
Abstract. Background/Aim: DNA methylation is a common
epigenetic change in cancer. However, microRNA (miRNA)
regulation by epigenetic alteration, especially CpG island
hypermethylation, remains poorly understood in esophageal
squamous cell carcinoma (ESCC). Materials and Methods:
miRNAs which were up-regulated after de-methylation with 5-
aza-2’-deoxycytidine (5-AZA) were analyzed using the Human
miFinder 384HC miScript miRNA PCR Array. The DNA
methylation level was evaluated by bisulfite-pyrosequencing
assay. Results: In two of the cell lines, 20 miRNAs, including
miR-145-5p, were found to be up-regulated by more than
three-fold after 5-AZA treatment. The miRNA-145 promoter
was significantly more hypermethylated in the cancer tissues
than in matched normal adjacent esophageal epithelial
mucosa (p=0.0042; paired t-test). Moreover, the miRNA-145-
5p expression levels were significantly lower in cancerous
tissues (p=0.0024). Conclusion: miRNA-145 expression in
ESCC seems to be regulated by hypermethylation of the
miRNA-145 promoter region. 

Cancer is commonly accompanied by methylation changes in
DNA and its affiliated histones. Such epigenetic modifications
alter the transcription of genes involved in cell-cycle checkpoints,

apoptosis, signal transduction, cell adhesion and angiogenesis (1,
2). Cancer is especially associated with global DNA
hypomethylation and hypermethylation of site-specific CpG
islands in gene promoters (3). Global DNA hypomethylation
promotes oncogene expression by de-stabilizing the genome and
altering the DNA copy number (4). On the other hand, promoter
CpG island hypermethylation inactivates tumor-suppressor genes
during tumorigenesis (1). Importantly, miRNAs are also
regulated by epigenetic modifications, such as aberrant CpG
methylations, which further silence suppressor microRNA
(miRNA) expression in cancer cells (5, 6).

miRNAs are 22-nucleotide non-coding RNAs that post-
transcriptionally down-regulate the expression of various
target genes, and thereby control cell proliferation, apoptosis
and differentiation during mammalian development (7).
Gastrointestinal cancer cells are characterized by altered
expression of numerous miRNAs. The resulting changes in
oncogene and tumor-suppressor expression affect the
proliferation, apoptosis, motility and invasive capacity of the
cells (8). In esophageal squamous cell carcinoma (ESCC),
altered miRNA expression changes the tumor biology (9).
Importantly, these changes are epigenetically controlled.
However, miRNA regulation by epigenetic alteration,
especially by CpG island hypermethylation, has yet to be
elucidated in ESCC.

In the present study, we treated ESCC cell lines with 5-
aza-20-deoxycytidine (5-AZA), which should up-regulate
epigenetically-inactivated miRNAs. The up-regulated
miRNAs were screened for the suppressor miRNA-145-5p,
a regulator of several oncogenes that is promoted by tumor
protein p53 (TP53) (10). The regulation of miRNA-145-5p
in ESCC is unclear. We theorize that in ESCC, miRNA-
145-5p might be silenced by hypermethylation of its
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promoter. To test this idea, we examined the methylation
levels of miRNA-145 in ESCC and adjacent esophageal
mucosa by pyrosequencing assay. Our study is the first
evidence that the miR-145-5p promoter is more methylated
in ESCC than in normal mucosa, and that miRNA-145-5p
expression is regulated in ESCC. Moreover, we analyzed
the prognostic impact of miR-145-5p in more than 100
patients with ESCC.

Materials and Methods

Study subjects. All samples used in this study were collected from
the Kumamoto University Hospital (Kumamoto, Japan). Levels of
miRNA-145-5p expression and promoter methylation were
quantified in freshly-frozen specimens in the ESCC tumors and
the matched normal adjacent esophageal tissues of 15 patients.
Freshly frozen specimens of all patients were available between
September 2009 and June 2012. To assess the prognostic and
clinical impact of miRNA-145-5p expression in many samples, we
extracted the total RNA from formalin-fixed, paraffin-embedded
(FFPE) ESCC tissues from 105 patients undergoing curative
resection between April 2005 and December 2010. Tumor staging
was performed according to the American Joint Committee on
Cancer Staging Manual (seventh edition) (11). Patients were
observed at 1- to 3-month intervals until death or until August 31,
2014, whichever came first. Overall survival was defined as the
time between the operation date and the date of death. Disease-
free survival was defined as the period following surgical cancer
treatment during which the patient survived with no signs of
cancer recurrence. A follow-up study of the 105 patients identified
43 cancer recurrences and 44 deaths. The median follow-up time
for censored patients was 5.1 years. Written informed consent was
obtained from each patient and the study procedures were
approved by the Ethics Committee for Epidemiological and
General Research at the Faculty of life Science, Kumamoto
University (Approval number: Ethic 565).

