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Abstract. Background/Aim: Small cell carcinoma of the
esophagus (SCCE) is a rare but very aggressive disease with
poor prognosis. The aim of the present study was to identify
a molecular signature to predict postoperative outcomes in
patients with SCCE. Materials and Methods: Expression of
microRNA was detected in surgically-removed SCCE tumors
using microarrays. A SCCE cell line (TYUC-1) was
established to investigate the biological role of differentially
expressed microRNAs. Results: Hierarchical clustering of
microRNA expression revealed two discrete clusters that were
identical to the cases with rapid tumor relapse (n=3; median
survival, 5.1 months) and the cases with long-term survival
(n=3; median observation, 144.7 months), respectively. Eight
microRNAs (miR-4323, miR-625, miR-3619-3p, miR-4419b,
miR-1249, miR-4648, miR-4664-3p and miR-1203) showed
significant correlation with tumor relapse (p<0.01).
Migration of TYUC-1 was significantly inhibited by down-
regulation of miR-625. Conclusion: The expression profiles
of microRNAs in tumors may represent a novel predictor for
postoperative outcomes in patients with SCCE.

Primary small cell carcinoma of the esophagus (SCCE) is a
rare disease accounting for 0.5-2.8% of all esophageal
malignancies (1). SCCE is generally recognized as a very
aggressive disease with a poor therapeutic response, leading
to poor prognosis (2). Because a standard treatment has not
yet been established, SCCE patients have been treated with
various combined therapies, including surgical resection,
chemotherapy and radiation therapy. However, the
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significance of surgery in the multimodality treatment of
SCCE patients remains controversial (3). A number of
previous studies recommended chemotherapy or chemo-
radiotherapy, but not surgery, because SCCE is a systemic
disease with a high risk of distant metastasis (4). On the
other hand, several studies reported a long-term survival of
SCCE patients after surgery with or without adjuvant
chemo/chemo-radiotherapy (3, 5).

MicroRNAs (miRNAs) are small, single-stranded, non-
coding RNAs that play a key role in various biological
processes through the post-transcriptional regulation of gene
expression by targeting mRNA (6). Many miRNAs are
known to be involved in the initiation and progression of
malignancies and may also be potential biomarkers for
therapeutic effects and prognosis in cancer patients (7, 8).
However, the role of miRNAs in SCCE has not yet been
examined.

In the present study, we first summarized the clinical
characteristics of 6 SCCE patients who underwent surgery in
our hospital to assess the role of surgery in the treatment of
SCCE patients. We then investigated the expression profiles
of miRNAs in surgically-removed SCCE specimens to assess
the use of a miRNA signature as a postoperative prognostic
predictor in this disease. Finally, the potential significance of
miRNAs, which were differentially expressed between
relapse and non-relapse cases, was assessed using a human
esophageal small cell carcinoma cell line, in vitro.

Materials and Methods

Patients and surgical specimens. Written informed consent for this
study was obtained from patients prior to surgery with approval by
the Institutional Review Board in the University of Toyama Hospital
(No. 20-75). Six cases underwent esophageal surgery for SCCE
between 1983 and 2009 in our hospital. The clinical records of these
patients were reviewed and formalin-fixed paraffin-embedded (FFPE)
samples from the tumors and their normal counterparts were obtained
from each case. Tumor of freshly removed specimen was obtained
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from a case (the Case 6) to establish a small cell cancer cell line. The
observation period was calculated from the date of surgery until the
patient succumbed to the disease or the last follow-up contact. All
tumors were histologically diagnosed as SCCE by the Department of
Clinical Pathology in the Hospital based on a neuroendocrine-like
architectural pattern with positive immunostaining for neuroendocrine
markers, such as synaptophysin and chromogranin A.

All cases were staged according to the International Union
against Cancer TNM Classification 7th edition (9).

RNA extraction from FFPE specimens. Sections (10-um) were
prepared from each FFPE specimen. Paraffin was removed by a
xylene treatment and tissues were then washed with ethanol twice to
remove xylene. Tissues were treated with proteinase K at 37°C
overnight. Following centrifugation, the supernatant was processed
with a silica-based spin column (Toray Industries, Tokyo, Japan) in
order to obtain purified total RNA. The degrees of RNA cross-
linking and RNA degradation were analyzed by electrophoresis
using an Agilent 2100 Bioanalyzer (Agilent Technologies, Santa
Clara, CA, USA).

miRNA assays. miRNA profiling was examined using a Toray 3D-
Gene® miRNA oligo chip (Toray Industries) on which 885 genes
were mounted. The detailed procedure for this experiment has been
described previously (10). In the present study, the expression level
of each miRNA was normalized using the median of the signal
strength for the entire gene in each chip.

