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ypoxia  reduces  the  E-cadherin  expression  and  increases  OSCC  cell
igration  regardless  of  the  E-cadherin  methylation  profile
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Objective:  The  purpose  of  the current  study  is  to investigate  the  association  between  E-cadherin  methy-
lation  status,  hypoxia  and  OSCC.
Methods:  HaCat  and  SCC9  cell lines  were  submitted  to  hypoxic  treatment,  followed  by  methylation  profile
analysis  (MS-PCR)  and  analysis  of  the  expression  of mRNA  gene  E-cadherin  (RT-PCR).  Study  group  samples
comprise  individuals  affected  by  potentially  malignant  lesions  Potential  Malignant  Oral  Lesion  (PMOL,
n  =  18)  and oral  squamous  cell  carcinoma  (OSCC,  n =  28).  The  control  group  oral  mucosa  (OM,  n  = 15)  of
patients  with  an  oral  mucocele.  Cell  migration  ability  was  evaluated  a scratch  wound  assay  in SCC9  and
HaCat cell  lines
Results: E-cadherin  mRNA  expression  in  the  cell  lines  SCC9  and  HaCat  was  significantly  reduced  under
hypoxia,  regardless  of  the methylation  profile,  when  compared  to  the  control  group.  No  differences  in

methylation  profile  of  the E-cadherin  were  observed  among  the  groups  OM,  PMOL  and  OSCC.  HaCat  and
SCC9 presented  increases  in  cell  migration  rates  under  hypoxia.
Conclusion:  The  current  study  demonstrates  that  hypoxia  reduces  E-cadherin  expression  and  increase  cell
migration,  regardless  of the methylation  profile.  Additionally,  no differences  in E-cadherin  methylation
patterns  were  observed  among  OM,  PMOL  and  OSCC.

©  2017  Elsevier  GmbH.  All  rights  reserved.
. Introduction

Oral cancer is a significant public health problem. Additionally,
onsequences because oral cancer treatment often produces muti-
ation and even death threat worldwide [1,2]. Oral squamous cell
arcinoma (OSCC) is the most common malignant neoplasm that
ccurs in the mouth [14] However, survival of patients with OSCC

as not significantly improved [15]. The hypoxic environment pro-
otes OSCC development. Hypoxia also contributes to OSCC worse

rognosis [1,2,14,15]. Moreover, hypoxic environment increases

∗ Corresponding author at: Universidade Estadual de Montes Claros, Hospital
niversitário Clemente Faria, Laboratório de Pesquisa em Saúde, 562 Av. Cula
angabeira Santo Expedito, Montes Claros, Minas Gerais, Brazil.

E-mail address: andreluizguimaraes@gmail.com (A.L.S. Guimarães).
1 These authors equally contributed.

ttp://dx.doi.org/10.1016/j.prp.2017.02.003
344-0338/© 2017 Elsevier GmbH. All rights reserved.
OSCC cell invasion [19]. Interestingly enough, the changes in the
cell-extracellular matrix (ECM) composition also induce tumor
invasiveness [33]. The junctional complex is a system of mem-
brane proteins that controls cell to cell adhesion. The junctional
complex is responsible for the maintenance of the tissue integrity,
morphogenesis, cell communication, cell growth, and cell differen-
tiation [32]. Among the molecules involved in the cell adhesion, the
cadherins are involved in the formation and maintenance of solid
tissues, as well as in epithelial phenotype maintenance [31]. Recent
studies suggest that reduced E-cadherin expression could be used
to identify lesions with potential risk for malignant transformation
[45].
Epigenetic changes constitute an important mechanism that
controls the E-cadherin expression [5]. Specifically, hypermethy-
lation in the promoter region has been identified as an important
epigenetic event associated with the reduction of E-cadherin

dx.doi.org/10.1016/j.prp.2017.02.003
http://www.sciencedirect.com/science/journal/03440338
http://www.elsevier.com/locate/prp
http://crossmark.crossref.org/dialog/?doi=10.1016/j.prp.2017.02.003&domain=pdf
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ig. 1. Expression of E-cadherin mRNA in cell lines under normoxia and hypoxia H
n  cell lines under hypoxic condition compared to the control group. No E-cadherin
HaCat) cell lines (C). No changes to E-cadherin methylation profile was observed w

xpression [9,24]. Decrease in E-cadherin expression or translo-
ation from the plasma membrane to the cytoplasm may  influence
he development of epithelial carcinogenesis [17]. However, reduc-
ion of E-cadherin expression was not associated with TNM [35].
berrant methylation of E-cadherin gene might play a role in the
rogression of OSCC lesions [3] However; literature results con-
erning the impact of E-cadherin methylation in OSCC development
nd progression are divergent [41]. Considering that hypoxia is
n important factor associated with a reduction of the E-cadherin
xpression and cell invasion [22], the goal of this study was  to
nvestigate the association between E-cadherin methylation status,
ypoxia, and OSCC.

