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Abstract

Background: Esophageal squamous cell carcinoma (ESCC) is one of the 10 most incident cancer types in the world,
and it is mainly associated with tobacco and alcohol consumption. ESCC mortality rates stand very close to its incidence,
which is a direct consequence of a late diagnosis and an inefficient treatment. Although this scenery is quite alarming,
the major molecular alterations that drive this carcinogenesis process remain unclear. We have previously shown through
the first ESCC methylome analysis that TFF1 promoter is frequently hypermethylated in ESCC. Here, to evaluate TFF1
methylation as a potential biomarker of early ESCC diagnosis, we investigated the status of TFF1 promoter methylation
and its expression in ESSC and histologically normal tumor surrounding tissue of ESCC patients in comparison to healthy
esophagus of non-cancer individuals.

Results: Analysis of TFF1 promoter methylation, and gene and protein expression in 65 ESCC patients and 88 controls
revealed that TFF1 methylation levels were already increased in histologically normal tumor surrounding tissue of ESCC
patients when compared to healthy esophagus of non-cancer individuals. This increase in DNA methylation was followed
by the reduction of TFF1 mRNA expression. Interestingly, TFF1 expression was capable of distinguishing tumor
surrounding normal tissue from normal mucosa of healthy individuals with 92% accuracy. In addition, TFF1 protein was
undetectable both in tumor and surrounding mucosa by immunohistochemistry, while submucosa glands of the
healthy esophagus showed positive staining. Furthermore, treatment of TE-1 and TE-13 ESCC cell lines with
decitabine led to a reduction of promoter methylation and consequent upregulation of TFF1 gene and protein expression.
Finally, using TCGA data we showed that TFF1 loss is observed in ESCC, but not in esophageal adenocarcinoma, highlighting
the different molecular mechanisms involved in the development of each histological subtype of esophageal cancer.

Conclusions: This study shows that TFF1 expression is silenced in early phases of ESCC development, which seems to be
mediated at least in part by promoter hypermethylation, and provides the basis for the use of TFF1 expression as a potential
biomarker for early ESCC detection.
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Background
Esophageal cancer (EC) is one of the most incident
tumors worldwide. The two main EC histological subtypes
are esophageal adenocarcinoma (EAC) and esophageal
squamous cell carcinoma (ESCC), which show marked dif-
ferences in relation to associated risk factors and molecular
mechanisms of development [1]. The latter is the most
frequent histological subtype and, in addition to its high
incidence, ESCC ranks as fifth in cancer mortality among
men, with a 5-year overall survival below 15% [2, 3]. The
poor prognosis of ESCC patients is a consequence of late
diagnosis and poor response to treatment [4, 5]. Therefore,
there is an urgent need to develop biomarkers for early
ESCC diagnosis and risk stratification.
The first ESCC methylome analysis revealed that TFF1

promoter hypermethylation was a common alteration
present in these tumors [6]. TFF1 is one of the three
Trefoil factors (TFF), protease-resistant peptides, which
contain a conserved three loop domain, designated as
TFF domain [7–9]. The main function of these peptides
is related to the maintenance of gastrointestinal mucosa
integrity, acting in the protection and recovery of dam-
aged epithelium [10]. However, alterations in the expres-
sion of these peptides have been described in several
types of cancer, suggesting their role in the carcinogen-
esis process. TFF3 overexpression is frequently observed
in pancreatic [11], hepatocellular [12], colon [13], and
gastric cancer [14], being correlated with tumor grade and
a poor prognosis [15, 16]. In contrast, gastric cancer
usually displays reduced TFF1 expression levels and
TFF1-knockout mice are prone to develop gastric car-
cinomas [17], consistent with the notion that the down-
regulation of TFF1 may play an important role in the
development of this cancer type.
In the present study, we aimed to investigate the

expression profile of TFF1, its regulation by gene
promoter methylation, and its potential to be used as an
earlier diagnostic biomarker in ESCC.

Methods
Human samples
Sixty-five patients with a confirmed histological diagnosis
of ESCC who had not undergone chemo or radiotherapy
were recruited between 1997 and 2015 from two hospitals
in Brazil: Instituto Nacional do Câncer (INCA, Rio de
Janeiro) and Hospital de Clínicas de Porto Alegre
(HCPA-UFRGS, Porto Alegre). Tumor and histologically
normal adjacent mucosa were obtained either as formalin-
fixed paraffin embedded (FFPE) or fresh snap frozen tissue.
Patients’ information was collected from their medical
records or from a standardized questionnaire. In addition
to patients, 88 subjects without cancer and with no alter-
ations in the esophagus who were submitted to endoscopy
for other reasons at Hospital Universitário Pedro Ernesto

(HUPE-UERJ, Rio de Janeiro) were also included in the
study (control group). From these individuals, biopsies were
collected as FFPE or fresh snap frozen samples from the
middle third of the esophagus. The controls also answered
the standardized questionnaire and all individuals signed a
consent form. The project was approved by the Ethic
Committees of all institutions involved.
The characteristics of ESSC patients and healthy indi-

viduals included in this study are summarized in Table 1.
The median age of ESCC patients was 59 years, ranging
from 39 to 78 years, with most of the patients being
male (78%), drinkers (66%), and smokers (81%). Tumors
were most often located in the middle third of the
esophagus (72%), with a higher prevalence of advanced
stage of the disease (69%) and a high mortality rate
(69%; median survival of 12 months). Among healthy
individuals, the median age was 58 years, mostly females
(67%), never or non-current drinkers (56%) and smokers
(85%) (Table 1).

