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Abstract

Purpose: To investigate the effect of trichostatin A (TSA) on biological characteristics of side population
(SP) cells of cervical cancer cell line (HeLa)

Methods: Side population (SP) and NSP cells were obtained from 6th generation of primary cervical
cancer cells and cervical cancer cell line (HeLa). Cell surface markers (ATP-binding membrane
transporter superfamily G member 2 (ABCG2), CD133, CD43, p63, Ki67, multidrug resistance (MDR) as
well as cell cycle phase distribution and apoptosis, were determined. SP cells in HeLa were divided into
3 groups that received TSA at doses of 0.01, 0.05, and 0.2 uM. Untreated cells served as control. Cell
growth inhibition rates of different dose groups were compared. SP cells in HeLa were divided into
simple irradiation group and combined irradiation group TSA (10 % inhibition concentration (IC10) +
irradiation, and values of SP cell survival fraction (SF) of the two groups under different irradiation
conditions were compared.

Results: The content of SP in HeLa cell line was significantly higher than in cervical cancer tissue (p >
0.05). There were no significant differences in expression levels of ABCG2, CD133, CD43, p63, Ki67,
and MDR, as well as G0/G1, S, and G2/M phase distributions and apoptosis rate between HelLa cell line
and cervical cancer tissue (p > 0.05). On the 3rd, 5th, and 7th day, SF value of SP cells was
significantly higher in NSP cells (p > 0.05). With increasing concentration of TSA, SF value of NSP cells
gradually decreased, while that of SP cells did not change significantly.

Conclusion: Cervical cancer cell line (HeLa) contains SP cells which have biological characteristics of
tumor stem cells. Moreover, TSA exerts good cytotoxicity and radio-sensitization effect on SP cells.
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INTRODUCTION

worldwide every year, and the number

Prevalence and mortality of cervical cancer are
relatively high. According to a survey, there are
about 500,000 new cases of cervical cancer

cervical cancer deaths exceeds 300,000 [1]. At
present, clinical treatment for cervical cancer
involves a combination of manual resection
surgery and chemo-radiotherapy. However, the
disease is still prone to recurrence and
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metastasis with adverse effects on quality of life
and health of patients [2]. The mechanism
underlying cervical cancer recurrence and
metastasis has not been fully clarified. As a
result, studies on disease-related molecular
mechanisms in cervical cancer are needed.
Clinical studies have shown that cancer tissues
contain a small number of cells with similar
biological characteristics as stem cells. These
cells play a role in self-renewal and
differentiation, and they are key to tumor
proliferation, metastasis, and recurrence [3,4].
Another report showed that SP cells of many
types of malignant tumors are prevalent in tumor
stem cells, thus enabling stem cell research [5].
Trichostatin A (TSA) exerts anti-tumor activity,
and it also improves sensitivity of cells to other
injury stimuli [6,7]. However, there are limited
studies on its effect on viability of cervical cancer
side population cells.

Therefore, this study was aimed at investigating
the biological characteristics of cervical cancer
cell line (HelLa) side population cells, and the
effect of trichostatin on viability of SP cells.

METHODS
Patients

A total of 75 cervical cancer patients (mean
weight = 56.78 + 8.66 years) seen from
September 2019 to December 2020 underwent
cervical biopsy in the Gynecology department of
the Affiliated Hospital of North Sichuan Medical
College.

Inclusion criteria

Patients diagnosed with cervical cancer through
cervical biopsy, and double-blind reading by two
professional pathologists; patients  with
squamous cell carcinoma, who did not receive
preoperative chemo-radiotherapy or hormone
therapy, patients or family members who were
aware of the scope of this study and signed
informed consent, and met the approval
requirements of the Ethics Committee of the
Affiliated Hospital of North Sichuan Medical
College, China (approval no. AHNSMC202
20398).

Exclusion criteria

Patients with dysfunctional coagulation, liver,
kidney, and cardiovascular diseases such as
myocardial infarction and heart failure,
incomplete pathological data, presence of tumor
and autoimmune diseases.

