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Medicine, Kyoto, Japan Esophageal cancer (EC) is the sixth leading cause of cancer-related death worldwide.

Correspondence Recently, neoadjuvant chemotherapy (NAC) before curative surgery has become a
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Prefectural University of Medicine, 465 complete response (CR) by NAC; thus, curative surgery may be unnecessary for such

;(:r‘;iai'nc.ho‘ Kamigyo-ku, Kyoto 602-8566, patients. MicroRNA levels in plasma have the potential to be a predictor of response

Email: h-koni7@koto.kpu-m.ac.jp to NAC. In the present study, we focused on miR-192-5p, which is highly expressed in
EC tissue. The purpose was to investigate the correlations between levels of plasma
miR-192-5p and the response to NAC. Furthermore, molecular functions of miR-
192-5p associated with chemosensitivity were examined using EC cell lines. The levels
of miR-192-5p in plasma before surgery were evaluated in 113 EC patients. Sixty-nine
patients received NAC. miR-192-5p levels in the CR group were significantly higher
than in the other groups (p = 0.002). The downregulation of miR-192-5p in the EC cell
line inhibited sensitivity to cisplatin, and the overexpression of miR-192-5p in the EC
cell line promoted sensitivity to cisplatin. miR-192-5p regulated sensitivity to cisplatin
by targeting ERCC3 and ERCC4. Plasma miR-192-5p could be used as a predictor of
response to chemotherapy and prognosis in EC patients.
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1 | INTRODUCTION 40% of EC were found with distant metastases, and another 32% were

found to spread to regional lymph nodes.2 EC has a high mortality

Esophageal cancer was the seventh most diagnosed malignancy and rate (5-year survival rate is 46.7%) and further improvements in treat-

the sixth leading cause of cancer-related death worldwide in 2018, ment are needed.? For advanced EC, esophagectomy with mediastinal

with ~572,000 new patients and 509,000 deaths. In the United States, lymph node dissection is generally selected as a radical operation.®

Abbreviation: CR, complete response; CT, computed tomography; DCF, docetaxel+cisplatin+5-FU; EC, esophageal cancer; EUS, endoscopic ultrasound; FP, cisplatin+5-FU; HV, healthy
volunteers; miRNAs, MicroRNAs; NAC, neoadjuvant chemotherapy; NER, nucleotide excision repair.; OS, overall survival; P, propidium iodide; qRT-PCR, quantitative RT-PCR; RFS,
recurrence-free survival; TBST, TBS with Tween-20; WB, western blotting
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Recently, NAC before curative surgery was revealed to improve
postoperative prognosis, and has become a standard treatment
in Japan for clinical stage Il or Il EC p:atientsf"5 However, overall
complications occur in 59% of patients after esophagectomy,® and
the presence of NAC is mentioned as a risk factor for postoperative
complications.” Pathological findings of resected specimens have
revealed that 6%-29% of EC patients obtained CR by NAC.*® These
patients have a good prognosis, and additional esophagectomy and
lymphadenectomy are considered unnecessary if CR by NAC is diag-
nosed accurately before surgery. Various methods for the diagnosis
of CR have been investigated, but there is still no solid indicator. Didi
et al. reported that image inspections, such as CT, PET, and EUS,
may be useful indicators for the diagnosis of CR, but they concluded
that these imaging techniques were insufficient for an accurate
diagnosis.9

miRNAs are endogenous, small non-coding RNAs that consist of
~22 nucleotides.’® miRNAs regulate target gene expression through
binding to the 3'UTR of mRNAs, and affect various cell functions.*®
One miRNA can regulate the expression of other target genes that
have different functions. Previous studies have reported an associ-
ation between miRNAs and chemosensitivity in various cancers.!!
Thus, some miRNAs may affect the chemosensitivity of EC and have
the potential to predict CR by NAC.

