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Serum exosomal miR-182 upregulation
predicts unfavorable prognosis of
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Abstract. — OBJECTIVE: Identification of nov-
el and reliable biomarkers is crucial for the early
detection and prognosis prediction of esophageal
squamous cell carcinoma (ESCC). In this study,
we aimed to explore the potential clinical signifi-
cance of serum exosomal miR-182 in ESCC.

PATIENTS AND METHODS: A total of 125 pa-
tients with ESCC and 60 healthy volunteers were
enrolled in this study. Quantitative reverse tran-
scription-polymerase chain reaction (qRT-PCR)
was used to detect the serum exosomal miR-
182 level. Then, the associations between serum
exosomal miR-182 levels and clinicopatholog-
ical features, as well as clinical outcome were
further investigated.

RESULTS: Serum exosomal miR-182 levels
were significantly higher in pre-operative ESCC
patients than in normal controls and post-op-
erative ESCC patients. In addition, the receiv-
er operating characteristic (ROC) curve analy-
sis showed that the serum exosomal miR-182
could well differentiate ESCC patients from the
healthy controls. Moreover, high serum exoso-
mal miR-182 expression was strongly associat-
ed with worse clinical parameters including dif-
ferentiation, lymph node metastasis, and TNM
stage. ESCC patients in the high serum exo-
somal miR-182 group had significantly shorter
overall survival and relapse free survival than
those in the low serum exosomal miR-182 group.
Furthermore, serum exosomal miR-182 was an
independent prognostic indicator for ESCC.

CONCLUSIONS: Collectively, serum exoso-
mal miR-182 might serve as a promising bio-
marker for predicting the unfavorable progno-
sis of ESCC.
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Introduction

Esophageal cancer is the eighth most prevalent
cancer among all cancer types worldwide and can
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be divided into two subtypes, including adenocar-
cinoma and esophageal squamous cell carcinoma
(ESCC)"2. In China, ESCC is one of the leading fa-
tal digestive tract tumors and accounts for approx-
imately 90% of esophageal cancer’. Despite recent
advances in treatment, the overall survival rate of
ESCC remains less than 30%. One of the major
reasons responsible for the unfavorable clinical
outcome of ESCC is that most cases are diagnosed
at the advanced stages. Whereas, the prognosis of
ESCC can be greatly improved if the patients are
confirmed at the early stages*®. Thus, identifica-
tion of novel biomarkers for early diagnosis and
prognosis assessment of ESCC is urgently required
to improve its treatment outcome.

MicroRNA (miRNA) are highly conserved,
non-coding RNAs with about 19-25 nucleotides
in length. They play a crucial role in regulating
gene expression at the post-transcriptional level,
leading to translational inhibition or mRNA deg-
radation®. Abnormal expression of miRNAs has
been found in various cancer types including ES-
CC™. Exosomes are 50-140 nm membrane vesi-
cles and carry many important contents such as
protein, lipids, mRNAs and miRNAs, depending
on the cellular origin. Exosomes can be extracted
from the blood samples and miRNAs encapsulat-
ed in the exosomes are very stable, making exo-
somal miRNAs attractive candidate biomarkers
for clinical applications™'®. Zhou et al'' revealed
that serum exosomal miR-223-3p was signifi-
cantly reduced in patients with ESCC and might
serve as a promising biomarker for the diagnosis
of ESCC. Upregulation of serum exosomal miR-
21 was observed in ESCC and its overexpression
was strongly associated with aggressive clinical
variables such as advanced tumor classification
and positive lymph node status'?.

MiR-182 played an oncogenic role in ESCC.
Bai et al"® showed that miR-182 downregulation
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significantly suppressed ESCC cell growth and
metastasis, promoted cell apoptosis and stimu-
lated cell cycle arrest at the G /G, phase by direct-
ly targeting YWHAG. However, the potential di-
agnostic and prognostic value of serum exosomal
miR-182 in ESCC remained largely unknown. In
the current study, we found that serum exoso-
mal miR-182 level was significantly upregulated
in ESCC. In addition, overexpression of serum
exosomal miR-182 was associated with aggres-
sive clinicopathological features and unfavorable
clinical outcome, indicating that serum exosomal
miR-182 might serve a promising biomarker for
ESCC diagnosis and prognosis prediction.

