
Gene Cell Tissue. 2020 January; 7(1):e99206.

Published online 2020 January 18.

doi: 10.5812/gct.99206.

Research Article

Inhibition of Cervical Cancer Cell Line Hela by Human Wharton’s Jelly

Stem Cells Through Induction of Apoptosis

Saba Ghorbani 1 and Masoud Maleki 1, *

1Department of Genetics, Tabriz Branch, Islamic Azad University, Tabriz, Iran

*Corresponding author: Department of Genetics, Tabriz Branch, Islamic Azad University, Tabriz, Iran. Email: maleki.masoud@gmail.com

Received 2019 October 28; Revised 2019 December 22; Accepted 2019 December 25.

Abstract

Background: Cervical cancer is one of the most common cancers of women in the world, which causes high mortality. The human
umbilical cord Wharton’s jelly stem cells (hWJSCs) can inhibit various cancer cells.
Objectives: This study aimed to investigate the effects of conditioned medium and cellular extract of human umbilical cord hWJSCs
on cervical cancer cell line, Hela.
Methods: After isolation and primary culture of hWJSCs, conditioned medium and cellular extracts of hWJSCs were prepared, and
its anti-proliferative effects were evaluated on cervical cancer cells, Hela using micro-culture tetrazolium (MTT) assay. After total
RNA extraction and cDNA synthesis, expression of apoptosis-related BCL-2 and BAX genes were evaluated using real-time PCR.
Results: The results showed that conditioned medium (55% concentration in 72 hours) and cellular extraction (10% concentration
in 24 hours) caused death of 50% cancer cells (IC50). The anti-cancer effects of conditioned medium and cellular extraction were
concentration- and time-dependent. The conditioned medium and cellular extract of hWJSCs significantly down-regulated and up-
regulated mRNA expression of apoptosis-related BCL-2 and BAX genes, respectively.
Conclusions: Our study showed that conditioned medium and cellular extract of human umbilical cord hWJSCs inhibit viability
and proliferation of cervical cancer cells. However, further studies on animal models are necessary for more accurate results.
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1. Background

Cervical cancer is the fourth most common cancer in
women and the fourth cause of death in the world. Approx-
imately 500,000 women are diagnosed with cervical can-
cer each year, which is more prevalent in developing coun-
tries (1). Also, cervical cancer is the second common cancer
among women and is the second cause of cancer-related
mortality in Iran (2). The evidence indicates that human
papilloma virus (HPV) plays an important role in the de-
velopment of cervical cancer, which is the reason for more
than 80% of cervical cancers (3).

Recently, many therapeutic approaches have been de-
veloped for the treatment of cervical cancer. However,
its treatment remains an important challenge. Inhibition
of cancer cells through the induction of apoptosis is an
important therapeutic approach in the treatment of var-
ious cancers (4, 5). Cervical cancer is associated with un-
controlled cell proliferation and overexpression of anti-
apoptotic genes. The bcl-2 gene family is one of the most
important factors in the apoptosis pathway of cervical can-

cer cells (6). The BAX and BCL-2 genes are the most impor-
tant genes in the bcl-2 gene family, which induce and in-
hibit apoptosis, respectively (7).

The evidence has shown that mesenchymal stem cells
(MSCs) inhibit cancer cells through the induction of apop-
tosis pathway (8). Therapeutic effects of MSCs are generally
mediated by various secreted cytokines, growth factors,
and extracellular matrix proteins (9, 10). Human Wharton
jelly stem cells (hWJSCs) are derived from the embryonic
cord (which normally discarded at birth), and thus have
embryonic and mesenchymal stem cell characteristics (11).
The umbilical cord is surrounded by a mucoid connective
tissue, which called Wharton jelly. Recently, few studies
have reported the anti-proliferative and inhibitory effects
of hWJSCs on cancer cells (12, 13).

2. Objectives

The present study aimed to evaluate the anti-cancer ef-
fects of hWJSCs on cervical cancer cell line, Hela.
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3. Methods

3.1. Isolation and Culture of hWJSCs

Ten samples of umbilical cords were collected from
pregnant women referred to Tabriz International Ob-
stetrics Hospital, Iran. All participants were informed
about the study and signed a consent form in accor-
dance with the Declaration of Helsinki ethical standards
(IR.IAU.TABRIZ.REC.1398.028). The obtained umbilical cord
was transferred to Cell and Tissue Culture Laboratory of
Tabriz branch, Islamic Azad University, in a Hanks’ bal-
anced salt solution (HBSS) supplemented with penicillin-
streptomycin antibiotics. The Wharton jelly tissues were
isolated using explant culture, and complete Dulbecco’s
modified eagle medium (DMEM) supplemented with 10%
fetal bovine serum (FBS) and 1% penicillin-streptomycin
antibiotic at 37°C with 96% humidity and 5% CO2.

3.2. Preparation of Conditioned Medium from hWJSCs

The hWJSCs were cultured in DMEM medium (con-
taining penicillin-streptomycin antibiotics without FBS) in
standard condition for 72 hours, up to cell density of ap-
proximately 70% - 80%. Finally, the supernatant was col-
lected and sterilized by a 0.22µm filter and stored at -20°C.

