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Abstract. Esophageal cancer (EC) is a malignant tumor with
a typically poor prognosis for patients. It is well known that
certain microRNA (miRNA/miR) genes can regulate other
genes responsible for carcinogenesis. In the present study, a
group of these genes (miR-21, miR-134, miR-205 and miR-495)
and genes connected with cancer-related pathways (MET,
MMP9, PDGFA and SERPINEI) were chosen for analysis
in order to find a potential correlation between their expres-
sion and the clinicopathological factors of EC. Esophageal
tumors and adjacent non-cancerous tissue specimens were
collected from a total of 63 patients and embedded in paraffin.
Commercial arrays were used on KYSE-30, KYSE-150 and
KYSE-270 EC cell lines in order to find genes of different
expression profiles compared with those acquired from the
control Het-1A cell line. Quantitative polymerase chain reac-
tion was used on formalin-fixed, paraffin-embedded samples
in order to analyze the expression of the genes chosen in the
earlier step. The results were analyzed by the Kruskal-Wallis
and Mann-Whitney U tests, Spearman's rank correlation
coefficient, Kaplan-Meier methods and the long-rank test.
Only miR-495 was not expressed in the analyzed samples.
The expression of MMP9 and SERPINEI was significantly
coefficient with age range (P=0.011 and P=0.044, respec-
tively) according to the Kruskal-Wallis test. The Spearman's
rank-order correlation measurement showed that there was a
coefficient correlation between age and miR-134 expression.
The same measurement demonstrated a correlation between
age range and MMP9 expression. The expression of miR-134
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and MMP9 were also found to be correlated. In all cases, a
value of P<0.049 was recorded. Overall, the present study
demonstrated that MMP9, SERPINE] and miR-134 were the
most prognostic genes in Caucasian patients with EC.

Introduction

Esophageal cancer (EC) has been well studied in the litera-
ture, being classified as sixth highest in terms of new cancer
cases per year and the seventh leading cause of cancer-related
mortality, worldwide (1-3). The incidence rate of EC is
four-fold higher among males when compared with that
among women (1,2). A total of 450,000 new cases of EC are
reported annually worldwide, among which 380,000 cases are
expected to succumb to the disease within 12 months following
diagnosis (1). In developed countries, EC accounts for ~6%
of malignant gastrointestinal cancer cases, with an extremely
high mortality rate; <10% of patients are expected to survive
>5 years after diagnosis (1-3). There are two main types of
EC, namely squamous cell carcinoma and adenocarcinoma.
Certain genes, for example, oncogenes, tumor suppressor
genes, metastasis genes and apoptosis genes, can have a giant
impact on the development of EC (4). Risk factors including,
alcohol consumption, smoking, chronic inflammation of the
esophageal mucosa, achalasia, Plummer-Vinson syndrome,
Barrett's esophagus and dietary factors (micronutrient and
vitamin deficiencies, consumption of hot or highly processed
products or food contaminated with spores or nitrog-
enous compounds) are considered increase the probability
of EC development (1,3). Notably, EC exhibits a significantly
higher occurrence among smokers when compared with
non-smokers. Both tobacco and alcohol consumption increase
the risk of EC (1). Nowadays, a variety of methods exist to
examine EC and more is known about the disease, however,
further research is necessary in order to take effective steps
to prevent and treat it (5). EC treatment choice is dependent
on the developmental stage of the disease. For example, in
cases of early cancer diagnosis, esophagectomy is possible (6).
However, at later developmental stages, surgical anastomosis
is performed using Kirschne-Akiyama gastric tube or fundus
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rotation gastroplasty techniques (7). In cases of unresectable
EC, patients are treated with a combination of chemo- and
radiotherapy (8). Laser therapy may also be used as an effec-
tive method for improving the patient's ability to swallow (9).

microRNAs (miRNAs/miRs) are non-coding small RNA
molecules, well-conserved across diverse groups, for example,
animals, plants and viruses (10). miRNAs can regulate the
translation of mRNA and integrate different regulatory
pathways for abnormal and normal cell development (11). It
has been demonstrated that certain miRNAs have promising
therapeutic potential (12). A number of miRNAs have been
found to exhibit potential as prognostic factors in various
cancer types, including miR155 and let-7a-2 (lung adenocar-
cinoma), miR21, miR-9-3 and miR 145 (breast carcinoma) and
miR18 and miR20 (hepatocellular carcinoma) (13-15).

