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Abstract

Background: Cervical cancer is currently among the most important causes of cancer-related deaths in women. The development
of cervical cancer is associated with high-risk human papillomavirus (HPV) infections and a series of epigenetic changes in host cell
genome, such as histone acetylation. Furthermore, decreased E-cadherin level has been shown to play a critical role in cancer cell
invasion and metastasis. Oxamflatin has been reported to have anti-cancer efficacy.
Objectives: We aimed to study the effect of this drug on cervical cancer cell lines, HeLa cells, by assessing E-cadherin level as a marker
of cancer invasion susceptibility.
Methods: HeLa cells were treated with oxamflatin, and total RNA was obtained. Then, quantitative real-time polymerase chain
reaction (PCR) was performed to evaluate E-cadherin expression level in cells treated with oxamflatin.
Results: The findings of real-time PCR indicated that oxamflatin increased E-cadherin level in a time- and concentration-dependent
manner. The level of E-cadherin significantly increased at the concentrations of 4 mM (for 24 hours after treatment) and 2 and 4 mM
(for 48 hours after treatment) in comparison with corresponding control HeLa cells.
Conclusions: The present study proposed that oxamflatin may have anti-migratory and anti-invasive potential against cervical
cancer cells, which should be further evaluated in future studies.
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1. Background

Cervical cancer is regarded as one of the most common
causes of cancer-related deaths in women (1), emphasiz-
ing the importance of investigating new treatment drugs
for this malignancy (2). It is estimated that 95% of cervi-
cal cancer cases are mediated by persistent high-risk hu-
man papillomavirus (HPV) infections (1), encoding two ma-
jor oncoproteins of E6 and E7 that interact with and in-
activate p53 and pRB cellular tumor suppressor proteins,
respectively (3). The formation of cervical cancer is asso-
ciated with several alterations in the epigenetic patterns
of both HPV and host cells, such as DNA methylation, hi-
stone methylation, and histone acetylation (4). Histone
deacetylases (HDACs) remove the acetyl groups on histone
tails, which results in enhanced positive charge of histone
proteins; this leads to more tightly folded DNA and then
suppressed gene expression contributing to cancer (5). Ox-
amflatin, a novel HDAC inhibitor, has been shown to have
strong cytostatic effects and potential toxicity against a va-
riety of tumor cell lines (6).

E-cadherin is a major component in epithelial cell
adhesion with a tumor suppressor function, loss of ex-
pression of which contributes to tumor development and
metastasis (7). Studies showed that E-cadherin can be
downmodulated or inactivated by mechanisms such as
histone deacetylation in malignancies (8), an event that
could be targeted by agents such as HDACIs for anti-cancer
drug development.

2. Objectives

The aim of this study was to examine the anticancer
properties of oxamflatin, an HDAC inhibitor, on the expres-
sion of E-cadherin in a HeLa cell line.

3. Methods

3.1. Cell Culture

HeLa cell line was cultured in Dulbecco’s modified Ea-
gle’s medium (DMEM), which was supplemented with 100
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µg/mL penicillin, 100 µg/mL streptomycin, and 10% heat-
inactivated fetal calf serum (FCS).

3.2. Drug Treatment and Proliferation Assay
Oxamflatin was dissolved in different concentrations

(1, 2, 4, 6, and 8 µM) of dimethyl sulfoxide (DMSO). The re-
sults were obtained by measuring absorbance at 570 nm.

3.3. RNA Extraction and cDNA Synthesis
After culturing HeLa cells in 12-well culture plates and

obtaining a confluency of 80%, the cells were treated with
the concentrations of 0, 1, 2, and 4 µM of oxamflatin for 24
and 48 hours, which subsequently were obtained and sus-
pended in DMSO. Total RNA was extracted and cDNA was ap-
plied for real-time polymerase chain reaction (PCR) analy-
sis.

3.4. Quantitative Real-Time PCR
During quantitative real-time PCR assay, E-cadherin

mRNA level was determined by using a SYBR Green Master
Mix. The expression of E-cadherin mRNA was performed
using the following primer sequences: E-cadherin, for-
ward: 5’-AGGGGTTAAGCACAACAGCA-3’ and reverse: 5’-GG-
TATTGGGGGCATCAGCAT-3’. Then, its expression level was
normalized to the level of endogenous housekeeping gene
mRNA, GAPDH, by using the 2 -∆∆ct method.

3.5. Statistical Analysis
Graph-Pad Prism software was applied to perform sta-

tistical analysis by the unpaired, two-tailed student’s t-test
and analysis of variance (ANOVA). P value less than 0.05 was
regarded statistically significant.

