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Abstract

Esophageal squamous cell carcinoma is a malignant tumor with unfavorable prognosis. In
this study, we investigated the usefulness of microRNA (miR)-1246 detection in various
body fluids as a biomarker for this disease. A total of 72 patients with esophageal squamous
cell carcinoma were enrolled, and their blood, urine, and saliva samples were collected prior
to treatment. Reverse transcription—polymerase chain reaction of miR-1246 was performed,
and pre- and postoperative and intraday fluctuations in its expression were examined. The
expression of miR-1246 in the blood and urine was significantly higher in the patients with
esophageal squamous cell carcinoma than in 50 healthy control subjects. Receiver operat-
ing characteristic curves showed that the area under the curve values were 0.91 (sensitivity
91.7%, specificity 76.0%), 0.82 (sensitivity 90.3%, specificity 62.0%), and 0.80 (sensitivity
83.3%, specificity 66.0%) in the serum, urine, and saliva, respectively. A relatively high diag-
nostic performance of miR-1246 was observed in all samples, which was better than that of
the existing biomarkers squamous cell carcinoma antigen, carcinoembryonic antigen, and
cytokeratin 19 fragment. No clear correlation was observed in the levels of miR-1246
expression among the three body fluids. Postoperatively, serum samples displayed signifi-
cantly decreased miR-1246 levels. Although not significant, changes in the miR-1246 levels
were observed at all collection times, with large fluctuations in the saliva. Meanwhile, serum
miR-1246 expression was found to be associated with the disease prognosis. The results
indicate that the levels of miR-1246 in the urine, saliva, and serum are a useful biomarker for
esophageal squamous cell carcinoma and support the use of urine samples instead of
blood samples for noninvasive diagnosis.
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Introduction

Esophageal cancer is a common gastrointestinal malignancy, with 572,000 cases and 509,000
deaths reported globally in 2018 [1]. There are two major pathological categories of esophageal
cancer, namely, esophageal squamous cell carcinoma (ESCC) and adenocarcinoma, and the
former is the major histological type throughout Asia [2]. Smoking and alcohol intake are
causative factors for ESCC. At the molecular level, recent studies have revealed that approxi-
mately 59-93% of patients with ESCC harbor mutations in tumor protein p53 [3]. With cur-
rent clinical resources, the ESCC prognosis is poor, with an overall 5-year survival rate of 20-
30% [4]. When disease is detected early, the 5-year survival rate for patients with ESCC is 80-
90% [5,6]; however, early-stage esophageal cancer is less likely to show clinical symptoms, and
a lack of reliable noninvasive screening methods hinders its detection. Therefore, the establish-
ment of diagnostic markers for ESCC is crucial to improve patient survival [7,8].

MicroRNAs (miRs) are very short (19-22 bases) non-coding RNAs. In 2005, a study
reported that miRs could classify tumors more accurately than mRNA expression profiles
could [9]. Since then, researchers have mainly focused on the potential use of miRs as blood-
based diagnostic biomarkers for cancer [10-12]. However, attempts have recently been made
to detect miRs in other body fluids, such as urine and saliva, as simpler, noninvasive options
[13-18].

Previously, we have focused on the expression of miRs in the serum of patients with esoph-
ageal cancer, and a comprehensive analysis indicated that miR-1246 was the most highly
expressed miR [19]. The results of PCR using other samples also showed that miR-1246 was
significantly upregulated in patients with ESCC compared with that in healthy subjects and
was reported to be useful as a novel biomarker for esophageal cancer. It was also found that
patients with high levels of miR-1246 expression in the serum had a poorer prognosis than
that of patients with low miR-1246 expression. miR-1246 functions as part of the p53-related
intercellular network and has been reported to be associated with the resistance to cancer che-
motherapy and with cancer stem cell-like properties [20,21]. Furthermore, in our previous
report, miR-1246 expression levels were elevated not only in the serum of patients with pan-
creatic cancer but also in the urine and saliva [22].

In this study, we quantitatively and simultaneously measured miR-1246 expression in the
serum, urine, and saliva of patients with ESCC and healthy controls and examined the clinical
significance of the findings.