For the present study, four genes connected with
cancer-related pathways (PDGFA, MET, MMP9 and
SERPINE]), as well as four miRNA genes (miR-21, miR-134,
miR-205 and miR-495) were chosen. Angiogenesis describes the
formation of new, thin-walled blood vessels from pre-existing
vasculature. It is involved in numerous physiological and
pathological processes, including chronic inflammation,
ischemic diseases and solid tumor formation (16). Metastatic
cascades are initiated by the invasion of tissues surrounding the
tumor, followed by tumor cell infiltration of the surrounding
blood vessels. Tumor cells are then transported further into the
organism leading to the formation of metastatic colonies (17).
These processes are prevalent in EC and are considered to be
the primary cause of mortality (18). PDGFA, MET, MMP9 and
SERPINEI have been identified as the most promising genes
involved in those processes based on miRNA gene expression
analysis and literature data (19). PDGFA is involved in angio-
genesis, while MET, MM P9 and SERPINE]I are involved in the
invasion and metastasis of cancer (20,21).

Materials and methods

EC cell lines and culture conditions. For the experiments,
four different cell lines were used: Three EC lines (KYSE-30,
KYSE-150 and KYSE-270), along with a Het-1A immortal-
ized human esophageal epithelial cell line as a negative
control. The three EC lines were obtained from the European
Collection of Cell Cultures (Salisbury, UK), and the control
cell line was ordered from the American Type Culture Collec-
tion (Manassas, VA, USA). The cancer cell lines were grown
in a medium which consisted of Ham F12 and RPMI 1640 in a
1:1 ratio, with 2 mM L-glutamine and 2% fetal bovine serum
(Sigma-Aldrich, St. Louis, MO, USA). Quantum 286 medium
(Sigma-Aldrich) was used to grow the Het-1A cell line. Stan-
dard conditions of 37°C, 5% (v/v) CO, and a relative humidity
of 100% were used for the cultures, without antibiotics.

Contamination-free conditions in the cell culture room. Each
experiment with cell lines was performed by a researcher
with a number of years of experience with this type of work
in a range of high-quality laboratories. In these institutions,
antibiotics are not recommended for use in the cell culture
room. A high-standard culture cell room was used for these
experiments. Microscopic observations were performed every
working day (Monday to Saturday) for the control of cell
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conditions. All liquids (i.e., media and buffers) and plastic
equipment were sterile.

RNA isolation from cell lines. Small RNAs from the cell lines
were recovered using the mirVana™ miRNA Isolation kit (Life
Technologies, Carlsbad, CA, USA) according to the manufac-
turer's instructions. The quality and concentration of RNA
was analyzed by the Picodrop Microliter UV/Vis Spectropho-
tometer (Picodrop Ltd., Hinxton, UK). RNA was used for the
reverse transcription (RT) process directly after isolation.

miRNA genes analysis in cell lines. RT reactions for miRNA
were performed with Megaplex™ Pools for microRNA Expres-
sion Analysis (Life Technologies). RT-qPCR was performed
according to the manufacturer's instructions. The concentra-
tion of RNA used for conversion to cDNA was 700 ng/ul, and
the total volume of the RT polymerase chain reaction (PCR)
reagents was 4.5 ul. The reactions were performed under the
following conditions: 40 cycles of three steps: 16°C for 120 sec,
42°C for 60 sec and 50°C for 1 sec. Following completion of the
cycles, a final step was performed at 85°C for 5 min. TagMan®
Array Human MicroRNA A (Life Technologies) was used to
analyze 377 human microRNAs in the sample according to
the manufacturer's instructions (22). Following analysis of the
results and the associated literature, four miRNA genes were
picked: miR-21, miR-134, miR-205 and miR-495. Significant
differences in miR-134, miR-205 and miR-495 gene expres-
sion between cancer cell lines and controls have been identified
previously (2), and miR21 expression has often been analyzed
in the literature (23).

Analysis of cancer pathway genes in cell lines: Quantitative
PCR (RT-qPCR). The RT? Profiler™ PCR Array (Qiagen,
Venlo, Netherlands) was used to perform RT reactions for the
genes correlated with the cancer-related pathways. A total of
84 genes representative of six biological pathways associated
with transformation and tumorigenesis were checked with the
Cancer PathwayFinder PCR Array (Qiagen) to choose four
genes. The reactions were performed according to the manu-
facturer's instructions (19). The concentration of RNA used for
conversion to cDNA was 1 ug/ul, and the total volume of the
RT PCR reagents was 20 pl. The reactions were performed
under the following conditions: 25°C for 5 min, 42°C for 5 min,
55°C for 15 min and 95°C for 5 min. Following completion
of the cycles, a final step was performed at 85°C for 5 min.
After analysis of the results and knowledge from literature,
four miRNA genes were picked: MET, MMP9, PDGFA and
SERPINE].