Establishment of human esophageal small cell carcinoma cell line and
cell culture. A human esophageal small cell carcinoma cell line
(TYUC-1) was established in our laboratory from a surgically-
removed tumor specimen of Case 6 in Table 1. The tissue was
mechanically minced with sharp scissors and the cells were initially
cultured in Dulbecco’s modified Eagles’medium (DMEM) /Ham’s F12
medium (Wako, Osaka, Japan) with 5% fetal calf serum (FCS)
containing antibiotics (GIBICO, Grand Island, NY, USA) at 4°C. Then
the cell culture was maintained in humidified incubators at 37°C in an
atmosphere of 5% CO, and 95% air. A human small cell lung cancer
cell line (Lu-134-A-H) was purchased from Japanese Collection of
Research Bioresources Cell Bank (http:/cellbank.nibio.go.jp/english/)
and cultured in RPMI1640 medium with 10% FCS. Human
esophageal squamous carcinoma cell lines (KYSES20 and 790) were
established by Shimada and colleagues and cultured in Ham’s
F12/RPMI-1640 with 2% FCS according to a previously reported
method (11).

Immunocytochemical staining. Cell pellet of TYUC-1 was fixed in
10% formalin, embedded in paraffin and processed by standard
methods and 4-pum sections were cut. Immunostaining was
performed with Envision Plus kits/horseradish peroxidase/3,3’-
diaminobenzidine (Dako Japan Inc, Kyoto, Japan) according to the
manufacturer’s instructions. Primary antibodies were incubated at
room temperature for 1 h or at 4°C overnight. Slides were
counterstained with Mayer’s hematoxylin. The primary antibodies
used in this study were as follows: mouse monoclonal anti-CD56,
clone 1 B6 (Novocastra, Newcastle, UK) dilution 1:100, mouse
monoclonal anti-CD117, clone YR145 (Dako Japan) dilution 1:100,
rabbit polyclonal anti- ChromograninA (Dako Japan) dilution1:800,
mouse monoclonal anti- NSE, clone BBS/NC/VI-H14 (Dako Japan)
dilution1:200.
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Quantitative real-time polymerase chain reaction (RT-PCR) analysis
Sfor miRNAs. Total RNA was extracted from cells using the TRIzol
Reagent (Invitrogen, Carlsbad, CA, USA) according to a standard
protocol. cDNA was prepared from total RNA samples using the
Taq Man microRNA reverse transcription kit on the ABI Prism 7000
real-time PCR system, according to the manufacturer’s instructions
(Applied Biosystems). Predesigned Taqg Man microRNA assays for
hsa-miR-625 (Assay ID 002432), hsa-miR-4323 (Assay ID 242550),
hsa-miR-3619-3p (Assay ID 464743) and RNU6B (Assay ID
001093) were purchased from Applied Biosystems. qRT-PCR was
performed using a Taq Man universal PCR master mix, according
to the manufacturer’s protocol (Applied Biosystems). miRNA
quantities were analyzed in duplicate and normalized against U6B
as an internal control. Results were expressed as relative gene
expression using the AACt method.

Transfection with miR-625 inhibitor. TYUC-1 (200,000 cells per well)
were plated onto 24-well culture dishes and transfected with mirVana
miRNA inhibitor (miR-625-3p; Applied Biosystems) using the
Lipofectamine RNAIMAX Transfection Reagent according to the
manufacturer’s instructions (Invitrogen). A nonspecific control
miRNA (mirVana miRNA Inhibitor Negative Control; Applied
Biosystems) was used as a negative control. The cells were harvested
at 24 hours after transfection and processed for further analysis.

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assay. The cells were seeded into 96-well plates at 20,000 cells/well,
allowed to grow overnight and then treated with various
concentrations of cisplatin (CDDP; Wako, Osaka, Japan). Following
48 hours of treatment, 20 ul of 5 mg/ml MTT reagent (Sigma-
Aldrich, St. Louis, MO, USA) was added and incubated for 4 hours.
The viability of the treated cells was calculated from the average
OD 490 values compared with that of the untreated cells. Each
treatment was carried out in triplicate.

