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Usefulness of serum miR-1246/miR-106b ratio in
patients with esophageal squamous cell carcinoma
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Abstract. The function of microRNAs (miRs) is associated
with the development and progression of various malignancies,
with miRs presenting stably in the serum. The current study
assessed the role of miR-1246 and miR-106b in the serum of
patients with esophageal squamous cell carcinoma (ESCC).
A comprehensive microarray analysis of miR expression was
performed using the serum of patients with ESCC, which were
subsequently validated via reverse transcription-quantitative
PCR. A total of 55 test samples were obtained from Chiba
University and 101 validation samples were gained from Chiba
Cancer Center. The results revealed that miR-1246 expression
significantly increased and miR-106b expression significantly
decreased in each cohort. Receiver operating characteristic
analysis revealed that the area under the curve (AUC) value
of miR-1246 was 0.816 (sensitivity, 72.7%; specificity, 69.2%)
and 0.779 (sensitivity, 71.3%; specificity, 70.6%) for the test
and validation cohorts, respectively. The AUC of miR-106b
was 0.716 (sensitivity, 65.5%; specificity, 61.6%) and 0.815
(sensitivity, 74.3%; specificity, 73.5%), respectively. In addi-
tion, the AUC of the miR-1246/miR-106b ratio was 0.901
(sensitivity, 80.0%; specificity, 80.0%) and 0.903 (sensi-
tivity, 82.1%; specificity, 82.3%), respectively, which indicated
a higher diagnostic ability compared with that of miR-1246
or miR-106b alone. The high miR-1246/miR-106b ratio group
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was associated with clinicopathological factors such as depth
of invasion, progression, lymph node metastasis, and poor
prognosis. Therefore, effective biomarkers may be generated
by combining individual miRs obtained by comprehensive
analysis of ESCC patient sera.

Introduction

Esophageal cancer is one of the intractable gastrointestinal
cancers. Its incidence and mortality are close, with recent
statistics reporting 509,000 deaths out of 572,000 cases (1).
Esophageal squamous cell carcinoma (ESCC) is the major
pathological histology throughout Asia, whereas adenocarci-
noma is major in Europe and the United States (2). Owing to
advances in medical technology, cases of esophageal cancer
when diagnosed early can be resolved using endoscopy.
Therefore, the survival rate of patients with an early diagnosis
of esophageal cancer and their quality of life, with esophageal
preservation, has been greatly improved. In contrast, the overall
survival rate of ESCC has been reported to be at most 20-30%,
with room for improvement (3). When detected early, the
5-year survival rate of patients with ESCC is 80-90% (4,5);
however, early-stage esophageal cancer is less likely to show
clinical symptoms, and a lack of reliable noninvasive screening
methods has hindered its detection. Nevertheless, when ESCC
is diagnosed relatively early, the prognosis is clearly good,
and the method used for early diagnosis before the onset of
symptoms is important. Therefore, to improve the prognosis
of ESCC, an intractable cancer, it is necessary to search for a
biomarker that can be detected even earlier (6,7).

MicroRNA (miR), a non-coding RNA, is a functional RNA
that is eventually edited to 19-22 bases. This small RNA was
discovered in Caenorhabditis elegans in 1993 (8), and its name
was proposed in 2001 (9). Many miRs are involved in the onset
and progression of various chronic diseases and malignant
tumors. In particular, miRs associated with malignant tumors
are classified into oncogenic miR (oncomiR) (10), a positively
regulated miR; tumor suppressor miR, a negatively regulated
miR. In addition, miRs are relatively stable in body fluids such
as the blood by forming complexes with proteins and being
included in microparticles such as exosomes. The usefulness
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of these miRs as biomarkers has been previously reported,
and we have also reported the usefulness of miR-1246 as a
biomarker in ESCC (11). miR-1246 is a biomarker not only
in esophageal cancer but also in gastrointestinal cancers such
as stomach and pancreatic cancers (12). Furthermore, in our
previous report, miR-106b expression was significantly lower
in patient sera than in that of healthy volunteers. miR-106b
clusters together with miR-93 and miR-25, and has a tumor
suppressor function in colorectal and ovarian cancers (13-15).
In addition, its expression is reduced in the serum of gastric
cancer patients (16-21).

