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Background: This study aimed to investigate the growth curve, cell colony formation, cell cycle, apoptosis, anti-anoikis, and
ability of invasion, adhesion, and migration of cervical cancer cells after exposure to a model of a simulated

CO, pneumoperitoneum environment with different pressures and at different times.
Material/Methods: The cervical cancer cells were cultured in groups with 8 and 16 mmHg of 100% CO, for 1, 2, 3,and 4 h in a
model of a simulated environment of CO, pneumoperitoneum. The cells in the control group were cultured in
a standard environment. The growth curve was drawn through constant survival cell counts for 7 days, and the
group with most obvious change was selected for subsequent experiments to detect cell colony formation, cell

cycle apoptosis, and anti-anoikis, and the ability of invasion, adhesion, and migration.

Results: After a brief inhibition, the proliferation of cervical cancer cells was markedly increased and had no relation-
ship with different CO, pressures. Compared with the control group, the early apoptosis rate in the experimen-
tal group was higher, and the ability of invasion, migration, and adhesion decreased significantly.

Conclusions: Cervical cancer cells stimulated by a CO, pneumoperitoneum environment in vitro have an increased the ability
to proliferate after a short period of inhibition and have reduced abilities of invasion, migration, and adhesion.
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Background

In recent years, laparoscopic technique has been widely ap-
plied in clinical practice because of its advantages, such as
shorter recovery period, less postoperative pain, and better
cosmetic effects. However, CO, pneumoperitoneum is facing
some new problems in the treatment of malignancies [1-3],
including the dissemination of tumor cells in the area around
the incision and the intra-abdominal metastasis of tumor cells,
which have become important issues in laparoscopic surger-
ies [4-6]. There exist various different viewpoints about the
effects of CO, pneumoperitoneum on the growth, apoptosis,
and metastasis of cancer cells [7-10]. In this study, we inves-
tigated cervical cancer cell growth curve, colony formation,
cell cycle, apoptosis, anti-anoikis, and the ability of cell inva-
sion, adhesion, and migration after cervical cancer cells were
treated by CO, in a model of a simulated environment of CO,
pneumoperitoneum. Our aim is to perform a preliminary eval-
uation of the safety of laparoscopy for the treatment of gyne-
cological malignant tumors and to provide laboratory evidence.

Material and Methods

Cell culture

Cervical Hela cells (provided by Guangxi Institute of Cancer
Prevention and Treatment) were cultured in RPMI-1640 (GIBCO
Corporation, USA) culture solution containing 10% fetal bovine
serum (FBS) (GIBCO Corporation, USA). The cells were incubat-
ed in an environment of 5% CO, at 37°C, rinsed in phosphate-
buffered saline (PBS), and digested by 0.25% trypsin/ ethyl-
ene diamine tetra-acetic acid (EDTA). The cells in logarithmic
phase were used for the follow experiments.

Construction model of CO, pneumoperitoneum in vitro

We made 2 holes on 2 opposite sides of a Plexiglas contain-
er: 1 for intake and 1 for the outlet. The one for air intake is
connected with a CO, pressure bottle through a hose, and
the intake gas flow rate and speed were controlled by a CO,
pressure-reducing valve. The outlet was connected to a CO,
pressure measurement device by a hose, which was used to
monitor and to control the CO, pressure at any time. After
the glass container was sterilized by 75% ethanol and ultravi-
olet radiation, the air in the container was drawn out by vac-
uum pump and the cell culture plates were placed in it. Then
the pure CO, was poured in until the pressure required by the
experiment could be achieved and be maintained at certain
times. The cell culture plates treated by CO, were transferred
to the normal cell culture incubator for the next culture until
the time of the next experiments.
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Cell growth curve assay (survival cell count)

The Hela cells were cultured in groups with 8 and 16 mmHg
of 100% CO, for 1, 2, 3, and 4 h in the model described above.
The cells in the control group were cultured in a standard en-
vironment. After being treated by CO,, 3 whole cells in each
group/per day were picked out for the spectrophotometric assay
experiment, which used 3-[4,5Dimethylthiazol-2-yl], 5-diphe-
nyltetrazolium bromide, or thiazolyl blue (MTT) assay. Optical
density readings were measured at 450 nm. The growth curve
was drawn with the vertical axis for optical density (OD) and
the horizontal axis for time. The group with the most obvious
change was selected for the following experiments.