Materials and methods
Ethical approval

Written informed consent was obtained from all patients, and the study was approved by the
Ethics Committee of the Chiba Cancer Center (No. H29-0005) and performed in compliance
with the principles of the Declaration of Helsinki.

Samples

Between April 2017 and October 2020, venous blood, urine, and saliva samples were collected
from 72 patients with ESCC and 50 healthy controls at the Chiba Cancer Center in Chiba,
Japan. Samples were collected before any treatment, including endoscopic resection, surgery,
chemotherapy, and radiotherapy. Postoperative samples were obtained from 10 patients 3
weeks after surgery. Venous blood samples were centrifuged at 1,500 x g for 5 min at 4°C to
obtain serum. Urine collection was performed when it was convenient for the patient, and
saliva collection was performed, after an oral rinse, at any time other than immediately after a
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meal. Urine and saliva samples were centrifuged at 1,500 x g for 5 min at 4°C to obtain super-
natants. If saliva separation was incomplete, it was centrifuged for an additional 5 min. The
samples were then stored at —80°C until further processing.

RNA extraction

Total RNA was extracted from 200 pL of serum, urine, and saliva using the miRNeasy serum/
plasma kit (Qiagen, Hilden, Germany) according to the manufacturer’s instructions. This kit
contains Caenorhabditis elegans cel-miR-39, which was used as a spike-in control.

Reverse transcription

Total RNA was reverse transcribed to cDNA using the miScript IT RT kit (Qiagen). In each
reaction, 50 ng (12 pL) of template RNA was combined with a master mix containing 4 pL of
5x miScript HiSpec buffer, 2 pL of 10x miScript Nucleics mix, and 2 pL of miScript reverse
transcriptase mix. The reactions were incubated for 60 min at 37°C, followed by incubation
for 5 min at 95°C to inactivate reverse transcriptase, and then placed on ice.

Quantitative RT-PCR

Quantitative RT-PCR was performed using the miScript SYBR® Green PCR kit (Qiagen) in a
7300 real-time PCR system (Applied Biosystems, Foster City, CA, USA). The sequences of the
forward primers used for miR-1246 and cel-miR-39 were 5'-AAUGGAUUUUUGGAGCAGG-3'
and 5'-UCACCGGGUGUAAAUCAGCUUG-3/, respectively. The parameters of RT-PCR were as
follows: 95°C for 15 min, followed by 40 cycles of 94°C for 15 s, 55°C for 30 s, and 70°C for 34
s. All reactions were performed in duplicate. Relative expression was calculated using compar-
ative cycle threshold (Ct) values. Relative miR-1246 expression was calculated using the 27"
method, where ACt = Ct (miR-1246) — Ct (cel-miR-39).

Statistical analysis

Normal distribution of data was confirmed using the Shapiro-Wilk test. An unpaired Stu-
dent’s t-test was performed to compare differences in age. Wilcoxon’s signed-rank test was
performed to compare differences in miR-1246 expression levels between patients with cancer
and healthy controls. Spearman’s rank correlation coefficient was used to assess correlations
among miR-1246 expression levels in the three body fluids. The x” test or Fisher’s exact proba-
bility test was used to evaluate correlations between serum and urine miR-1246 expression lev-
els and clinicopathological tumor factors. Receiver operating characteristic (ROC) curves and
areas under the curves (AUCs) were used to assess the sensitivity and specificity of serum,
urine, and saliva miR-1246 expression 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, and the
survival rate was calculated using the Kaplan-Meier method. Comparisons of two groups in
univariate analyses were performed using the log-rank test. To evaluate the diurnal variation
of miR-1246 in each body fluid, the intraclass correlation coefficient (ICC) was calculated
using a two-way random model. The ICC values were interpreted as follows: < 0.20, a slight
agreement; 0.21-0.40, a fair agreement; 0.41-0.60, a moderate agreement; 0.61-0.80, a sub-
stantial agreement; and 0.81-1.00, a nearly complete agreement [23]. The JMP 14 software
(SAS Institute, Inc., Cary, NC, USA) was used for all analyses.