Cell culture and treatment. All cell lines were obtained from the
Japanese Collection of Research Bioresources Cell Bank, Riken
BioResource Center Cell Bank, and the Institute of Development,
Aging, and Cancer, Tohoku University (Sendai, Japan). Human
esophageal squamous cell carcinoma cell lines (TE-1, TE-4, TE-6,
TE-8, TE-9, TE-10, TE-11, TE-14 and TE-15) were cultured in 5%
CO2 at 37˚C in Roswell Park Memorial Institute (RPMI) 1640
medium supplemented with 10% fetal bovine serum. A human

esophageal squamous cell carcinoma cell line (KYSE30) was
cultured in 5% CO2 at 37˚C in Dulbecco’s Minimal Essential
Medium (DMEM) supplemented with 10% fetal bovine serum. 

5-AZA treatment. Prior to 5-AZA treatment, cells were seeded in a
100 mm dish for 24 hours. 5-AZA was continuously administered
over the next 72 h, replacing the 5-AZA (100 nM)-containing
medium every 24 h.
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Table I. Previous studies on miR-145 expression in esophageal cancer.

Author Reference Expression in cancer Target gene Sample size Prognosis of high miRNA-145 expression

Hamano et al. (2011) (34) - - 98 Favorable
Ko et al. (2012) (37) - - 25 Unfavorable
Tanaka et al. (2013) (38) Low - 64 NS
Kano et al. (2010) (24) Low FSCN1 - -
Wang et al. (2013) (39) - c-MYC - -
Liu et al. (2012) (40) Low FSCN1 - -

NS: Not significant.

Table II. miRNA-145-5p expression in esophageal squamous cell
carcinoma, and clinical and tumor features.

Clinical or Total N miRNA-145-5p p-Value
pathological feature expression (mean±SE )

All cases 105 6.58±0.70

Age 0.58
<65 Years 43 7.04±1.09
≥65 Years 62 7.46±1.23

Sex 0.37
Male 89 6.84±0.76
Female 16 5.09±1.79

Preoperative therapy 0.25
Yes 20 4.80±1.60
No 85 7.00±1.59

Stage 0.80
I 33 7.35±1.26
II 31 5.64±1.30
III 37 6.79±1.19
IV 4 5.54±3.61

Tumor depth 0.54
T1 40 6.34±1.13
T2 18 5.16±1.70
T3 47 7.32±1.05

Postoperative complication 0.46
Yes 44 5.97±1.08
No 61 7.02±0.91

SE, Standard error.



DNA extraction. Genomic DNA was extracted from the frozen tissue
and cell lines using a QIAamp DNA Mini Kit (Qiagen, Duesseldorf,
Germany) according to the manufacturer’s protocol (12). 

miRNA Isolation. Total RNA, including miRNA, was isolated from cell
lines and frozen tissue with a miRNeasy Mini Kit (Qiagen) according
to the manufacturer’s protocol. Also following the manufacturer’s
instructions, the miRNAs were extracted from FFPE ESCC tissues
using a miRNeasy FFPE Kit (Qiagen). The purities and concentrations
of all RNA samples were evaluated by their absorbance ratios at
260/280 nm, determined by a NanoDrop ND-1000 spectrophotometer
(NanoDrop Technologies, Rockland, DE, USA).

miRNA PCR array. miRNA expression was analyzed using the
Human miFinder 384HC miScript miRNA PCR Array (Qiagen,
Duesseldorf, Germany) according to the manufacturer’s instructions.
This array profiles the expression of the 372 most abundantly
expressed and best characterized miRNAs in miRBase.

Quantitative real-time reverse transcription–polymerase chain
reaction. The expression levels of miRNA-145-5p were determined
by TaqMan quantitative real-time reverse transcription–polymerase
chain reaction (qRT-PCR), using TaqMan microRNA assay kits
(Ambion, Austin, Texas, US) as previously described (13). miRNA-
145-5p expression was normalized to that of small nuclear RNA
(RNU6B). All qRT-PCR reactions were run with the LightCycler
480 System II (Roche Diagnostics, Basel, Switzerland). The relative
amounts of miRNA-145-5p were measured by the 2-ΔΔCT method.
All qRT-PCR reactions were performed in triplicate.

