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Background: Barrett’s esophagus (BE) is one of the major known risk factors for esophageal
adenocarcinoma (EAC). Circulating miRNAs are emerging as predictive biomarkers for early
detection of malignancy. However, the potential for circulating miRNAs to be used as biomark-
ers for BE neoplastic progression to EAC has not been well characterized.

Method: We performed a systematic screening approach to identify spectrum miRNAs in the
serum of both BE and EAC patients.

Results: miRNA-array web-based software identified 116 sequences differentially expressed
between BE patients and healthy controls. Subsequent study revealed that miR130a was sig-
nificantly upregulated in serum samples of BE and EAC patients compared to healthy controls.
We found an increase in serum miR130a in low-grade and high-grade dysplasia BE patients
compared to individuals with metaplasia. We also observed that miR130a expression levels
increased gradually from early-stage (I, II) to advanced-stage (III, IV) EAC patients.
Conclusion: Our preliminary results provide evidence that circulating miR130a is correlated
with the development of BE and EAC.
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Introduction

Esophageal adenocarcinoma (EAC) is one of the most invasive malignancies with
poor prognosis.!? Barrett’s esophagus (BE) is a metaplastic precursor of EAC.? The
rapid increase in incidence and poor prognosis of EAC highlights the urgent need for
improving early-detection methods and management.* A newly uncovered class of
small noncoding RNAs that can negatively regulate the protein-coding gene, miRNAs
are associated with physiological and pathological processes, including cell apoptosis,
metastasis, proliferation, and angiogenesis.’ There have been recent advances in our
understanding of the role of miRNAs as novel, specific, and sensitive biomarkers
for malignant tumors, especially as blood-based markers, and multiple investigators
have studied biomarker signatures that can predict malignant progression of various
malignancies.*’” However, the potential for circulating miRNAs as biomarkers in
BE-related EAC has not been well characterized. Therefore, we investigated whether
circulating miRNAs have the potential to predict the clinical characteristics of EAC
patients. In the present study, we used serum miRNA expression profiles to identify
miRNAs that are upregulated in EAC induced by BE disease. Among these, miR130a
was identified as a potentially predictive biomarker for BE-mediated EAC.
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Methods

Patient blood samples

A total of 130 preoperative blood samples were collected
from patients with EAC (n=40) and BE (n=60) at the First
Affiliated Hospital of Zhengzhou University and Henan
Provincial People’s Hospital, with 30 healthy volunteers
as a control group included. The diagnosis of BE and
EAC was confirmed by two pathologists separately. EAC
patients did not receive chemotherapy or radiotherapy
before blood collection. This research was approved by
the Life Science Ethics Review Committee of Zhengzhou
University, and all patients provided written informed
consent.

Serum miRNA expression profiling

We used a human serum and plasma 384HC miScript miRNA
PCR array (MIHS-3106Z; Qiagen, Venlo, the Netherlands),
which profiles the expression of 372 miRNAs detectable in
serum and plasma. This high-throughput array also includes
84 miRNAs detectable and differentially expressed in
serum, plasma, and other bodily fluids. The miScript array
kit was used for miRNA profiling in blood samples. RNA
was reverse-transcribed to cDNA with miScript according
to the manufacturer’s instructions. Quantitative real-time
PCR (qRT-PCR) was performed using the miScript SYBR
green PCR kit (Qiagen) with the manufacturer-provided
universal primer. Array data were analyzed using free web-

based software (http://www.exigon.com/mirna-pcr-analysis),
which automatically performed all AAC, fold-change
calculations.

miRNA-specific quantitative real-time

reverse-transcription PCR

Total RNA was isolated from blood samples using a Mirvana
Paris kit (Ambion AMI1556, Life Technologies, Carlsbad,
CA, USA) according to the manufacturer’s instructions.
Reverse-transcription qRT-PCR was performed. Synthetic
spiked-in Caenorhabditis elegans miR39 was added to
the isolated RNA elution during reverse transcription as

an internal control. Research has revealed that frequently
used reference genes like RNUG6B and 5S ribosomal RNA
degrade easily in plasma/serum samples.® Furthermore, large
variation in serum U6 levels has been reported.” We used
TagMan qRT-PCR assays to examine miRNA expression
in blood RNA in all samples. RT-PCR was performed using
an ABI 7300 system. For the evaluation of the data we used
the 274 method.