PLOS ONE | https://doi.org/10.1371/journal.pone.0248016 March 10, 2021 3/12


https://doi.org/10.1371/journal.pone.0248016

PLOS ONE

Cell-free miR-1246 in different body fluids as a diagnostic biomarker for ESCC

Results
Patient details and miR-1246 expression levels in each body fluid

The patient details are shown in Table 1. The expression levels of miR-1246 in the serum,
urine, and saliva of the patients with ESCC (n = 72) were compared with those of the healthy
controls (n = 50). The serum and urine miR-1246 expression levels were significantly higher in
the patients with ESCC than in the healthy controls (p < 0.001). The expression of miR-1246
also tended to be higher in the saliva of the patients with ESCC, but the difference was not sig-
nificant (p = 0.098; Fig 1A). No clear correlation was observed among the levels of miR-1246
expression in the three body fluids (r < 0.50, p < 0.001; Fig 1B).

Diagnostic capacity of miR-1246 in each body fluid

ROC curve analysis revealed the sensitivity of miR-1246 levels as a diagnostic indicator of
ESCC in each body fluid (Fig 1C). The AUC was 0.912 (sensitivity 91.7%, specificity 76.0%) for

Table 1. Patient details and clinicopathological features.

Esophageal cancer Healthy control p value
Number 72 50
Gender
Male 65 (90.3) 42 (84.0) 0.448
Female 7(9.7) 8 (16.0)
Mean age + s.d. (years) 70.4 + 8.8 64.5+9.9 0.119
Age range (years) 47-88 41-81
Smoking
Yes 58 (80.6) 33 (66.0) 0.109
No 14 (19.4) 17 (34.0)
Drinking
Yes 63 (80.6) 41 (66.0) 0.560
No 9(19.4) 9 (34.0)
Depth of tumor invasion
T1 29 (40.3)
T2 10 (13.9)
T3 26 (36.1)
T4 7(9.7)
Lymph node metastasis
Positive 30 (41.7)
Negative 42 (58.3)
Distant metastasis
Positive 3 (4.2)
Negative 69 (95.8)
TNM stage
I 25 (34.7)
1I 20 (27.8)
III 22 (30.6)
v 5(6.9)
Mean miR-1246 expression = s.d.
Serum 474.2 + 569.6 54.6 +63.0 <0.001
Urine 74.4 +99.0 16.1 +£23.4 <0.001
Saliva 73220.8 +269903.9 17611.2 + 68672.6 0.098

https://doi.org/10.1371/journal.pone.0248016.t001
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Fig 1. A. Serum, urine, and saliva samples were collected from 72 patients with ESCC and 38 healthy controls. The
expression level of miR-1246 was evaluated using RT-PCR. It was confirmed that the expression level of miR-1246 was
significantly higher in serum and urine in patients with ESCC than in controls. On the other hand, the expression level of
miR-1246 in saliva tended to be higher in the patient group, but it was not significant. B. The correlation of the expression
level of miR-1246 in each body fluid was confirmed. No clear correlation was observed between the levels of miR-1246
expression in the three body fluids. C. The results of the ROC curve analysis of the miR-1246 expression levels in each body
fluid. The AUC was 0.912 (sensitivity 91.7%, specificity 76.0%) for serum miR-1246, 0.823 (sensitivity 90.3%, specificity
62.0%) for urine miR-1246, and 0.802 (sensitivity 83.3%, specificity 66.0%) for saliva miR-1246.

https://doi.org/10.1371/journal.pone.0248016.9001

serum miR-1246, 0.823 (sensitivity 90.3%, specificity 62.0%) for urine miR-1246, and 0.802
(sensitivity 83.3%, specificity 66.0%) for saliva miR-1246.