We searched PubMed (National Institutes of Health; Bethesda,
MD, USA) for candidate miRNAs that might be used to predict the
effects of NAC for EC. To the best of our knowledge, between 2009
and 2019, there were 94 studies reporting miRNAs associated with
EC progression or chemosensitivity. In these reports, at least three

C712*14 and

papers reported miR-192-5p as a prognostic indicator of E
Shujun et al. reported that expression of miR-192-5p in EC tissue was
associated with a poor prognosis and promoted tumor progression.’
In addition, high expression of miR-192-5p in biopsied tumor tissues
before NAC was associated with sensitivity for NAC.'® Therefore, in
the present study, we focused on miR-192-5p as a predictor of the
effect of NAC for EC.

There are various fluids suitable for miRNA detection, of which
plasma is one of the most suitable samples for the prediction of
miRNA levels in terms of stableness and non-invasiveness.}” The
purpose of the present study was to investigate any correlations
between the levels of plasma miR-192-5p after NAC and the re-
sponse to NAC or prognosis. Furthermore, molecular functions of
miR-192-5p associated with chemosensitivity were examined using
EC cell lines.

2 | MATERIALS AND METHODS

2.1 | Patients and clinical plasma samples

In total, 113 patients who had undergone curative surgery for EC be-
tween 2014 and 2020 at the hospital of Kyoto Prefectural University
of Medicine were reviewed retrospectively. All patients underwent
curative surgery for EC, and NAC was performed on 69 patients.
The regimen of NAC was cisplatin-based therapy consisting of DCF
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(docetaxel +cisplatin+5-FU) or FP. Here, 7 ml of peripheral blood
samples were collected into sodium heparin tubes (BD Vacutainer)
before curative surgery regardless of NAC.

The plasma was extracted from the collected blood using a
three-spin protocol (1500 rpm, 4°C for 30min; 3000 rep., 4°C for
5 min; and 4500 rpm 4°C for 5 min) to reduce contamination by cel-
lular nucleic acids. Plasma was stored in a freezer at -80°C before
further processing. Tumor staging and clinicopathological factors
were classified according to the Japanese Classification of Esophageal
Cancer, 11th edition,*® and pathological features were diagnosed
by pathologists. The treatment policy was decided according to
the Esophageal Cancer Practice Guidelines 2017.27 The response to
NAC was assessed by histopathological findings according to the
Japanese Classification of Esophageal Cancer, 11th edition'®: Grade 1
was defined as 233% of residual tumor cells, grade 2 as <33% of
residual tumor cells, and grade 3 as no residual tumor cells. Plasma
samples of 55 HV were collected using the same method before sur-
gery for non-cancerous diseases.

The present study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki and written informed consent
about the therapy and participation in the research work was ob-
tained from all patients before surgery. This study was reviewed
and approved by the Institutional Ethics Review Board (approval no.
ERB-C-1414-1).

2.2 | Cellculture

Human EC cell lines, KYSE170 and KYSE70, were purchased from
the Japanese Collection of Research Bioresources Cell Bank (Osaka,
Japan). TE-15, TE-11, TE-8, and TE-2 were obtained from RIKEN
Bioresource Center (Ibaraki, Japan). HUVEC was purchased from
Promocell (Heidelberg, Germany). The human normal esophageal
squamous epithelial cell line, HET-1A, and human mesothelial cell
line, MeT-5A, were purchased from the ATCC (Rockville, MD, USA).
These non-tumor cell lines were used as the control. All EC cell lines,
MeT-5A, and HET-1A, were maintained in RPMI medium (Nakalai
Tisque), supplemented with 10%FBS (System Biosciences). HUVEC
was cultured in an endothelial basal medium (Lonza) with endothelial
growth supplement Single Quots (Lonza). All cell lines were cultured
in an humidified 37°C incubator with 5% carbon dioxide.

2.3 | RNA extraction and quantification of the
expression of miRNA and mRNA

Total RNA was extracted from 400 pl of plasma sample using a mir-
Vana PARIS Kit (Ambion) according to the manufacturer's protocol.
In accordance with a previous study, we selected miR-1228-3p as a
stable endogenous control for plasma samples.?° The same protocol
was used to extract cell-free RNA from the medium of the KYSE170
cell line.