Patients and Methods

Ethics Statement

The current study was approved by the Ethics
Committee of First Affiliated Hospital of Fujian
Medical University and conducted based on the
ethical principles of the 2008 revised Declaration
of Helsinki. Written informed consent was ob-
tained from each participant.

Patients and Serum Sample Collection

A total of 125 patients diagnosed with ESCC
by histopathological confirmation were enrolled
in this study. The median age of the ESCC pa-
tients was 57.6 years (age range=20.4 to 74.3
years). The clinicopathological information of
ESCC patient cohort was presented in Table L. In
addition, 60 healthy individuals were recruited as
the healthy control group. All the patients did not
receive any surgical treatment, chemotherapy, ra-
diotherapy or other treatments before the collec-
tion of venous blood samples. The supernatants
were separated from blood samples by centrifu-
gation at 3000 g for 15 min at 4°C and then stored
at —80°C until further analysis.

Purification of Exosomes

The exosomes were purified by the use of Total
Exosome Isolation Reagent for Serum (Thermo
Fisher Scientific, Waltham, MA, USA) based on
the manufacturers’ protocol. Briefly, serum was
centrifuged at 2000g for 30min to remove cell
debris, and the supernatant was mixed with Total
Exosome Isolation (from serum) reagent at 4°C
for 30 min and then centrifuged at 10000g for

Table I. Association between serum exosomal miR-182 expression and clinical variables of ESCC patients.

Serum exosomal miR-182 level
Variables No. Low (n = 58) High (n = 67) P
Age, years 0.1092
<55 57 22 35
> 55 68 36 32
Sex 0.3822
Men 72 31 41
Women 53 27 26
Depth of invasion 0.1929
T1/T2 59 31 28
T3/T4 66 27 39
Tumor size, cm 0.0884
<4 83 43 40
>4 42 15 27
Tumor location 0.0738
Upper 21 7 14
Middle 40 15 25
Low 64 36 28
Differentiation 0.0281
Well/Moderate 87 46 41
Poor 38 12 26
Lymph node metastasis 0.0183
No 79 43 36
Yes 46 15 31
TNM stage <0.0001
/11 74 45 29
/v 51 13 38
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10min. The pellets containing exosome fractions
were washed with PBS and stored at —80°C for
further analysis.

Total RNA Isolation and Quantitative
Reverse Transcription-Polymerase
Chain Reaction (GRT-PCR)

Exosomal RNA was extracted with Mir-
Vana microRNA isolation kit (Thermo Fisher
Scientific, Waltham, MA, USA). During RNA
isolation, synthetic Caenorhabditis elegans
cel-miR-39 (5’-UCACCGGGUGUAAAUCAG-
CUUG-3’, RiboBio, Guangzhou, China) was
added to each sample as a spike-in control. The
qRT-PCR was run on the ABI PRISM 7900 Se-
quence Detector System (Applied Biosystems,
Foster City, CA, USA) using the PrimeScript
RT Reagent kit and SYBR Premix Ex Taq kit
(TaKaRa Bio, Inc., Otsu, Shiga, Japan). The
relative expression of serum exosomal miR-182
was calculated by the comparative 224" meth-
od. All experiments were repeated in triplicate.
The primers used for serum exosomal miR-182
were as follows: Forward 5’-UUUGGCAAUG-
GUAGAACUCACACU-3’ and reverse 5’-GTG-
CAGGGTCCGAGGT-3".