Positive detection rates using miR-1246 levels in various body fluids and
those of conventional tumor markers

Using the mean miR-1246 expression level plus two standard deviations in the control group
as a threshold, the sensitivities of the serum, urine, and saliva miR-1246 levels to detect ESCC
were 62.5%, 37.5%, and 11.1%, respectively. The corresponding sensitivities of serum carcino-
embryonic antigen, squamous cell carcinoma antigen, and cytokeratin 19 fragment (CYFRA)
were 16.7%, 29.2%, and 20.8%, respectively (Fig 2A). The sensitivity of all miR-1246 fluid levels
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Fig 2. Sensitivity of miR-1246 in each body fluid and conventional tumor markers carcinoembryonic antigen
(CEA), squamous cell carcinoma antigen (scc), and CYFRA. A, The sensitivities of the serum, urine, and saliva miR-
1246 levels to detect ESCC were 62.5%, 37.5%, and 11.1%, respectively. The sensitivities of serum carcinoembryonic
antigen, squamous cell carcinoma antigen, and CYFRA were 16.7%, 29.2%, and 20.8%, respectively. B, The sensitivity
of all miR-1246 fluid levels combined was 75.0%, while the combined sensitivity of the conventional tumor markers
was 37.5%. Panels combining miR-1246 levels in each body fluid had significantly higher positive rates than individual
existing tumor markers or panels combining them. (*:p<0.001).

https://doi.org/10.1371/journal.pone.0248016.9002

combined was 75.0%, while the combined sensitivity of the conventional tumor markers was
37.5% (Fig 2B). Panels combining miR-1246 levels in each body fluid had significantly higher
positive rates than individual existing tumor markers or panels combining them.

Relationships between miR-1246 levels in each body fluid and
clinicopathological factors of ESCC

Statistical analysis was performed to determine the existence of relationships between serum,
urine, and saliva miR-1246 levels and clinicopathological factors of ESCC (Table 2). Patient
samples were divided at their median miR-1246 expression levels to obtain high- and low-
expression groups. Consistent with our previous report [19] high serum miR-1246 expression
showed a tendency to correlate with tumor invasion and positive lymph node metastasis, albeit
insignificantly. The expression levels of miR-1246 in the urine and saliva were not related to
any clinicopathological factor.

Table 2. The correlation between the 1246 and clinicopathological features of ESCC.

characteristics | n | High miR-1246 in | Low miR-1246in | P- High miR-1246 |Low miR-1246in| P- |High miR-1246 in| Low miR-1246in| P-
serum serum value in urine urine value saliva saliva value

total (%) 72 36 (50.0) 36 (50.0) 36 (50.0) 36 (50.0) 36 (50.0) 36 (50.0)

Sex

Male (%) 65 32 (44.4) 33 (45.8) 1 33 (45.8) 32 (44.4) 1 34 (48.2) 31 (43.1) 0.426

Female (%) 7 4 (5.6) 3(4.2) 3(4.2) 4(5.6) 2(1.8) 5(6.9)

Age

<65 (%) 14 6(8.3) 8(11.1) 0.766 9(12.5) 5(6.9) 0.372 6(8.3) 8(11.1) 0.766

65= (%) 58 30 (41.7) 28 (38.9) 27 (37.5) 31 (43.1) 30 (41.7) 28 (38.9)

Tumor depth

T1-2 (%) 39 15 (20.8 24 (33.3) 0.058 20 (27.8) 19 (26.4) 1 19 (26.4) 20 (27.8 1

T3-4 (%) 33 21(29.2 12 (16.7) 16 (22.2) 17 (23.6) 17 (23.6) 16 (22.2

Lymph node metastasis

Negative (%) | 42 17 (23.6) 25 (35.7) 0.094 21(29.2) 21(29.2) 1 22 (30.6) 20 (27.8 0.633

Positive (%) | 30 19 (26.4) 11 (35.7) 15 (20.8) 15 (20.8) 14 (19.4) 16 (22.2

Metastasis

Negative (%) | 69 33 (45.8) 36 (50.0) 0.238 34 (47.2) 35 (48.6) 1 34 (47.2) 35 (48.6) 1