Total RNA was extracted from the cultured cells using an miR-
Neasy Mini Kit (Qiagen) according to the manufacturer's protocol.
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The reverse transcription reaction was performed using a High-
capacity cDNA Reverse Transcription Kit (Applied Biosystems).
miRNA and mRNA expression levels were measured by qRT-PCR
using a StepOnePlus PCR system (Applied Biosystems), and the
cycle threshold (C,) value was calculated using StepOne Software
v2.0 (Applied Biosystems). TagMan MicroRNA Assays (hsa-miR-
192-5p [Assay ID: 000491], hsa-miR-1228-3p [Assay ID: 002919],
and RNU6B [Assay ID: 001093]) and TagMan Gene Expression
Assays (ERCC3 [Assay ID: Hs01554457_m1], ERCC4 [Assay ID:
Hs00193342_m1], and B-actin [Assay ID: Hs01060665_g1]) were
used as the primer sets (Thermo Fisher Scientific). In plasma sam-
ples, the RNA extraction technique and sample quality were eval-
uated using a spike control, cel-miR-39. Results were corrected
using the 2722 method relative to the levels of miR-1228-3p in the
plasma, with RNU6B for miRNA expression and p-actin for mRNA

expression in cultured cells.

2.4 | Transfection of mMiRNA mimic and inhibitor
We used the miR-192-5p mimic (Assay ID: MC10456; Thermo Fisher
Scientific), miR-192-5p inhibitor (Assay ID: MH10456; Thermo Fisher
Scientific; Waltham, MA, USA), a control vector for the mimic (nega-
tive control #1; Thermo Fisher Scientific), and a control vector for
the inhibitor (negative control #1; Thermo Fisher Scientific). The in-
hibitor was transfected into KYSE170 cells at a final concentration of
6 nM using a Lipofectamine 2000 reagent (Thermo Fisher Scientific)
according to the manufacturer's protocol. In the same methods, the
mimic was transfected into TE-15 cells at a final concentration of
3 nM. The alterations of miR-192-5p expression for each concen-
tration of the inhibitor or mimic are shown in Figure S1. The final
concentration of the inhibitor and mimic was determined as 6 nM
and 3 nM, according to these results and the recommended concen-
tration by the products. miR-192-5p expression was confirmed by
gRT-PCR in each experiment.

2.5 | Proliferation assay

KYSE170 (2.5 x 10 cells/well) and TE-15 (1.0 x 10* cells/well) cells
were seeded onto a 24-well plate. The viable cells were evaluated
by colorimetric water-soluble tetrazolium salt assay (Cell Counting
Kit-8; Dojindo Laboratories). The measurements were assessed at
0, 24, 48, and 72h after transfection of miR-192-5p inhibitor or
mimic. The absorbance value was measured at a wavelength of
450 nm.

2.6 | Cell cycle assay

In total, 50,000 KYSE170 or TE-15 cells per well were seeded onto
a 6-well plate. The proportion of each cell cycle was analyzed 48 h

after transfection of the miR-192-5p inhibitor or mimic using flow
cytometry with the BD Accuri Cé system (BD Biosciences). Cells
were detached from the plate using trypsin-EDTA, treated with
0.2% Triton X-100, and stained with PI/RNase staining buffer
(Becton-Dickinson Biosciences). Next, 10,000 cells were meas-
ured in each sample.

2.7 | Apoptosis assay

Here, 50,000 KYSE170 or TE-15 cells per well were seeded onto
a 6-well plate. Apoptosis rates were evaluated 48h after transfec-
tion of the miR-192-5p inhibitor or mimic using an Annexin V-FITC
Kit (Beckman Coulter). The proportions of early and late apoptotic
cells were measured by flow cytometry (BD Accuri Cé system). Next,

10,000 cells were measured in each sample.

2.8 | Assessment of chemosensitivity to cisplatin
KYSE170 and TE-15 cells were seeded at 1.0 x 10° cells/well on a 96-
well plate. The miR-192-5p inhibitor was transfected into KYSE170
cells at a final concentration of 6 nM, and the mimic was transfected
into TE-15 cells at a final concentration of 3 nM. At 24 h after the
transfection of the inhibitor or mimic, cisplatin was applied to each
well at final concentrations of 0, 2, 4, 6, 8, 12, 16, or 24uM. Cells
were incubated for 48 h at each cisplatin concentration, and the vi-
able cells were evaluated using the Cell Counting Kit-8. To compare
the chemosensitivity, half maximal inhibitory concentration was cal-
culated using JMP 10 software (SAS Institute).

