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Abstract: MicroRNAs (miRNAs) are potential biomarkers for cancer detection including esophageal squamous cell
carcinoma (ESCC); however, little is known about their expression profile and diagnostic impact in esophageal squa-
mous cell intraepithelial neoplasia, the pathological precancerous lesion of ESCC. In this study, we examined the
expression levels of eight miRNAs that were reported to be deregulated in ESCC, including miR-25, let-7a, miR-100,
miR-133a, miR-223, miR-375, miR-483-5p and miR-1322, in 30 pairs of esophageal squamous cell neoplasia le-
sion tissues and corresponding adjacent normal tissues using quantitative real-time PCR (qRT-PCR). Differential ex-
pression of mMiRNAs was further examined by in situ hybridization. Furthermore, the deregulated miRNAs were also
measured in serum and serum exosome samples of these patients. miR-25, an oncomir that had been reported to
be upregulated in ESCC tissues, were found to be overexpressed in esophageal squamous cell intraepithelial neo-
plasia lesions (66.7%, 20/30) compared to adjacent normal tissues (P < 0.05), while the other seven miRNAs did
not show a significant difference between the lesions and controls. The miR-25 signal was stronger in lesion tissues
than in normal tissues according to in situ hybridization. The concentrations of miR-25 in both serum and exosome
samples of patients were not significantly different from those of healthy individuals. These findings suggested that
the overexpression of miR-25 in esophageal squamous cell intraepithelial neoplasia lesions might be a promising
early biomarker candidate for the prediction of ESCC.
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Introduction mortality and high recurrence observed in this

disease [5]. ESCC develops through progres-

Esophageal cancer, which was the eighth most
common cancer and the sixth leading cause of
cancer related mortality in 2008, has become
a worldwide health concern, with 455,800 new
cases and 400,200 deaths estimated in 2012
[1-3]. The main histological pathological types
of esophageal cancer are squamous cell carci-
noma and adenocarcinoma [1, 2]. For northern
and central China, 90% of esophageal cancer
cases are squamous cell carcinomas [1, 3, 4].
Esophageal squamous cell carcinoma (ESCC) is
characterized by an insidious onset without
major signs or symptoms, leading to late diag-
noses of advanced ESCC, which partially acc-
ounts for the extremely poor prognosis, high

sion from normal esophageal epithelium to low
grade intraepithelial neoplasia (LGIN), high
grade intraepithelial neoplasia (HGIN) and then
ESCC with an accumulation of genetic and epi-
genetic abnormalities [6, 7]. Esophageal squa-
mous cell intraepithelial neoplasia, considered
as precancerosis of ESCC, substantially ele-
vates the risk of progression to ESCC and ap-
proximately 65% of HGIN cases progress to
ESCC within 3.5 years [8-10]. Some studies
have investigated precancerous lesions and got
valuable results [11-13]; however, molecular
markers for early diagnosis and prediction of
prognosis or treatment responses are still lim-
ited [4]. Thus, further identify novel molecular
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markers in precancerous patients for the pre-
vention and early detection of ESCC could help
to limit the lethality of this disease.

MicroRNAs (miRNAs) are small noncoding RNAs
that are 21-25 nucleotides in length and regu-
late the translation of many genes by binding to
the untranslated region (3'UTR) of target
mMRNAs. miRNAs are involved in a variety of ph-
ysiological and pathological processes, in par-
ticular, cancer development [14, 15]. Accumul-
ating evidence shows that miRNAs are aber-
rantly expressed in many types of cancers and
these dysregulated miRNAs help in the diagno-
sis and prognosis of patients [16-18]. A number
of miRNAs expression profiling studies have
revealed that sets of miRNAs are upregulated
(such as miR-25, miR-223, miR-483-5p and
miR-1322) [19-27] or downregulated (such as
miR-133a, miR-100, miR-375 and let-7a) [28-
36] in ESCC tissues or cells. Furthermore, our
group and others also identified some specific
mMiRNAs that were increased or decreased in
serum or plasma samples from patients with
ESCC [37-48]. These features support the fea-
sibility of miRNAs as biological markers for
ESCC. Recently, it was found that miR-224 was
significantly overexpressed not only in ESCC tis-
sues, but also in esophageal intraepithelial
neoplasia, which would predict the progression
to ESCC [49]. We wondered whether other miR-
NAs that were dysregulated in ESCC tissues
were also aberrantly expressed in precancer-
ous lesions.