The findings of our previous studies and other previous
reports on other organ cancers suggest the usefulness of
combination of miR-1246 and miR-106b as biomarkers.
Here, we investigated the expression levels of miR-1246
and miR-106b in the serum of patients with ESCC and their
clinicopathological significance.

Materials and methods

Ethical approval. Written informed consent was obtained
from all patients, and the study was approved by the Ethics
Committee of Graduate School of Medicine, Chiba University
(no. 889), and Chiba Cancer Center (no. H29-0005) and
performed in compliance with the Declaration of Helsinki.

Sample collection. Between April 2013 and April 2016, venous
blood samples were collected from 55 patients with ESCC and 39
healthy individuals at the Graduate School of Medicine, Chiba
University in Chiba, Japan. Between April 2016 and April 2019,
venous blood samples were collected from 101 patients with
ESCC and 34 healthy individuals at the Chiba Cancer Center
in Chiba, Japan. These samples were collected before any thera-
pies, including endoscopic resection, surgery, chemotherapy,
or radiotherapy. Venous blood samples were centrifuged at
1,500 x g for 5 min at 4°C to obtain serum. The serum samples
were then stored at -80°C until further processing.

RNA extraction. Total RNA was extracted from 200 ul
of serum using a miRNeasy Serum/Plasma Kit (Qiagen)
according to the manufacturer's instructions. This kit contained
the Caenorhabditis elegans cel-miR-39, which was used as a
spike-in control.

Reverse transcription. Total RNA was reverse transcribed to
c¢DNA using a miScript I RT Kit (Qiagen). In each reaction,
50 ng (12 pl) of template RNA was combined with a master mix
containing 4 ul 5x miScript HiSpec Buffer, 2 1 10x miScript
Nucleics Mix, and 2 ]l miScript Reverse Transcriptase Mix
and incubated for 60 min at 37°C. The reactions were then
incubated for 5 min at 95°C to inactivate the miScript Reverse
Transcriptase Mix and placed on ice.

miRNA microarray. Total RNA (100 ng) was labeled and
hybridized following the Human microRNA Microarray
Kit protocol and using the Human miRNA Microarray Kit
(Release 16.0; Agilent Technologies). Hybridization signals
were detected with a DNA microarray scanner G2505C (Agilent
Technologies), and the scanned images were analyzed using
the Agilent Function Extraction Software program (v10.7.3.1).

Normalization was performed using the Agilent GeneSpring
GX software program version 11.0.2 (per chip: Normalization
of control genes; per gene: None). The Agilent Human miRNA
Microarray (Design ID: 031181) contained 1205 human miRs
in total with 144 human viral miRs without control probes.
The miR expression profile of the serum samples from patients
with ESCC was examined using a microarray analysis of three
patients and four healthy individuals. miR-16 was used as an
endogenous control.

Reverse transcription-quantiative PCR (RT-qPCR).
Quantitative RT-qPCR was performed using the miScript
SYBR®-Green PCR Kit (Qiagen) in a 7300 Real-Time PCR
system (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The expression levels of miR-1246 (assay ID: 462575) and
miR-106b (assay ID: 000442) were analyzed using TagMan
quantitative real-time PCR (TagMan MicroRNA assays;
Applied Biosystems; Thermo Fisher Scientific, Inc.) and
normalized to the levels of cel-miR-39 (assay ID: 001093).
The parameters of the PCR reaction were as follows: 95°C for
15 min followed by 40 cycles of 94°C for 15 sec, 55°C for 30 sec,
and 70°C for 34 sec. All reactions were performed in duplicate.
Relative expression was calculated using comparative cycle
threshold (Ct) values. Relative miR-1246 or miR-106b expres-
sion was calculated using the 22" method, where ACt=Ct
(miR-1246 or miR-106b)-Ct (cel-miR-39) (22).

