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MicroRNA-130a is highly expressed in the
esophageal mucosa of achalasia patients
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Abstract. Esophageal achalasia is considered as a risk factor
of esophageal cancer. The etiologies of esophageal achalasia
remain unknown. Peroral endoscopic myotomy (POEM) has
recently been established as a minimally invasive method
with high curability. The aims of the present study were to
identify the microRNAs (miRs) specific to esophageal acha-
lasia, to determine their potential target genes and to assess
their alteration following POEM. RNA was extracted from
biopsy samples from middle esophageal mucosa and analyzed
using a microarray. Differentially expressed miRs in achalasia
patients compared with control samples were identified and
analyzed using reverse transcription-quantitative polymerase
chain reaction (RT-qPCR). Correlations between specific miR
expression levels and the patients' clinical background were
also investigated. In addition, alterations of selected miR
expression levels before and after POEM were analyzed. The
results of RT-qPCR analysis demonstrated that the miR-130a
expression levels were significantly higher in patients with
achalasia (P<0.0001). In addition, miR-130a expression was
significantly correlated with male sex and smoking history
in patients with achalasia. However, no significant change in
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miR-130a expression was observed between before and after
POEM. In conclusion, miR-130a is highly expressed in the
esophageal mucosa of patients with achalasia and may be a
biomarker of esophageal achalasia.

Introduction

Esophageal achalasia is motility disorder resulting from
incomplete relaxation of the lower esophageal sphincter (LES)
and the loss of normal peristalsis (1-3). The predominant
symptoms of esophageal achalasia are dysphagia and regurgi-
tation. Patients with achalasia are diagnosed by self-reported
symptoms, endoscopy and esophagography. Achalasia is a
rare and chronic disease that can occur at any age (2), and is
considered as a risk factor of esophageal cancer (1,3). The risk
of developing squamous cell carcinoma in achalasia patients
was demonstrated to be increased by 33-fold compared with
that in the general population (4). However, the etiology of
esophageal achalasia, particularly the process leading to carci-
nogenesis, remains largely unknown.

Persistent esophageal distension with retention of food and
fluids, bacterial overgrowth, and impaired clearance of regur-
gitated acid and gastric contents are known to lead to chronic
inflammation and to passively cause dysplasia and carci-
noma (5-7). Therapy for esophageal achalasia aims to reduce
food stagnation (8). Various treatments have been devised for
achalasia patients, including medication, balloon dilatation
and surgery. Endoscopic balloon dilatation remains a widely
performed treatment due to the relative noninvasiveness and
simplicity of the procedure; however, it has a relatively low
success rate and often requires multiple treatment sessions (9).
Peroral endoscopic myotomy (POEM) has been recently estab-
lished as a minimally invasive procedure with high success
rate (10,11). Inoue et al (10) reported that, in short-term results,
there was no recurrence subsequent to the POEM procedure
in 17 cases of achalasia. POEM can be successfully and safely
performed by skilled endoscopists, and effectively ameliorates
dysphagia symptoms. Manometric pressure studies have also
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demonstrated significant improvement in the lower esophageal
sphincter pressure following POEM (11). In addition, POEM
substantially decreased the Ki-67-positive and P53-positive
ratios in esophageal epithelia. Thus, POEM appears to reduce
the risk of esophageal carcinogenesis (11).

MicroRNAs (miRs) are small non-coding RNAs that nega-
tively regulate gene expression via translational repression or
messenger RNA degradation (12). Over 2,800 miRs have been
identified in humans, with each individual miR predicted to
target multiple genes based on the seed sequence matching
their 3’-untranslated regions (UTRs) (13). miRs are involved
in biological and pathological processes, including cell
differentiation, proliferation, apoptosis and metabolism (14),
and they are emerging as highly tissue-specific biomarkers
with potential clinical applicability for defining cancer type
and origin (15,16). Accumulating evidence has indicated that
deregulation of miRs is associated with human malignancies,
and suggested that miRs may have a causal role in tumor initia-
tion and progression, since they can function as oncogenes or
tumor suppressors (17). Indeed, previous studies have indi-
cated distinct differences in miR expression patterns between
squamous cell carcinoma and adenocarcinoma in esophageal
and other cancer types (18-20). For instance, Kimura et al (21)
reported that the highest expression of miR-205 was identified
in both benign and malignant squamous epithelia, including
in esophageal squamous cell carcinoma, whereas a lower
expression was observed in cell lines and tissues other than
squamous epithelia. Additionally, miR-21, which is an onco-
genic miR in various malignancies, was also upregulated
in esophageal squamous cell carcinoma compared with its
expression in paired normal squamous epithelia (21). There is
also growing evidence regarding the pathogenic roles of miRs
in immune and inflammatory disorders, including esophagitis.
For example, elevated miR-143, miR-145 and miR-205 expres-
sion levels were observed in the esophageal squamous mucosa
of individuals with ulcerative esophagitis, where they may
be involved in regulating epithelial restoration in response to
injury caused by gastro-esophageal reflux (22).