Measuring the methylation level by sodium bisulfite treatment and
pyrosequencing. Genomic DNA was modified with sodium bisulfite
using an EpiTect Bisulfite kit (Qiagen). PCR and subsequent

pyrosequencing of the miRNA-145 promoter region was performed
using PyroMark kit (Qiagen). This assay amplifies a region of the
miRNA-145 promoter containing six CpG sites. The PCR conditions
were 35 cycles of 95˚C for 20 s, 55˚C for 20 s, and 72˚C for 20 s,
followed by 72˚C for 5 min. The primer sequences used in the PCR
were 5’-TAGTTAGGGTGGGGTGTTAT-3’ and 5’biotin-ACAAACAA
CAAAAAACAATCCTAA-3’. The biotinylated PCR product (the
miRNA-145 5’-flanking region from bp -222 to -84) was purified and
separated into single strands to provide a template for pyrosequencing
reaction using the PyroMark Q24 System (Qiagen). For measuring the
methylation level of the six CpG sites, the pyrosequencing reaction was
triplicated in each sample. The pyrosequencing primer and nucleotide
dispensation were applied in the following order. Site 1: 
5’-GGAATTTTAATTGTTTTGAAAAG-3’, ATG ATC GAT TAG TCG
TTA, site 2: 5’-GGGGGGAGTAGTGAT-3’, ATC GAT TAT G, site 3:
5’-AGGGTGGGGTGTTATA-3’, GTC AGT CAG TCG AT. At each
CpG site, the amount of C relative to the sum of the C and T amounts
was calculated as a percentage (i.e. 0-100%). The overall methylation
level of the miRNA-145 promoter was taken as the average relative
amount of C in the six CpG sites. 

Statistical methods. The results were analyzed statistically by JMP
software (Version 9, SAS Institute, Cary, NC, USA). All p-values
were two-sided. The means were compared by t-test, assuming
unequal variances. The survival time distribution was determined by
the Kaplan–Meier method using the log-rank test. 

Results

Identification of miRNAs regulated by DNA methylation.
Firstly, in order to confirm the epigenetically-regulated
miRNAs in ESCC by their DNA methylation levels, we
treated TE-1 and KYSE30 with 5-AZA. In both cell lines,
the 5-AZA treatment up-regulated the 20 miRNAs by more
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Figure 1. Results of miRNA array analysis. Scatter plots of miRNA
expression in esophageal squamous cell carcinoma cell lines (TE-1 and
KYSE30) treated or not treated with 5-aza-20-deoxycytidine (5-AZA).

Figure 2. miR-145-5p expression levels in 15 esophageal squamous cell
carcinomas and matched normal adjacent esophageal mucosa. The
miRNA-145-5p expression levels were significantly lower in the cancer
tissues than in the matched normal esophageal mucosa (paired t-test;
p=0.0024).



than three-fold. The up-regulation was detected by miRNA
PCR array analysis (Figure 1). We theorized that in ESCC
cells, these miRNAs might be silenced by promoter
hypermethylation. Recently, the tumor-suppressor miRNA-
145 has been identified as an important suppressor miRNA
in esophageal cancer (Table I). Therefore, among the 20 up-
regulated miRNAs, we focused on miRNA-145.

Comparison of miRNA-145-5p expression between ESCC
and normal adjacent esophageal epithelial mucosa. Next, we
examined the miRNA-145-5p expression levels in 15 paired
frozen tissues (ESCC and normal adjacent esophageal
epithelial mucosa), for which both total RNA and DNA data
were available. The relative miRNA-145-5p expression levels
in the ESCC tissues (vs. normal mucosa) were distributed as
follows: mean=6.37 (vs. 235.6); median=4.41 (vs. 110.3);
standard deviation (SD)=5.69 (vs. 239.9); range=0.66-22.23

(vs. 33.51-877.8); interquartile range=3.22-9.53 (vs. 102.7-
368.4). The miRNA-145-5p expression levels in the cancer
tissues were significantly lower than in matched normal
adjacent esophageal epithelial mucosa (p=0.0024 by the
paired t-test) (Figure 2).