Therefore, in this study we measured the ex-
pression levels of eight miRNAs that had been
previously reported as dysregulated in ESCC,
namely, miR-25, miR-223, miR-483-5p, miR-
1322, miR-100, miR-375, miR-133a and let-7a
[16-36], in the lesions of esophageal squamous
cell intraepithelial neoplasia and correspond-
ing adjacent normal tissues using a TagMan
based gRT-PCR assay. Furthermore, in situ
hybridization was performed to validate the
results achieved. In addition, the levels of dif-
ferentially expressed miRNAs in serum and
serum exosome samples were also examined.

Materials and methods
Study design and patients
The present study enrolled 30 patients newly

diagnosed with esophageal squamous cell in-
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traepithelial neoplasia who were treated at the
Department of Gastroenterology and Hepa-
tology of lJinling Hospital (Nanjing, China) be-
tween February 2014 and October 2015. Pa-
tients age ranged from 50 to 80 years old, with
a mean of 62.3 years old. No adjunctive thera-
py was carried out before the endoscopy and
biopsy. The operations were classified as cura-
tive surgery, and pathology specimens from all
patients enrolled in the study were reviewed
and diagnosed according to the current WHO
classification scheme. Patients with acute
infections or other types of cancer were exclud-
ed from our study to eliminate inconclusive con-
founders. Clinical and pathological information
were recorded in considerable detail in patients’
medical charts.

Tissue and serum samples

Lesion tissues and the corresponding adjace-
nt normal tissues were taken from 30 patients
with esophageal squamous cell intraepithelial
neoplasia after endoscopic biopsy resection.
The tissue samples examined in this study were
the tissue remaining after diagnostic biopsies
and were frozen in liquid nitrogen immediately
after collection, then stored at -80°C until RNA
extraction. Serum samples were collected from
21 patients with esophageal squamous cell
intraepithelial neoplasia. The 21 control serum
samples were from individuals seeking a rou-
tine health check up in the Healthy Physical
Examination Center of Jinling Hospital. Controls
were selected from people who presented no
evidence of cancers or others diseases. No sig-
nificant difference in the distribution of age,
gender, nation, or territory presented between
patients and controls. Serum samples from
patients were collected before endoscopic
biopsy resection. All samples were stored at
-80°C until analysis. The ethics committee of
Jinling Hospital approved this study protocol in
accordance with the Helsinki Declaration (as
revised in Fortaleza, Brazil, October 2013), and
written informed consent was obtained from all
participants.

H&E staining

The excision biopsy samples of esophageal
squamous cell intraepithelial neoplasia plaque
lesions were fixed with formalin solution and
paraffin embedded. Then, the samples were
cut into 6 um sections and stained with H&E.
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miRNA in situ hybridization (MISH)

Tissues for MISH analysis were frozen in liquid
nitrogen immediately after being obtained.
An oligonucleotide probe complementary to
human mature hsa-miR-25-3p was used for
MISH. The probe sequence was 5-CATTGC-
ACTTG TCTCGGTCTGA-3’, and the 3'terminal
was labeled with biotin (VETEC, Sigma, Ge-
rmany). Specimens were incubated with the
miR-25 probe (3 ng/uL) at 20°C overnight. All
procedures were performed under RNase free
conditions according to the standard procedure
for ISH. Counterstaining was performed with
DAPI. Further analysis was completed using
an inverted fluorescence microscope (NIKON
ECLIPSE TI-SR, NIKON, Japan) and NIKON DS-
U3 imaging system ((NIKON, Japan). A scram-
bled probe, instead of the miR-25 specific
probe, served as a negative control.