Statistical analysis

Statistical analysis of qRT-PCR data was performed by
GraphPad Prism 6.0 (GraphPad Software, La Jolla, CA,
USA). Receiver-operating characteristic (ROC) curves
and area under the curve (AUC) were used to evaluate the
specificity and sensitivity of predictive values of using blood
miRNAs as diagnostic markers for BE and EAC. Student’s
t-test was used to analyze differentially expressed miRNA
between two groups. P<<0.05 was considered significant.

Results
Expression profiling of circulating
miRNAs in BE patients

To identify expression profiling of circulating miRNAs in
BE patients, an miRNA expression profile was generated
using the Qiagen miRNA array web-based software. A total
of 116 miRNAs were differentially expressed in BE patients
(six) compared to healthy volunteers (six). We selected the
top five upregulated miRNAs (miR130a, miR145, miR126,
miR93, and miR21) that displayed significant differences
in fold change between BE patients and healthy controls
to validate reliable and reproducible circulating miRNA
biomarkers in the same samples used for the microarrays by
qRT-PCR assay. The selected miRNAs are listed in Table 1.
Consistent with the miRNA array results, serum expression
levels of the five dysregulated miRNAs were significantly
upregulated in BE patients compared to healthy individuals
(Figure 1A). We observed that miR130a expression levels
were most upregulated in BE patients. Based on the miRNA

Table | Top five differentially expressed miRNAs between BE patients and healthy individuals

Gene Chromosome location BE vs healthy P-value Regulation
(fold difference)

miR130a I1ql2.1 4.82 0.0031 Up

miR 145 5q32 4.18 0.0049 Up

miR126 9q34.3 3.36 0.0072 Up

miR93 7q22.1 3.23 0.0075 Up

miR21 17q23.1 2.72 0.0092 Up

Abbreviation: BE, Barrett’s esophagus.
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Figure | Upregulation of miR130a serum levels in BE and EAC patients.

Notes: (A) The five candidate miRNAs were found to be upregulated in BE patients (six) and healthy volunteers (six). (B) Plasma expression levels of miR130a increased
in BE and EAC patients compared to healthy volunteers (BE vs healthy, P=0.00013, EAC vs healthy, P=0.0001). (C) Serum expression levels of miR130a increased in EAC
patients with advanced stage than patients with early stage (P=0.0026). The line indicates the median value per group. **P<0.01; **P<0.001.

Abbreviations: BE, Barrett’s esophagus; EAC, esophageal adenocarcinoma.

array results by RT-PCR, we chose miR130a as a predictor
for BE neoplastic progression to EAC.

Candidate miRNA miR130a upregulated

in serum of EAC patients

We validated the expression of miR130a in sera from a
small cohort of 30 healthy controls, 60 BE patients, and
40 EAC patients. As shown in Figure 1, serum expression
levels of miR130a were significantly upregulated in BE and
EAC patients compared to healthy volunteers (Figure 1B).
Furthermore, serum expression levels of miR130a increased
gradually from early-stage (I, II) to advanced-stage (111, IV)
EAC patients (Figure 1C). Correlations between miR130a
expression and clinical characteristics of BE and EAC
patients are summarized in Table 2.

The prediction accuracy of miR130a as a specific and
sensitive biomarker in differentiating healthy individu-
als and BE or EAC patients was evaluated by ROC curve
analysis. miR130a levels in 30 healthy controls, 60 BE
disease patients, and 40 EAC patients was measured. ROC
data revealed that miR130a had an AUC of 0.828 (95% CI
0.739-0.918) in separating healthy controls from BE patients,
with a sensitivity and specificity of 75.0% and 80.0%, respec-
tively (Figure 2A). ROC data also showed that miR 130a had
an AUC 0f 0.907 (95% C10.834-0.980) in separating healthy
controls from EAC patients, with a sensitivity and specificity
of 88.0% and 76.7%, respectively (Figure 2B).

Expression levels of miR130a in BE

patients with different clinical status
The malignant development of BE normally follows the
sequence of metaplasia, low-grade dysplasia (LGD),

high-grade dysplasia (HGD), and adenocarcinoma.'® We next
examined the miR130a expression levels in samples from
BE patients with different clinical status. miR130a plasma
levels in individuals with metaplasia, LGD, and HGD were
analyzed. Our data indicated that in LGD and HGD BE
patients, miR130a levels were significantly elevated when
compared with individuals with metaplasia (Figure 3A).
Therefore, an increase in miR130a expression in plasma
may correlate with early-stage EAC. Our analysis showed
that miR130a had an ROC of 0.794 (95% CI 0.671-0.917)
with a sensitivity of 70.5% and a specificity of 62.5% in
separating the metaplasia patients from LGD and HGD BE
patients (Figure 3B).