Cell colony formation experiment

The Hela cells were prepared with a single-cell suspension
and cultured in 24-well plates according to the gradient den-
sity of 50, 100, and 200 cells per dish and were gently shak-
en by cross direction to disperse cells evenly. The cells were
then cultured in the CO, incubator (5%) at 37°C for 7 days,
then the cells were rinsed with PBS, fixed by methanol, and
stained by Giemsa in the standard manner. Groups of more
than 50 cells counted under the microscope were considered
as a clone. The ratio of clone formation was calculated with
the following formula:

the number of clone
the number of Hela cells

the ratio of clone formation =

The experimental procedures were repeated 3 times, and the
average of 3 ratios was the final ratio of clone formation.

Determination of cell cycle and proliferative index

The cells were collected 1, 3, 5, and 7 days after CO, treat-
ment as described above. The cells were digested in EDTA,
washed with PBS, and fixed by 70% cold ethanol at 4°C for 48
h. Then the cells were centrifuged and digested with RNase
A (50 ug/ml) for 0.5 h and stained with propidium iodide (PI)
staining fluid (50 ug/ml)at 4°C for 1 h. Approximately 1~5x10°
cells were prepared for the content distribution of DNA de-
tected by flow cytometry (Beckman Corporation, USA). The
changes in distribution of cell in the cell cycle were analyzed
by Multicycle software. The proliferative index was determined
by the percentages of cells in the G1, G2, and S phases and
calculated as follows:

The proliferative index = [(percentage of S phase cells + percent-
age of G2 phase cells)/(percentage of S phase cells + percent-
age of G2 phase cells + percentage of G1 phase cells)] x100%
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Figure 1. The growth curve of cervical cancer cell treated by 8
mmHg CO, stimulation. The growth curve was drawn
with the vertical axis for optical density (OD) and the
horizontal axis for time.

Determination of apoptosis and anti-anoikis

The dish treated by poly hydroxyethyl methacrylic acid (Poly-
HEMA) was used for cell adhesive culture and suspending cul-
ture. The percentage of apoptotic cell of the adhesive culture
and suspending culture was calculated by FITC-labeled Annexin
V and Pl double-staining flow cytometry. The apoptotic index
was determined by the DNA distribution of cells just before
G1 and after cell debris.

Determination of the ability of cell invasion in vitro

The lower surface of a polycarbonate membrane (8-ym aper-
ture) in the model of Transwell unit (Corning Costar Corporation,
USA) was treated by 50 pl PBS containing 5 pg fibronectin
(FN) (Biological Center of Beijing University, China), and then
was dried overnight at room temperature. We added 60 ul of
Matrigel (Sigma Corporation, USA) into 300 ul of serum-free
medium, 100 ul of which were added into the upper cabin of
the Transwell, and then was incubated in the cell incubator
at 37°C for 5 h. The cells were digested and 1x10° cells were
added into the upper cabin. After being treated by CO,, the
cells in the model of the Transwell unit were incubated for 1,
3, 5, and 7 days respectively in the normal cell incubator. Then
500 ul of conditioned medium containing 20% FBS was add-
ed into the lower cabin. The cells were washed by PBS, fixed
by 5% glutaraldehyde at 4°C and stained by Giemsa. The cells
on the lower surface were counted using a 100-power micro-
scope in 10 views of each membrane after the cells on the
upper surface were wiped by the cotton balls. The average of
each view was considered as the final result. The experimen-
tal procedures were repeated 5 times.

Figure 2. The growth curve of cervical cancer cell by 16 mmHg
CO, stimulation. The growth curve was drawn with the
vertical axis for optical density(OD) and the horizontal
axis for time.

Determination of the ability of cell migration in vitro

The experimental procedures were similar to those used for
determining cell invasion ability, except the Matrigel was not
added into the upper Transwell cabin.

Determination of the ability of cell adhesion in vitro

We added 50 pl of FN (20 mg/L) into each well of 96-well plates,
dried overnight and kept at 4°C. We added 100 pl of 1% al-
bumin from bovine serum (BSA) (Sigma Corporation, USA) in
each well for sealing the binding site. The cells were digested
and added into each well at 1, 3, 5, and 7 days after CO, treat-
ed. Non-adhered cells were washed off by PBS after 90 min
of incubation at 5% CO, at 37°C, and the adhered cells were
measured by the value of A450 nm of MTT assay. The exper-
imental procedures were repeated 5 times.