RNA extraction

Total RNA was dissolved and extracted from
each tissue sample with TRI Reagent® (Sigma,
Life Science, USA) in accordance with the man-
ufacturer’s protocols. The aqueous phase was
subjected to 3 TRIzol/chloroform purification
steps to eliminate protein residues from the
RNA before isopropyl alcohol precipitation.
Then, the RNA dreg was washed with 75% ethyl
alcohol. The resulting total RNA was dissolved
in 20 yL of DEPC water and stored at -80°C
until further analysis. RNA isolated from the
serum samples was used for acid phenol
extraction, and the extracted total RNA was dis-
solved in 22 pL of DEPC water. We confirmed
the quantity and purity of the RNA by measuring
optical density values at 260 and 280 nm with
a spectrometer.

Exosome isolation

Serum samples were transferred to sterile
tubes and the appropriate Ribo™ Exosome
Isolation Reagent for plasma or serum (Ribo-
Bio, Guangzhou, China) was added to isolate
exosomes according to the manufacturer’s
protocols. Approximately, 100 uL of serum and
an equal volume of reagent were perfectly
mixed and left standing overnight at 4°C. The
mixture was then separated by sedimen-
tation at 1,500xg for 30 min at 4°C, and the
supernatant was aspirated. Finally, exosome
pellets were collected, and RNA was imme-
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diately extracted according to the protocol
above.

Individual qRT-PCR assays

Expression levels of miRNAs in examined sam-
ples were determined using TagMan® probe
based gRT-PCR according to the manufactur-
er's instructions (7300 Sequence Detection
System; Applied Biosystems). Briefly, the re-
verse transcription reaction was carried out in
10 uL volumes, and real-time PCR was per-
formed with an Applied Biosystems 7300 Se-
quence Detection System with a final volume
of 20 L. The specific steps of the protocol
were strictly completed as described in our pre-
vious study [38]. All reactions were performed
in triplicate. The tissue miRNAs were normal-
ized to U6 snRNA, an endogenous control. An
exogenous reference gene, plant miRNA
MIR2911, was spiked into each serum sample
during RNA isolation at a final concentration of
108 fmol/L and served to normalize miRNA
expression. Relative miRNA expression was
calculated using the comparative Cq method
(2—ACq)_

Prediction of miR-25 target genes

In this study, we employed three independent
databases, miRanda (www.microrna.org/micr-
orna/home.do), Target Scan (www.targetscan.
org) and PicTar (pictar.Mdc-berlin.de/), to gen-
erate a list of the most reliable miR-25 targets.
We selected the most common genes, cancer
and ESCC associated genes as our predicted
targets. The Database for Annotation, Visua-
lization and Integrated Discovery (DAVID) Bioin-
formatics Resources 6.7 (http://david.Abcc.
ncifcrf.gov/) was queried for the functional as-
signment of the target genes.

Statistical analysis

Statistical testing was conducted with SPSS
22.0 software. Levels of miRNA expression are
presented as the means + SEM and are repre-
sentative of at least three independent experi-
ments. Statistical significance was defined as P
value < 0.05. Significant differences between
lesion tissues and adjacent normal tissues
were evaluated using the paired t-test. Com-
parisons between two groups were made using
Mann-Whitney test.
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Table 1. Clinicopathological features of esopha-

geal squamous epithelium neoplasia patients

enrolled in the study

Characteristics Patients No. %
Age (mean) 50-80 (62.3)
Gender

Male 25 83.3

Female 5 16.7
Stage of intraepithelial neoplasia

High 18 60.0

Low 12 40.0
Tumor location

Upper 4 13.3

Middle 11 36.7

Lower 15 50.0
Smoking status

Ever or current 9 30.0

Never 17 56.7

Unknown 4 13.3
Alcohol consumption

Ever or current 9 30.0

Never 17 56.7

Unknown 4 13.3
Family history of cancer

Esophageal cancer 2 6.7

Gastric cancer or cardiac cancer 3 10.0

No 21 70.0

Unknown 4 13.3
Complication

Gastritis 16 53.3

Oesophagitis 2 6.7

Ulceration 4 13.3
Results

Demographic and clinical data of patients

Table 1 summarizes the demographic and clini-
cal data of 30 patients with esophageal squa-
mous cell intraepithelial neoplasia. Tissue bi-
opsy confirmed LGIN in 12 patients and HGIN
in 18 patients.