3.3. Preparation of hWJSCs Extract

The hWJSCs were cultured in DMEM medium (con-
taining penicillin-streptomycin antibiotics without FBS) in
standard condition for 72 hours, up to cell density of ap-
proximately 70% - 80%. The cultured cells were washed us-
ing phosphate buffer saline (PBS), and the RIPA lysis buffer
and protease inhibitor were added. The cell suspension
was centrifuged and the obtained supernatant was col-
lected as cellular extraction and stored at -20°C.

3.4. Hela Cancer Cell Culture

The Hela cancer cell line was purchased from Im-
munology Research Center (IRC) cell bank, Tabriz Univer-
sity of Medical Sciences. The cell culture was conducted us-
ing Roswell Park Memorial Institute (RPMI) 1640 medium
containing 1% penicillin-streptomycin antibiotic and 10%
FBS at 37°C with 96% humidity and 5% CO2.

3.5. Cytotoxicity Assay

The Hela cancer cell line were seeded (15 × 103

cells/well) in a 96-well plate and incubated at 37°C and 5%
CO2 for 24 hours. The culture medium was replaced with
complete medium containing different concentrations of
conditioned medium (20, 30, 40, 45, 50, 55 60, 65, and
70%) and cellular extraction (10, 12, 14, 16, 18, 20, 22, 24,

and 26%) and incubated for 24, 48, and 72 hours. The can-
cer cell viability was evaluated using Tetrazolium Micro-
culture (MTT) assay. The old culture medium was replaced
with 200 µL of fresh medium containing 50 µL MTT solu-
tion (2 mg/mL) and incubated for 4 hours. The supernatant
was removed and 50 µL of dimethylsulfoxide (DMSO) was
added. Finally, the optical density (OD) at 570 nm was mea-
sured by ELISA reader instrument.

3.6. Morphological Alteration Assay

The Hela cancer cell line was seeded (200 × 103

cells/well) in a 6-well plate and incubated at 37°C and 5%
CO2 for 24, 48, and 72 hours. The culture medium was re-
placed with complete medium containing different con-
centrations of conditioned medium (55%) and cellular ex-
traction (10%) and incubated in a standard condition for 24,
48, and 72 hours. The morphological alterations were mon-
itored using an inverted light microscopy.

3.7. Gene Expression Analysis

The RNA extraction was performed using TRIzol agent
(Gibco, USA), according to the manufacturer’s instructions.
The quantity and quality evaluation of extracted RNA was
performed using Nanodrop instrument (Thermo Fisher,
USA) and electrophoresis on 1% agarose gel, respectively.
The cDNA synthesis was performed using a specific cDNA
synthesis kit (Yekta Tajhiz, Iran) and random hexamers.
The expression of apoptosis-related BAX and BCL-2 genes
were evaluated using real-time PCR. The sequence and
specification of the used primers are presented in Table 1.
The PCR reaction was performed in a 10 µL total volume,
include 1 µL cDNA, 5 µL Master Mix, 0.5 µL forward primer,
0.5 µL reverse primer, and 3 µL deionized distilled water.
Also, the PCR condition was included 1 cycle initial denatu-
ration for 60 seconds at 94°C, 40 cycles denaturation for 20
seconds at 94°C, 40 cycles annealing for 30 seconds at 54°C,
and 40 cycles extension for 30 seconds at 72°C. The β-actin
(ACTB) housekeeping gene was considered exogenous con-
trol. The calculations were performed by 2-∆∆Ct (Livak) for-
mula.

4. Results

4.1. Cytotoxic Effects

Our study showed that the cytotoxic effect of con-
ditioned medium and cellular extract of hWJSCs was
concentration- and time-dependent. The cell death rate in
treated cancer cells with 10% cellular extraction and 55%
conditioned medium was 50% and considered IC50 (Figure
1).
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Table 1. Characteristics of Primers Used for Gene Expression Levels

Gene Primer Sequence Tm , °C Products Size, bp

BAX
F: CCCGAGAGGTCTTTTTCCGAG 63

155
R: CCAGCCCATGATGGTTCTGAT 61

BCL-2
F: GATGGGATCGTTGCCTTATG 58

223
R: GCGGAACACTTGATTCTGG 57

ACTB
F: AGAGCTACGAGCTGCCTGAC 61

186
R: AGCACTGTGTTGGCGTACAG 59
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Figure 1. The viability of Hela cancer cells treated with different concentrations of the extract (A) and conditioned medium (B) of Wharton jelly stem cells.

4.2. Morphologic Alterations

The cervical cancer cells treated with conditioned
medium and cellular extract of hWJSCs showed different
morphological alterations, which can cause cell death.
These alterations included cell and nucleus shrinkage and
cell membrane damage. These morphological alterations
are time- and concentration-dependent (Figure 2).