We also performed ROC curve analysis to determine
the prediction accuracy of miR130a for detection of early-
stage BE-mediated EAC progression. ROC data revealed
that miR130a had an AUC of 0.899 (95% CI 0.825-0.974)
with a sensitivity of 95.5% and a specificity of 66.7% in
separating healthy volunteers from healthy LGD and HGD
volunteers (Figure 4A). ROC data also showed that miR130a
had an AUC of 0.856 (95% CI 0.749-0.964) in separating
healthy controls from early-stage EAC patients, with a
sensitivity and specificity of 87.5% and 73.3%, respectively
(Figure 4B).

Discussion

Most EAC cases are caused by BE, a precursor lesion in
which the squamous epithelium of the esophagus is substi-
tuted by a metaplastic columnar epithelium.!® Mounting evi-
dence suggests that miRNAs may serve as serum biomarkers
for various malignancies and different forms of inflammatory
injuries, and thus they provide a new perspective on the
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Table 2 Correlation of clinicopathological features with miR130a expression in BE and EAC patients

Clinicopathological Cases miR-130a expression P-value V4
features High Low

Group

Healthy Control 30 9 21 0.000 [##ka 23.300
BE 60 49 I 0.000 [##5> 29.721
EAC 40 28 12 0.106° 2339
Age

=60 16 10 6

>60 24 18 6 0.309 0.714
Gender

Male 31 23 8

Female 9 5 4 0.249 1.154
Pathological stage

Metaplasia 16 7 9

LGD dysplasia 21 20 | 0.00]2%*4 12.206
HGD dysplasia 23 22 | 0.0003¥ke 13.332
EAC stage |-l 16 7 9

EAC stage llI-IV 24 21 3 0.005** 8.750
G category

Gl 9 6 3

G2 12 5 7

G3 19 17 2 0.018* 8.066
Lymph node metastasis

Yes 19 18 |

No 21 10 I 0.000 |##* 10.545

Notes: *BE vs Healthy Controls; PEAC vs Healthy Controls; ‘BE vs EAC; ‘LGD dysplasia vs Metaplasia; ‘HGD dysplasia vs Metaplasia; *P<<0.05; **P<<0.0; ***P<<0.001.
Abbreviations: BE, Barrett’s esophagus; EAC, esophageal adenocarcinoma; HGD, high grade dysplasis; LGD, low grade dysplasia.

tumorigenic process.!"? Based on observations from human
serum specimens, we provide evidence that upregulation of
circulating miR130a is associated with BE-induced EAC pro-
gression, and miR130a serum level may present a sensitive
and specific biomarker for early detection of BE neoplastic
progression to EAC.
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Studies from different groups have indicated that
miR130a has participated in different pathogenesis, includ-
ing hepatocellular carcinoma (HCC),*!* serous ovarian
cancer,'’ gastric carcinoma,'® and breast cancer.!” He et al
demonstrated that miR130a directly targeted Dicer mRNA
to enhance migration and invasion in cervical cancer cells.
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Figure 2 Receiver-operating characteristic (ROC) analysis using serum miR |30a for discriminating BE and EAC patients.
Notes: ROC curves with the corresponding area under the ROC curve (AUC) for (A) miR130a in discriminating healthy controls from BE patients and (B) miR130a in

discriminating healthy controls from EAC patients.

Abbreviations: BE, Barrett’s esophagus; EAC, esophageal adenocarcinoma; AUC, area under the curve.
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Figure 3 Plasma levels of miR130a in Barrett’s esophagus patients with different clinical statuses.
Notes: (A) Scatterplots of miR130a plasma levels in individuals with metaplasia, low-grade dysplasia (LGD), and high-grade dysplasia (HGD). LGD vs metaplasia, P=0.0012;
HGD vs metaplasia, P=0.0003. (B) ROC curves with the corresponding area under the curve (AUC) for miR-130a in discriminating LGD and HGD Barrett’s esophagus

patients from metaplasia. **P<<0.01; ***P<<0.001.
Abbreviation: AUC, area under the curve.