Cell lines and treatment with 5-Aza-2-deoxycytidine
(decitabine)
The ESCC cell lines TE-1 and TE-13 were gently
donated by the Dr. Pierre Hainaut from the International
Agency for Research on Cancer (IARC). Cells were kept
at 37 °C, under 5% CO2 in Dulbecco’s modified Eagle’s
medium (DMEM) (Gibco) or RPMI 1640 (Gibco) supple-
mented with 10% fetal bovine serum, 100 units/mL penicil-
lin, 0.1 mg/mL streptomycin, and L-glutamine. To perform
decitabine (Sigma) treatment, 1.5 × 105 cells were seeded in
6-well plates. After 24 h, decitabine was added to the
culture medium in a final concentration of 2.5 μM and the
medium was replaced after 48 h of incubation. The cells
were collected for DNA, RNA, and protein isolation after
72 h of treatment. In the controls, DMSO, the solvent of
decitabine, was added. A total of three independent experi-
ments in triplicates were performed. The authenticity of
TE-1 and TE-13 cells was confirmed by Powerplex 18D
STR System (Promega) and was routinely tested for
Mycoplasma using Mycosensor PCR assay kit (Agilent).

DNA and RNA isolation
DNA and RNA isolation from frozen samples and cell
lines were performed using the DNeasy Blood & Tissue
Kit (Qiagen®, Germany) and RNeasy Mini Kit (Qiagen®,
Germany), respectively, according to the manufacturer’s
protocols. The concentration and purity of the nucleic
acids were measured by spectrophotometry.

RT-qPCR
In order to synthesize cDNA, 500 ng of total RNA were
used in reverse transcription (RT) reactions using the
SuperScript II Reverse Transcriptase (Life Technologies™,
USA). For the evaluation of TFF1 and GAPDH expression,
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pairs of oligonucleotides spanning exon-exon junctions
were designed: TFF1 Forward: GACAGAGACGTGTACA
GTGGC; TFF1 Reverse: CGATGGTATTAGGATAGAA
GCA; GAPDH Forward: 5′-CAACAGCCTCAAGATCAT
CAGCAA-3′; GAPDH Reverse: 5′-AGTGATGGCAT
GGACTGTGGTCAT-3′. The qPCR was performed in the
thermocycler Corbett (Qiagen®, Germany). Each reaction
consisted of 5.0 μL of QuantiFast SYBR® Green Master Mix
(Qiagen®, Germany), 10 pmols of each oligonucleotide,
1 μL of cDNA (diluted 10×), and sterile deionized water to
complete the final volume of 10 μL. The amplification reac-
tion was performed as follows: 5 min of predenaturation at
95 °C followed by 40 cycles of denaturation for 5 s at 95 °C
and an annealing and extension step for 10 s at 60 °C. After
the reaction, TFF1 mRNA expression was normalized by
the expression of GAPDH. The mRNA relative quantifica-
tion was calculated by the ΔCt method [18]. Gene expres-
sion analyses were performed in a total of 33 healthy
esophageal samples, and 24 pairs (normal-appearing
adjacent mucosa and tumors) from ESCC patients.

Pyrosequencing
The methylation status in the selected CpG site was ex-
amined by pyrosequencing essentially as described previ-
ously [6, 19]. Briefly, a total of 1 μg of genomic DNA
from human samples and cell lines treated or not with
decitabine was modified with sodium bisulfite using the
EZ DNA Methylation-Gold Kit (Zymo Research®, USA).
The DNA was eluted to reach a final concentration of
25 ng/μL. To assess TFF1 promoter methylation status,
PCR was performed with Platinum®Taq DNA Polymerase
(Life Technologies™), using the following oligonucleotides:
F: 5′-GGTTGTTAGAGTTGGTTGTGG-3′; R: 5′-biotin-
CTAAATCTCAAATCCCTCAACC-3′. The PCR was per-
formed as follows: 5 min of predenaturation at 95 °C,
50 cycles consisting of denaturation at 95 °C for 30 s,
annealing at 56 °C for 30 s and extension at 72 °C for 30 s,
followed by a final extension at 72 °C for 10 min. PCR
products were visualized in 2% agarose gel electrophoresis.
To quantify the percentage of methylated cytosines, PCR
products were sequenced using a pyrosequencing system
(PSQTM 96MA, Qiagen®, Germany) and the sequencing
oligonucleotide 5′-GAAGGATTTGTTGATAGA-3′, in
accordance with the manufacturer’s protocol (Qiagen®,
Germany). This method treats each individual CpG site as
a C/T polymorphism and generates quantitative data for
the relative proportion of the methylated versus the
unmethylated allele. The target CpG was evaluated by
converting the resulting pyrograms into numerical values
for peak heights. TFF1 promoter methylation analyses
were performed in a total of 33 healthy esophageal
samples, and 58 pairs (normal-appearing adjacent mucosa
and tumors) from ESCC patients.