As mentioned earlier, it is generally accepted that acha-
lasia is a pre-malignant disorder that is possibly caused by
longstanding mucosal inflammation due to persistent stasis of
food (23). Nevertheless, there is little information regarding
the miR expression profile in achalasia. Therefore, the aims of
the present study were to identify the miR expression specific
to the esophageal mucosa of achalasia patients, to determine
potential target genes of these miRs and to assess the altera-
tion of miRs following POEM.

Materials and methods

Patients and clinical samples. A total of 29 achalasia patients
who visited the Showa University Northern Yokohama Hospital
(Yokohama, Japan) between October 2011 and June 2012
were enrolled into the current study. Patients with any severe
underlying illness, such as cancer, or those who could not
tolerate general anesthesia were excluded. A total of 14 males
and 15 females aged between 23 and 85 years (mean=46)
were enrolled. There were 15 smokers and 13 non-smokers
(1 unknown). They were all known to have achalasia. A
total of 23 patients suffered from straight-type achalasia (the

meandering of the longitudinal axis of the esophagus appears
weak on barium esophagogram) and 6 patients suffered with
sigmoid-type achalasia (the meandering of the longitudinal axis
of the esophagus appears strong on barium esophagogram).
The degree of esophageal dilatation was grade I in 7 patients
and grade II in 22 patients, as defined by the Descriptive
Rules for Achalasia of the Esophagus (24). A total of 4 healthy
subjects with no severe underlying illnesses were enrolled
in the present study (2 male, 2 female; aged 63-68 years).
Subsequent to obtaining informed consent, 2 biopsy samples
were collected from the middle esophageal mucosa of each
patient during esophagoscopy before POEM, and were imme-
diately placed into 1 ml RNAlater reagent (Ambion; Thermo
Fisher Scientific, Inc., Waltham, MA, USA) and stored at
-80°C for subsequent RNA isolation. All examinations were
conducted according to the 6th Good Clinical Practice guide-
lines and the Declaration of Helsinki, and were approved by
the Nagasaki and Showa University Ethics Committees.

POEM. All patients underwent POEM, which was performed
as follows and the procedures were performed under general
anesthesia with positive pressure ventilation. A submu-
cosal tunnel was formed from the central esophagus to the
esophago-gastric junction beyond, using a technique similar
to endoscopic mucosal dissection (ESD) (25). An incision was
subsequently made of the circular muscle bundle from the
entrance to the LES. The incision mucosal invasion was closed
with a hemostatic clip (8).

RNA extraction. Total RNA, including small RNA, was
extracted from the tissue samples using the mirVana miRNA
isolation kit (AM1560; Ambion; Thermo Fisher Scientific,
Inc.), and the total RNA was quantified using a Nanodrop-1000
spectrophotometer (Nanodrop Technologies, Wilmington, DE,
USA). Next, the total RNA was purified using the miRNeasy
mini kit (cat. no. 217004; Qiagen, Hilden, Germany), and the
quality of the total RNA was determined by UV absorption
measurement and on Agilent 2100 Bioanalyzer (Agilent
Technologies, Santa Clara, CA, USA).