Tissue samples from patients. Esophageal tumors and adja-
cent non-cancerous specimens were collected from a total of
126 cancerous and non-cancerous samples from 63 patients
undergoing surgical resection, primarily for diagnosis.
Non-cancerous samples were taken from tumor-free tissue at
least 5 cm from the tumor-like lesions. Samples were collected
between 2005 and 2013 at the M. Kopernik Provincial
Specialist Hospital in Lodz (Lodz, Poland). Each diagnosis
was confirmed through microscopic examination by licensed
pathologists and written informed consent for use of the tissues
in research studies was provided by each patient. Tissues



Table I. Clinical and pathological characteristics for patients
(n=63) with EC and the association between MMP9 and
SERPINE] expression and patient clinicopathological factors.

P-value
(MMP9,
Characteristics Patients, n (%) SERPINET)
Gender P=0.505; P=0.817
Female 16 (25.4)
Male 47 (74.6)
Age, years® P=0.011"; P=0.044"
<45 5(7.9)
45-55 12 (19.0)
56-65 34 (54.0)
>65 12 (19.0)
Type of EC P=0.241; P=0.235
SCC 38 (60.3)
AC 22 (349)
BSCC 1(1.6)
CS 1(1.6)
ASC 1(1.6)
AJCC system P=0.504; P=0.543
I+1I 22 (349)
+1v 28 (44 .4)
No data 13 (20.6)
Lymph node metastasis P=0.309; P=0.934
Negative 33 (524)
Positive 17 (27.0)
No data 13 (20.6)
Family history of cancer P=0.465; P=0.639
Yes 5(7.9)
No 48 (92.1)
Other cancers P=0.534; P=0.526
Yes 15(23.8)
No 48 (76.2)
Alcohol consumption P=0.743; P=0.366
Rarely 39 (61.9)
Often 24 (38.1)
Smoking status P=0.826; P=0.008"
Never 14 (22.2)
Ever 49 (77.8)
Packs of cigarettes/day P=0.057; P=0.942
0 14 (22.2)
<2 34 (54.0)
>2 15 (23.8)
Years of smoking P=0.081; P=0.032"
<20 11 (23.4)
21-30 15 (31.9)
>31 21 (44.7)
“‘Range, 28-74 years. "P<0.05. EC, esophageal cancer;

AJCC, American Joint Committee on Cancer; SCC, squamous cell
carcinoma; BSCC, basaloid SCC; ASC, adenosquamous carcinoma;
CS, chondrosarcoma.
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Table II. TagMan® MicroRNA Assay primers used to amplify
miRNA genes in quantitative polymerase chain reaction.

Gene Assay ID
RNU24 001001
miR-21 002438
miR-134 001186
miR-205 000509
miR-495 001663

miR/miRNA, microRNA.

were put through a paraffin cell block preparation procedure.
Samples were kept at 4°C in dry storage conditions. The
Bioethics Committee for Research on Humans at the Medical
University of Lodz (Lodz, Poland) approved this project as one
following the Declaration of Helsinki. All patient information,
including gender, age, alcohol consumption, smoking status,
history of cancer, other cancers and histopathology is recorded
in Table I. All patients belonged to the Caucasian population.

RNA isolation fromformalin-fixed, paraffin-embedded (FFPE)
samples. Total RNA of the EC and non-cancerous specimens
was extracted from FFPE tissues using the High Pure FFPE
RNA Micro kit (Roche, Basel, Switzerland) according to the
manufacturer's instructions. The quality and concentration of
RNA was analyzed by the Picodrop Microfilter UV/Vis Spec-
trophotometer (Picodrop Ltd.). Directly after isolation, RNA
was used in the reverse transcription process.

FFPE sample miRNA gene analysis: RT-gPCR. The TagMan
Reverse Transcription kit (Life Technologies) was used according
to the manufacturer's instructions in a UNO-Thermoblock from
Biometra (Goettingen, Germany). Commercial primers were
used in each reaction with TagMan Universal Master Mix II
without UNG (Life Technologies) according to the manufac-
turer's instructions. RNU24 was used as a control (Table II).
Three samples were amplified simultaneously. The 7900HT Fast
Real Time OCR System (Life Technologies) was used.