Statistical analysis. Data was conformed to a normal distri-
bution using Shapiro-Wilk's test. An unpaired Student's
t-test was performed to compare differences in age. A
Mann-Whitney U test was performed to compare differences
in miR-1246 expression levels between patients with cancer
and healthy individuals. Spearman's rank correlation coef-
ficient was used to assess correlations between the miR-1246
expression levels in the three body fluids. The y? test or
Fisher's exact probability test was used to evaluate correlations
between serum and miR expression levels and clinicopatho-
logical tumor factors. Receiver operating characteristic (ROC)
curves and area under the curve (AUC) were used to assess
the sensitivity and specificity of serum miR levels in detecting
ESCC. All tests were two-sided, and the significance level was
set at a P-value <0.05. The survival period of the patients was
defined as the duration from the time of surgery to either death
or the last follow-up day, and the survival rate was calculated
using the Kaplan-Meier method. Comparisons of two groups
as univariate analyses were performed using the log-rank test.
JMP 14 (SAS Institute, Inc.) software was used for all statis-
tical analyses.

Results

MiRs with large fluctuations in expression levels. A compre-
hensive expression analysis using microarray identified six
miRs that were significantly upregulated and five that were
significantly downregulated in ESCC serum samples compared
with controls (P<0.05; Table I). miR-1246 expression levels
were most significantly upregulated in the serum of patients
with ESCC, and miR-106b was the second most downregu-
lated miR. The fourth most downregulated miR-93 forms a
cluster with miR-106b, and thus miR-106b was considered
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Table I. Differentially expressed miRNAs in patients with
esophageal squamous cell carcinoma.

A, Upregulated miRNAs

miRNA P-value
hsa-miR-1246 0.008
hsa-miR-3202 0.032
hsa-miR-23a 0.038
hsa-miR-718 0.042
hsa-miR-3610 0.043
hsa-miR-4271 0.044
B, Downregulated miRNAs

miRNA P-value
hsa-miR-144 0011
hsa-miR-106b-5p 0.034
hsa-miR-486-5p 0.039
hsa-miR-93 0.049
hsa-miR-451 0.050

important. Therefore, miR-1246 and miR-106b were selected
as candidates for further analysis.

miR-1246 and miR-106b expression in patients with ESCC.
In total, 156 participants were recruited, 55 in the test
cohort and 101 in the validation cohort. In both the test
and validation cohorts, miR-1246 expression was signifi-
cantly higher in patients with ESCC than that in healthy
controls (Fig. 1A, B, D and E). In contrast, the expression of
miR-106b was significantly lower in patients with ESCC than
that in healthy controls (Fig. 2A, B, D and E).

Diagnostic ability of serum levels of miR-1246 and miR-106b.
ROC curve analysis revealed the sensitivity of miR-1246 as
a diagnostic indicator of ESCC (Fig. 1C and F). The AUC
was 0.816 (sensitivity 72.7%, specificity 69.2%) and 0.779
(sensitivity 71.3%, specificity 70.6%) in the test and validation
cohorts, respectively. In addition, ROC curve analysis revealed
the sensitivity of miR-106b levels as a diagnostic indicator of
ESCC (Fig. 2C and F). The AUC was 0.716 (sensitivity 65.5%,
specificity 61.6%) and 0.815 (sensitivity 74.3%, specificity
73.5%) in the test and validation cohorts, respectively.

Diagnostic ability of miR-1246/miR-106b ratio. We examined
the diagnostic ability of the ratio of miR-1246 whose expres-
sion was elevated and miR-106b whose expression was reduced
in patient sera. We found that the ratio of miR-1246/miR-106b
had indeed, a better AUC of 0.901 (sensitivity 80.0%, speci-
ficity 80.0%) and 0.903 (sensitivity 82.1%, specificity 82.3%)
in the test and validation cohorts, respectively (Fig. 3A-F).

Relationship between miR-1246 and miR-106b levels in ESCC.
A correlation between the expression levels of miR-1246

and miR-106b was evaluated for patients with ESCC in the
validation cohort. However, no significant correlation was
observed between the respective expression levels (Fig. 4).

Relationship between the miR-1246/106b ratio and
clinicopathological factors of ESCC. Statistical analysis
was performed to determine the relationships between
miR-1246/miR-106b levels and clinicopathological factors of
ESCC (Table II). Patient samples were based on the median
miR-1246/106b expression levels to obtain high and low
groups. High serum miR-1246/106b expression showed a
significant association with tumor depth, positive lymph node
metastasis, stage, and survival of patients.