Table 1 Characteristics of the individuals included in the study

Healthy subjects* ESCC patients*

Gender

Male 27 (33%) 50 (78%)

Female 55 (67%) 14 (22%)

Age (median and range) 58 (20–85) 59 (39–78)

Tobacco smoking

Never smokers 48 (60%) 1 (3%)

Former smokers 13 (25%) 6 (17%)

Current smokers 20 (15%) 29 (81%)

Alcohol drinking

Never drinkers 41 (50%) 8 (25%)

Former drinkers 5 (6%) 3 (9%)

Current drinkers 36 (44%) 21 (66%)

Biopsy localization

Middle third 88 (100%)

Tumor localization

Upper third 2 (3%)

Upper-middle thirds 4 (6%)

Middle third 33 (52%)

Middle-lower thirds 9 (14%)

Lower third 15 (24%)

Tumor differentiation

in situ 1 (2%)

Well 0 (0%)

Moderate 49 (79%)

Poor 12 (19%)

T (TNM)

Ti 1 (2%)

T1 8 (14%)

T2 13 (22%)

T3 28 (47%)

T4 9 (15%)

N (TNM)

N0 26 (52%)

N1 24 (48%)

M (TNM)

M0 26 (76%)

M1 8 (24%)

Tumor stage

0 1 (3%)

I 3 (9%)

II 7 (20%)

III 16 (46%)

IV 8 (23%)

*number of patients and controls may vary due to missing data
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Protein isolation and western blotting
Protein extraction was performed by washing cells twice
in ice-cold PBS and subsequently lysing them by using
RIPA-like buffer (250 mM NaCl, 50 mM TRIS-HCl
pH 7.4, 0.1% SDS, 2 mM DTT, and 0.5% NP-40),
containing protease inhibitors (Complete-Mini, Roche).
Bradford assay (Bio-Rad) was employed in order to
determine protein concentration, using bovine serum
albumin as standard. A total of 70 μg of proteins from
each experimental condition were resolved onto a 8.0%
SDS-PAGE, were transferred a to nitrocellulose-membrane,
by using the iBlot® Dry Blotting System, according to manu-
facturer’s instructions (Invitrogen), and were probed with
primary antibodies anti-TFF1 (1:250, Abcam ab92377) and
anti-lamin A/C (1:1000, Cell Signaling #4777), used as load-
ing control. Membranes were then incubated with the
horseradish peroxidase-conjugated secondary antibody
(1:10,000), and detection was performed with enhanced
chemiluminescence (ECL Kit, Amersham).

Immunohistochemistry
Immunohistochemistry was performed on paraffin
sections of 40 ESCC cases and 24 controls. For antigen
retrieval, sections were incubated in a water bath while
submerged in citrate buffer, pH 6.0, for 40 min at 98 °C.
Sections with 3 μm were then incubated in 3% hydrogen
peroxide for 20 min and Protein Block solution for
30 min (Dako®, Denmark) before the incubation with the
primary antibody against TFF1 (Abcam®–ab92377),
overnight at 4 °C. Sections were then washed and
covered with biotinylated secondary antibody for 30 min
at room temperature followed by incubation in
peroxidase-conjugated streptavidin for 30 min. Detection
was performed with the LSAB System (Dako®, Denmark),
and the staining was carried out with diaminobenzidin
(DAB, Dako®). Sections were counterstained with Harris’
hematoxylin. FFPE lung adenocarcinoma was used as
positive control of TFF1 expression. In the negative con-
trol, the primary antibody was replaced with the antibody
diluent solution.

Analyses of TFF1 expression and DNA methylation data
deposited in The Cancer Genome Atlas (TCGA) database
Gene expression data from EC samples (n = 183), both
esophageal adenocarcinoma (n = 88) and squamous cell
carcinoma (n = 95), was downloaded from the public
database cBioPortal for Cancer Genomics [20, 21], which
provides visualization, analysis, and download of large-
scale data sets deposited in The Cancer Genome Atlas
(TCGA). The DNA methylation data from the same
samples was downloaded using the web-based software
Wanderer [22].

Statistical analyses
All statistical analyses were performed using the GraphPad
Prism 5 software (GraphPad Software, USA). Differences
were considered statistically significant when p value < 0.05.
Unpaired t test or Mann-Whitney test was applied when
comparing two groups. When comparing three or more
groups, one-way ANOVA or Kruskal-Wallis test and
Dunn’s post test were used. With the intent to evaluate the
use of TFF1 expression as a marker to distinguish healthy
esophagus from normal-appearing ESCC adjacent mucosa,
a receiver operating characteristic (ROC) curve was plotted.
Spearman test was used for correlation analyses.