FFPE sample analysis for genes correlated with cancer
pathways: RT-gPCR. PCR primers (Table IIT) were used
with the addition of Brilliant IT SYBR® Master Mix (Agilent
Technologies Inc., Santa Clara, CA, USA). GAPDH was used
as an endogenous control. For MET, SERPINEI and PDGFA,
the reactions were performed under the following conditions:
95°C for 10 min, followed by 40 cycles of 95°C for 30 sec and
60°C for 25 sec. For MMP9, the reactions were performed
using the following conditions: 95°C for 10 min, followed by
40 cycles of 95°C for 30 sec and 63°C for 30 sec. Three reac-
tions were performed simultaneously. Nuclease-free water
was used as a control for each experiment to ensure that there
was no contamination. gQPCR was performed on the Agilent
Technology Mx3005P instrument (Agilent Technologies Inc.).

Statistical analysis. The Wilcoxon rank-sum test was used
to appraise the correlation between genes in the EC tumors
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Table III. PCR primers used to amplify genes correlated with cancer pathways in qPCR reaction.

Genes Primers sequence (5'-3") Product size, bp Annealing temperature, °C
GAPDH F: AGCCACATCGCTCAGACA 66 60.0
R: GCCCAATACGACCAAATCC 63.0
MET F: TTCTGACCGAGGGAATCAT 82 60.0
R: CCTTCACTTCGCAGGCAG
MMP9 F: GAACCAATCTCACCGACAGG 67 63.0
R: GCCACCCGAGTGTAACCATA
PDGFA F: CCCCTGCCCATTCGGAGGAAGAG 227 60.0
R: TTGGCCACCTTGACGCTGCGGTG
SERPINE] F: CTCTCTCTGCCCTCACCAA 183 60.0
R: GAAACTGTCTGAACATGTCG
F-forward; R-reverse; qPCR, quantitative polymerase chain reaction.
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Figure 1. Gene expression in esophageal cancer samples. Boxplot showing
the relative expression of genes. Ct values from quantitative polymerase
chain reaction were normalized against RNU24, and the relative expres-
sion was calculated by the 244 method. Outliers are represented by circles
and extreme outliers are represented by stars. The P-values for MMP9,
SERPINEI, PDGFA, MET, miR-21, miR-134 and miR-205 were P=0.046,
P=0.001, P=0.041, P=0.019, P=0.045, P=0.002 and P=0.009, respectively, as
determined by the Mann-Witney U test. miR, microRNA.

and adjacent non-cancerous specimens. Correlations between
genes and clinicopathological factors were tested using the
Kruskal-Wallis and Mann-Whitney U tests. Spearman's
correlation coefficient was also calculated. P<0.05 was used
to indicate a statistically significant difference. Survival was
estimated using Kaplan-Meier methods and the long-rank test.
Calculations were prepared by STATISTICA version 10 (Stat-
Soft, Inc., Tulsa, OK, USA) and IBM SPSS version 19 (IBM,
Armonk, NY, USA).

Results
Expression of genes. Expression levels of miR-21, miR-134

and miR-205 were significantly higher in all the EC samples
than in the non-cancerous controls. Only miR-495 was not

miR134 median
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Time after surgery (months)

Figure 2. Kaplan-Meier analysis for selected genes. The 56 patients were
divided into two groups based on gene expression, with a higher or lower
than the median value (n=28 for each). (A) P=0.278 and (B) P=0.183.
miR, microRNA.

expressed in the FFPE samples. All the cancer pathway-asso-
ciated genes that has been selected for the study on FFPE
(MET,MMP9,PDGFA and SERPINE]) exhibited significantly
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higher expression levels in the 63 EC samples than in the adja-
cent non-cancerous specimens (P<0.05) (Fig. 1).

Association between genes and clinicopathological factors.
One significant correlation was found between the miRNA
genes and clinicopathological factors: Age was positively
correlated with miR-134 expression (P<0.039), as determined
by Spearman's rank correlation coefficient. The expression
of two of the cancer pathway-associated genes, MMP9 and
SERPINEI, was significantly correlated with the clinico-
pathological factors. MMP9 was positively correlated with
age (P<0.002), while SERPINE] was positively correlated
with smoking status (P<0.0015) and with the number of
years of smoking (P<0.029). All these results were acquired
by calculating Spearman's rank correlation coefficient. The
Kruskal-Wallis test and the Mann-Whitney U test confirmed
this data. MMP9 and SERPINE] exhibited a significant
correlation with age (P=0.011 and P=0.044, respectively).
In addition, SERPINEI was significantly correlated with
smoking and the number of years of smoking (P=0.008 and
P=0.032, respectively).

Correlation between genes. One positive correlation between
an miRNA gene and the expression of a cancer pathway-asso-
ciated gene was proven for miR-134 and MM P9, with statistical
significance (P<0.019), as determined using Spearman's rank
correlation coefficient.