Positive (%) 3 3(4.2) 0 (0.0) 2(2.8) 1(1.4) 2(2.8) 1(1.4)

https://doi.org/10.1371/journal.pone.0248016.t002
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Fig 3. The prognostic value of the miR-1246 expression levels in various body fluids. The Kaplan-Meier analysis
and log-rank test showed that there was a significant difference (P = 0.035) between patients with higher and lower
levels of serum miR-1246 expression in overall survival. On the other hand, there was no correlation between the
expression level of miR-1246 in urine or saliva samples and prognosis.

https://doi.org/10.1371/journal.pone.0248016.g003

Correlation of miR-1246 expression in various body fluids with 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 prog-
nostic value of miR-1246 expression was examined. There were no significant differences in
the survival of the patients in the high- and low-expression groups based on the data for the
body fluids other than serum. The prognosis of the group with high serum miR-1246 expres-
sion was significantly worse than that of the group with low serum miR-1246 expression

(p = 0.035), consistent with our previous report [19]. The 2-year survival rates for the high and
low serum miR-1246 expression groups were 84.4% and 61.8%, respectively (Fig 3).

Postoperative miR-1246 expression levels in each body fluid

In 10 cases, the expression of miR-1246 in each body fluid was evaluated pre- and post-
operation. In the serum and urine, miR-1246 expression was confirmed to be reduced postop-
eratively in many cases, but the differences were not statistically significant (Fig 4A). Mean-
while, saliva did not show any obvious decrease in postoperative miR-1246 expression.

Changes in miR-1246 expression in different body fluids over time

The expression of miR-1246 was examined in each body fluid three times in one day (in the
morning, at noon, and at night) and was found to vary greatly between the time points in non-
serum samples. The ICC values for miR-1246 were 0.98, 0.56, and 0.31 in the blood, urine, and
sputum, indicating an almost perfect, moderate, and fair agreement, respectively (Fig 4B).

Discussion

In this study, miR-1246 levels, not only in the serum but also in the urine and saliva, displayed
a certain diagnostic capability for ESCC, with urinary and salivary miR-1246 levels displaying
similar positivity rates as that of serum miR-1246. However, the correlations between miR-
1246 levels and both clinicopathological factors and prognosis were diminished in non-serum
samples. In particular, salivary levels varied widely throughout the day, which may have been
the cause of their decreased sensitivity and specificity.

Serum miRs are expected to be valuable biomarkers and have been the focus of many recent
reports. However, blood collection is invasive and should usually be performed in a medical
institution. By contrast, urine and saliva can be collected at home, completely noninvasively. If
proven useful as blood substitutes, urine and saliva could be used for clinical biomarker detec-
tion in the future. MicroRNA profiling of human embryonic stem cells obtained before and
after differentiation into embryoid bodies revealed the sequences and expression levels of 334
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Fig 4. A. The results of a comparison of the serum miR-1246 expression levels between pre- and postoperative samples in various body fluids. In serum and urine, miR-
1246 expression was confirmed to be reduced postoperatively in many cases but was not statistically significant. On the other hand, the expression level of miR-1246 in
saliva did not show a clear decrease after operation. B. To evaluate the diurnal variation of miR-1246 in various body fluids, the intraclass correlation coefficient (ICC)
was calculated using a two-way random model. MiR-1246 expression was examined in each body fluid three times in one day (in the morning, at noon, and at night), and
varied greatly between time points in non-serum samples. ICC values for miR1246 in blood, urine and sputum were 0.98, 0.56 and 0.31.