miR array hybridization and analysis. In order to identify
the miR(s) specific to the esophageal mucosa of achalasia,
total RNA was extracted from the biopsy mucosal tissues of
8 representative cases of achalasia and from those of 4 healthy
volunteer controls. Following DNase treatment, the isolated
RNA samples were subjected to comprehensive analysis of
miR expression patterns using microarray-based technology.
These analyses were performed by Hokkaido System Science
Co., Ltd. (Sapporo, Japan) using the SurePrint G3 Human
8x60 K microarray version 2.0 (Agilent Technologies) and
50 ng aliquots of each total RNA sample. The scan was
performed using the Agilent Technologies Microarray
Scanner (Agilent Technologies) at 3 ym resolution, and each
spot was digitized using Agilent Feature Extraction version
10.7.3.1 software. To identify the miRs that were differen-
tially expressed in esophageal mucosa, data were imported
to GeneSpring GX version 10.7.3.1 (Agilent Technologies)
and analyzed; a feature is considered detected if the signal
is three-fold greater than the error. The differences in miR
expression were considered as statistically significant if the
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Figure 1. Microarray analysis of miRNA expression in esophageal achalasia patients. The microarray results indicated high expression of miR-361-5p and
miR-130a in the esophageal mucosa of esophageal achalasia patients compared with healthy controls. The red and orange colors indicate high expression,

bright green indicates low expression.

fold change in expression values was >2.0 and P<0.05 using
a Student's t-test.

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis. The expression levels of miRs that
showed significant differences based on the microarray results
were analyzed using RT-qPCR. Briefly, cDNA was prepared
from total RNA using the High Capacity cDNA Reverse
Transcription kit (cat. no. 4374966; Applied Biosystems;
Thermo Fisher Scientific, Inc.) and the indicated TagMan
small RNA assay kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.). The RT reactions were performed in a solution
containing 10 ng total RNA, 1X RT primer, 1X RT buffer,
1 mM dNTP, 50 units MultiScribe Reverse Transcriptase and
3.8 units of RNase inhibitor. Nuclease-free water was added
to bring the solution to a total volume of 15 ul. The reactions
were run on the TGradient thermocycler (Biometra GmbH,
Goéttingen, Germany) at 16°C for 30 min, followed by 42°C for
30 min, and then 85°C for 5 min. Subsequently, qPCR reactions
were performed in a solution containing 1.33 pl RT products
with 1X TagMan Universal Master Mix II without Uracil-N
glycosylase (UNG) (cat. no. 4440040; Applied Biosystems;
Thermo Fisher Scientific, Inc.) and 1 pl of each of the TagMan
small RNA assay primers. Each Tagman small RNA primer
set contained primers for the analysis of has-miR-361-5p,
has-miR-130a and RNUG6B (cat. nos. 000554, 000454 and
001093, respectively; Applied Biosystems; Thermo Fisher
Scientific, Inc.) Nuclease-free water was added to obtain a
solution with total volume of 20 ul. All reactions were run in
triplicate using the LightCycler 480 II (Roche Diagnostics,
Basel, Switzerland). The thermal cycling reactions were initi-
ated at 95°C for 10 min, followed by 45 cycles of 95°C for
15 sec, and 60°C for 1 min. The cycle passing threshold (Cq)
was recorded for each candidate miR, and the 27224 method
was used with RNUG6B as the endogenous control for data
normalization (12).

In order to determine potential target genes of miR-130a,
RT-qPCR was performed to determine changes in the mRNA
expression in the mucosa of achalasia patients compared
with that in healthy controls. cDNA was prepared from total

RNA using the High Capacity cDNA Reverse Transcription
kit (cat. no. 4374966; Applied Biosystems; Thermo Fisher
Scientific, Inc.). The RT reactions were performed in a
solution containing 500 ng total RNA, 1X Random Primer,
1X RT Buffer, 4 mM dNTP, 50 units MultiScribe Reverse
Transcriptase and 20 units RNase Inhibitor. Nuclease-free
water was added to obtain a total volume of 20 ul. The reac-
tions were run on the TGradient thermocycler (Biometra) at
25°C for 10 min, followed by 37°C for 120 min, and 85°C
for 5 min. Next, qPCR reactions were performed in a solu-
tion containing 4 pl RT products with 1X TagMan Universal
Master Mix II without UNG (cat. no. 4440040; Applied
Biosystems; Thermo Fisher Scientific, Inc.) and 1 ul of each
of the TagMan mRNA assay primer sets. Nuclease-free
water was added to bring the total volume up to 20 ul. Of the
significantly altered genes, in silico Target Scan (version 6.2;
Whitehead Institute for Biomedical Research, Cambridge,
MA, USA) prediction indicated that myotubularin related
protein 10 (MTMR10) and WNK lysine deficient protein
kinase 1 (WNKI1) may be candidate target genes of
miR-130a, based on the seed sequence matches in their
3’-UTRs. The TagMan mRNA primer sets used were for
the amplification of the mRNAs for MTMR10, WNK1 and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (cat.
nos. Hs01107504_m1,Hs00219183_m1 and Hs99999905_ml1,
respectively; Applied Biosystems; Thermo Fisher Scientific,
Inc.). Reactions were run on the LightCycler 480 II (Roche
Diagnostics), and thermal cycling was initiated at 95°C for
10 min, followed by 45 cycles of 95°C for 15 sec and 60°C for
1 min. Cq values were recorded for each candidate mRNA,
and the 2224 method was performed, using GAPDH as the
endogenous control for data normalization.