Association between miR-1246 and miR-106b expression
levels or miR-1246/106b ratio and ESCC prognosis. Overall
survival analysis was performed using the Kaplan-Meier
approach, with statistical analysis performed using the log-rank
test. Using the patient groups described above, the prognostic
values of miR-1246, miR-106b, and miR-1246/miR-106b
expression levels were evaluated (Fig. 5). The prognosis of
the group with high serum miR-1246 expression was signifi-
cantly worse than that of the group with low serum miR-1246
expression (P<0.001). The 5-year overall survival rates were
76.1 and 47.6% for the groups with high and low miR-1246
expression, respectively. The 5-year disease free survival
rates were 86.6 and 49.4% for the groups with high and low
miR-1246 expression, respectively. In contrast, there was no
association between the serum levels of miR-106b expression
and prognosis. In addition, the miR-1246/miR-106b ratio
showed an association with prognosis as well as miR-1246.
The 5-year overall survival rates were 74.5 and 45.6% for
the groups with high and low miR-1246/miR-106b ratio,
respectively. Furthermore, the 5-year disease free survival
rates were 85.7 and 51.0% for the groups with high and low m
iR-1246/miR-106b ratio, respectively.

Discussion

There have been numerous reports on the expression of miRs
being associated with cancer and its significance (23,24).
Many studies have also been reported on the expression of
miRs in body fluids including serum (25). The mechanism
by which miRs are stably present in the serum is thought to
be related to protection from RNase degradation by being
sequestered in exosomes or forming a protein complex with
argonaute 2 protein (26-28). In this study, we performed a
comprehensive analysis of serum levels of miRs in patients
with ESCC that differ from healthy subjects using microar-
rays. We observed that the expression of multiple miRs was
significantly increased or attenuated. Similar observations
have been previously reported using serum from patients with
other cancer types (29,30). Here, we focused on miR-1246, a
miR with increased expression, and miR-106b, a miR with
attenuated expression.

miR-1246 was shown to have elevated serum levels in
patients with ESCC in our previous study. Since then, other
researchers have reported increased serum levels of this
miR in other carcinomas (31,32). In a systematic review of
gastrointestinal cancer, it was reported that the expression of
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Figure 1. Serum miR-1246 expression in patients with ESCC. (A) In the test cohort, miR-1246 expression was increased in the serum of patients with ESCC
compared with healthy controls. (B) In the test cohort, miR-1246 expression was statistically significantly higher in patients with ESCC compared with healthy
controls (P<0.001). (C) Receiver operating characteristic curve analysis revealed the sensitivity of miR-1246 as a diagnostic indicator of ESCC in the test
cohort. (D) In the validation cohort, miR-1246 expression was increased in the serum of patients with compared with healthy controls. (E) In the validation
cohort, miR-1246 expression was statistically significantly higher in patients with ESCC compared with healthy controls (P<0.001). (F) Receiver operating
characteristic curve analysis revealed the sensitivity of miR-1246 as a diagnostic indicator of ESCC in the validation cohort. miR, microRNA; ESCC, esopha-
geal squamous cell carcinoma; AUC, area under the curve.
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Figure 2. Serum miR-106b expression in patients with ESCC. (A) In the test cohort, miR-106b expression was decreased in the serum of patients with ESCC
compared with healthy controls. (B) In the test cohort, miR-106b expression was statistically significantly decreased in patients with ESCC compared with
healthy controls (P<0.001). (C) In the test cohort, receiver operating characteristic curve analysis revealed the sensitivity of miR-106b as a diagnostic indicator
of ESCC. (D) In the validation cohort, miR-106b expression was decreased in the serum of patients with ESCC compared with healthy controls. (E) In the
validation cohort, miR-106b expression was statistically significantly decreased ESCC patients than in healthy controls. (F) In the validation cohort, receiver
operating characteristic curve analysis revealed the sensitivity of miR-106b as a diagnostic indicator of ESCC. miR, microRNA; ESCC, esophageal squamous
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miR-1246 in serum is more useful as a biomarker than that
of miR-21, which is an oncomiR (12). Moshiri et al demon-
strated the utility of plasma and serum miR biomarkers in
hepatocellular carcinoma using combinations of multiple
miRs including miR-1246. However, their analysis included a
single cohort, and it is considered that validation using other