https://doi.org/10.1371/journal.pone.0248016.g004

known and 104 novel miRs, including miR-1246 [24]. We have previously reported that serum
miR-1246 levels have diagnostic value in patients with ESCC [19]. Many other studies have
also reported the utility of serum miR-1246 as a biomarker. In a study of high-grade serous
ovarian cancer, serum miR-1246 expression was compared between 168 patients and 65
healthy controls, and cancer was detected with a sensitivity of 87% and a specificity of 77%
[25]. In a study of liver tumors, increased serum miR-1246 expression was detected in 77% of
patients with metastatic liver tumors and in 45% of patients with primary hepatocellular carci-
noma [26]. Examination of exosomal miR-1246 expression in the serum of patients with early
gastric cancer revealed that patients with stage I gastric cancer could be distinguished from
healthy controls and patients with benign disease, with AUC values of 0.843 and 0.811, respec-
tively [27]. In addition, a systematic review reported that miR-1246 was more useful than miR-
21 or miR-4644 [28]. Therefore, serum miR-1246 may be a promising clinical biomarker for
patients with cancer. A study of non-small cell lung cancer showed that miR-1246 conferred
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tumorigenicity and was required for lung cancer metastasis [29]. Mechanistically, inhibition of
miR-1246 expression reduces stemness and epithelial-mesenchymal transition in non-small
cell lung cancer, in addition to suppressing proliferation, sphere formation, colony formation,
and invasion of tumor cells [30].

In addition to their presence in the blood, circulating miRs are present in several other
body fluids, including urine, saliva, and cerebrospinal fluid. These small molecules are rela-
tively stable and can be detected in association with particles that do not contain intracellular
vesicles (usually protein complexes) or packaged in microvesicles or exosomes [31]. In this
study, we examined miR-1246 levels in urine and saliva and found that their sensitivity of
ESCC detection was equivalent to that of miR-1246 levels in the blood. In recent years, the
number of reports on the usefulness of urine miRs has been increasing; however, most of these
reports have studied urinary cancer, with the goal of measuring miRs directly secreted from
the tumor into urine. In a rare nonurinary cancer case, a study of triple-negative breast cancer
reported that miRs found in cancer-associated miR-17-92 clusters, as well as serum miRs, had
reduced expression levels in the urine [32].

Based on the assumption that blood-derived molecules flow into salivary gland tissues via
passive intracellular diffusion and active transport and enter salivary gland tissues via cellular
mechanisms such as paracellular pathways, miR expression in the serum and saliva is thought
to be similar [33,34]. To date, 18 salivary miRs (miR-1246, miR-4644, miR-21, miR-34a, mir-
155, miR-200b, miR-376a, miR-23a, miR-23b, miR-29¢, miR-210, miR-216, miR -940, miR-
3679-5p, miR-17, miR-18b, miR-18a, and miR-196a) have been studied in gastrointestinal can-
cers and pancreatic cancer, regardless of tumor progression [35-39]. Similar to our study,
Machida and colleagues [35] focused on miR-1246, and their ROC curve had an AUC of
0.814.

However, the reproducibility of data on miR levels in non-serum body fluids can be a prob-
lem. In contrast to that of blood, production of urine and saliva can vary greatly throughout
the day. Saliva is a mixture of liquids that are produced and ultimately integrated by a number
of glandular structures, including the parotid, submandibular, sublingual, and minor salivary
glands, as well as the gingival sulcus [32]. Therefore, the quantity and quality of saliva may be
greatly affected by factors such as the age, sex, circadian rhythm, diet, drugs, and environmen-
tal exposure [40]. Consequently, relative salivary miR expression levels may vary greatly. In
this study, we examined variations in miR-1246 levels in the blood, urine, and saliva at various
time points in a single day for the first time. Although the differences were not statistically sig-
nificant, the results confirmed large fluctuations in saliva miR-1246 levels at various collection
times. However, as expected, there were no significant changes in the serum levels between the
time points. Depending on the threshold value used, accurate screening using miR levels in
urine or saliva may be possible; however, our results indicate that the other two fluids are not
superior to the blood.

A limitation of this study is that it was conducted at a single institution and with a relatively
small sample size. In addition, the study focused on a single miR, while there are thousands of
others that may be more useful biomarkers. We started implementing next-generation
sequencing to identify useful miRs in the serum, urine, and saliva. In addition, we are in the
process of developing a panel containing multiple miRs, which could be used as a kit in clinical
practice.

Conclusions

Our results showed that the expression levels of miR-1246 in body fluids other than the blood
may be used instead of the serum miR-1246 levels as a diagnostic biomarker for ESCC in
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patients. Urine collection is noninvasive and can be performed anywhere, and our results sup-
port the use of urine samples instead of blood samples.
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