Representative cases of HGIN and LGIN

Endoscopic and histopathological findings in
representative cases of HGIN and LGIN diag-
nosed by narrow band imaging (NBI) are shown
in Figure 1. Lesions appeared as a pale area in
NBI. After endoscopic mucosal resection (EMR),
histopathological examination of the resected
lesion led to a diagnosis of HGIN or LGIN
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according to the proportion of neoplastic cells
with atypical nuclei and prominent nucleoli.
Analysis was limited to the basilemma. Ne-
oplastic cells were found > 50% in the thick-
ness of the epithelium in HGIN and < 50% in
LGIN.

Expression of miRNAs in esophageal squa-
mous cell intraepithelial neoplasia lesion
tissues

We measured the expression levels of eight
miRNAs in 30 paired samples of esophageal
squamous cell intraepithelial neoplasia tissues
and corresponding adjacent normal tissue.
According to qRT-PCR results, statistically sig-
nificantly amplified expression of miR-25 was
found in lesion tissues compared with control
tissues (P = 0.031), identifying miR-25 as a
candidate for further analysis but not the other
seven miRNAs which presented no significant
difference (Figure 2A-H). The expression of
miR-25 was up regulated in 66.7% (20/30) of
patients’ lesions (Figure 2l). Furthermore, we
compared the expression levels of miR-25
between HGIN and LGIN cases but found no
significant difference between the two groups
(Figure 3). These results suggested that the
expression level of miR-25 might be a potential
biomarker for esophageal squamous cell
intraepithelial neoplasia of various grades.

MISH detection of the miR-25 expression pat-
tern

We further examined miR-25 expression in
esophageal squamous cell intraepithelial neo-
plasia lesion tissues using MISH. The result
demonstrated that miR-25 expression levels
(labeled with BIO) were higher in the plaques of
esophageal squamous cell intraepithelial neo-
plasia tissues than that in normal control tis-
sues (Figure 4A). The green fluorescence sig-
nals of the miR-25 probe were dispersed
uniformly throughout the cytoplasm of the
intraepithelial neoplasia cells. While no fluores-
cence signals could be detected in cells hybrid-
ized with the scramble probe control (Figure
4B).

Expression levels of circulating miR-25 in
patients

We also examined miR-25 levels in serum and
serum exosomes from 21 patients with esoph-
ageal squamous cell intraepithelial neoplasia
(Table 2). The expression levels of both serum
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Figure 1. Routine endoscopy and narrow band imaging (NBI) images of representative cases of HGIN patients and
LGIN patients. Conventional endoscopic view: a slightly depressed lesion with iodine unstained areas. Resected
specimens with H&E (x100) stain were shown. A. Specimens were diagnosed as HGIN if stained with neoplastic
cells > 50% in the thickness of the epithelium. B. Specimens were diagnosed as LGIN if stained with neoplastic cells
< 50% in the thickness of the epithelium.

-, -

YT,
<~

'.:",‘\.:':“

and serum exosomal miR-25 from patients sex matched healthy controls (P = 0.183 and P
were not different from those in the 21 age and = 0.340, respectively) (Figure 5).
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Figure 2. Expression levels of the eight miRNAs examined in esophageal squamous cell intraepithelial neoplasia
(IN) plaque tissues (n = 30) and the matched adjacent normal control (NC). A-H. Only miR-25 was up regulated with
a significant difference. The relative expression levels of miRNAs were normalized to U6 snRNA. I. Expression levels
of miR-25 were ranged from the largest to the smallest. Relative expression was calculated using the 2% method,

and N refers to the normal control. *P < 0.05.
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Figure 3. Expression levels of miR-25 in LGIN and
HGIN tissues analyzed using qRT-PCR.
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Target prediction and functional analysis of
miR-25

To explore the possible role and molecular
basis of altered miR-25 expression in the occur-
rence of esophageal squamous cell intraepi-
thelial neoplasia, we predicted the potential
target genes of miR-25 through a bioinformat-
ics analysis using the Target Scan, miRanda
and PicTar databases. We also searched the
DAVID functional annotation bioinformatics
microarray analysis database to explore the
functional significance of up regulated miR-25
expression in tumorigenesis and progression.
Computational analysis revealed that several