Results
TFF1 expression and promoter methylation in healthy
esophagus and ESCC
Initially, we assessed the methylation status of TFF1
promoter in ESCC patients and subjects without cancer
by pyrosequencing. TFF1 promoter was hypermethylated
in tumor and histologically normal tumor surrounding
tissue in comparison with healthy esophagus (Fig. 1a).
The promoter methylation median in healthy esophagus
was 35.26%, while it was 53.4% for surrounding mucosa
and 68.2% for tumor samples. We next analyzed TFF1
expression levels in the same sample groups and found a
lower expression of TFF1 in ESCC and histologically
normal surrounding tissue (median of 5 × 10−4 and 4.3 ×
10−4, respectively) when compared with healthy esopha-
geal epithelium (median of 2.8 × 10−3, Fig. 1a). Since the
reduction of TFF1 expression was already observed in
histologically normal tumor surrounding cells, we evalu-
ated if TFF1 mRNA expression could distinguish
esophageal mucosa from healthy individuals from histo-
logically normal surrounding tissue from ESCC patients.
Using a Receiver Operator Characteristic (ROC) curve,
we showed that TFF1 mRNA levels (1.01 × 10−3) are able
to discriminate these two histologically normal tissue
samples with an accuracy of 92.3%, a sensitivity of
78.3%, and a specificity of 90.9% (p < 0.0001, Fig. 1c).
With a cut-off of 50.05%, TFF1 promoter methylation
levels were also capable of discriminating the two groups
of samples (p < 0.0001), but with lower accuracy (78.03%)
and sensitivity (67.24%) (data not shown). Taken together,
our results suggest that a TFF1 promoter methylation in-
crease of less than 20% can result in a reduction of gene
expression greater than 80% and total absence of protein
expression, as observed when comparing healthy esopha-
gus and non-tumor adjacent mucosa from ESCC patients.
TFF1 protein expression was evaluated by immunohis-

tochemistry, with no staining being observed in tumors
(n = 48) or surrounding tissue (n = 7) (Fig. 2e–h). TFF1
expression was only detected in healthy esophageal sam-
ples (n = 22), specifically in the cytoplasm of all
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submucosa glands (Fig. 2c, d), while epithelial cells
showed no TFF1 expression. These findings are consist-
ent with the hypothesis that methylation-dependent si-
lencing of TFF1 may occur in both ESCC and tumor
adjacent normal-appearing mucosa.
Given that we observed variable TFF1 mRNA ex-

pression levels among healthy individuals (Fig. 1b), we
sought to evaluate whether this could be a conse-
quence of exposure to risk factors. However, we found
no association between TFF1 expression levels or pro-
moter methylation rate in normal esophageal cells and to-
bacco smoking or alcohol drinking, two well-recognized
risk factors for this cancer type (Additional file 1: Table
S1), suggesting that methylation-mediated silencing of
TFF1 is independent of these risk factors. The same
was observed in ESCC samples, in which TFF1 ex-
pression and methylation were not associated with
tobacco or alcohol consumption (Additional file 2:
Table S2).
Moreover, we assessed the possible association

between tumor TFF1 expression or methylation status
and the clinicopathological characteristics of ESCC pa-
tients. No associations between TFF1 expression or
methylation rate and tumor differentiation, TNM, or
tumor stage were observed (Additional file 2: Table S2).

Regulation of TFF1 expression by DNA methylation in vitro
To confirm the regulation of TFF1 expression by its
promoter methylation, we treated the ESCC-derived
cell lines TE-1 and TE-13 with 2.5 μM decitabine
(5-aza-2′-deoxycytidine, DNA methyltransferase inhibi-
tor) for 72 h, resulting in more than 50% cell viability
(Fig. 3a). Decitabine treatment resulted in a decrease of
TFF1 promoter methylation levels of approximately 30
and 60%, with a concomitant increase of TFF1 expression
of around 3- and 15-fold, for TE-1 and TE-13 cells,
respectively (Fig. 3b, c). In addition, TFF1 protein expres-
sion was also induced in both cell lineages after decitabine
treatment (Fig. 3d).

TFF1 expression and promoter methylation in different
esophageal cancer histological subtypes
With the purpose of evaluating whether the reduction of
TFF1 expression and augment of its promoter methyla-
tion are involved in esophageal carcinogenesis in general,
independently of histological subtype, we evaluated these
parameters in ESCC and esophageal adenocarcinoma
(EAC) using the TCGA database. We observed a median
methylation of TFF1 promoter of 62.6% in ESCC, which
is comparable to what was observed in the present study

A

C

B

Fig. 1 Molecular alterations of TFF1 in ESCC. a TFF1 promoter methylation status in tumor, normal-appearing surrounding tissue, and healthy
esophageal mucosa assessed by pyrosequencing. b TFF1 mRNA expression in tumor, normal-appearing surrounding tissue, and healthy esophageal
mucosa evaluated by RT-qPCR. c ROC curve of TFF1 mRNA expression for discrimination of healthy esophagus and normal-appearing surrounding
tissue from ESCC patients. **p < 0.01; ***p < 0.001
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for Brazilian patients (65.9%) (Fig. 4a). We further found
that TFF1 promoter methylation was significantly lower
in EAC (median of 31.15%) and comparable to our
results for healthy individuals (median of 38.4%, Fig. 4a).
Differences between the two EC histological subtypes
were also observed when TFF1 expression was evalu-
ated, with EAC showing significant higher levels of TFF1
mRNA, when compared with ESCC (Fig. 4b). Finally, a
significant inverse correlation between TFF1 expression
and promoter methylation was observed for esophageal
tumor samples (r = − 0.6999, p < 0.0001) (Fig. 4c). These

results demonstrate that aberrant methylation-mediated
silencing of TFF1 is specific for ESCC.