2.9 | Western blotting

Protein samples were extracted using Mammalian Protein Extraction
Reagent (Thermo Fisher Scientific). Protein concentration was meas-
ured using the Protein Assay Rapid Kit Wako Il (Wako) and adjusted
to 20 ug per sample. Each protein sample was separated by SDS-PAGE
and subsequently transferred onto PVDF membranes (GE Healthcare).
The membranes were blocked in TBST containing 5% BSA for 1 h
and then incubated with the primary antibodies at 4°C overnight.
The membranes were washed with TBST to remove excess primary
antibodies and incubated with anti-rabbit (#7074S) or anti-mouse
(#70768S) secondary antibodies (both from Cell Signaling Technology)
at room temperature for 1 h; proteins were detected using the ECL
Plus Western Blotting Detection System (GE Healthcare).

The antibodies used in the present study were anti-ERCC3
(1:1000 dilution, anti-rabbit, ab190698), anti-ERCC4 (1:2000 dilu-
tion, anti-rabbit, ab76948), and anti-p-actin (1:20,000 dilution, anti-
mouse, #A2228-200UL). Antibodies for ERCC3 and ERCC4 were
purchased from Abcam. An anti-p-actin antibody was purchased

from Sigma-Aldrich.
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2.10 | Statistical analysis 3 | RESULTS

The Kaplan-Meier method was used to analyze OS and RFS, and 3.1 | Functional analysis of miR-192-5p in EC cell

the differences were evaluated using the log-rank test. An unpaired line

t-test was used to evaluate the differences among the unpaired par-
ametric variables, and the Mann-Whitney U test among unpaired
non-parametric variables. The Wilcoxon t-test was used for paired
non-parametric variables. The chi-squared test was used for cate-
gorical variables. Statistical tests used in the present study were two
sided, and a p-value <0.05 was considered significant. Data are pre-
sented in the figures as the mean+SD. All statistical analyses were
performed using JMP 10 software.

The expression of miR-192-5p in EC cell lines is shown in Figure 1A.
It was highest in the KTSE170 cell line. miR-192-5p expression in
the KYSE170 cell was significantly suppressed by the transfection
of miR-192-5p inhibitor (p = 0.032), and proliferation ability was
significantly inhibited (Figure 1B). There was no significant differ-
ence in cell cycle analysis by suppressing miR-192-5p expression, but
the population of late apoptosis significantly increased (p = 0.001,
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Figure 1C). Conversely, proliferation was confirmed by the overex-
pression of miR-192-5p in TE15 cells with low miR-192-5p expres-
sion (Figure S2A). Moreover, both early apoptosis and late apoptosis

were significantly reduced (Figure S2B).

3.2

| Levels of miR-192-5p in plasma

Figure 2A shows the plasma miR-192-5p levels of EC patients with-
out NAC (n = 44) and HV (n = 55). miR-192-5p levels were signifi-
cantly higher in EC patients (p <0.001). miR-192-5p levels were also
examined in patients with NAC before surgery using plasma samples
(n = 69). miR-192-5p levels were significantly higher in the group
with a grade 3 response to chemotherapy than the other groups
(Figure 2B).

Levels of miR-192-5p in plasma

3.3 | Association between plasma miR-192-5p
level and clinicopathological factors

The cutoff value for miR-192-5p was determined as 3.5 by the median
value of plasma miR-192-5p levels of all 113 patients, and patients
were divided into two groups (Low and High). Table 1 shows the as-
sociation between plasma miR-192-5p level of EC patients without
NAC and clinicopathological factors. A high level of plasma miR-
192-5p was significantly correlated with the progression of patho-
logical T factor (p = 0.039), lymphatic invasion (p = 0.006), venous
invasion (p<0.001), and pathological stage (p = 0.015). Conversely,
in EC patients with NAC, patients with high-grade pathological re-
sponses to NAC had higher levels of plasma miR-192-5p (p = 0.040,
Table 2). However, there was no significant association between

plasma miR-192-5p levels and other clinicopathological factors.
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TABLE 1 Association between plasma
miR-192-5p and clinicopathological factors
in EC without NAC