4. Results

4.1. Oxamflatin Has Inhibitory Effects on the Viability of HeLa
Cervical Carcinoma Cell Line

The viability of HeLa cells was measured by the number
of living cells at the concentrations of 0, 1, 2, 4, 6, and 8 µM
of oxamflatin. The results indicated that oxamflatin treat-
ment decreased the viability of HeLa cervical carcinoma
cell lines more than 50% in 6 and 8µM concentrations (Fig-
ure 1).

4.2. Oxamflatin Increases E-cadherin Expression in HeLa Cervi-
cal Carcinoma Cell Line

Real-time PCR findings demonstrated that oxamflatin
treatment led to a time- and concentration-dependent in-
crease in the expression levels of E-cadherin in oxamflatin-
treated HeLa cells 24 hours after treatment. In other words,
the level of E-cadherin expression at the concentration of
4 mM significantly increased compared to that in corre-
sponding control HeLa cells (Figure 2).
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Figure 1. Treatment with 0, 1, 2, 4, 6 and 8 µM of oxamflatin decreases the viability
of HeLa cell lines in a concentration-dependent manner.
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Figure 2. Oxamflatin treatment increases E-cadherin mRNA expression in HeLa cell
lines 24 hours after treatment. The cells were treated with DMSO (control) and 1, 2
and 4 µM oxamflatin. P values less than 0.05 are flagged with one star (*).

4.3. Oxamflatin Increases E-cadherin Expression in HeLa Cervi-
cal Carcinoma Cell Lines

Real-time PCR findings demonstrated that the levels of
E-cadherin expression at the concentrations of 2 and 4 mM
(for 48 hours after treatment) significantly increased rela-
tive to that in corresponding control HeLa cells (Figure 3).

5. Discussion

Epithelial-to-mesenchymal transition (EMT) renders
cervical cancer cells more susceptible to metastasis, and
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Figure 3. Oxamflatin treatment increases E-cadherin mRNA expression in HeLa cell
lines 48 hours after treatment. P values less than 0.05 are flagged with one star (*). P
values less than 0.001 are flagged with three stars (***).

reduced expression levels of E-cadherin have been shown
in this malignancy (9). E-cadherin is a pivotal molecule
involved in epithelial cell adhesion, aberrant expression
of which has been demonstrated in various human malig-
nancies as a result of irreversible (genetic) and reversible
(epigenetic) modifications of the E-cadherin gene (CDH1),
such that the epigenetic ones have been more implicated
in E-cadherin downregulation (10).

In this study, we evaluated the impact of oxamflatin
on HeLa cell line by determining the expression level of E-
cadherin. Our results demonstrated that oxamflatin treat-
ment leads to a time- and concentration-dependent in-
crease in E-cadherin expression in cervical cancer cell lines.

There is ample evidence reporting that HDACIs could
be applied to re-express silenced genes (9, 11). For ex-
ample, valproic acid (VPA), as a HDAC inhibitor, led to
the re-expression of E-cadherin in both HPV-positive (HeLa
and TC1 cell lines) and negative (MKN45 and HCT116 cell
lines) cell lines (9). In a study by Deep et al. (11), silib-
inin (as a HDACI) was shown to possess anti-migratory and
anti-invasive effects on prostate cancer (PCA) cells, in-part
through the up-modulation of E-cadherin expression. Sim-
ilarly, Mateen et al. (10), demonstrated that silibinin and
HDAC inhibitor trichostatin A (TSA) elevated E-cadherin
levels in different sub-types of non-small cell lung can-
cer (NSCLC) cells; silibinin and TSA also downregulated a
transcriptional repressor known as Zeb1, which leads to
E-cadherin suppression through interacting with CtBP (a
transcriptional corepressor) that further increases the re-

cruiting of HDACs to the E-cadherin promoter regions.
Studies have shown the effect of E6 and E7 oncopro-

teins on E-cadherin expression via different mechanisms
(12, 13), for example the E7 protein downregulates the ex-
pression of E-cadherin in cervical cancer by the inhibition
of Rb protein that has been demonstrated to enhance E-
cadherin expression through the AP-2 transcription factor
(14). Thus, it is supposed that oxamflatin, besides suppres-
sion of HDACs, decreases the expression of these oncopro-
teins and then leads to further augmentation of E-cadherin
in these HPV-positive cell lines, which needs to be further
studied in future investigations.

In sum, oxamflatin enhances E-cadherin expression in
cervical cancer cell lines. Considering the anti-migratory
and anti-invasive functions of this tumor suppressor pro-
tein, it can be concluded that oxamflatin may be applied
to limit the development and metastasis of cervical cancer,
which should be further investigated in future in vivo and
in vitro studies.
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