Int J Clin Exp Pathol 2020;13(7):1601-1607
www.ijcep.com /ISSN:1936-2625/1JCEP0110938

Original Article
Early diagnostic and prognostic value of serum
exosomal miR-1246 in non-small cell lung cancer

Dawei Huang?, Di Qu?

Departments of *Medical Affairs, 2Medical Oncology, The Second Affiliated Hospital of Harbin Medical University,
Harbin, Heilongjiang Province, China

Received March 16, 2020; Accepted April 16, 2020; Epub July 1, 2020; Published July 15, 2020

Abstract: Lung cancer is one of the most common malignant tumors. A growing body of evidence has demon-
strated that circulating microRNAs (miRNAs) have great potential for the diagnosis and prognosis of lung cancer.
In this study, we aimed to determine the clinical significance of serum exosomal miR-1246 in non-small cell lung
cancer (NSCLC). Real-time PCR was performed to measure the expression level of serum exosomal miR-1246 in
NSCLC patients. The correlations between the serum exosomal miR-1246 level and prognosis of NSCLC were then
investigated. The expression of serum exosomal miR-1246 was significantly increased in NSCLC patients. Receiver
operating characteristic (ROC) analysis showed that serum exosomal miR-1246 showed good performance for dis-
criminating NSCLC patients from healthy controls and patients with non-malignant respiratory diseases. The level
of serum exosomal miR-1246 was decreased following treatments, but increased in the cases with recurrence. In
addition, serum exosomal miR-1246 level was strongly associated with lymph node metastasis and TNM stage.
Survival analysis showed that the patients in the high serum exosomal miR-1246 group had poorer overall survival
and disease-free survival. Multivariate analysis showed that serum exosomal miR-1246 level was an independent
prognostic factor for NSCLC. In conclusion, serum exosomal miR-1246 might be a useful diagnostic and prognostic

biomarker for NSCLC.
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Introduction

Lung cancer is the leading cause of cancer-
related mortality. In 2018, there were approxi-
mately 2,093,876 new cases of lung cancer
and 1,761,007 deaths globally [1]. Non-small
cell lung cancer (NSCLC) is the major type of
lung cancer, accounting for approximately 85%
of all cases [2]. The lung cancer cells tend to
infiltrate into surrounding tissue and metasta-
size to distant organs, resulting in cancer pro-
gression and the unfavorable clinical outcome
of NSCLC. Despite great advances in the thera-
pies such as surgery, radiotherapy, chemother-
apy and targeted therapy during the past
decades, the 5-year survival rate for advanced-
stage NSCLC remains very low. Therefore, it is
important to explore novel biomarkers for early
detection and prognosis of NSCLC [3, 4].

MicroRNAs (miRNAs) are a class of highly con-
served, short and small (18-24 nucleotides)
non-coding RNAs that play important roles in

the regulation of translation and degradation
of mRNAs through complimentary binding wi-
th the 3’-untranslated regions (UTRs) of target
genes [5, 6]. Notably, previous studies have
provided strong evidence that more than 1500
miRNAs might influence the expression of over
60% of human genes [7, 8]. MiRNAs have been
found to play crucial roles in many biologic pro-
cesses such as proliferation, migration, inva-
sion, differentiation, and apoptosis [9]. In addi-
tion, aberrant expression of miRNAs is ass-
ociated with various diseases including cancer.
These small molecules can act as oncogenes
and/or tumor suppressors, depending on their
targeted genes and tumor microenvironment
[10].

Exosomes are small vesicles and typically
30-150 nm in diameter. They carry a variety of
substances such as proteins, short-chain pep-
tides, lipids, mRNAs, and non-coding RNAs [11,
12]. MiRNAs are particularly abundant in the
exosomes since they are protected by the dou-
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Table 1. Correlation between serum exosomal miR-1246 ex-
pression and clinicopathologic findings in NSCLC

(NMRD), and 50 healthy volun-
teers were enrolled in the study.