4.3. Expression of BAX and BCL-2 Genes

The results showed that the treatment of cervical can-
cer cells by conditioned medium (55% concentration for
72 hours) and cellular extract (10% concentration for 24

hours) of hWJSCs increased 2 and 3.2 fold expression of BAX
gene, respectively. In contrast, the conditioned medium
and cellular extract of hWJSCs reduced the expression of
BCL-2 gene as much as 1.9 and 2.6 fold, respectively (Fig-
ure 3A). The treatment of cancer cells with conditioned
medium and cellular extract of hWJSCs significantly in-
creased BAX/BCL-2 ratio (Figure 3B).

5. Discussion

Apoptosis suppression is one of the important patho-
logical processes of cervical cancer (14). The BCL-2 gene is an
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Figure 2. Morphological alterations of Hela cancer cells treated with different concentrations of the extract and conditioned medium of Wharton jelly stem cells.
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Figure 3. Expression of BAX and BCL-2 genes (A) and BAX/BCL-2 ratio (B) in Hela cancer cells treated with different concentrations of the extract and conditioned medium of
Wharton jelly stem cells.

apoptotic inhibitor gene (15). Also, the BAX gene promotes
apoptosis and its expression is reduced in cervical cancer
(16). Therefore, regulation and control of the expression of
BAX and BCL-2 genes are important in patients with cervi-

cal cancer. Cell therapy is one of the most important and
applied methods in cancer treatment (17). The use of stem
cells is a novel method in cell therapy. Recently, the Mes-
enchymal stem cells (MSCs), included hWJSCs, has been ex-
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tensively studied due to its high division and differentia-
tion (18).

To date, several MSCs-derived conditioned media and
extract were studied on many cancer cells. The MSCs se-
crete a number of paracrine factors, cytokines, and vascu-
lar endothelial growth factor (VEGF), which may influence
the proliferation and viability of cancer cells. In this re-
gard, MSCs secretome may affect tumor cells and inhibit
their development (19). The hWJSCs have been used as an
anticancer agent in many previous studies (20, 21). These
stem cells can be separated without pain and cost from hu-
man umbilical cord, which was usually discarded after de-
livery. The hWJSCs are also multipotent with high prolifer-
ative potential and long telomeres, which can present em-
bryonic and mesenchymal stem cell characteristics (22). In
contrast to other mesenchymal stem cells, the hWJSCs do
not cause tumor formation in mice with suppressed im-
mune systems (23). However, the effect of these stem cells
has not been studied on cervical cancer.

In the present study, we evaluated the effects of con-
ditioned medium and extraction of hWJSCs on Hela cervi-
cal cancer cell line and expression of apoptosis-related BAX
and BCL-2 genes. The conditioned medium and extraction
of hWJSCs were used for the treatment of cervical cancer
cells.

Our study showed that the conditioned medium and
extraction of hWJSCs cause to inhibit the growth, prolifer-
ation and metabolic activities of cervical cancer cells in a
concentration- and time-dependent manner. This can be
due to cellular damage induced by conditioned medium
and extraction of hWJSCs. Recent studies reported many
morphological alterations in various cancer cells treated
with MSCs, which cause cell death (24, 25). In a study by
Kalamegam et al. reported that extraction of hWJSCs cause
to cellular damage, upregulation of caspase-3 gene expres-
sion, and regulation of cell cycle-related genes, and thus
cause to inhibition of cellular growth, proliferation, and
apoptosis in ovarian cancer cells (21). In another study
by Han et al. also reported that mesenchymal stem cells
derived from human cord cause to inhibition of cellular
growth and proliferation in prostate cancer cells (26).

According to the present study, conditioned medium
and extraction of hWJSCs significantly increased BAX gene
expression in Hela cancer cells; whereas the expression of
BCL-2 gene was significantly decreased. The BAX and BCL-
2 genes are the most important genes involved in apopto-
sis (27). The BAX gene product induces apoptosis; whereas
the BCL-2 gene product inhibits apoptosis (28). Therefore,
many studies have been conducted to regulate the expres-
sion of BAX and BCL-2 genes, as well as other genes in-
volved in the apoptosis process, to induce the death of var-

ious cancer cells (29, 30). Han et al. reported that the
MSCs derived from human umbilical cord induce JNK sig-
naling pathway and also inhibit PI3K/AKT signaling path-
way, which induces apoptosis in prostate cancer cells (26).
Moreover, Gauthaman et al. reported that extraction of
hWJSCs in 50% concentration increased BAX gene expres-
sion and decreased the expression of BCL-2 and SURVIVIN
genes in breast cancer cells (24). In another study, Gau-
thaman et al. reported that the extraction of hWJSCs in-
creased BAX gene expression and decreased BCL-2 and SUR-
VIVIN gene expression, and thus induces apoptosis and can-
cer cell death in mice with prostate cancer (25). Therefore,
our results are similar to the results of the mentioned stud-
ies, and confirm anti-cancer activity of hWJSCs by inducing
apoptosis. However, further studies on animal models and
clinical studies are essential to achieve accurate results.

5.1. Conclusions

In general, the results of the present study showed that
conditioned medium and extraction of hWJSCs can cause
to Hela cancer cells death by regulation of gene expres-
sion involved in apoptosis. On the other hand, metabolites
secreted by hWJSCs can cause cervical cancer cell death.
Therefore, hWJSCs can be used to control and even treat pa-
tients with cervical cancer in the future.
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