. Methods

.1. Cell culture

The immortalized cell line of tongue squamous cell carcinoma
SCC9) (ATCC, Manassas, VA, USA) was used. This cell line was
ultivated in Dulbecco’s modified Eagles medium (DMEM/F12,
IBCO, Billings, MT,  USA), with 10% of bovine fetal serum (FBS,
IBCO,Billings, MT,  USA), 400 ng/mL hydrocortisone, and an antibi-
tic/antimycotic solution (Invitrogen, Carlsbad, CA, USA), at 37 ◦C

n a humidified atmosphere of 5% of CO2. HaCat cells were cul-
ured in DMEM (GIBCO, Billings, MT,  USA), supplemented with 10%
f FBS at 37 ◦C with 5% CO2 in a humidified atmosphere., SCC9 and
aCat cells (1 × 105) were synchronized with 24 h serum starvation
(A) and SCC9 (B). Our findings showed a significant decrease of E-cadherin mRNA
ssion differences were observed between methylated (SCC9) and non-methylated
poxia (D).The statistical analysis was  performed using Tukey post test.

to obtain synchronized cultures. All treatments were performed in
the absence of FBS.

2.2. Hypoxic treatment

After the cells had been cultivated in a serum-free medium, the
cell lines SCC9 and HaCat were divided into two groups: control
and submitted to hypoxia treatment. 100 �M of CoCl2, a chemical
inductor of hypoxia, was added to the serum-free medium of the
treatment group for a 24 h period.

2.3. Wound scratch assay

Cell migration was monitored in a scratch wound assay as
described previously [7]. Briefly, a scratch was  made with a sterile
pipette tip in a confluent cell layer, washed twice in PBS, and then
100 �M of CoCl2 was  added to a serum-free medium. Wells were
photographed at the beginning of the experiment and after 24 h
(SCC9 and HaCat cells). Pictures were obtained with an SC30 camera
(Olympus, Center Valley, PA, USA) in an IX81 inverted microscope

(Olympus, Center Valley, PA, USA). ImageJ software was used for
analysis [38]. The first area (in pixels) was  divided by the final
cell-free area (in pixels) to calculate the wound healing ratio. The
experiment was performed in triplicate.
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est.  The scale bar is 50 �m.  * indicates that p < 0.05.

.4. Relative quantitative real-time-PCR

E-cadherin gene expression in the cell lines under study was
valuated by relative quantitative real-time-PCR (qRT-PCR) after
arrying out the RNA extraction using Trizol reagent (GIBCO,
illings, MT,  USA), according to the manufacturer’s protocol.
he RNA integrity was evaluated and confirmed through an
garose gel stained with ethidium bromide. 1500 ng of total RNA
as converted into complementary DNA (cDNA) using reverse

ranscriptase enzyme (SuperScript Catalog number: 11904-018,
nvitrogen, Carlsbad, CA, USA). For the amplification reactions,
50 ng of cDNA were added to the SYBR

®
Green PCR Master Mix

eagent (Applied Biosystems, Foster City, CA, USA), which contains
 fluorescent molecule along with the other necessary reagents
equired for the amplification. Amplification of cDNA was per-
ormed with the primers described in Supplementary Table S1. All
he reactions were performed in triplicate. The relative quantifi-
ation method was adopted to evaluate the transcription levels of
he gene under study [25]. This method is based on the compari-

on of the Cts (Threshold cycle) from each sample with the Ct of an
ndogenous gene and a calibrating sample with results presented
n arbitrary units.
ed a significant reduction of the area in the cell line HaCat (B) and SCC9 (D), and
d to the untreated group. The statistical analysis was performed using Tukey post

2.5. Analysis of the E-cadherin promoter region methylation

The DNA extraction was performed from cryopreserved sam-
ples (−80 ◦C), using the kit Dneasy Tissue Kit QIAGEN