Cell migration assay. Cell migration ability was examined using a 24-
well transwell plate with 8 mm pore polycarbonate membrane inserts
according to the manufacturer’s protocol (Corning, Corning, NY,
USA). Five thousands cells were seeded on the upper chamber with
200 pl of serum-free medium at 24 h after transfection with miRNA
inhibitor or negative control. Medium with 20% serum was added to
the lower chamber as a chemoattractant. After 48 h incubation, the
membranes were fixed and stained with Difquick according to the
manufacturer’s protocol (Sysmex, Kobe, Japan). Five visual fields
(x200) were randomly selected from each membrane and the cell
numbers were counted under a light microscope.

Statistical analysis. All analyses were carried-out with the JMP 9.0
software (SAS Institute Inc., Cary, NC, USA). The tumor-to-normal
ratio (T/N ratio) was calculated based on the miRNA expression levels
in the each tumor and the corresponding normal counterpart.
Differences in miRNA expression levels between two variables were
analyzed by the Student’s #-test. Hierarchical clustering analysis was
performed with the Ward’s method. p<0.05 was used for significance.

Results

Patients’ characteristics. Six cases (Case 1 - Case 6 in Table I)
underwent esophageal surgery for SCCE between 1983 and
2009 in the University of Toyama Hospital. The clinical
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Table 1. Patients’ information and characteristics of primary small cell carcinoma of the esophagus.

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Year of Surgery 1983 1985 1990 1993 2008 2009
Age (years) 80 58 63 56 73 54
Gender M M M M M F
Tumor Location Lower Middle Middle Middle Middle Middle
Tumor size (cm) 30 6.0 50 2.8 1.5 55
Tumor type Ulcerative Ulcerative Ulcerative Ulcerative Ulcerative Medullary
sT stage 1 4 1 3 3 4
N stage 0 3 4 0 2 1
M stage 0 0 0 0 0 0
TNM stage 1 4 4 2 3 3
Surgery Radical Radical Radical Radical Radical Radical
Postoperative chemotherapy PEP CDDP CDDP CDDP CDDP VP16
SFU SFU VP16 CPT-11
VP16
Observation period (months) 56.1 1.7 144.7 173.0 5.1 8.5
Outcome Dead Dead Alive Alive Dead Dead
Relapse Free Local recurrence Free Free Liver Mediastinal/
(Heart Disease) Mediastinal Abdominal
Lymph node Lymph node
miRNA analysis Yes Yes No Yes Yes Yes

information and tumor characteristics of these patients are
shown in Table I. The median age of the patients was 60.5
years (range=54-80 years). The TNM classification was stage
1-2 in Cases 1 and 4, and stage 3-4 in Cases 2, 4, 5 and 6.
None of the patients received preoperative adjuvant therapy. All
patients underwent radical surgery with no residual tumors
(RO). All patients received postoperative chemotherapy with
regimens including cisplatin (CDDP), peplomycin (PEP), 5-
fluorouracil (5FU), etoposide (VP16) and irinotecan (CPT-11)
according to the standard therapy for small cell lung cancer at
that time. Two patients (Cases 3 and 4) received postoperative
radiotherapy that targeted the mediastinal and cervical areas.
Two patients (Cases 3 and 4) achieved long-term disease-free
survival with an observation period of 144.7 and 173.6 months,
respectively. Case 1 died of heart disease without tumor relapse
at 56.1 months after surgery. Three patients (Cases 2, 5 and 6)
died of tumor relapse at 1.7, 5.1 and 8.5 months after surgery.
When these six cases were divided into a relapse group (cases
1, 3 and 4) and non-relapse group (cases 2, 5 and 6), the
median observation period was 144.7 months (range=56.1-
173.0) and 5.1 months (range=1.7-8.5), respectively. No
correlation was observed between postoperative tumor relapse
and clinicopathological characteristics.

The expression of miRNAs in primary small cell carcinoma
of the esophagus. We extracted total RNA from tumors and
corresponding normal esophageal epithelia using the archival
FFPE samples of all six patients; high-quality RNA was
obtained from five patients. In the 885 miRNAs assessed

using the miRNA oligo chip, the signals of 410 miRNAs were
detected in each examined sample. Comparisons between the
average expression levels of miRNAs in the five SCCE
tumors and those in the five corresponding normal tissues
revealed that the expression of 22 miRNAs, including miR-
17, miR-21 and miR-25, was more than 2-fold higher, while
that of the 3 miRNAs miR-145, miR-4328 and miR-203, was
more than 2-fold lower in the tumors than in their normal
counterparts (Figure 1A). Hierarchical clustering based on all
410 detected miRNAs showed two discrete clusters: Cluster 1
represented patients with long-term postoperative survival
(Cases 1 and 4), whereas cluster 2 represented patients with
rapid postoperative tumor relapse (Cases 2, 5 and 6)
indicating the predictive significance of miRNA expression
profiles in patients with SCCE (Figure 1B).