Discussion
In the present study, we showed that TFF1 expression is
silenced early in the development of ESCC, which is
mediated at least in part by promoter hypermethylation,
resulting in the complete absence of TFF1 protein. TFF1
expression presents high accuracy in discriminating his-
tologically normal ESCC surrounding tissue from

A B

C D

E F

G H

Fig. 2 TFF1 protein expression in ESCC and healthy esophagus. Representative images of TFF1 immunostaining for each sample group are shown. a, b
Lung adenocarcinoma, used as positive control (a, × 20 magnification, b × 40 magnification). c, d Healthy esophagus, cytoplasmatic expression of TFF1
was detected in submucosa glands of all samples evaluated (n= 22; C, × 20 magnification, d, × 10 magnification). e, f Normal-appearing surrounding
mucosa from ESCC patients, all samples (n= 7) were negative for TFF1 staining (e and f × 20 magnification). g, h ESCC, all samples (n= 48) were negative
for TFF1 staining (g and h, × 20 magnification)
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esophageal mucosa from healthy individuals. Finally, we
show that silencing of TFF1 expression by promoter
hypermethylation is a specific feature of ESCC, since the
same profile was not observed in esophageal
adenocarcinoma.
The mechanisms that lead to ESCC development are

still largely unknown. This lack of knowledge directly re-
flects on the identification and application of biomarkers
of early diagnosis, and consequently on a poor efficacy
of the treatment. Interestingly, our data shows that TFF1
expression levels are capable of discriminating esophageal
mucosa from healthy individuals from histologically nor-
mal tumor surrounding tissue with 92.3% of accuracy.
Since this molecular event precedes tissue morphological
alterations, especially in groups at risk of developing this
disease, epigenetic-silencing of TFF1 has a potential for
application in ESCC early diagnosis. Among these, pa-
tients with head and neck squamous cell carcinoma
(HNSCC) present a higher chance of developing a second
primary tumor in the esophagus (SPTE) [23]. In those
cases, the overall survival rate remarkably decreases since
the second primary ESCC is usually diagnosed at late
stages [24]. The second primary ESCC tumors arise from
the formation of the cancerization field, a phenomenon
originally described by Slaughter [25], in which the squa-
mous epithelium of the upper aerodigestive tract is altered
in head and neck cancer patients. In this context, the

validation of TFF1 expression as a biomarker of early
alterations in the esophageal mucosa in a larger study,
including patients with HNSCC, is of utmost relevance
and may not only enable an early diagnosis, but also indi-
cate which patients are more likely to develop a SPTE.
TFF1 is a mucosa protector factor, which is upregulated

upon injuries, participates in the maintenance of integrity
of mucosa and is involved in stomach ontogenesis [26, 27].
In gastric cancer, the loss of TFF1 can contribute to the in-
duction of pro-inflammatory and anti-apoptotic genes
through activation of NF-κB pathway [28]. TFF1 is classi-
fied as a tumor suppressor gene in gastric and may have a
similar role in other tumor types [29, 30]. For example, the
absence of TFF1 enhances the tumorigenic abilities of
MCF7, a breast cancer cell line, in vitro and in vivo.
Similarly, TFF1-KO also enhances tumor formation in
ovary and lung using a 7,12-dimethylbenz[a]anthracene
(DMBA)-induced carcinogenesis model [30]. Interestingly,
previous studies have shown TFF1 upregulation in Barrett’s
esophagus, a premalignant condition which increases the
risk of esophageal adenocarcinoma development. However,
in EAC, our results showed that TFF1 mRNA levels are
similar to normal esophagus, confirming previous observa-
tions [31, 32]. This suggests that TFF1 expression might be
induced in response to the injury caused by the acid reflux,
which is associated with Barrett’s esophagus, but ceases
during the progression to EAC. Taken together, these

Fig. 3 Promoter methylation contributes to the downregulation of TFF1mRNA and protein levels in vitro. a Cell viability, assessed by trypan blue staining,
of TE-1 and TE-13 cells after treatment with DMSO or 2.5 μM of decitabine for 72 h. b TFF1 promoter methylation status, assessed by pyrosequencing, in
TE-1 and TE-13cells after treatment with DMSO or 2.5 μM of decitabine for 72 h. c TFF1 mRNA expression levels, assessed by RT-qPCR, in TE-1 and TE-13cells
after treatment with DMSO or 2.5 μM of decitabine for 72 h. d TFF1 protein expression, assessed by western blot, in TE-1 and TE-13cells after treatment
with DMSO or 2.5 μM of decitabine for 72 h.*p< 0.05
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results suggest that TFF1 may have a role as a tumor sup-
pressor in ESCC and not in EAC, although further studies
are necessary to confirm this hypothesis.
It has been recently shown that EAC resembles gastric

adenocarcinoma with respect to molecular alterations, while
ESCC is closer to squamous carcinomas of the head and
neck [33]. However, it is important to mention that EAC is
closely related to gastric cancers with chromosomal instabil-
ity and these two tumors clearly differ from gastric adenocar-
cinoma related to Epstein-Barr infection, microsatellite
instability, and genomic stability. Since the studies that
focused on TFF1 deregulation in gastric cancer did not con-
sider these molecular subgroups, it is difficult to establish
whether TFF1 loss would be a common feature in this can-
cer type or subgroup-specific. Furthermore, very few studies
have evaluated TFF1 expression in head and neck cancer so
far. In salivary gland tumors, a higher expression of TFF1,
TFF2, and TFF3 was found [34], while in oral squamous cell
carcinoma TFF2 and TFF3, but not TFF1, were downregu-
lated with respect to healthy tissue [34]. However, based on
so few studies, we cannot come to a conclusion on the role
of TFF proteins, specifically TFF1, in head and neck cancer.
Therefore, this apparent paradox should be further explored.