Statistical Analysis

The Chi-square test was used to analyze
the associations between serum exosomal
miR-182 level and clinicopathological factors.
Mann-Whitney U test was conducted to assess
the difference of serum exosomal miR-138 lev-
els between groups. The diagnostic accuracy
of serum exosomal miR-182 was evaluated by
receiver-operating characteristic (ROC) curves
and the area under the ROC curve (AUC).
Overall survival (OS) and relapse free surviv-
al (RFS) curves were constructed using the
Kaplan-Meier survival curve method plus log-
rank test. Univariate and multivariate analysis
were performed using the Cox proportional
hazards model. OS was defined as the time
from the diagnosis to death due to any cause
or the last follow-up. RFS was defined as the
time from the diagnosis to relapse or the last
follow-up. Statistical analyses were performed
using MedCalc 16.4.3 (MedCalc, Ostend, Bel-
gium) and GraphPad Prism 8 (GraphPad Soft-
ware Inc., San Diego, CA, USA). p<0.05 was
considered to indicate a statistically significant
difference.
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Results

Upregulation of Serum Exosomal
MiR-182 In ESCC

We measured serum exosomal miR-182 levels
in 125 subjects with ESCC and 60 healthy vol-
unteers. Figure 1 showed that serum exosomal
miR-182 levels were significantly higher in ESCC
cases than in normal controls (p<0.0001). In ad-
dition, ESCC patients at the I1I/IV stage had sig-
nificantly higher serum exosomal miR-182 levels
compared to those at the I/II stage (p=0.0012).

The Diagnosis Value of Serum Exosomal
MiR-182 In ESCC

Cyfra2l-1 is a commonly used biomarker for
ESCC detection. ROC curves were constructed,
and the AUC values were calculated for serum
exosomal miR-182 and Cyfra2l-1. Serum exo-
somal miR-182 had an AUC value of 0.837 (CL:
0.776-0.887), and the sensitivity and specificity
were 76.8% and 81.7%, respectively (Figure 2A).
The AUC value of Cyfra2l-1 was 0.816 (CL:
0.753-0.869), the sensitivity was 78.2% and the
specificity was 75.0% (Figure 2B). More interest-
ingly, the combination of serum exosomal miR-
182 and cyfra2l-1 displayed a better performance
than each marker alone with an AUC value of
0.895 (CI: 0.842-0.935), the sensitivity and the
specificity were 82.1% and 90.0%, respectively
(Figure 2C).

Serum Exosomal MiR-182 was Effective

for Monitoring the Treatment Response
The blood samples were collected from all 125

ESCC cases one month after their treatment and

Controls ESCC ]l nnv

Serum exosomal miR-182 relative level

Figure 1. Serum exosomal miR-182 levels in 125 ESCC
patients and 60 healthy controls.
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Figure 2. A, ROC curve for serum exosomal miR-182 to discriminate ESCC patients from controls. B, ROC curve for
cyfra2l-1 to discriminate ESCC patients from controls. C, ROC curve for combination of serum exosomal miR-182 and

cyfra2l-1 to discriminate ESCC patients from controls.

serum exosomal miR-182 levels were evaluated.
Compared to the pre-operative blood samples,
serum exosomal miR-182 levels were signifi-
cantly decreased in post-operative blood samples
(p<0.0001, Figure 3A). Of all the ESCC subjects,
86 cases received surgical resection, and 39 cases
received radiotherapy or chemotherapy. Among
the 86 patients receiving surgical treatments, 67
ESCC patients (77.9%) exhibited a decrease of
serum exosomal miR-182 levels, while 19 cases
(22.1%) showed an increase of serum exosomal
miR-182 levels. Significant difference was found
for the serum exosomal miR-182 level between
pre-operative and post-operative blood samples
in patients receiving surgical resection (p<0.0001,
Figure 3B). However, compared to pre-treatment
blood samples, no significant difference was ob-

served for serum exosomal miR-182 levels in
the post-operative blood samples from patients
receiving radiotherapy/chemotherapy (p=0.0635,
Figure 3C).