Variables

Age

Sex

Tumor size (mm)

Pathological T
factor®

Pathological N
factor®

Lymphatic

invasion®

Venous invasion®

Pathological
stageb

= 1691
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Plasma miR-192-5p before

treatment
High
Low (<3.5) (>3.5)
n=44 n=22 n=22 p-value®
>65 30 13 (43%) 17 (57%) 0.195
<65 14 9 (64%) 5 (36%)
Male 38 18 (47%) 20 (53%) 0.379
Female 6 4 (67%) 2 (33%)
>40 19 7 (37%) 12 (63%) 0.128
<40 25 15 (60%) 10 (40%)
T3,4 7 1(5%) 6 (95%) 0.039
T1,2 37 21 (56%) 16 (44%)
N1-4 16 5(31%) 11 (69%) 0.060
NO 28 17 (61%) 11 (39%)
I 21 6(29%) 15 (71%) 0.006
= 23 16 (69%) 7 (31%)
+ 22 4 (18%) 18 (82%) <0.001
- 22 18 (82%) 4 (18%)
2,3 20 6 (30%) 14 (70%) 0.015
1 24 16 (67%) 8 (33%)

ap-values were calculated using the chi-squared test.

PAccording to the 11th edition of the Japanese Classification of Esophageal Cancer.

In the survival analysis of patients without NAC, RFS was worse
in patients with a high level of plasma miR-192-5p (p = 0.031;
Figure 2C). Furthermore, in the patients with NAC, RFS was worse
in the patients with a high level of plasma miR-192-5p but not signif-
icant (p = 0.123; Figure 2D).

3.4 | Effects of miR-192-5p in chemosensitivity and
candidate target genes

In the present study, a high level of miR-192-5p was associated
with chemosensitivity, which is similar to the findings of a previous
study.*® Sensitivity to cisplatin was suppressed by the downregula-
tion of miR-192-5p expression in KYSE170 cells and promoted by
the upregulation of miR-192-5p expression in TE-15 cells (Figure 3A).
ERCC3 and ERCC4 were selected as candidate target genes of
miR-192-5p using the public database TargetScan (http://www.targe
tscan.org) (Figure 3B), and by their association with resistance to cis-
platin in various cancers.?%?2 Expression levels of ERCC3 and ERCC4
in EC cell lines are shown in Figure S3. Transfection of the miR-
192-5p inhibitor in KYSE170 cell upregulated the mRNA and protein
expression of ERCC3 and ERCC4 as shown in the results of gRT-PCR
and WB (Figure 3C). Conversely, the overexpression of miR-192-5p
in TE-15 cells downregulated the expression of ERCC3 and ERCC4
(Figure 3C). These findings suggest that ERCC3 and ERCC4 are asso-
ciated with cisplatin resistance as target genes of miR-192-5p.

3.5 | Extracellular miR-192-5p levels and
clinical course

In vitro assay revealed that the level of miR-192-5p in the medium
of KYSE170 cells increased with the concentration of administered
cisplatin (Figure 4A). The level of plasma miR-192-5p in 16 patients
with NAC was also compared before and after NAC. As shown in
Figure 4B, the level of plasma miR-192-5p significantly increased
after NAC (p = 0.015). A representative profile of the level of plasma
miR-192-5p in a clinical assay is shown in Figure 4C. In the patient
with grade 3 pathological response, levels of plasma miR-192-5p
were as high as the cutoff value over the entire period, especially
after NAC. These results reflect a high sensitivity to cisplatin and
high therapeutic effects. Conversely, in the patient with a grade 1a
pathological response, the levels of plasma miR-192-5p were con-
stantly below the cutoff value and did not increase obviously after
NAC (Figure 4C).