Statistical analysis. The differences between groups were
analyzed using the unpaired, one-tailed, Student's t-test.
Data are expressed as the mean + standard error. Differences
were considered to be statistically significant at P<0.05.
Multiple regression analyses were also performed. All data
were analysed using StatFlex version 6 (Artech Information
Systems LLC, Morristown, NJ, USA).
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Figure 2. Expression levels of miR-361-5p and miR-130a in achalasia patients, and the association of miR-130-a with sex, smoking and esophageal dilation.
(A) Quantitative analysis of miR-361-5p and miR-130a expression in achalasia patients and healthy subjects, analyzed using reverse transcription-quantitative
polymerase chain reaction. The data are shown relative to RNU6B expression. miR-130a demonstrated a significantly higher expression in achalasia patients
vs. control healthy subjects (P<0.0001). (B) Significant correlation was observed between the expression of miR-130a and male sex (vs. female sex; P=0.0027)
in achalasia patients. (C) Significant correlation was detected between the expression of miR-130a and smoking habit (vs. non-smoker; P=0.0415) in achalasia
patients. (D) No significant correlation was detected between the expression of miR-130a and the type of achalasia or the degree of esophageal dilatation. miR,

microRNA.

Results

Patient characteristics. Of the patients enrolled in the present
study, 23 suffered from straight-type achalasia and 6 with
sigmoid-type achalasia. The degree of esophageal dilatation
was grade I in 7 patients and grade II in 22 patients (24). The
mean disease duration was 60 months, ranging between 5 and
564 months.

Microarray analysis results. The microarray analysis of
miR expression levels in the esophageal mucosa of achalasia
indicated that miR-361-5p and miR-130a were significantly
(>2-fold) overexpressed in the esophageal mucosa of acha-
lasia patients when compared with the controls (Fig. 1).
Subsequently, RT-qPCR was used to quantify the expression
levels of these two miRs in biopsy specimens of achalasia
patients and controls. The results revealed that only the
expression of miR-130a was significantly higher in achalasia
patients compared with that in healthy subjects (P<0.0001;
Fig. 2A).

Correlation of miR-130a expression with various parame-
ters. The correlation between the miR-130a expression and
the background characteristics of the patients was then
analyzed. Significant correlations were observed between
the expression levels of miR-130a and sex, with males having
significantly higher levels than females (P=0.0027; Fig. 2B)
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Figure 3. Correlation analysis between miR-130a expression and the disease
duration in achalasia patients. The results indicated no significant correla-
tion. miR, microRNA.

and smoker status (elevated in smokers vs. non-smoker;
P=0.0415; Fig. 2C) in achalasia patients. However, there were
no correlations between miR-130a expression and the degree
of esophageal dilatation or the type of achalasia (Fig. 2D).
In addition, there was no significant correlation between the
expression of miR-130a and the disease duration in achalasia
patients (Fig. 3). Multiple regression analysis demonstrated
that there was a significant correlation between miR-130a
expression and smoking (P=0.0084; data not shown).
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chain reaction. No significant change was observed in miR-130a expression before and after POEM. miR, microRNA; POEM, peroral endoscopic myotomy.
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Figure 5. Analysis of the association of mRNA expression levels of MTMR10 and WNK1 with achalasia. A significant correlation with MTMR10 levels was
observed in the achalasia patients, as compared with the control group (P=0.0442). MTMRI10, myotubularin related protein 10; WNK1, WNK lysine deficient

protein kinase 1.