Statistical analysis

All data were statistically analyzed by SPSS 13.0 software and
the data of different groups were analyzed by repeated-mea-
sures variance. The results as indicated by x+s and the t-test
were used for the group analysis. The difference was consid-
ered statistically significant at P<0.05.

Results

Growth curve results

Figures 1 and 2 show the growth curves about the Hela cells
treated with 8 and 16 mmHg of CO, for 1, 2, 3, and 4 h. In the
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Figure 3. The cell colony formation in the 7™ day of the control group and (16 mmHg, 4 h) group. (A) control group in 7™ day, (B) CO,

group in 7t" day.

Table 1. The cell proliferative index in the groups (x+ s).

Cell proliferative index

Control

66.6+7.2%

16 mmHg, 4 h 61.6+8.1%

77.8+7.9 89.8+8.8*

* Compare with control group P<0.05.

Table 2. The comparison of cell AnnexinV+ in different cultivation condition of two groups.

Adhesive
culture

Adhesive  Suspending

culture

culture

16 mmHg, 4 h 1.18% 1.17# 1.23%

Suspending
culture

Adhesive
culture

Adhesive
culture

Suspending
culture

Suspending
culture

* Compare with 1d P<0.05; # compare with control group P<0.05.

first 3 days, the rate of growth in the 2 experimental groups
was slightly lower than in the control group. From the 4t day,
the rate of growth in the experimental groups increased sig-
nificantly with time, compared with the control group. There
was no significant difference between the high-pressure group
(16 mmHg) and the low-pressure group (8 mmHg). The high-
pressure group was selected for the following experiments.

The results of cell colony formation

The different levels of cell colony formation were shown on the
7' day after being stimulated by CO,: 25.1+5.4% for the exper-
imental group and 15.6+3.6% for the control group. Compared
with the control group, the cell colony formation increased sig-
nificantly (P<0.05) after being stimulated by CO, (Figure 3).

Proliferative index results

Compared with the control group, the proliferative index of
the Hela cells tended to be lower at 1 and 3 days after be-
ing treated by CO, (P<0.05), but the proliferation index in the
experimental groups increased gradually with the extension
of incubation time. After 7 days of CO, exposure for 4 h, the
proliferation index was higher in the experimental group than
that of the control group (P<0.05) (Table 1).

The results of apoptosis and anti-anoikis
On the scatter plot made by a double-variable flow cytome-

try instrument, the cells in the left lower quadrant were liv-
ing cells (FITC-/PI-), the cells in the upper right quadrant were
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Figure 4. The Hele cells passed through the membrane surface of the transwell chambers in the cell invasion experiment in the 1t

day. (A) contorl group, (B) (16 mmHg, 4 h) group.

Figure 5. The Hele cells passed through the membrane surface of the transwell chambers in the cell migration experiment in the 1t

day. (A) control group, (B) (16 mmHg, 4 h) group.

dead cells (FITC+/PI+), and the cells in the lower right quad-
rant were apoptosis cells (FITC+/PI-). The results show that
with the extension of incubation time after stimulated by CO,,
the cell apoptosis rate of the control group and experimen-
tal group both increased (P<0.05). Compared with the con-
trol group, the early apoptosis rate in the experimental group
was higher at the same time point of both adhesive culture
and suspending culture. There was no significant difference in
early apoptosis rate between adhesive culture and suspend-
ing culture (Table 2).

This work is licensed under a Creative Commons
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The results of the ability of cell invasion, migration, and
adhesion in vitro

Figures 4 and 5 show that the Hela cells passed through the
membrane surface of the transwell chambers in the cell in-
vasion and migration experiment. Compared with the control
group, the ability of cell invasion in the experimental groups
was inhibited after treatment with CO, (P<0.05) (Table 3), the
cell migration ability in the experimental group was inhibit-
ed at 1, 3, and 5 days after stimulation by CO, (P<0.05), and
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Table 3. The ability of cell invasion in the groups ()} s).
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The cell count

16 mmHg, 4 h 19.6+2.1*

24.6+3.9%

30.8+5.7¢ 37.8+3.8*

* Compare with control group P<0.05.

Table 4. The ability of cell migration in the groups (x+ s).

The cell count

Control

16 mmHg, 4 h 75.8+9.4*

81.0+9.4*

86.0+8.2* 96.4+7.6

* Compare with control group P<0.05.

Table 5. The adhesive ability of Hele cell in the groups (x+ s).