Survival analysis. The available survival data for 56 of the
63 patients (88.9%) analyzed against miR-21 and miR-134
expression is shown (Fig. 2). Survival plots for miR-21 and
miR-134 showed differences between high and low expres-
sion, but these differences were not significant (P=0.278 and
P=0.183, respectively). Gender, American Joint Committee on
Cancer system classification and type of EC were identified as
invariable upon analysis (data not shown).

Discussion

In the present study of EC, the expression of seven genes was
detected (miR-495 was not expressed in the FFPE samples).
For each of the genes, MET, MMP9, PDGFA, SERPINEI,
miR-21, miR-134 and miR-205, the results were significant in
comparison to adjacent non-cancerous specimens. The study
investigated whether the expression of these genes in EC was
correlated with clinicopathological factors and prognosis of
EC patients. For MM P9, SERPINEI and miR-134, the results
were significant, as determined by the Kruskal-Wallis and
Mann-Whitney U tests, and Spearman's correlation coeffi-
cient. It is noteworthy that for the first time in the literature a
correlation was detected between MMP9 and miR-134.
Different miRNA databases were used to analyze the genes
for the present study: miR2Disease (http://www.mir2disease.
org/), miRecords (http://cl.accurascience.com/miRecords/),
miRSel (https://services.bio.ifi.lmu.de/mirsel/), miRTar-
Base (http://mirtarbase.mbc.nctu.edu.tw/) and miRWalk
(http://www.umm.uni-heidelberg.de/apps/zmf/mirwalk/),
starBase v2.0 (http://starbase.sysu.edu.cn/) and DIANA
Lab's TarBase (http://diana.imis.athena-innovation.gr/Diana-
Tools/index.php?r=tarbase/index). In miR2Disease only
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EC-related data could be found on miR-21 and miR-205 (24).
There were records for miR-134 and miR-495, but with regard
to other diseases.

Only miR-21 and miR-205 were described in the miRe-
cords target miRNA search, but no information with regard
to the correlation of the genes and the EC pathways was
mentioned. MET was included in the target gene search results,
but was not associated with the miRNA genes of the present
study. However, in miRSel there was information on a correla-
tion between miR-21 and MMP9. miR-134 was correlated with
PDGFRA, a receptor for PDGFA, which was analyzed in the
present study. None of the 98 available records for miR-205
were connected with genes correlated with cancer pathways.
There was no record for miR-495. For the miRTarBase, only
one correlation between miR-21 and MMP9 was found (25).

A notable correlation was shown by the miRWalk data-
base, according to which PDGFA is situated on the miR-495
stem-loop. SEPRINE] is located on the stem-loop of miR-134
in the UTR. In starBase v2.0 no records were found. In
DIANA Lab's TarBase, only a correlation between miR-21 and
MMP9 was found. The aforementioned analyses are current as
of September 2014, and the list of miRNA databases is based
on those used by Vergoulis et al (26).

Houldsworth et al (27) identified an association between
MET and EC, while Gu et al (28) showed that MM P9 affected
the survival of patients with this disease. PDGFA was detected
in EC by Wong et al (29) and Aoki et al (30) suggested that
SERPINEI may be a potentially important index for the
prediction of post-operative illness.

A correlation between miR-134 and the duration of
survival with this disease has also been found (31). Guo et al
demonstrated a correlation between miR-495 and the gross
pathological classification of EC (32). There is no information
with regard to miR-134 and the genes analyzed for this study
in EC or even for other cancers in the case of MMP9. There are
no studies in the literature of miR-205 and miR-495 and genes
from this study regarding EC.

As MMP9 and SERPINEI have shown correlation with
clinicopathological factors, information on their proteins
was obtained. Search Tool for the Retrieval of Interacting
Genes/Proteins has been used to study the interactions
between genes and their protein products (33). It was found
that SERPINE1 and MMPO are separated in interactions by
PLAU. It is known that there is a strong correlation between
SERPINE] and MMP?9 in pancreatic cancer (34). There is only
one abstract with regard to this interaction in EC (35). Kaji-
wara et al measured the expression of these two genes in EC,
but did not find a significant interaction between them (20).

In conclusion, the present study identified genes with
expression that was correlated with the clinicopathological
factors of EC. MMP9, SERPINE] and miR-134 are the most
prognostic genes analyzed in this population-based study of
EC. Moreover, a positive correlation was established between
MMP9 and miR-134, which has not previously been reported
with regards to esophageal cancer.
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