Our findings also showed that TFF1 mRNA and
protein expression were increased after decitabine treat-
ment in ESCC cell lines, while promoter methylation
levels decreased. This supports the notion that the
absence of TFF1 in the esophagus of ESCC patients is
related to epigenetic mechanisms. The regulation of TFF1
expression by promoter methylation has already been
described in other tumors. Lack of TFF1 expression was
correlated with high promoter methylation levels in
patients with gastric cancer, and in vitro analyses also
demonstrated that gastric cancer cells exposed to
demethylating agents show increased levels of TFF1
expression [35–37]. In addition, treatment with 5-aza-
2′-deoxycytidine induces TFF1 expression in prostate
cells that normally do not express this gene [38].

Conclusions
In summary, the present study suggests the potential
use of TFF1 expression as a biomarker for early
ESCC detection. We show, for the first time, a clear
downregulation of TFF1 gene and protein expression
in ESCC and normal-appearing surrounding tissue

A

C

B

Fig. 4 TFF1 promoter methylation and mRNA expression differ in esophageal cancer histological subtypes. a TFF1 promoter methylation status in
healthy esophagus and esophageal squamous cell carcinoma (ESCC) from the current study and in esophageal adenocarcinoma (EAC) and ESCC
from the TCGA consortium. b TFF1 mRNA expression in EAC and ESCC, assessed by RNA-sequencing in the TCGA consortium. c Correlation
analysis of TFF1 promoter methylation and mRNA expression in EAC and ESCC in TCGA data. ***p < 0.001
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when compared with healthy esophagus, which seems
to be mediated at least in part by promoter hyperme-
thylation. However, other mechanisms may be in-
volved and should be explored in future studies.
Finally, TFF1 downregulation is likely to contribute to
ESCC, but not EAC development.
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Additional file 1: Table S1. Association between clinicopathological
data and TFF1 methylation and expression in healthy esophagus. (DOC
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Additional file 2: Table S2. Association between clinicopathological
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Abbreviations
DAB: Diaminobenzidin; EAC: Esophageal adenocarcinoma; EC: Esophageal
cancer; ESCC: Esophageal squamous cell carcinoma; FFPE: Formalin-fixed
paraffin embedded; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase;
HNSCC: Head and neck squamous cell carcinoma; TCGA: The Cancer
Genome Atlas; TFF: Trefoil factors

Acknowledgements
We thank all patients and control individuals involved in this study and the
staffs of Endoscopy Service of Instituto Nacional de Câncer and Hospital
Universitário Pedro Ernesto for their contribution in sample collection.

Funding
This work was supported by grants from Swiss Bridge Foundation, Conselho
Nacional de Desenvolvimento Científico e Tecnológico (CNPq, Brazil) and
Fundação de Amparo a Pesquisa do Estado do Rio de Janeiro (FAPERJ,
Brazil). The funders had no role in study design, data collection and analysis,
decision to publish, or preparation of the manuscript.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Authors’ contributions
IMG, SCSL, MCN, NMC, and PNN performed the experiments and analysis.
LFRP and SCSL coordinated the project. IMG, SCSL, TAS, HHV, ZH, and LFRP
wrote the manuscript. TAS participated in the collection of samples and
study design. All authors discussed the results and manuscript text. All
authors read and approved the final manuscript.

Ethics approval and consent to participate
The project was approved by the local ethic committees (Comitê de Ética
em Pesquisa-Instituto Nacional de Câncer #116/11 and Comitê de Ética em
Pesquisa-Hospital Universitário Pedro Ernesto #416).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Programa de Carcinogênese Molecular, Instituto Nacional de Câncer,
Coordenação de Pesquisa, Rua André Cavalcanti, 37–6° andar, Bairro de
Fátima, Rio de Janeiro, Rio de Janeiro CEP: 20231-050, Brazil. 2Departamento
de Bioquímica, Instituto de Biologia Roberto Alcantara Gomes, Universidade
do Estado do Rio de Janeiro, Av. 28 de Setembro 87 fundos, Vila Isabel, Rio
de Janeiro CEP: 20551-013, Brazil. 3Epigenetics Group, Section of Mechanisms

of Carcinogenesis, International Agency for Research on Cancer, 150 Cours
Albert Thomas, 69372, CEDEX 08 Lyon, France.

Received: 4 April 2017 Accepted: 29 November 2017

References
1. Rustgi AK, El-Serag HB. Esophageal carcinoma. N Engl J Med. 2014;371(26):

2499–509.
2. Arnold M, Soerjomataram I, Ferlay J, Forman D. Global incidence of

oesophageal cancer by histological subtype in 2012. Gut. 2015;64(3):381–7.
3. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM,

Forman D, Bray F. Cancer incidence and mortality worldwide: sources,
methods and major patterns in GLOBOCAN 2012. Int J Cancer. 2015;136(5):
E359–86.

4. Allen JW, Richardson JD, Edwards MJ. Squamous cell carcinoma of the
esophagus: a review and update. Surg Oncol. 1997;6:193–200.

5. McLarty AJ, et al. Esophageal resection for cancer of the esophagus:
long-term function and quality of life. Ann Thorac Surg. 1997;63(6):1568–72.