cohorts is required (33). Therefore, here we used different
cohorts to increase the reliability of the findings. The func-
tion of miR-1246 in cancer has been reported so far in studies
using cancer tissues and cell lines. In a report using serum
from 11 patients with lung cancer, miR-1246 was the circu-
lating miR with the highest expression compared with healthy
subjects. In addition, in studies using A549, a lung cancer
cell line, miR-1246 regulates the Wnt/B-catenin pathway by
targeting GSK-3p/B-catenin, thereby regulating cell migration
ability and metastatic potential (34). In addition, miR-1246
is implicated in curcumin's anticancer effect and attenu-
ated radiation sensitivity. It has been stated that miR-1246
directly targets p53 and inhibits p53 translation (35). In
uterine cervical cancer, miR-1246 has been reported to inhibit
thrombospondin-2, which regulates cell adhesion and migra-
tion via hydrolysis of the extracellular matrix and a signaling
pathway (36,37). From the above reports, it is presumed that
miR-1246 functions as an oncomiR, and its expression may be
increased in the serum of ESCC patients.

miR-106b-5p has been identified as an oncogenic miR in
hepatocellular carcinoma, laryngeal carcinoma, breast carci-
noma, and glioma (38). miR-106b is present in the intron of the
MCM7 gene and forms a cluster withmiR-25 and miR-93 (39,40).
Reports on the function of miR-106b are controversial, wherein
few report its tumor suppressive function in colorectal and
ovarian cancers while others report its action as an oncomir
in colorectal and other cancers. Functionally silencing ectopic
or endogenous miR-106b-5p expression inhibited or promoted
colorectal cancer (CRC) cell invasion and metastasis in vitro
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Table II. Correlation between the 1246/106b ratio and the clinicopathological features of patients with ESCC.

Characteristics Total High 1246/106b ratio Low 1246/106b ratio P-value
Total 101 51 (50.5) 50 (49.5)
Sex 0.5564
Male 85 44 (43.6) 41 (40.6)
Female 16 7(6.9) 9(8.9)
Age, years 0.1707
<65 37 22 (21.8) 15 (14.9)
=65 64 29 (28.7) 35 (34.6)
Tumor depth <0.001
T1-2 42 11 (10.9) 31 (30.7)
T3-4 59 40 (39.6) 19 (18.8)
Lymph node metastasis <0.001
Negative 97 18 (17.8) 35(34.6)
Positive 4 33(32.7) 15 (14.9)
Stage <0.001
I-11 55 19 (18.8) 36 (35.6)
II-1v 46 32 (31.7) 14 (13.9)
Patient survival <0.005
Alive 59 22 (21.8) 37 (36.6)
Dead 42 29 (28.7) 13 (12.9)
Data are provided as n (%). ESCC, esophageal squamous cell carcinoma.
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Figure 5. Prognostic analysis of the expression of miR-1246, miR-106b and miR-1246/106b ratio. (A) The 5-year overall survival rates were 76.1 and 47.6% for
the groups with high and low miR-1246 expression, respectively. (B) There was no association between serum miR-106b levels and patient prognosis. (C) The
5-year overall survival rates were 74.5 and 45.6% for the groups exhibiting high and low miR-1246/miR-106b ratios, respectively. (D) The 5-year disease free
survival rates were 86.6 and 49.4% for the groups with high and low miR-1246 expressions, respectively. (E) There was no association between serum miR-106b
expression and patient prognosis. (F) The 5-year disease free survival rates were 85.7 and 51.0% for the groups with high and low miR-1246/miR-106b ratios,
respectively. miR, microRNA; y, year; OS, overall survival; DFS, disease free survival.