®
(Qiagen,

Chatsworth, CA), according to the manufacture’s protocol. After
the extraction, the DNA was treated with sodium bisulfite, which
converts the unmethylated cytosines into uracil, as the methy-
lated cytosines have been found to be resistant to this modification
[13]. This reaction allows the identification of the gene methylation
profile. 200 ng of DNA was  amplified by Methylation-Specific PCR
(MS-PCR). 0.4 �M of each of the primers (Supplementary Table S2)
were used to identify the methylated and unmethylated profiles,
in distinct amplifications as described before and in [18]. Other
products were employed in MS-PCR, including 0.2 mM of DNTP
(Amersham Biosciences, Pittsburgh, PA, USA), 1X PCR buffer, 1 mM
magnesium chloride, and 2.5 U of Platinum Taq DNA polymerase
(Invitrogen Life Technologies, Carlsbad, CA, USA). Bisulfite-treated
unmethylated DNA (Qiagen Inc., Valencia, CA, USA) was used as
positive control of the unmethylated reaction. To obtain positive

methylated controls, unmethylated DNA (Qiagen Inc., Valencia,
CA, USA) was treated with MSssI methylase enzyme (New Eng-
land Biolabs, Beverly, USA). The PCR products were analyzed by
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Table 1
Distribution of the groups according to the E-cadherin methylation status.

Variables E-cadherin Methylation Status p

Methylated Non-methylated

Groups
Oral mucosa 3 (20.0%) 12 (80.0%)
Potentially Malignant
Oral Lesions

6 (33.3%) 12 (66.7%) 0.754

OSCC 7 (25%) 21 (75%)
SCC9 cells 100% 0%
SCC9 cells under
hipoxia

100% 0% NA

HaCaT cells 0% 100%
HaCaT cells under 0% 100% NA
P.L.B. Domingos et al. / Pathology – R

lectrophoresis on 10% acrylamide gel stained with silver, and the
ethylation profile of each sample was observed.

.6. Patients

This study involved the analysis of clinical data and biological
aterial from 61 individuals distributed into the following cate-

ories: Oral Mucosa (OM, n = 15), Potential Malignant Oral Lesion
PMOL, n = 18) and OSCC (n = 28). As inclusion criteria, all patients
hould have histopathological diagnoses by the same pathologist.
dditionally, only Oral Leukoplakia was used as a PMOL, and oral
ucosa was obtained from oral mucoceles surgery.
As criteria for inclusion, all patients had histopathological diag-

oses by the same pathologist. Oral mucosa was  obtained from oral
ucoceles. We  observed previously published criteria for PMOL

nd OSCC diagnoses [26,27]. The health records of these patients
ere retrieved, and socio-demographic, clinical, and outcome data
ere extracted. Individuals with injuries and those that did not

uthorize the use of their data or biological materials were excluded
rom the study.

.7. Ethics

Ethical approval for this study was  obtained from
he relevant Institutional Review Board (CAAE number:
5499414.0.0000.5146). All patients signed a written consent
orm.

.8. Statistical analysis

For continuous variables, Kolmogorov-Smirnov and Shapiro-
ilk were used to test the normality of data distribution.

urthermore, data were evaluated using ANOVA and Tukey post
oc test. Categorical data was assessed with Chi-square and Fisherı́s
xact statistical tests. Statistical significance was  accepted at

 < 0.05. All data was analyzed in PASW
®

, version 18.0 (Windows
®

).
lots construction were performed in GraphPad Prism software
Version 5.0, GraphPad Software Inc., San Diego, CA, USA).

. Results

Hypoxia reduces the mRNA E-cadherin expression and
ncreases cell migration, regardless of the methylation profile

Hypoxia increased significantly E-cadherin mRNAs comparison
o the control group for the cell lines HaCat and SCC9 (Fig. 1A
nd B respectively). On the other hand, no differences in E-
adherin was observed between HaCat and SCC9 cells (Fig. 1C). The
ethylation profile of cells lines HaCat and SCC9 was  evaluated

y Methylation-Specific-PCR (MS-PCR). The E-cadherin gene pre-
ented as methylated in SCC9 cells and as unmethylated in HaCat
ells (Fig. 1D). The hypoxic environment did not change the methy-
ation profile of the E-cadherin gene in both cell lines (Fig. 1D).

Invasiveness is an important characteristic of OSCC cells and
 target for the development of biomarkers. Scratch wound assay
valuated the impact of the E-cadherin mRNAs levels on cell migra-
ion ability. As shown in Fig. 2, hypoxia increased SCC9 and HaCat
ell migration.