6. Lima SC, Hernández-Vargas H, Simão T, Durand G, Kruel CD, Le Calvez-Kelm
F, Ribeiro Pinto LF, Herceg Z. Identification of a DNA methylome signature
of esophageal squamous cell carcinoma and potential epigenetic
biomarkers. Epigenetics. 2011;6(10):1217–27.

7. Taupin D, Ooi K, Yeomans N, Giraud A. Conserved expression of intestinal
trefoil factor in the human colonic adenoma-carcinoma sequence. Lab
Investig. 1996;75(1):25–32.

8. Wong WM, Poulsom R, Wright NA. Trefoil peptides. Gut. 1999;44(6):890–5.
9. Hoffmann W, Jagla W. Cell type specific expression of secretory TFF

peptides: colocalization with mucins and synthesis in the brain. Int Rev
Cytol. 2002;213:147–81.

10. Taupin D, Podolsky DK. Trefoil factors: initiators of mucosal healing. Nat Rev
Mol Cell Biol. 2003;4(9):721–32.

11. Terris B, Blaveri E, Crnogorac-Jurcevic T, Jones M, Missiaglia E, Ruszniewski P,
Sauvanet A, Lemoine NR, Okada, et al. Characterization of gene expression
profiles in intraductal papillary-mucinous tumors of the pancreas. Am J
Pathol. 2002;160(5):1745–54.

12. Okada H, Kimura MT, Tan D, Fujiwara K, Igarashi J, Makuuchi M, Hui AM,
Tsurumaru M, Nagase H. Frequent trefoil factor 3 (TFF3) overexpression and
promoter hypomethylation in mouse and human hepatocellular
carcinomas. Int J Oncol. 2005;26(2):369–77.

13. Uchino H, Kataoka H, Itoh H, Hamasuna R, Koono M. Overexpression of
intestinal trefoil factor in human colon carcinoma cells reduces cellular
growth in vitro and in vivo. Gastroenterology. 2000;118(1):60–9.

14. Leung WK, Yu J, Chan FK, To KF, Chan MW, Ebert MP, Ng EK, Chung SC,
Malfertheiner P, Sung JJ. Expression of trefoil peptides (TFF1, TFF2, and
TFF3) in gastric carcinomas, intestinal metaplasia, and non-neoplastic gastric
tissues. J Pathol. 2002;197(5):582–8.

15. Yamachika T, Werther JL, Bodian C, Babyatsky M, Tatematsu M, Yamamura Y,
Chen A, Itzkowitz S. Intestinal trefoil factor: a marker of poor prognosis in
gastric carcinoma. Clin Cancer Res. 2002;8(5):1092–9.

16. Khoury T, Chadha K, Javle M, Donohue K, Levea C, Iyer R, Okada H, Nagase
H, Tan D. Expression of intestinal trefoil factor (TFF-3) in hepatocellular
carcinoma. Int J Gastrointest Cancer. 2005;35(3):171–7.

17. Yio X, Diamond M, Zhang JY, Weinstein H, Wang LH, Werther L,
Itzkowitz S. Trefoil factor family-1 mutations enhance gastric cancer cell
invasion through distinct signaling pathways. Gastroenterology. 2006;
130(6):1696–706.

18. Livak KJ, Schmittgen TD. Analysis of relative gene expression data using
real-time quantitative PCR and the 2(−Delta Delta C(T)) method. Methods.
2001;25(4):402–8.

19. Vaissière T, Cuenin C, Paliwal A, Vineis P, Hoek G, Krzyzanowski M, Airoldi L,
Dunning A, Garte S, Hainaut P, Malaveille C, Overvad K, Clavel-Chapelon F,
Linseisen J, Boeing H, Trichopoulou A, Trichopoulos D, Kaladidi A, Palli D,
Krogh V, Tumino R, Panico S, Bueno-De-Mesquita HB, Peeters PH, Kumle M,
Gonzalez CA, Martinez C, Dorronsoro M, Barricarte A, Navarro C, Quiros JR,
Berglund G, Janzon L, Jarvholm B, Day NE, Key TJ, Saracci R, Kaaks R, Riboli
E, Hainaut P, Herceg Z. Quantitative analysis of DNA methylation after
whole bisulfitome amplification of a minute amount of DNA from body
fluids. Epigenetics. 2009;4(4):221–30.

20. Cerami E, Gao J, Dogrusoz U, Gross BE, Sumer SO, Aksoy BA, Jacobsen A,
Byrne CJ, Heuer ML, Larsson E, Antipin Y, Reva B, Goldberg AP, Sander C,

Gonzaga et al. Clinical Epigenetics  (2017) 9:130 Page 9 of 10

dx.doi.org/10.1186/s13148-017-0429-0
dx.doi.org/10.1186/s13148-017-0429-0


Schultz N. The cBio cancer genomics portal: an open platform for exploring
multidimensional cancer genomics data. Cancer Discov. 2012;2(5):401–4.

21. Gao J, Aksoy BA, Dogrusoz U, Dresdner G, Gross B, Sumer SO, Sun Y,
Jacobsen A, Sinha R, Larsson E, Cerami E, Sander C, Schultz N. Integrative
analysis of complex cancer genomics and clinical profiles using the
cBioPortal. Sci Signal. 2013;6(269):l1.

22. Díez-Villanueva A, Mallona I, Peinado MA. Wanderer, an interactive viewer to
explore DNA methylation and gene expression data in human cancer.
Epigenetics Chromatin. 2015;8:22.