and in vivo. The long non-coding RNA MALAT1 mediates
SLAIN2-related MT motility and regulates CRC progression
by regulating miR-106b-5p expression and functioning as a
competing endogenous RNA in vitro and in vivo (21). However,

in our study, the expression of miR-93 in the same cluster as
miR-106b was attenuated. In this regard, expression of the
host of miR-25, miR-93, and miR-106b clusters, and MCM7
is attenuated in patients with ESCC, resulting in attenuated
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expression of these miRs that are located in the MCM7 intron.
However, RT-qPCR showed that MCM7 expression increased
in ESCC tissues compared with healthy tissues (Fig. S1A).
Furthermore, no significant change in tissue expression of any
miRs in the miR-25-93 cluster present in the intron of MCM7
was observed (supplementary Fig. S1B-D). There are many
reports on increased and decreased miR serum levels, in addi-
tion to our report on miRs with changes in expression levels in
the serum identified by comprehensive analysis using micro-
array. However, no paper mentions the cause of the attenuation.
We suggest that the cause of attenuated miR-106b expression
in ESCC patients may be that miR-106b target genes are
increased, thereby activating miR-106b consumption in tissues.
The gene expression profile in tissues was compared using
microarrays between the high and low miR-106b expression
groups. We observed that the expression levels of target genes
(programmed cell death 1 ligand 2, hematological and neuro-
logical expressed 1, BTG family member 3, etc.) of miR-106b
were increased in the low miR-106b expression group (data
not shown). In other words, it was suggested that low expres-
sion of miR-106b in tumors might have increased expression
of miR-106b target genes including oncogenes. Alternatively,
irrespective of expression in cancer tissue, in patients in the
process of developing ESCC, miR-106b expression is attenu-
ated by some mechanism, and thus miR-106b serum levels
may be reduced. Nevertheless, further research is required to
uncover the mechanism of the reduced expression of miRs in
the serum of cancer patients.

Our previous paper reported that the expression of
miR-1246 in the serum of patients with ESCC was an inde-
pendent prognostic factor (11). However, the AUC on the
ROC curve was 0.754, and both sensitivity and specificity
were ~70%. Therefore, we decided to focus on miRs, which
decreases in serum of patients with ESCC. However, as
expected, miR-106b had a significant decrease in its expres-
sion in the serum, but the AUC was ~0.7 and it was inferior
to that of miR-1246. Therefore, we expected that improve-
ment could be obtained by combining miR (miR-1246) that
significantly increases and miR (miR-106b) that significantly
decreases. Unfortunately, no significant association was
found between each expression. However, as a result, it was
clarified that the ratio of miR-1246/miR-106b was the most
useful with an AUC of ~0.9. On the other hands, regarding
the correlation with pathological factors, we showed that the
ratio of miR-1246/miR-106b was associated with tumor inva-
sion depth, lymph node metastasis, progression, life and death.
Actually, similar results were already obtained in a single
report of miR-1246 (11). In other words, it may be sufficient to
investigate miR-1246 alone for prognosis and correlation with
histopathological factors. However, again, when focusing on
the usefulness as a biomarker, the sensitivity and specificity of
miR-1246 alone was ~70%, but by using the ratio of miR-1246
and miR-106b was ~80%. In other words, we believe that
the miR1-1246/miR-106Db ratio is useful for distinguishing
between ESCC patients and healthy subjects.

However, although this combination improved the diag-
nostic ability in the present study, a clear improvement in the
accuracy as a prognostic marker was not confirmed.

Our study has several limitations. We used sera obtained
at multiple facilities, but it is a retrospective study, and we

considered it necessary to verify the findings of this study by a
prospective study that includes other facilities. The reliability
of miR whose expression is reduced in serum was clari-
fied using multiple samples, but the underlying mechanism
remains unclear, which should be addressed in future studies.
Furthermore, in ESCC, early detection is directly associated
with a good prognosis, but the present findings did not show its
usefulness in early diagnosis.

In this study, we reported the usefulness of serum levels
of miR-1246 and miR-106b in ESCC patients. In addition, it
has been clarified that the diagnostic ability can further be
improved by using the ratio of a miR having higher expres-
sion to a miR having lower expression. We suggest that such a
combination of miRs in the serum may be used clinically as a
screening marker in the future.
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