Am J Transl Res 2017;9(10):4458-4469
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Table 2. Demographic and clinical features of the esophageal
squamous cell intraepithelial neoplasia patients and normal
individuals in serum and serum exosomal miRNA study
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Figure 4. Representative photographs
of miR-25 ISH results in esophageal
squamous cell intraepithelial neopla-
sia. A. The levels of miR-25 (green
signal) were higher in the plaques of
intraepithelial neoplasia (IN) tissues
than that in matched adjacent normal
controls (NC). B. As negative control,
a scrambled probe was used instead
of the miR-25 specific probe. Original
maghnification: 20xobjective.

ple, miR-25 [20-22], miR-223
[23-25], miR-483-5p [26], miR-
100 [31,32], and miR-1322

[27] are up regulated; let-7a

Variables Patients  Normal controls Pvalue (36, miR-133a [28-30], and
(n=21) (n=21) ’ '
No. % No. % miR-375 [33-35] are down reg-
Age (years) expressed in precancerous le-
<60 7 333 10 416 0.53 sion, remain unknown. In this
>60 14 66.7 11 52.4 study, we measured the expres-
Sex sion levels of above eight miR-
Male 14 66.7 14 66.7 1.00 NAs in esophageal squamous
Female 7 333 7 33.3 cell intraepithelial neoplasia
Stage of intraepithelial neoplasia tissues using the qRT-PCR
High 15 714 method and founq that miR-25
Low 6 286 was up regulated in plaque tis-

of the predicted target genes participated in
the regulation of the cell signal pathway, gene
transcription, cell cycle arrest and apoptosis,
tumorigenicity, cell metabolism, and more
(Table 3).

Discussion

A specific set of miRNAs have been demon-
strated to be dysregulated in ESCC. For exam-
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sues relative to matched nor-
mal tissues. MISH further con-
firmed that miR-25 was overexpressed in lesion
tissues. Our results demonstrate for the first
time that miR-25 is upregulated before the
occurrence of ESCC.

As tumor inhibiting or carcinogenic factors,
mMiRNAs have extensive value in tumor diagnos-
tic applications and prognosis predicting.
Specifically, miR-25 is a highly conserved

Am J Transl Res 2017;9(10):4458-4469
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Figure 5. Expression levels of miR-25 in serum and isolated exosomes in
esophageal squamous cell intraepithelial neoplasia (IN) and healthy normal
controls (NC). A. Expression levels of miR-25 in serum samples. B. Expres-
sion levels of miR-25 in exosome samples. The relative levels of miR-25 were
normalized to miR-2911 and calculated using the 2@ method.

miRNA belonging to the miR-106b~25 cluster
together with the miR-106b and miR-93, and its
up regulation has been reported in many
tumors, including digestive system tumors such
as ESCC [20-22], esophageal adenocarcinoma
[50], gastric cancer [51, 52], and other tumors
like non-small cell lung cancer [53]and ovarian
cancer [54]. In most of these cancers, miR-25
functions as an oncogene and promotes the
proliferation and migratory ability of cells. The
upregulation of miR-25 was significantly corre-
lated with the status of lymph node metastasis
and TNM (Tumor, Node and Metastasis) stage
of ESCC [21]. In this study, we found that miR-
25 was also overexpressed in precancerous
lesions of ESCC, which furthers our knowledge
of miRNAs involving in the procession to ESCC.
We suspect that the combination of H&E stain-
ing results and miR-25 expression level may
have greater potential to detect esophageal
squamous cell intraepithelial neoplasia. In this
study, we also compared miR-25 levels in high
grade lesion tissues with those of low grade
lesion tissues but no significant difference was
found. The upregulation of miR-25 in precan-
cerous lesion of various grades suggest that
miR-25 might be a promising and beneficial bio-
marker candidate for early detection of ESCC.
However, because the number of patients in
each subgroup was small, further studies of
larger sample size are necessary to validate
this.