Serum Exosomal MiR-182
Expression and Clinicopathological
Characteristics of ESCC

All ESCC patients were classified as high se-
rum exosomal miR-182 expression group (n=67)
and low serum exosomal miR-182 expression
group (n=58) based on the median value of se-
rum exosomal miR-182 level. The associations
between serum exosomal miR-182 expression
level and clinical parameters were summarized
in Table 1. High serum exosomal miR-182 ex-
pression was significantly associated with poor

N=125, p<0.0001 B
—

level
level

| miR-182
| miR-182
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Figure 3. A, Serum exosomal miR-182 levels were significantly

decreased after treatment in all 125 ESCC cases. B, Serum

exosomal miR-182 expression levels were significantly decreased in 86 ESCC cases after receiving surgical resection. C,
Serum exosomal miR-182 expression levels showed no significance in 39 ESCC cases after receiving radiotherapy or chemo-

therapy.
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Figure 4. A, ESCC patients in the high serum exosomal miR-182 expression group had worse OS than those in the low serum
exosomal miR-182 expression group. B, ESCC patients in the high serum exosomal miR-182 expression group had worse RFS
than those in the low serum exosomal miR-182 expression group.

differentiation (p=0.0281), positive lymph node
metastasis (p=0.0183) and advanced TNM stage
(»<0.0001). However, no statistically significant
differences were found between serum exoso-
mal miR-182 expression and age (p=0.1092), sex
(p=0.3822), depth of invasion (p=0.1929), tumor
size (p=0.0884), or tumor location (p=0.0738).

The Prognostic Significance of Serum
Exosomal MiR-182 In ESCC

Kaplan-Meier analysis revealed that ESCC
patients in the high serum exosomal miR-182
expression group had significantly shorter OS
(p=0.0197, Figure 4A) and RFS (p=0.0101, Fig-
ure 4B) than those in the low serum exosomal
miR-182 expression group. In the univariate anal-
ysis, differentiation (RR=3.46, 95% CI=1.39-5.58,
p=0.017), lymph node metastasis (RR=3.78, 95%
CI=1.62-6.03, p=0.012), TNM stage (RR=4.75,
95% CI=2.32-7.36, p=0.002) and serum exosomal
miR-182 expression (RR=4.23, 95% CI=2.04-

6.69, p=0.008) were significantly associated with
OS. In the multivariate analysis, differentiation
(RR=2.71, 95% CI=1.17-4.46, p=0.025), lymph
node metastasis (RR=3.32, 95% CI=1.34-5.57,
p=0.019), TNM stage (RR=4.41, 95% CI=2.15-
6.98, p=0.005) and serum exosomal miR-182 ex-
pression (RR=3.54, 95% CI=1.46-5.82, p=0.016)
were identified as independent prognostic factors
for OS in ESCC (Table II).

Discussion

Identification of biomarkers for the early de-
tection and prognosis prediction of ESCC is
very crucial for improving the long-term overall
survival. In this study, we evaluated the potential
value of serum exosomal miR-182 for ESCC. Se-
rum exosomal miR-182 was significantly overex-
pressed in ESCC patients compared with normal
controls. The ROC curve analysis revealed that

Table Il. Univariate and multivariate Cox regression analysis of OS in 125 ESCC patients.

Overall Survival
Characteristics Risk ratio 95% CI P

Univariate analysis

Differentiation (Poor vs. Well/moderate) 3.46 1.39-5.58 0.017
Lymph node metastasis (Yes vs. No) 3.78 1.62-6.03 0.012
TNM stage (III/IV vs. I/II) 4.75 2.32-7.36 0.002
Serum exosomal miR-182 (High vs. Low) 4.23 2.04-6.69 0.008
Multivariate analysis

Differentiation (Poor vs. Well/moderate) 271 1.17-4.46 0.025
Lymph node metastasis (Yes vs. No) 3.32 1.34-5.57 0.019
TNM stage (ITII/IV vs. I/1I) 441 2.15-6.98 0.005
Serum exosomal miR-182 (High vs. Low) 3.54 1.46-5.82 0.016
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serum exosomal miR-182 distinguished ESCC
patients from healthy controls with high accu-
racy, and the discriminatory power was further
improved by combination of serum exosomal
miR-182 and cyfra21-1. In addition, serum exo-
somal miR-182 level was greatly decreased one
month after surgical treatment, indicating that it
might be used to monitor therapeutic responses.
Moreover, we demonstrated that higher serum
exosomal miR-182 was associated with worse
clinical parameters and shorter survival. Serum
exosomal miR-182 was confirmed as an indepen-
dent prognostic indicator for OS. These findings
suggested that miR-182 derived from cancer cell
exosomes might be involved in ESCC progres-
sion and serum exosomal miR-182 might serve
as a potential prognostic biomarker. However,
the sample size used in this study was relatively
small. Therefore, larger-scale prospective studies
are warranted to validate our findings.