Upregulation of miR130a in cervical cancer tissues was
significantly associated with poor disease-free survival.'s
Dong et al reported that mutant 7P53 exerted oncogenic
functions and promoted EMT in endometrial cancer by
binding directly to the miR130b promoter and inhibiting
its transcription.!” Eqawa et al analyzed the functional
significance of the miR130 family using a bladder cancer
cell line and revealed that the miR130 family of inhibitors
suppressed cell migration and invasion by downregulating
FAK and Akt phosphorylation. They found that the miR130
family has a crucial role in malignant progression of bladder
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cancer and thus could be a promising therapeutic target
for invasive bladder cancer.?’ Hamilton et al integrated the
Cancer Genome Atlas pancancer data set with an miRNA
target atlas composed of publicly available Ago cross-linking
immunoprecipitation data to identify pantumor miRNA
drivers of cancer. Combined analyses identified pancancer
oncogenic cotargeting of the PI3K, TGFJ, and p53 pathways
by the miR17-19-130 superfamily members.?! Wang et al
found that miR130a expression could be upregulated by
inflammatory factors and was transactivated by NFxB. Their
findings established cross talk between inflammation and
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Figure 4 Receiver-operating characteristic (ROC) analysis using plasma miR130a for discrimination of early-stage EAC.
Notes: (A) ROC curves with the corresponding area under the ROC curve (AUC) for miR130a in discriminating healthy controls from low-grade and high-grade dysplasia
patients. (B) ROC curves with the corresponding AUC for miR130a in discriminating healthy volunteers from early-stage (I-Il) EAC patients.

Abbreviations: EAC, esophageal adenocarcinoma; AUC, area under the curve.
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mTOR signaling that was mediated by miR 130a, which might
have a pivotal role in the initiation and progression of serous
ovarian carcinoma.'> These studies support an important
role for miR130a in inflammation-related tumorigenesis.
However, its role in EAC is still unclear.

In a study of miRNA profiling, miR130a was highly
expressed in esophageal mucosae of patients with achalasia and
may be a biomarker of esophageal achalasia.? Liu et al explored
the association of specific miRNAs with the development of
esophageal cancer (EC) to identify new molecular markers for
EC by analyzing the expression profiles of the miRNA spec-
trum in EC tissue. They found that miR130a expression was
upregulated in EC tissue compared with normal paracancerous
tissues. Specific miRNA expression spectra exist in EC tis-
sues and may serve as novel EC molecular markers.? In these
reports, miR 130a was not detailed further in deep studies. More
intensive investigations are required to verify the potential role
and mechanism of miR130a in EAC progression.

Accumulating evidence has indicated that miRNA
expression profiling is an effective and reliable biomarker for
differential diagnosis.* miRNAs have been reported as being
tumor-specific.”® Circulating cell-free miRNAs are promis-
ing candidates as tumor biomarkers, due to their association
with malignancy, stability in plasma and serum, and easy
and sensitive detection using standard PCR-based methods.’
Ali et al concluded that differentially expressed miRNAs in
the serum of hepatitis C virus-infected and HCC patients
can be utilized as surrogate and noninvasive biomarkers for
segregation of hepatitis C and HCC patients from healthy
subjects.?® Evaluation of serum miRNA biomarkers for gas-
tric cancer based on blood- and tissue-pool profiling indicates
that the majority of potential serum miRNA biomarkers may
originate from tissue other than the primary tumor.?’

To date, a few miRNAs have been characterized to
possess potential diagnostic or prognostic functions in EC.
Serum miR146a was significantly reduced in esophageal
squamous-cell cancer (ESCC) patients (n=154) compared to
healthy controls (n=154). Both univariate and multivariate
analyses identified miR146a expression as an independent
prognostic factor in ESCC patients.®® Circulating serum
miR367 is aberrantly upregulated in ESCC patients and might
serve as a circulating biomarker for ESCC patients.” Chiam
et al found that circulating exosomal miRNAs have potential
to discriminate individuals with EAC from healthy controls
and nondysplastic BE.** Herein, we have provided evidence
to show that miR130a is expressed at higher levels in sera of
EAC patients compared with healthy individuals, suggesting
that it may serve as a potential biomarker of EAC disease.

We further demonstrated that serum miR130a expression is
elevated in LGD and HGD BE patients compared to individu-
als with metaplasia. Expression in LGD and HGD patients
exceeded 95%. However, high expression in metaplasia
patients was <44%. Our data suggested that miR130a may
serve as a predictive biomarker for BE neoplastic progression
to EAC. These results implicate that our findings are clini-
cally relevant. Circulating serum levels of miR130a may be
a sensitive and cost-effective biomarker for early detection
of EAC. However, the actual source of circulating miRNA
biomarkers in EAC has not been adequately evaluated. This
has important implications for further studies to elucidate
the role and origins of circulating miRNAs to allow early
detection of EAC and should be validated by other research
groups.
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