Our study indicates that miR-25 may play a role
in the development of esophageal squamous
cell intraepithelial neoplasia. A full understand-
ing of miR-25 target genes will help clarify the
pathogenesis of esophageal squamous cell
intraepithelial neoplasia and broaden miR-25
clinical applications. Analysis of the resulting
data sets based on multiple target prediction
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Exosomal miR-25

algorithms highlighted that
several of the predicted target
genes of miR-25 are involved
in the regulation of the cell sig-
nal pathway, cell cycle arrest
and apoptosis. For example, it
has been demonstrated that
miR-25 significantly promotes
the proliferation, invasion, and
migration of gastric cancer
cells in vitro [51, 52]. Further-
more, miR-25 repressed F-box
and WD-40 domain protein 7
(FBXW7) and TOB1 expres-
sion, and inverse correlations
were observed between expression of miR-25
and these genes in primary gastric cancer tis-
sues [51, 52]. In ESCC, miR-25 was also report-
ed to promote cell migration and invasion by
suppressing E-cadherin (CDH1), a very impor-
tant tumor metastasis suppressor, and desmo-
collin-2 (DSC2), a desmosomal cadherin pro-
tein that was associated with enhanced tumor
metastasis and poor prognosis [21, 55]. Due to
the small size of the lesion tissues and the
inability to acquire additional tissue (the sam-
ples used in this study were the remaining tis-
sues from diagnostic biopsies), we did not have
enough tissues to examine the candidate tar-
get genes further. Additional studies are there-
fore needed to clarify the effects of miR-25
expression and its underlying molecular mech-
anisms in esophageal squamous cell intraepi-
thelial neoplasia.

To evaluate whether the deregulated expres-
sion of miR-25 in lesion tissues is reflected in
the circulation, we also examined the levels of
miR-25 in serum and serum exosome samples
from patients with esophageal squamous cell
intraepithelial neoplasia. No significant differ-
ence was found in miR-25 levels in serum or
serum exosome samples between patients and
normal controls. Based on the characteristic
that the small size of neoplasia lesions exam-
ined in our study limited to the basilemma of
epithelium without vascular contact [6, 7],
detectable amounts of miR-25 in circulation
might not be passively released or actively
secreted from lesion tissues into the circula-
tion. The exact reason remains to be clarified.

In conclusion, we showed that miR-25 was up
regulated in esophageal squamous cell intraep-
ithelial neoplasia tissue. The aberrant expres-
sion of miR-25 in lesion tissues may contribute
to the pathogenesis of esophageal squamous

Am J Transl Res 2017;9(10):4458-4469
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Table 3. Target genes of miR-25 and their function in relation to tumorigenesis

miRNA Target gene Description Validated or not
miR-25 DSC2 Intercellular desmosome junction YES
CDH1 Tumor metastasis suppressor YES
RECK Reversed oncogenic effect YES
E2F1 A transcription factors YES
MOAP1 Involved in regulation of cell apoptosis YES
TOB1 An anti-proliferative protein YES
BTG2 YES
CDC42 A member of Rho GTPase family YES
B-TRCP2 A ubiquitin ligase YES
RGS3 Regulator of G protein signaling 3 YES
EP300 A transcriptional activator of E-cadherin YES
PTEN A tumor suppressor YES
LATS2 YES
FBXW7 YES
TSC1 NO
Smad7 Antagonist of signaling by TGF-beta YES
Bim A pro-apoptotic protein YES
SYT1 Tumor suppressor gene involved in the synaptic activity regulation NO
MAP2K4  Dual specificity kinasethat activates the JUN kinases MAPK8 (JNK1) NO
and MAPK9 (JNK2) as well as MAPK14 (p38)
Cux1 As a repressor of developmentally regulated gene expression NO
GPRC5A  Involved in modulating differentiation and maintaining homeostasis NO
of epithelial cells
ZEB2 A transcriptional inhibitor of E-cadherin NO
MBD2 A transcriptional repressor NO
MDM4 Inhibit p53- and p73-mediated cell cycle arrest and apoptosis NO
NEO1 Involved as a regulatory protein in the cell differentiation NO
TPG3 Acted as transcriptional activator or repressor NO

cell intraepithelial neoplasia and could be used
as an auxiliary biomarker candidate for the pre-
diction of ESCC.
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