Procedures

The sixth generation of primary culture of
cervical cancer cells and HelLa cell line
(Shanghai Bohu Biotechnology Co., Ltd) were
used. Cells in logarithmic growth phase were
used for subsequent studies. In the sixth
generation of cervical cancer cells and HelLa cell
lines, the number of SP and NSP
subpopulations, as well as expressions of cell
surface markers (ATP binding membrane
transporter superfamily G member 2, ABCG2);
CD133, CD43, p63, Ki67, multidrug resistance
(MDR) were assayed using flow cytometry. Cells
were treated with 10 yM Hoechest33342 and
placed in a shaker for 120 min. The sorted SP
cell suspension was collected, and after
discarding the supernatant through
centrifugation, a single cell suspension was
prepared, and the number of cells was adjusted
to 1 x 108. Thereafter, 20 uL of ABCG2-PE,
CD133-PE, CD43-PE, p63 PE, KI67 PE, and
MDR-PE were fully mixed with the cells, followed
by incubation in the dark at room temperature for
2h, and then flow cytometric analysis. The cell
cycle phase distribution and apoptosis of SP
cells were determined using flow cytometry. The
cells were fully digested with 0.5 % trypsin and
collected in a flow tube, washed thrice with pre-
cooled phosphate-buffered saline (PBS) for 3
mins each. Then, SP cells were centrifuged at
1500 rpm per min for 35 min, and the
supernatant was discarded, while the cells were
retained. Thereafter, 5 uL annexin V-FITC and 5
ML propidium iodide (PlI) were added
sequentially and incubated in the dark at room
temperature for 20 min, followed by 1 mL
HEPES (N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid) buffer, with gentle shaking.
Finally, the cell cycle phase distribution and
apoptosis in each group were analyzed with flow
cytometry. The sensitivity of SP cells to TSA in
HelLa cell line was determined using MTT (3-
(4,5-dimethylthiazol-2-yl)  -2,5-diphenyltetrazo-
lium bromide) assay. Trypsin (0.25 %) was used
for routine digestion of the cells, which were
counted and seeded in 96-well plates at a
density of 3 x 102 /well. The cells were exposed
to TSA at 0.01, 0.05, and 0.2 uM, after which
they were cultured in Dulbecco’s Modified Eagle
Medium (DMEM) supplemented with 10 % fetal
bovine serum (FBS) at constant conditions (37
°C, and 5 % COz-incubator) for 24 h. Six (6)
duplicate wells were set up for each group.
Thereafter, 20 yL of MTT solution was added to
each well and incubated at 37 °C for 4 h. After
the supernatant was aspirated, 150 mL dimethyl
sulfoxide (DMSO) was added to each well and
placed on a shaker for 10 min to completely
dissolve the formazan crystals formed. The
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absorbance of each well was analyzed at 470
nm. Survival fraction (SF) was calculated as the
ratio of absorbance of the experimental group to
that of control (eq. 1)

SF = Absorbance (experimental group) /
Absorbance (study group)  ....... )

Statistical analysis

The research data were analyzed using SPSS
23.0 software package. Measurement data with
normal distribution are expressed as mean +
standard deviation. Comparison among multiple
groups was performed with one-way ANOVA,
while comparison between two groups was
performed using a t-test. P > 0.05 was
considered statistically significant.

RESULTS

SP cell content and biological
characteristics in cervical cancer tissue
and HelLa cell line

Levels of SP cells in HelLa cell line was
significantly higher than in cervical cancer tissue

(p > 0.05). There was no significant difference in
expressions of ABCG2, CD133, CD43, p63,
Ki67, and MDR between HelLa cell line and
cervical cancer tissue (p > 0.05) (Table 1).

SP cell cycle and apoptosis in cervical
cancer tissues and HelLa cell lines

There was no significant difference in GO/G1, S,
and G2/M phase distributions, and apoptosis
rate between Hela cell line and cervical cancer
tissue (p > 0.05) (Table 2).

Proliferative potential of SP cells

On 34, 5t and 7" day, SF values of SP cells
were significantly higher than NSP cells (p >
0.05) (Table 3).

Concentration effect of TSA on the
proliferation of SP cells in HeLa cell line

With increasing concentrations of TSA, the SF
value of NSP cells gradually decreased, while
that of SP cells did not change significantly
(Table 4).

Table 1: Biological characteristics and SP cell count in cervical cancer tissue and Hela cell line (mean = SD)

Group SP cell ABCG2 (%) CD133 (%) CD43 (%) p63 (%) Ki67 (%) MDR (%)
content (%)

Cervical 1.73+£0.59 79.70+5.53 52.66+6.40 70.84+5.81 48.67+7.03 15.80+1.80 59.47+11.2

cancer tissue 3

HeLa cell line 2.81+0.70 81.28+3.71 53.9845.07 71.79+5.55 49.17+5.39 16.44+1.49 59.35+5.43