Comparison of methylated miRNA-145 promoter between ESCC
and normal adjacent esophageal epithelial mucosa. The
methylation level of the miR-145 promoter region was evaluated
at six previously described CpG sites (Figure 3A) by a bisulfite-
pyrosequencing technique (Figure 3B) (14). We measured the
methylation levels of the miRNA-145 promoter in 15 frozen
cancer tissues and normal adjacent esophageal epithelial
mucosa. The methylation levels in the ESCC tissues (vs. normal
mucosa) were distributed as follows: mean= 57.1 (vs. 41.4);
median=60.5 (vs. 40.3); SD=13.0 (vs. 11.8); range=37.8-75.7
(vs. 23.3-58.5); interquartile range=50.0-64.3 (34.6-47.7). The
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Figure 3. Methylation levels at the CpG sites of the miRNA-145 promoter. A: Schematic of the putative miR-145 promoter. B: Pyrosequencing assay
used to measure the methylation level of the miR-145 promoter. The overall methylation level is the average proportion of C (%) at the 6 CpG sites.
The methylation level in the esophageal squamous cell carcinoma cell line TE-1 is shown. C: The miRNA-145 promoter was significantly more
methylated in the cancer tissues than in matched normal esophageal mucosa (paired t-test; p=0.0041). Diamonds show the 95% confidence interval.



miRNA-145 promoter in the cancer tissues was significantly
more methylated than the matched normal adjacent epithelial
mucosa (p=0.0041 by the paired t-test) (Figure 3C).

Changes in miRNA-145-5p expression level in ESCC cell
lines treated with 5-AZA. Next, we evaluated the methylation
levels of the miRNA-145 promoter in 10 ESCC cell lines.
The miRNA-145 promoter was hypermethylated in all cell
lines (Figure 4A), suggesting that hypermethylation regulates
the expression of miRNA-145-5p.

To test whether miRNA-145-5p is epigenetically-regulated
by DNA methylation, we treated the esophageal cancer cell
lines with 5-AZA. The promoter methylation level decreased
in the treated cells and miRNA-145-5p was significantly
more expressed in 8 out of the 10 cell lines (Figure 4B),

indicating that miRNA-145-5p expression is indeed
epigenetically regulated.

Association between miRNA-145-5p expression and
clinicopathological variables. To evaluate the clinical impact
of miRNA-145-5p expression in many ESCC samples, we
extracted miRNA from 105 FFPE ESCC tissues. The
miRNA-145-5p expression level in the 105 patients with
ESCC was distributed as follows: mean=6.57; median=4.45;
SD=7.15; range=0.72-41.7; interquartile range=5.20-7.96.
miRNA-145-5p expression was not significantly correlated
with clinicopathological features (Table II). In this test, we
adopted a dichotomous miRNA-145-5p expression level by
median; that is, the samples were divided into a high and low
miRNA-145-5p expression groups. Both groups experienced
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Figure 4. Changes in methylation (A) and expression (B) levels of miR-145 after 5-aza-20-deoxycytidine (5-AZA) treatment. 



similar overall survival (Kaplan–Meier analysis; log-rank
p=0.58) and disease-free survival (Kaplan–Meier analysis;
log-rank p=0.80) (Figure 5). 

Discussion

The present study examined the epigenetic regulation of
miRNAs in ESCC. By exhaustive searching of the miRNA
PCR array, we found that numerous miRNAs including
miRNA-145-5p were epigenetically regulated in ESCC.
miRNA-145-5p expression was significantly lower in ESCC
cells than in adjacent normal esophageal epithelial mucosa;
moreover the miRNA-145 promoter was significantly more
methylated in ESCC cells than in their normal counterparts.
This suggests that in ESCC, miRNA-145-5p expression is
epigenetically regulated by hypermethylation of its promoter
region. Importantly, the present study provides first evidence
that miR-145 is epigenetically regulated by promoter
hypermethylation in ESCC. Moreover, we found no positive
association between high miRNA-145 expression and favorable
prognosis in the largest cohort of ESCC patients (105 patients).

