 0.070 ± 0.029
Control group Before laparoscopic panhysterectomy 20 0.014 ± 0.007 1.995 0.061

After laparoscopic panhysterectomy 20 0.013 ± 0.007

Table 6. Expression of nm23-H1 gene before and after surgeries
Groups N Gene expression t P
Before laparoscopic surgery 20 0.003 ± 0.002 -4.472 0.000
After laparoscopic surgery 20 0.006 ± 0.005
Before laparotomy 20 0.003 ± 0.002 0.466 0.647
After laparotomy 20 0.002 ± 0.002
Before laparoscopic panhysterectomy 20 0.013 ± 0.005 -0.095 0.926
After laparoscopic panhysterectomy 20 0.013 ± 0.006

nificantly higher than that 
after laparotomy (T = 4.987, 
P = 0.000) (Table 4). These 
results indicate that laparo-
scopic surgery for cervical 
cancer causes significantly 
enhanced expression of ap- 
optosis promoting gene Fas.

Laparoscopic surgery for 
cervical cancer significantly 
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ent from that before laparotomy (P = 0.647). In 
addition, the expression of nm23-H1 in normal 
tissues after laparoscopic panhysterectomy 
was not significantly different from that before 
laparoscopic panhysterectomy (P = 0.926). Of 
note, the levels of nm23-H1 after laparoscopic 
surgery was significantly higher than that after 
laparotomy (T = 3.997, P = 0.000) (Table 6). 
These results indicate that laparoscopic sur-
gery for cervical cancer significantly increased 
the expression of metastasis suppressor gene 
nm23-H1.

Discussion

The occurrence of tumors is due to the abnor-
mal proliferation of cells. In normal conditions, 
the proliferation and apoptosis of cells main-
tain a dynamic balance of the total number of 
cells in tissues. Abnormal proliferation or apop-
tosis may induce malignant lesions of the cells, 
leading to the occurrence of malignant tumors. 
More and more studies demonstrate that 
abnormal apoptosis usually plays an important 
role in the occurrence and development of 
tumors, and is induced by various factors. 
Apoptosis may be affected by multiple factors 
inside and outside the organisms, such as cell 
lesions induced by radiation or virus infection, 
released cell growth factors, cell-cell interac-
tions, and changes in hormone release levels 
[5-9]. The present study showed that after lapa-
roscopic surgery altered the environment in the 
organisms, the apoptotic rate of cervical can-
cer cells was significantly increased. By con-
trast, neither laparoscopic panhysterectomy 
nor laparotomy induced significant changes in 
apoptotic rate. This observation indicates that 
laparoscopic surgery only promotes the apop-
tosis of cervical cancer cells, but has no effect 
on the apoptosis of normal cervical cells. In the 
mean time, the present study also demon-
strates that the apoptosis of cervical cancer 
cells is not affected by the stimulation of 
laparotomy.

As an apoptosis suppressor gene, N-myc gene 
exerts multiple biological functions by its 
expression products, which is extremely low in 
normal cells [10-13]. Fas is a kind of type I 
transmembrane protein (molecular weight 48 
ku) in the tumor necrosis factor superfamily. 
Fas ligand is a kind of type II transmembrane 
protein with a molecular weight of 40 ku. The 
binding of Fas with Fas ligand is one of the main 

mechanisms for cell apoptosis. The expression 
of Fas ligand in lymphocytes is activated th- 
rough the invasion by tumor cells, leading to the 
specific binding of Fas with its ligand and 
hence, apoptosis [14-17]. In the present study, 
the expression of apoptosis suppressor gene 
N-myc and apoptosis promoting gene Fas 
before and after laparoscopic surgery, laparot-
omy or laparoscopic panhysterectomy demon-
strates that intraperitoneal environmental ch- 
anges during laparoscopic surgery down-regu-
lates the expression of N-myc gene, and up-
regulates the expression of Fas gene, partici-
pating in the regulation of cervical cancer cell 
proliferation by affecting its apoptosis. By con-
trast, laparotomy has no significant effect on 
the expression of N-myc and Fas genes. In 
addition, the expression of these two genes in 
normal cervical tissues is not affected by lapa-
roscopic interventions.

Human metastasis suppressor gene, nm 23, 
has two subunits, nm23-H1 and nm23-H2. The 
expression of nm23-H1 in malignant tumors 
with lymph node metastasis is significantly 
lower than that without lymph node metastasis 
[18-21]. The metastasis promoting gene, MTA1 
gene, regulates cell growth and affects tumor 
cell metastasis by participating in signaling 
pathway and the regulation of related gene 
expressions. Tumors with overexpressed MTA1 
usually have high degrees of invasion, elevated 
lymph node metastasis rates and strong vascu-
lar invasiveness [7-9, 22]. The results of the 
present study demonstrate that intraperitoneal 
environmental changes during laparoscopic 
surgery down-regulates the expression of MTA1 
gene, and up-regulates the expression of 
nm23-H1 gene in cervical cancer tissues, par-
ticipating in the regulation of cervical cancer 
cell metastasis ability by affecting cell metasta-
sis. By contrast, laparotomy has no significant 
effect on the expression of MTA1 and nm23-H1 
genes. In addition, the expression of these two 
genes in normal cervical tissues is not affected 
by laparoscopic interventions.

To summarize, the increased apoptotic rate of 
cervical cancer cells after laparoscopic surgery 
is related to enhanced expression of Fas, 
decreased expression of N-myc, up-regulated 
nm23 gene expression and down-regulated 
MTA1 gene expression, which are induced by 
pneumoperitoneum stimulation from celo-
scopes. By contrast, laparoscopic surgery has 
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no effect on the apoptotic rate and the expres-
sion of N-myc, Fas, MTA1 and nm23-H1 genes 
in normal cervical cells. Therefore, laparoscop-
ic surgery is a safe treatment method for cervi-
cal cancer.
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