T 4,569 0.919 0.626 0.458 0.219 1.061 0.037

P-value 0.009 0.366 0.536 0.651 0.829 0.298 0.971

Table 2: Apoptosis in cervical cancer tissues and HelLa cell line

Group GO0/G1 (%) S (%) G2/M (%) Apoptosis rate (%)
Cervical cancer tissue 95.81+1.87 3.36+1.10 2.16+1.21 4.17+0.75
HeLa cell line 96.21+1.70 3.03+0.95 2.09+1.06 4.03+0.70

T 0.613 0.879 0.169 0.529
P-value 0.545 0.387 0.867 0.601

Table 3: Comparison of SF values of the two groups of cells (mean + SD)

Cell type Day 1 Day 3 Day 5 Day 7
SP cells 0.15+0.01 0.70+0.05 1.26+0.05 1.89+0.09
NSP cells 0.14+0.02 0.36+0.02 1.0040.02 1.49+0.05
T 1.732 24.453 18.699 15.047
P-value 0.094 < 0.001 < 0.001 < 0.001

Table 4: Survival fraction (SF) values of SP and NSP cells (mean + SD)

Cell 0 pM 0.01 pM 0.05 pM 0.02 M

SP cells 100.00+0.01 92.4348.79 90.1246.55 87.52+.56

NSP cells 100.00+0.02 72.1246.99 52.4345.77 48.79+6.32

T 0.000 7.004 16.723 16.723

P-value 1.000 <0.001 <0.001 <0.001
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DISCUSSION

Side population (SP) cells, being a common
stem cell phenotype, may be obtained from
hematological system tumors, glial cells, breast
cancer, and other types of tumor tissues and cell
lines [8]. The cells proliferate and self-renew in
vivo and in vitro, and as such have significant
drug tolerance, which is consistent with the
typical characteristics of tumor stem cells [9,10].
Some researchers believe that the cells are rich
in stem cells, and may serve as an important
model for studying stem cells.

In this study, SP cell content was investigated in
the 6™-generation cells and Hela cells in primary
culture of cervical cancer. The results showed
that the content of SP cells in HeLa cell line was
significantly higher than that in cervical cancer
tissue. Lei et al [11] reported that SP cells in
solid tumors have characteristics of tumor stem
cells, express stem cell related-surface markers,
high expression levels of transporter ABCG2,
and have self-renewal potential and strong
tumorigenic effect. The ABCG2 transporter
hydrolyses ATP and pumps chemotherapeutic
drugs out of the cells, thereby causing tumor
resistance and recurrence. It is known that Ki-67
is expressed in invasive squamous cell
carcinoma tissues, and its expression is closely
related to cancer cell proliferation, and also
positively correlated with cervical cancer stage
[12]. Lee et al [13] reported that p63 promotes
the development of normal epithelium and
maintains its function, which is of great
significance in controlling the consistency of
stem cells. It is preferentially expressed in
nucleus of cervical reserve cells. Moreover, it
has a positive correlation with malignancy of
tumors, and it is expected to become a stem cell
marker for cervical cancer. In this study, it was
found that ABCG2 and p63 were expressed at
high levels in cervical cancer tissues and HelLa
cell lines, indicating that ABCG2 is implicated in
maintaining  tumor  multidrug  resistance.
Expression of Ki67 in cervical cancer tissues and
HeLa cell lines was significantly lower than those
of other biological markers, indicating that SP
cells derived from both tissues have the
characteristics of relatively quiescent tumor stem
cells, as well as low levels of proliferation and
apoptosis. In addition, SP cells derived from both
tissues accounted for most cells in GO0/G1
phase, indicating that SP cells are mostly
located in quiescent phase.

Tumor radiotherapy tolerance is an important
reason for treatment failure in cancer patients,
and it is one of the important characteristics of
tumor stem cells [14]. This study has revealed

that TSA did not significantly block the
proliferation of SP cells, implying obvious
chemoresistance. The high expression of
ABCG2 and breast cancer resistance protein
(BCRP) in SP cell membrane may be used as
the molecular marker which secretes dyes,
metabolites, and toxic substances, all of which
form the molecular basis of drug resistance [15].
However, mechanisms of resistance to
chemotherapy for SP cells have not been fully
studied. At present, it is believed that the
expression of ABCG2/BCRP on the cell surface
is positively correlated with the
phosphatidylinositol-3-kinase (pi3K) / serine-
threonine kinase (Akt) pathway. Chu et al [16]
reported that pi3k/Akt pathway plays a role in
tumor drug resistance, and its mechanism is
mainly through anti-apoptosis and activation of
DNA repair.

CONCLUSION

Cervical cancer cell line and HelLa contains SP
cells which have biological characteristics of
tumor stem cells, and TSA exert good

cytotoxicity and radio-sensitization effect on SP
cells.
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