Furthermore, no significant change in miR-130a expression
was observed prior to and following the POEM procedure in
achalasia patients (Fig. 4).

cDNA array analysis results. In order to determine poten-
tial target genes of miR-130a, a cDNA array analysis was
performed to determine changes in gene expression in the
mucosa tissue of achalasia patients compared with the healthy
controls. This analysis indicated that there were 845 genes
that were upregulated 1.5-fold and 969 genes that were down-
regulated by 1.5-fold in achalasia mucosa compared with the
control. The levels of these genes were substantially decreased
in achalasia patients according to the results of comprehensive
cDNA microarray.

Subsequently, the esophageal mucosal mRNA expression
levels of MTMR10 and WNK1 were analyzed using RT-qPCR.
The mucosal MTMTRI10 mRNA levels, but not WNK1, were
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Figure 6. Correlation analysis between the expression of miR-130a and the
mRNA expression of MTMR10 indicated no significant correlation. miR,
microRNA; MTMR10, myotubularin related protein 10.
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significantly decreased in achalasia patients compared with
those in the controls (P=0.0442; Fig. 5). However, there was
no significant correlation between the expression of miR-130a
and that of MTMRI10 (Fig. 6).

Discussion

The present study demonstrated that miR-130a was highly
expressed in the esophageal mucosa of achalasia patients and
that smoking history was associated with a high expression
of miR-130a. The miR-130a gene is located at the chromo-
somal position 11q12, which is close to the region 11q13 that
is frequently amplified in cancer (26-29). In fact, miR-130a
serves an important role in multiple types of tumors. For
instance, miR-130a has been reported to be overexpressed in
non-small-cell lung carcinoma (30). Increased expression of
miR-130a s strongly associated with lymph node metastasis and
poor prognosis of this carcinoma (30). By contrast, miR-130a
is downregulated in prostate carcinomas and jointly suppresses
two major oncogenic pathways with miR-203 and miR-205 (31).
miR-130a also increases drug resistance by regulating RUNX3
and Wnt signaling in cisplatin-treated hepatocellular carci-
noma cells (32), while upregulation of miR-130a has been
associated with MDR1/P- glycoprotein-mediated drug resis-
tance in ovarian cancer cells (33). Acunzo et al (34) reported
that miR-130a was able to target Met and induce TNF-related
apoptosis-inducing ligand sensitivity in non-small-cell lung
carcinomas by downregulating miR-221 and miR-222.

In the current study, no significant change in miR-130a
expression was observed between before and after POEM.
Although POEM may be one option to reduce patient suffering
and decrease the risk of future carcinogenesis (8), it is unable to
completely prevent achalasia patients from developing esopha-
geal cancer. Several studies have reported the association of
smoking with miRs, as well as with lung diseases (35) and
various types of cancer (36), including esophageal cancer (12).
In the present study, the results suggested that smoking history
may be associated with the expression level of miR-130a.
However, we were unable to compare the expression of
miR-130a in healthy non-smokers, healthy smokers, achalasia
non-smokers and achalasia smokers in the current study, and
therefore further studies are warranted.

The myotubularin gene (MTMI) was identified as a gene
mutated in X-linked myotubular myopathy (37). A subgroup of
genes in the myotubularin family encodes proteins that contain
substitutions of residues within the C(X)sR active site motif
and are catalytically inactive. Of the 14 known MTM related
(MTMR) human genes, 6 (MTMRS5, MTMR9, MTMRI10,
MTMRI11, MTMRI12 and MTMR13) encode inactive proteins,
whereas the function of MTMRIO is largely unknown (38). In
the current study, miR-130a and MTMRI10 expression were
not correlated at the mRNA level; however, it is possible that
they are associated at the protein level. However, the asso-
ciation between eshophageal achalasia and MTMRI10 remains
unclear, thus further studies are also warranted in this regard.

In conclusion, miR-130a is highly expressed in the
esophageal mucosa of esophageal achalasia. Furthermore,
smoking history may be associated with the expression level
of miR-130a. Therefore, miR-130a may be a useful mucosal
biomarker of esophageal achalasia.
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