4 | DISCUSSION

Neoadjuvant treatment, such as chemoradiation therapy, has become
the standard treatment for EC patients worldwide,* and cisplatin-
based chemotherapy is the main regimen for the neoadjuvant treat-
ment of advanced EC patients in Japan.” In these treatment strategies,
one of the important issues is to accurately evaluate a response to
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Plasma miR-192-5p after

TABLE 2 Association between
plasma miR-192-5p after NAC and

NAC clinicopathological factors in EC with NAC
High
Low (<3.5) (>3.5)
Variables n=69 n=41 n=28 p-value?
Age >65 42 24 (57%) 18 (43%) 0.630
<65 27 17 (63%) 10 (37%)
Sex Male 56 31 (55%) 25 (45%) 0.153
Female 13 10 (77%) 3(23%)
Tumor size (mm) >40 31 20 (65%) 11 (35%) 0.436
<40 38 21 (55%) 17 (45%)
Regimen of NAC DCF 42 24 (57%) 18 (43%) 0.630
FP 27 17 (63%) 10 (37%)
Pathological T T3,4 36 25 (69%) 11 (31%) 0.076
factor” TO-2 33 16 (48%) 17 (52%)
Pathological N N1-4 23 23 (70%) 10 (30%) 0.096
factor” NO 36 18 (50%) 18 (50%)
Lymphatic + 18 10 (56%) 8 (44%) 0.697
invasion® - 51 31 (61%) 20 (39%)
Venous invasion® + 26 18 (69%) 8 (31%) 0.196
= 43 23 (53%) 20 (47%)
Pathological 2,3 40 27 (67%) 13 (33%) 0.138
stage” 0,1 29 14 (48%) 15 (52%)
Pathological 1,2 59 38 (65%) 21 (35%) 0.040
grade” 3 10 3 (30%) 7 (70%)

Abbreviations: DCF, docetaxel + cisplatin + 5-FU; FP, cisplatin + 5-FU; NAC, neoadjuvant

chemotherapy.

ap-values were calculated using the chi-squared test.

bAccording to the 11th edition of the Japanese Classification of Esophageal Cancer.

NAC before surgery, which may be able to prevent overtreatment for
EC patients. Conversely, it is well known that many miRNAs contribute
to the initiation and progression of EC.?% A previous study reported
the roles of miRNAs in the sensitivity or resistance to chemotherapy
in various cancers.™ In the present study, plasma miR-192-5p levels
were higher in EC patients than in HV. A high level of miR-192-5p in
plasma after NAC correlated with a CR (grade 3) in EC patients who
had undergone NAC. Although miR-192-5p promoted cancer progres-
sion in EC cells, the expression of miR-192-5p also promoted sensitiv-
ity to cisplatin by suppressing its target genes, ERCC3 and ERCC4.
Furthermore, miR-192-5p levels in culture medium increased in a
cisplatin concentration-dependent manner in an in vitro assay. We
hypothesize that miR-192-5p will be released from EC tissue to the
extracellular environment according to the effects of chemotherapy
and be a useful predictor of the effect of NAC.

ERCC3 and ERCC4 are proteins related to the NER pathway.?*
NER reaction is a DNA repair pathway that is associated with the
repair of genes damaged by chemotherapy or radiotherapy.24
After recognizing the distortion of the double helix structure of
DNA, the damaged single-stranded DNA region is removed, and

the generated single-stranded gap is repaired by DNA polymerase.
The NER reaction is completed by sealing the final nick with DNA
ligase. In this pathway, ERCC3 forms a complex that binds to dam-
aged single-stranded DNA, and ERCC4 is involved in DNA repair.
Therefore, the NER pathway is activated by the overexpression of
ERCCS3, and ERCC4 promotes DNA repair and leads to cisplatin re-
sistance. A similar function of miR-192-5p and ERCC was reported
in gastric cancer,?’ and miR-192-5p and the NER pathway were
associated with radiosensitivity in hepatocellular carcinoma.?? In
EC cells with upregulated miR-192-5p expression, chemosensi-
tivity will be promoted due to suppression of ERCC3 and ERCC4
expression.