Recently, miRNA-145 was identified as an oncosuppressor.
miRNA-145 controls a property called pluripotency. miRNA-
145 expression interferes with the expression of pluripotent
genes such as octamer-binding transcription factor 4 (OCT4),

sex determining region Y-box 2 (SOX2), and Kruppel-like
factor 4 (KLF4), and inhibits the self-renewal of human
embryonic stem cells, leading to lineage-restricted
differentiation (15). The deletion of miRNA-145 triggers a
cancerous state of stem cells in lung adenocarcinoma (16). The
oncosuppressive function of miRNA-145 is associated with the
mitogen-activated protein kinase network of growth factor
receptors and the signaling pathway of the suppressor gene
TP53. miRNA-145 is up-regulated by the stress induced by
TP53 pathways, causing suppression of the oncogene c-MYC
(17, 18). Moreover, miRNA-143 and miRNA-145 inhibit
oncogenic pathways in the colon by regulating CD44, Kruppel-
like factor 5 (KLF5), Kirsten rat sarcoma viral oncogene
homolog (KRAS) and v-raf murine sarcoma viral oncogene
homolog B (BRAF) (19). Finally, oncogenes such as insulin-
like growth factor 1 receptor (IGF1R), SOX9-a disintegrin and
metallopeptidase domain 17 (ADAM17) axis, mucin-1,
BCL2/adenovirus E1B 19 kDa protein-interacting protein 3
(BNIP3) and fascin actin-bundling protein 1 (FSCN1) are
repressed by miRNA-145 in vitro, with subsequent attenuation
of cell proliferation, apoptosis, motility and invasion (20-24).

Regulation of miRNA-145 expression has not been
sufficiently elucidated. We are aware of a single report on
the epigenetic regulation of miRNA-145 in prostate cancer
(14). In the present ESCC study, the miRNA-145 promoter
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Figure 5. Kaplan–Meier curves for overall (A) and disease-free (B) survival rates for groups of patients with esophageal squamous cell carcinoma
with high and low miRNA-145-5p expression. 



was hypermethylated and miRNA-145-5p expression was
suppressed. This phenomenon has not been previously
reported in ESCC. In human cancers, hypermethylation of
CpG island promoters is among the most common causes of
lost suppressor miRNAs such as miRNA-124a, the miRNA-
34 family, miRNA-129, miRNA-193a, miRNA-199a and
miRNA-335 (5, 6, 26). In ESCC, the regulation of miRNA-
129, miRNA-34a, miRNA-375 and miRNA-10a is similarly
controlled by hypermethylation of CpG islands (26-29).
These hypermethylated tumor-suppressor miRNAs could be
re-activated by chromatin-modifying drugs; thus, they are a
potentially important therapeutic target (30). Our result
might pave the way for novel epigenetic treatments. 

High miRNA-145 expression has been identified as a
favorable prognostic marker in some kinds of cancer, such
as glioma, head and neck cancer and osteosarcoma (21, 31,
32). These conclusions were drawn from cohorts of more
than 100 patients. However, high miRNA-145 expression
does not significantly improve prognosis of colon cancer
(33). In esophageal cancer, Hamano et al. confirmed the
prognostic value of miRNA-145 in 98 cases, but questioned
its value in ESCC (34). The present study was performed
on the largest cohort of ESCC patients to date (105
patients), and found no positive association between high
miRNA-145 expression and favorable prognosis (Figure 5).
These intriguing findings require confirmation by
independent cohort studies.

Unlike genetic alterations, DNA methylations are reversible.
Hypermethylated suppressor genes can be re-activated by
demethylating agents, suggesting epigenetic change as a target
of cancer therapy (35). DNA demethylating drugs are clinically
effective against myelodysplastic syndrome and leukemia, and
have been approved for treating these conditions (36). However,
the clinical efficacy of demethylating drugs against solid tumors
has never been established. Importantly, the present study
showed the potential benefit of epigenetic treatment by altering
miRNA expression in patients with ESCC.

In the present study, miRNA-145-5p expression levels were
always lower in the cancer tissue. However, in some of the
samples, the methylation level of the miRNA-145 promoter
region was higher in the cancer tissues than in normal tissues
or was comparable to that of normal tissue. This suggests an
alternative regulatory mechanism of miRNA-145 expression.
In addition, the small number of available tissues prevented
us from establishing an inverse relationship between the level
of promoter methylation and miRNA-145 expression. This
relationship remains an objective of future projects.

In conclusion, our results suggest that miRNA-145
expression in patients with ESCC is regulated by
hypermethylation of the promoter region. We herein report
the first evidence of epigenetic regulation of miRNA-145 in
ESCC. However, these preliminary results require
assessment and clarification in future study.
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