Differentially expressed miRNAs between patients with and
without postoperative tumor relapse. When the expression
(T/N ratio) of miRNAs was compared between relapse and
non-relapse cases, the higher expression of 8 miRNAs (miR-
4323, miR-625, miR-3619-3p, miR-4419b, miR-1249, miR-
4648, miR-4664-3p and miR-1203) correlated with
postoperative tumor relapse (p<0.01). The up-regulation of
the other 29 miRNAs and down-regulation of 2 miRNAs
(miR-1260b and miR-4474-3p) correlated with tumor relapse
(p<0.05, Table II). Hierarchical clustering using the 39
miRNAs listed in Table II more clearly differentiated
between the relapse and non-relapse groups than that using
all 410 detected miRNAs (Figure 1B, Figure 2).
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Table I1. Expression of miRNAs associated with postoperative tumor
relapse.

Non-relapse Relapse t-test

Average SD Average SD p-Value
hsa-miR-4323 0.747 0.019 1.326 0.045 0.0005
hsa-miR-625 0.763 0.055 1.420 0.049 0.0008
hsa-miR-3619-3p  0.769 0.192 2.153 0.051 0.0010
hsa-miR-4419b 0.879 0.114 1.554 0.060 0.0029
hsa-miR-1249 0.798 0.115 1.404 0.067 0.0045
hsa-miR-4648 1.191 0.096 3.467 0.397 0.0048
hsa-miR-4664-3p  0.778 0.022 1.142 0.063 0.0049
hsa-miR-1203 0.777 0.041 1.854 0.237 0.0090
hsa-miR-574-3p 0.743 0.152 1.245 0.068 0.0130
hsa-miR-1260b 1.142 0.061 0.442 0.174 0.0135
hsa-miR-4440 0.865 0.068 1.184 0.075 0.0170
hsa-miR-1307 0.811 0.147 1.224 0.060 0.0192
hsa-miR-486-3p 0.859 0.201 1.579 0.158 0.0200
hsa-miR-16 0.719 0.270 5.949 1.635 0.0237
hsa-miR-371-5p 0.773 0.111 1.335 0.163 0.0251
hsa-miR-2392 0.752 0.029 1.209 0.146 0.0253
hsa-miR-4433 0.853 0.076 1.339 0.149 0.0259
hsa-miR-3131 0.719 0.162 1.845 0.353 0.0268
hsa-miR-92a 1.099 0411 3.448 0.768 0.0312
hsa-miR-296-5p 0.694 0.072 1.765 0.374 0.0319
hsa-miR-4726-5p  0.748 0.014 1915 0.417 0.0330
hsa-miR-4728-3p  0.841 0.158 1.280 0.112 0.0338
hsa-miR-4723-5p  0.782 0.348 2.176 0.448 0.0352
hsa-miR-3656 0.860 0.037 1.077 0.076 0.0362
hsa-miR-557 0.683 0.171 1.485 0.278 0.0382
hsa-miR-4474-3p  0.871 0.114 0.592 0.068 0.0384
hsa-miR-4640-5p  0.892 0.002 1.334 0.169 0.0393
hsa-miR-4758-5p  0.849 0.126 1.173 0.086 0.0394
hsa-miR-4689 0.764 0.157 2.023 0.472 0.0401
hsa-miR-4673 0.616 0.126 0.860 0.032 0.0408
hsa-miR-4665-3p  0.871 0.144 1.315 0.144 0.0432
hsa-miR-940 0.814 0.076 1.710 0.356 0.0446
hsa-miR-1290 0.935 0.364 7.531 2.654 0.0451
hsa-miR-4706 0.802 0.211 1.435 0.211 0.0463
hsa-miR-4776-5p  0.773 0.147 1.176 0.129 0.0467
hsa-miR-3151 0.832 0.166 1.873 0.412 0.0470
hsa-miR-3187-5p  0.702 0.035 1.256 0.229 0.0481
hsa-miR-4274 0.757 0.068 1.747 0.409 0.0484
hsa-miR-1231 0.804 0.176 1.306 0.171 0.0499