Optical density (OD)

Control

16 mmHg, 4 h 0.359+0.052*

0.466+0.014*

0.636+0.046 0.691+0.065

* Compare with control group P<0.05.

there was no significant difference on the 7t day (Table 4).
There were significant differences in A450 nm value of MTT
between the experimental group and the control group at 1
and 3 days (P<0.05), and there was no significant difference
on the 5% and 7t days (Table 5).

Discussion

Our study results indicates that the proliferation of cervical
cancer cells is markedly enhanced, having no association with
the CO, pressure after a short period of inhibition in the condi-
tion of CO, pneumoperitoneum in vitro. Moreover, the cell col-
ony formation increased significantly after stimulation by CO,.
This result is similar that reported by Gutt [11], who cultivated
the CX-2 (human rectal adenocarcinoma cell) and DAN-G (hu-
man pancreatic cancer cell) at 0, 0.8, and 1.6 kPa of CO,. Also,
Smidt et al. [8] found that CO, exposure increased the growth
of human ovarian tumor SKOV3 cells in vitro. However, Jiang
[10 Jreported inhibition of the growth of HO8910 and SKOV3
in vitro in the condition of CO,, which was associated with time
and with the CO, pressure. Neuhaus et al. [12] found that CO,
did not increase the growth of DAMA tumor cells.

According to our study results, the mechanism of the change
of cell growth after simulation by CO, may attribute to the
changed cell cycle. The change trend of the cell cycle was con-
sistent with the result of the growth curve. The proliferative in-
dex determined by the cell cycle result tended to be lower at 1
and 3 days after exposure to CO, for 4 h, and the proliferation
index increased gradually with the extension of incubation time,
which was higher in the experimental group in the control group
on the 7™ day. Currently, it is not clear how CO, affects cancer
cells. Some studies showed that this effect was achieved by
the influence of the transition of cells from G1 to S phase [13],
and others found that the acidic environment of CO, could ac-
tivate mitosis enzymatic activity promoting tumor growth [14].

On the other hand, the Transwell cabin model was applied to
determinate the change in ability of cancer cells to invade,
metastasize, and adhere, and the results of our experiments
indicate that CO, inhibits the invasive, metastasis, and adhe-
sive ability of cervical cancer cells after exposure to the sim-
ulated CO, pneumoperitoneum environment in vitro. Results
of research on the metastasis ability of cancer cells stimulated
by CO, are not consistent. Our results are similar to the report
of Ma et al. [9], which indicated that CO,-insufflation induced
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a temporary change in the adhesion and invasion capacity of
cancer cells in vitro, and reported that higher CO, insufflation
pressure inhibited adhesion, invasion, and metastatic poten-
tial. Kim et al. [15] studied the effect of the CO, pneumoperi-
toneum model in vitro on the expression of E-cad, CD4, ICAM-1
(intracellular adhesion molecule 1), and ICAM-2 (intracellular
adhesion molecule 2), and the result indicated that CO, had a
temporal effect on the expression of adhesion molecules on
the surface of cancer cells in vitro. FengBo et al. proved that
with the increase of CO, pneumoperitoneum pressure, the ex-
pression of E-cad, CD4, and ICAM-1 decreased gradually. The
study of Yang et al. [16] indicated that high pressure of CO,
pneumoperitoneum played an important role in suppressing
the expression of the chemokine receptors CXCR4 and CCR7
in colorectal carcinoma cells in vitro.

In our study, both the experiment group and control group cells
had apoptosis and anti-anoikis abilities, but the anti-anoikis of
experiment group was significantly worse than that of the con-
trol group. This result indicates that CO, inhibits the anti-anoi-
kis ability, which may be one of the reasons for the decreased
invasive and metastasis ability of cervical cancer cells [17,18].
We also think that the gradual recover of the ability of the
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invasion, migration, and adhesion in cervical cancer cells was
due to the changes in culture medium and transfer of culture.

Through this experiment, we showed that cell stimulation by
C0, is not the main reason for the dissemination of tumor cells
intra-abdominally and around the incision. Our results suggest
that the ability of malignancy to spread in laparoscopic sur-
geries is mainly due to the direct implantation of cancer cells
at trocar sites during extraction of the tumor specimen, with
spilling of exfoliated cells, and excessive and non-standard
manipulation of the tumor.

Conclusions

Cervical cancer cells stimulated by the CO, pneumoperitoneum
environment in vitro can increase the ability of proliferation af-
ter a short time of inhibition and reduce the ability of invasion,
migration, and adhesion. Further in vivo studies are needed.
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