There are no differences in the E-cadherin between the
ethylation profiles in OM,  PMOL, and OSCC
E-cadherin methylation profiles of OM,  PMOL, and OSCC were

ompared (Table 1) According to our findings, most of the sam-
les presented unmethylated E-cadherin gene [12 (80,0%) of OM,
n 12 (66,7%) of PMOL and 21 (75%) of OSCC]. Also, comparison
mong OM,  PMOL, and OSCC showed no significant difference in
-cadherin methylation status (p > 0.05, Table 1). Furthermore, our
ndings did not show a significant association between E-cadherin
hipoxia

*Indicates that p < 0.05.

methylation status and clinicopathological variables (Supplemen-
tary Table S3–S5).

4. Discussion

Induction of epithelial-mesenchymal transition mechanisms
(EMT) and associated decreases in the expression of E-cadherin
gene are essential factors in carcinogenesis [47]. Reduction of
E-cadherin expression is considered the central event in the
metastatic process since there is a reduction of the cell adhesion
that permits the invasion of tumor cells [4]. The maintenance of
cell to cell adhesion may  deter the migration and invasion of tumor
cells as well differentiated cells, favoring the passive migration and
invasion of cancer cells [34]. In the current study, hypoxic envi-
ronment interfered in E-cadherin mRNA levels in SCC9 and HaCat
cells. There was a significant reduction of the mRNA expression lev-
els of E-cadherin in the cells under hypoxia in SCC9 and HaCat when
compared to the control group. Our data corroborate with previous
study wich demonstrate the important role for hypoxia in mediat-
ing the effects of E-cadherin expression as well as invasiveness in
human ovarian cancer cells [10]. Hypoxic conditions in cancer tis-
sues exert strong selective pressures that favor the survival and
proliferation of cancer cells, contributing to the malignant pheno-
type of tumor aggressiveness [20]. Studies have demonstrated that
E-cadherin may  influence the process of epithelial-mesenchymal
transition (EMT) through the regulation of HIF-1� [37]. HIF induces
the expression of a repressor SNAIL that decreases the transcription
of E-cadherin [12,29,44]. Consequently, reduction of E-cadherin
leads to a disruption of the epithelial organization, contributing
to metastatic processes [30].

Different molecular mechanisms could regulate E-cadherin
expression in the context of malignant neoplasms [5,9,47]. Epige-
netic silencing, specifical hypermethylation of the promoter region,
is associated with inactivation of the E-cadherin, contributing to
carcinogenesis [5,9,24,47]. The present study demonstrates that
hypoxic environments did not change the methylation profile
of E-cadherin in cell cultures. Also, no differences in E-cadherin
methylation patterns were observed tissues with different oxygen
tensions (OM, PMOL and OSCC). Interestingly enough, promoter
methylation of INK4A, cytoglobin, E-cadherin, and TMEFF2 did not
add prognostic information to histopathological reporting of resec-
tion margins in oral cancer [40]. Additionally, no correlation of
E-cadherin hypermethylation was detected in OSCC histopatho-
logically negative surgical margins with clinical and prognostic
parameters [42]. However, contradictory results are found in the

literature [9,36]. Interesting enough in some previous study [9,46]
no association between E-cadherin methylation and survival was
observed. The methodology to evaluate the effect of methylation
might be responsible for divergence in results. In another study



5 esearc

[
o
h
t
g
i

t
p
c

m
e
[
p
O

r
l
E
a

C

A

d
d
t
(
f

A

t

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

00 P.L.B. Domingos et al. / Pathology – R

36], for example, used immunohistochemistry to assess the effect
f methylation on the expression of E-cadherin. The immuno-
istochemistry detection could stain inactive proteins and other
echnical pitfalls [8,43]. It is important to highlight that E-cadherin
ene methylation was also associated with tumors with lowest
nvasiveness and metastatic potential [11].

The divergence from previous studies [3] might be related to
he sample size and differences in tobacco usage between the two
opulations. It is important to note that other mechanisms can
ontribute to gene silencing [28].

In general, activation of HIF-1�  under hypoxic conditions
odulates a variety of processes such as glycolysis and angiogen-

sis glucose transport [23,39] favoring cell growth proliferation
6,16,21]. The HIF-1� expression is very common in solid tumors,
roviding a suggested route to decrease E-cadherin expression [12].
ur study indicated that hypoxia increased cell migration.

In conclusion, the current study demonstrates that hypoxia
educes E-cadherin expression and increase cell migration, regard-
ess of the methylation profile. Additionally, no differences in
-cadherin methylation patterns were observed among OM,  PMOL
nd OSCC.
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