Biological significance of the miRNAs that were differentially
expressed between relapse and non-relapse cases. We
established a human esophageal small cell carcinoma cell
line (TYUC-1) from surgically-removed tumor specimen of
Case 6. TYUC-1 represented semi-attached round cells and
actively grew with sphere formation. We also comfirmed the
expression of neuroendocrine markers, such as CD56,
CD117, Chromogranin A and NSE by immunochemistry
(Figure 3A). Among miR-625, miR-3619-3p and miR-4323,
which were the three most significantly correlated molecules
with postoperative tumor relapse (Table II), miR-625 was
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significantly up-regulated both in TYUC-1 and a human
small cell lung cancer cell line (Lu-134-A-H), compared to
human esophageal squamous carcinoma cell lines (KYSE520
and 790), while the expression of miR-3619-3p and miR-
4323 were unditectable in all 4 examined cell lines (Figure
3B). To investigate the role of miR-625 in malignant
potential of SCCE, the expression of miR-625 was found
down-regulated in TYUC-1 to assess its effect on cell
proliferation, chemosensitivity and cell migration. The
expression of miR-625 was significantly reduced in the cells
transiently transfected with miR-625 inhibitor compared to
the cells transfected with negative control at 24 h and 72 h
after transfection (Figure 4A). Cell proliferation was not
affected by the transfection of miR-625 inhibitor (Figure
4B). MTT assay under incubation of TYUC-1 with various
concentration of CDDP showed no significant effect of miR-
625 in chemosensitivity (Figure 4C). On the other hand, the
migration of TYUC-1, which was assessed by a transwell
assay, significantly decreased after transfection with the miR-
625 inhibitor (Figure 4D).

Discussion

SCCE is known to be a very aggressive malignancy with
poor prognosis (2). A standard therapy has not yet been
established and the role of surgery in its multimodality
treatment remains controversial (1-5). In the six patients
treated with RO surgery in combination with chemotherapy
in our Hospital, two patients with limited disease and a
patient with extensive disease achieved long-term disease-
free survival, while three patients with limited disease died
of tumor relapse very rapidly after surgery. These results
suggested that combination therapy, including surgery,
improved the survival rates of a distinct sub-population of
the SCCE patients. Furthermore, the poor outcome observed
in the counter population was not associated with small cell
histology itself or disease stage, which indicated the need for
novel biomarkers to predict postoperative outcomes. Previous
studies have demonstrated the significance of biomarkers,
such as serum levels of neuron-specific enolase (12) and
miR-92a (13), for small cell lung cancer; however, predictive
biomarkers have not yet been identified for SCCE.

Our microarray analysis identified 25 miRNAs that were
differentially expressed between paired SCCE tumors and
their corresponding normal samples (22 miRNAs were up-
regulated and 3 miRNAs were down-regulated in the
tumors). In the 22 miRNAs that were up-regulated in tumors,
16 miRNAs were associated with the progression and
therapeutic resistance of various types of tumors. Ten
molecules, including miR-17 (14), miR-21 (15), miR-25
(16), miR-93 (17), miR-1246 (18, 19), miR-106b (16), miR-
103a (8), miR-107 (8) and miR-223 (20), have been
associated with the malignant potential of esophageal cancer.
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Figure 1. Expression of miRNAs in primary small cell carcinoma of the esophagus. A. The average expression level (tumor-to-normal (T/N) ratio)
of each miRNA in 5 SCCE cases was calculated and log2-transformed. Twenty-five miRNAs showed more than a 1 log2-fold change. B. Cluster
analysis. The diagram shows the results of the hierarchical clustering of miRNAs and samples. Columns: 410 miRNAs that were detected in all 5
cases. Rows: samples. Red color represents a higher expression level; Green color represents a lower expression level.
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and samples. Columns: 39 miRNAs that were differentially expressed between patients with and without postoperative tumor relapse. Rows: samples.
Red color represents a higher expression level; Green color represents a lower expression level.
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Figure 3. Expression of the differentially expressed miRNAs in human esophageal small cell carcinoma cell line (TYUCI). A. A human esophageal
small cell carcinoma cell line (TYUCI1) was established from surgically removed tumor specimen of Case 6 and the expression of neuroendocrine
markers, such as CD56, CD117, Chromogranin A and NSE, were detected by immunocytochemistry. Original magnification, x200. B. Relative
expression of the most up-regulated miRNAs in the cases with postoperative tumor relapse were detected in TYUCI, a human small cell lung cancer
cell line (Lu-134-A-H)- and human esophageal squamous carcinoma cell lines (KYSE520 and 790) by quantitative RT-PCR (mean+SD, *p<0.05,

#4p<0.01).