miR-192-5p has been reported as a cancer-promoting miRNA in
various cancers, including EC.*3>25-27 |n the present study, inhibi-
tion of miR-192-5p suppressed proliferation ability and promoted
apoptosis in EC cells, and the opposite results were confirmed by
the overexpression of miR-192-5p. However, miR-192-5p also has a
cancer-suppressing effect via suppression of ERCC expression and
increase of sensitivity to cisplatin.21 A previous study reported that
miRNA targeted some other genes with various functions.'® Thus,
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FIGURE 3 (A) Sensitivity of cisplatin
was suppressed by decreasing the
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miR-192-5p will have exerted tumor-promoting effects in EC cells as
in previous reports. However, in limited situations such as chemo-
therapy, miR-192-5p may show a tumor-suppressing effect, such as
by increasing sensitivity to chemotherapy. Further examinations are
needed on the two-sided effects of miRNAs including miR-192-5p in
various cancers.

The collection of a peripheral blood sample is an easy proce-
dure and minimally invasive for patients. Furthermore, miRNAs in
plasma are markedly stable because they are protected from en-
dogenous RNase activity by binding to proteins or being included
in small vesicles.”” miR-192-5p was reported to be contained in
extracellular vesicles.' Therefore, cell-free circulating miRNA is a
useful biomarker for cancer detection or the evaluation of cancer
progression. Previous studies have reported plasma miR-744 as a

diagnostic marker in pancreatic cancer, miR-320 in gastric cancer,
and miR-1207-5p in colorectal cancer.?®3° Furthermore, some miR-
NAs in plasma have been identified for their application in minimally
invasive diagnosis or therapeutic monitoring of EC.'% In the present
study, we focused on miR-192-5p. A higher level of miR-192-5p in
plasma was associated with prognosis and a high response to NAC. '
We also found that EC cells treated with higher concentrations of
cisplatin released higher levels of miR-192-5p in the medium. Thus,
plasma miR-192-5p is a useful biomarker of EC that reflects the con-
dition of the tumor status and response to chemotherapy.

In the present study, there were 10 EC patients diagnosed with
CR in histopathological findings. Only endoscopy without biopsy
and contrast-enhanced CT scan were performed after NAC to eval-
uate the response to NAC. It is true that diagnosis by PET or EUS is
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not performed in our institute, but none of the patients was accu-
rately diagnosed with CR before surgery. Conversely, the level of
miR-192-5p in plasma was higher than the cutoff value in 7 out of
10 CR patients (70%). Although 36% (21/ 59) of patients with patho-
logical grades 1 and 2 showed a high level of plasma miR-192-5p, the
level of miR-192-5p in plasma may be a more sensitive predictor of
the good effects of NAC, including CR response, than existing clini-
cal examinations. It is necessary to evaluate more patients with NAC
in a clinical trial for further investigation.

There were some limitations in the present study. This study
was a single-institutional retrospective analysis, and the sample
size was small; thus, further analysis with a larger sample size is
necessary. miR-192-5p expression in tumor tissue before NAC,
such as a biopsy sample, could not be evaluated due to the dif-
ficulty of sample collection. Therefore, we used the results of a
previous study that reported that miR-192-5p expression in EC
tissue before NAC affected chemosensitivity.16 In addition, the
present study revealed the usefulness of measurements of plasma
miR-192-5p for conflicting functions of tumor promotion and sup-
pression in EC. In many reports on cancer, the one-way function

After surgery

pTIbNIMO stagell

grade 1a

of miRNAs, such as tumor promotion or suppression, was reported
because usual comprehensive examinations, such as microarray
analysis, could only detect one-way changes and the candidates
that had conflicting functions were excluded. Such analyses are
difficult when examining only intracellularly or extracellularly;
however, in clinical practice, many miRNAs are expected to per-
form conflicting functions in cancer cells. It is necessary to clarify
the complex function of miRNA based on past reports in order
to understand cancer biology and detect more useful miRNA
biomarkers.

In conclusion, a high miR-192-5p level in plasma is associated
with prognosis and CR to NAC in EC patients, and the expression
of miR-192-5p in EC cells enhances cancer progression and sensitiv-
ity to cisplatin through reduced expression of ERCC3 and ERCC4.
Plasma miR-192-5p may be a useful predictor of response to chemo-
therapy and prognosis in EC patients.
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