Except for ESCC, miR-182 has been reported to
act as an oncogene and promote carcinogenesis in
various cancer types. In breast cancer (BC), miR-182
expression was significantly elevated both in cancer-
ous tissues and cells. Ectopic expression of miR-182
significantly stimulated cell proliferation by target-
ing FBXW7"155, Segura et al'® found that miR-182
was upregulated in melanoma cell lines and tissue
samples. In vitro and in vivo evidence demonstrated
that miR-182 overexpression markedly promoted tu-
morigenesis. Wallis et al”7 showed that miR-182 was
overexpressed in prostate cancer cells, and enforced
miR-182 expression promoted multiple tumorigenic
effects in cancer cells by regulating FOXOLI. In ana-
plastic thyroid cancer (ATC), miR-182 upregulation
occurred more frequently in ATC tissues and over-
expression of miR-182 enhanced the chemoresistance
of ATC cells via regulating TRIMS8'. Similarly, miR-
182 expression was elevated in hepatocellular car-
cinoma (HCC) tissues, and miR-182 overexpression
was closely associated with intrahepatic metastasis
and regarded as an oncogene in HCC'"%,

However, some previous studies have also
demonstrated that miR-182 might function as a
tumor suppressor gene in some types of cancer.
Sun et al’' revealed that the expression level
of miR-182 was significantly lower in cervi-
cal cancer tissues compared to normal tissues.
Overexpression of miR-182 suppressed cell pro-
liferation and accelerated cell apoptosis by neg-
atively regulating DNMT3a. Likewise, miR-182
was significantly reduced both in cancer tissues
and cell lines of osteosarcoma. In addition, miR-
182 downregulation was strongly correlated with

worse cancer phenotypes and markedly enhanced
osteosarcoma progression?>%,

Interestingly, miR-182 was found to act as ei-
ther an oncogene or a tumor suppressor gene in
the same cancer type. In glioma, Jiang et al*
reported that miR-182 was significantly overex-
pressed in cancer tissues and upregulation of miR-
182 predicted shorter overall survival in patients
with glioma, suggesting that miR-182 acted as an
oncogenic promoter. While Feng et al*® showed
that miR-182 upregulation greatly suppressed gli-
oma cell proliferation, invasion and promoted cell
apoptosis by directly targeting neuritin, indicat-
ing miR-182 played as a tumor suppressor gene.
Similarly, Chang et al*® revealed that miR-182
was markedly upregulated in non-small cell lung
cancer (NSCLC) tissues compared to the adjacent
normal tissues, and miR-182 overexpression great-
ly enhanced the oncogenic activities of cancer cells
in vitro through regulating FBXW7 and FBXW11.
In contrast, Li et al>’ demonstrated that miR-182
upregulation significantly restrained NSCLC cell
invadopodia formation and metastasis by degrad-
ing cortactin expression, indicating miR-182 might
be a tumor suppressive miRNA. Therefore, the
role of miR-182 in different cancer types or even
in the same cancer type seems to be different, de-
pending on the tumor microenvironment and the
downstream targets it regulates.

Conclusions

Collectively, to the best of our knowledge,
this is the first study to demonstrate that the
serum exosomal miR-182 levels are significant-
ly increased in patients with ESCC compared
to that in the healthy controls. In addition, the
overexpression of serum exosomal miR-182 is
closely linked to the aggressive clinicopatholog-
ical features and unfavorable clinical outcome of
ESCC. These novel findings indicate that serum
exosomal miR-182 might serve as a promising
biomarker for the detection and prognosis predic-
tion of ESCC, which may contribute to improve
the treatment outcomes for ESCC.
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