In the 3 miRNAs that were down-regulated in SCCE tumors,
miR-203 (21) and miR-145 (22) were shown to have a tumor
suppressor effect in esophageal cancer. These results indicate
that the archival FFPE samples were successfully used to
identify differentially expressed miRNAs in this study and
suggested the crucial roles of these miRNAs in the
development and progression of SCCE. Hierarchical
clustering of miRNA expression levels revealed two distinct
sub-groups that were identical to the patients with long-term
postoperative survival and to those with rapid tumor relapse,
respectively. These results suggested the existence of a
specific miRNA signature that could be used to predict
postoperative outcomes. In the 39 miRNAs that were
significantly expressed differentially between the two groups
(p<0.05), 15 miRNAs have been associated with the
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malignant features, such as metastasis, chemo-resistance
and/or radio-resistance, of various tumors (Table III) (23-27),
and thus shown to be prognostic predictors (28-32).

Our investigation, using TYUC-1, revealed that down-
regulation of miR-625, which is one of the most up-regulated
miRNAs in cases with postoperative tumor relapse, resulted in
inhibition of cell migration in vitro. These results further
suggested that the altered expression of the miRNAs identified
in this study plays key roles in the widespread metastasis
and/or therapeutic resistance associated with SCCE, thus,
highlight the relevance of miRNA signatures to predict clinical
outcomes following curative surgery in SCCE patients.

In summary, the clinicopathological characteristics of six
SCCE patients who underwent curative surgery in our
hospital showed that multimodality treatment including
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Figure 4. The role of miR-625 in malignant potential of TYUCI. A. Relative expression of miR-625 in TYUC-1 at 24 and 72 h after transfection
with miR-625 inhibitor or negative control detected by quantitative RT-PCR (mean=+SD, **p<0.01). B. Growth curves of TYUC-1 after transfection
with miR-625 inhibitor or negative control (n=3, mean+SD). C. The effect of miR-625 on chemo-sensitivity was assessed by MTT assay under 48 h
incubation of the cells with various concentration of cisplatin (CDDP) (n=3, mean=SD). D. The effect of miR-625 on cell migration was assessed
by a transwell assay in which the number of the cells under the membrane were stained and counted (n=3, mean+SD, *p<0.05, **p<0.01).

surgery improved the prognosis of a distinct sub-population
of SCCE patients. Hierarchical clustering of miRNA
expression in surgically-removed SCCE tumors revealed two
discrete clusters that were identical to the cases with long-
term postoperative disease-free survival and to the cases with
rapid tumor relapse, respectively. In the 39 miRNAs that
were significantly differentially expressed between the two
groups, 15 miRNAs have been associated with the malignant
features. Down-regulation of miR-625, which is one of the
most significantly up-regulated miRNAs in cases with
postoperative tumor relapse, resulted in inhibition of TYUC-
1 cell migration. These results suggested the use of miRNA
expression profiles as a predictor for postoperative outcomes
in patients with SCCE.

Although we only examined a small number of the cases, to
the best of our knowledge, this is the first study to examine
miRNA expression profiles in SCCE patients. Further
investigations based on the large-scale collection of samples may
confine the most useful gene set and then assess its clinical use.
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Table III. Reported oncological function of miRNAs that were differentially expressed between patients with and without postoperative tumor relapse.

miRNA Functions Type of tumor Literature
miR-625 Chemo-resistance and metastasis Colorectal/gastric cancer (23,24)
miR-1249 Tumor pathogenesis Hepatocellular carcinoma (HCC) (33)
miR-574-3p Tumor suppressor Head and neck/esophageal cancer (34)
miR-1260b Oncogene Prostate cancer 35)
miR-486-3p Postoperative prognostic predictor HCC (28)
miR-16 Prognostic marker Esophageal/lung cancer (29, 30)
miR-371-5p Tumor growth promotion HCC (36)
miR-2392 Predictor of lymph node metastasis Cervical cancer (19)
miR-92a Promotes lymph node metastasis Esophageal cancer (25)
Predictor of chemoresistance Small cell lung cancer (13)
miR-296-5p Promote tumor growth Gastric cancer (37)
miR-557 Tumor pathogenesis HCC (33)
miR-4758 Associated with tumor relapse Gastric cancer 31
miR-1290 Chemo-resistance Bladder cancer (26)
Radio-resistance Cervical cancer 27)
miR-3151 Associated with shorter survival Myeloidleukemia 32)
miR-1231 Susceptibility of the tumor HCC (38)
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