23. Tanaka T, Nakamura J, Kitajima Y, Kai K, Miyake S, Hiraki M, Ide T, Koga Y,
Noshiro H. Loss of trefoil factor 1 is regulated by DNA methylation and is an
independent predictive factor for poor survival in advanced gastric cancer.
Int J Oncol. 2013;42(3):894–902.

24. Braakhuis BJ, Tabor MP, Leemans CR, van der Waal I, Snow GB, Brakenhoff
RH. Second primary tumors and field cancerization in oral and
oropharyngeal cancer: molecular techniques provide new insights and
definitions. Head Neck. 2002;24(2):198–206.

25. Lim H, Kim do H, Jung HY, Gong EJ, Na HK, Ahn JY, Kim MY, Lee JH, Choi
KS, Choi KD, Song HJ, Lee GH, Kim JH. Clinical significance of early
detection of esophageal cancer in patients with head and neck cancer. Gut
Liver. 2015;9(2):159–65.

26. Slaughter DP, Southwick HW, Smejkal W. Field cancerization in oral stratified
squamous epithelium; clinical implications of multicentric origin. Cancer.
1953;6(5):963–8.

27. Taupin D, Pedersen J, Familari M, Cook G, Yeomans N, Giraud AS.
Augmented intestinal trefoil factor (TFF3) and loss of pS2 (TFF1) expression
precedes metaplastic differentiation of gastric epithelium. Lab Investig.
2001;81(3):397–408.

28. Thim L, May FE. Structure of mammalian trefoil factors and functional
insights. Cell Mol Life Sci. 2005;62(24):2956–73.

29. Soutto M, Belkhiri A, Piazuelo MB, Schneider BG, Peng D, Jiang A,
Washington MK, Kokoye Y, Crowe SE, Zaika A, Correa P, Peek RM Jr, El-Rifai
W. Loss of TFF1 is associated with activation of NF-κB-mediated
inflammation and gastric neoplasia in mice and humans. J Clin Invest. 2011;
121(5):1753–67.

30. Calnan DP, Westley BR, May FE, Floyd DN, Marchbank T, Playford RJ. The
trefoil peptide TFF1 inhibits the growth of the human gastric
adenocarcinoma cell line AGS. J Pathol. 1999;188(3):312–7.

31. Buache E, Etique N, Alpy F, Stoll I, Muckensturm M, Reina-San-Martin B,
Chenard MP, Tomasetto C, MC.Ribeiras R. Deficiency in trefoil factor 1 (TFF1)
increases tumorigenicity of human breast cancer cells and mammary tumor
development in TFF1-knockout mice. Oncogene. 2011;30(29):3261–73.

32. Fox CA, Sapinoso LM, Zhang H, Zhang W, McLeod HL, Petroni GR, Mullick T,
Moskaluk CA, Frierson HF, Hampton GM, Powell SM. Altered expression of
TFF-1 and CES-2 in Barrett's esophagus and associated adenocarcinomas.
Neoplasia. 2005;7(4):407–16.

33. Nancarrow DJ, Clouston AD, Smithers BM, Gotley DC, Drew PA, Watson DI,
Tyagi S, Hayward NK, Whiteman DC. Australian cancer study; study of
digestive health. Whole genome expression array profiling highlights
differences in mucosal defense genes in Barrett's esophagus and
esophageal adenocarcinoma. PLoS One. 2011;6(7):e22513.

34. The Cancer Genome Atlas Research Network. Integrated genomic
characterization of oesophageal carcinoma. Nature. 2017;541:169–75.

35. Chaiyarit P, Klanrit P, Photipakdee P, Subarnbhesaj A, Giraud AS. Increased
immunoexpression of trefoil factors in salivary gland tumors. Clin Oral
Investig. 2014;18(4):1305–12.

36. Carvalho R, Kayademir T, Soares P, Canedo P, Sousa S, Oliveira C,
Leistenschneider P, Seruca R, Gött P, Blin N, Carneiro F, Machado JC. Loss of
heterozygosity and promoter methylation, but not mutation, may underlie
loss of TFF1 in gastric carcinoma. Lab Investig. 2002;82(10):1319–26.

37. Feng G, Zhang Y, Yuan H, Bai R, Zheng J, Zhang J, Song M. DNA
methylation of trefoil factor 1 (TFF1) is associated with the tumorigenesis of
gastric carcinoma. Mol Med Rep. 2014;9(1):109–17.

38. Vestergaard EM, Nexø E, Tørring N, Borre M, Ørntoft TF, Sørensen KD.
Promoter hypomethylation and upregulation of trefoil factors in prostate
cancer. Int J Cancer. 2010;127(8):1857–65.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Gonzaga et al. Clinical Epigenetics  (2017) 9:130 Page 10 of 10


	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Human samples
	Cell lines and treatment with 5-Aza-2-deoxycytidine (decitabine)
	DNA and RNA isolation
	RT-qPCR
	Pyrosequencing
	Protein isolation and western blotting
	Immunohistochemistry
	Analyses of TFF1 expression and DNA methylation data deposited in The Cancer Genome Atlas (TCGA) database
	Statistical analyses

	Results
	TFF1 expression and promoter methylation in healthy esophagus and ESCC
	Regulation of TFF1 expression by DNA methylation in vitro
	TFF1 expression and promoter methylation in different esophageal cancer histological subtypes

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