Relative serum exosomal miR-1246

Patients who had received any

Finding Number Low High P z_ntig-can.cerf "c\lrgzirgent priorI '([jo
iagnosis o were exclud-

Agieo 47 - o5 0.616 ed. All the NSCLC cases were
pathologically confirmed by two

260 58 30 28 independent pathologists. Stag-
Gender 0.727 ing of NSCLC was based on the
Female 34 16 18 American Joint Committee on
Male 71 36 35 Cancer (AJCC) staging system. All
Smoking 0.205 clinical data were retrospectively
No 21 13 collected from medical records
Yes 84 39 45 and summarized in Table 1. For
Primary location 0.766 the patients with NMRD, 15 pa-
Left lung 50 24 26 tielnts hqd asthma, 21 had bron-
Right lung 55 o8 57 chlect_a3|s, and _14 patients haq
Differentiation 0121 chronic opstructlve pulmonary di-
sease. This study was approved

Well and moderate 67 37 30 by the Ethics Committee of The
Poor 38 15 23 Second Affiliated Hospital of Har-
Lymph node metastasis <0.001 bin Medical University, and con-
No 65 42 23 ducted in compliance with the
Yes 40 10 30 provisions of Declaration of Hel-
TNM stage <0.001 sinki. All the participants provid-
] 56 40 16 ed written informed consent. The
NIV 49 12 37 blood samples were taken from

ble lipid layer. Abnormal expression of circulat-
ing exosomal miRNAs has been demonstrated
as an important biomarker for the diagnosis
and prognosis of NSCLC. For instance, the ex-
pression levels of plasma exosomal miR-23b-
3p, MiR-10b-5p and miR-21-5p were increased
in NSCLC, and upregulation of these plasma
exosomal miRNAs was associated with unfa-
vorable prognosis of NSCLC [13].

MiR-1246 has been shown to play a critical role
in the initiation and progression of NSCLC [14,
15]. However, whether serum exosomal miR-
1246 is aberrantly expressed in NSCLC and its
potential clinical significance were unknown.
Therefore, the present study aimed to elucidate
the diagnostic and prognostic values of serum
exosomal miR-1246 in NSCLC.

Materials and methods
Patients and serum samples

A total of 105 patients with NSCLC, 50 pati-
ents with non-malignant respiratory diseases
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all the participants and subject-
ed to centrifugation at 3,000 g
for 15 min. The serum supernatant was col-
lected and stored at -80°C for further use.

Quantitative reverse transcription PCR (qRT-
PCR)

Total RNA was extracted from the serum sam-
ples with mirVvana™ miRNA Isolation Kit (Am-
bion Inc., Austin, TX, USA) following the manu-
facturer’s protocol. The concentration and qual-
ity of total RNA was measured using a Nano-
Drop 2000 (Thermo Fisher Scientific, Wilming-
ton, DE, USA). The total RNA was reversed tran-
scribed to cDNA using the PrimeScript RT
Reagent Kit (Takara, Dalian, China). The amplifi-
cation of cDNA was carried out through the
miScript SYBR-Green PCR Kit (QIAGEN Inc, Va-
lencia, CA, USA) on the ABI 7500 Real-Time
PCR System (Applied Biosystems, Foster, CA,
USA). The PCR conditions were 95°C for 5 min,
followed by 40 cycles of 94°C for 15 sec, 55°C
for 30 sec. The Caenorhabditis elegans miRNA
cel-miR-39 was used as a synthetic spike-in
control RNA. The 224t method of relative quan-
tification was used for comparing the expres-
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sion of serum exosomal miR-1246 in different
groups.

Enzyme-linked immunosorbent assay

The expression of carcinoembryonic antigen
(CEA) in NSCLC patients and healthy subjects
was examined with the Human Carcino-Em-
bryonic Antigen ELISA Kit (Abcam, Cambridge,
MA, USA).

Statistical analysis

All the statistical analyses were performed wi-
th GraphPad Prism version 6 (GraphPad Soft-
ware, San Diego, CA, USA). The Mann-Whitney
U test or Kruskal-Wallis test was used to com-
pare the serum exosomal miR-1246 level in
different groups. Associations between serum
exosomal miR-1246 expression and clinico-
pathologic values were analyzed using the
chi-square test. The diagnostic performance of
serum exosomal miR-1246 was analyzed by
receiver operating characteristic (ROC) curve
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and the area under the curve (AUC). Survival
curve was performed using Kaplan-Meier me-
thod and log-rank test. Cox proportional haz-
ards model was used for multivariate analysis.
P<0.05 was considered significant.

Results

Serum exosomal miR-1246 is significantly
upregulated in NSCLC

The relative levels of serum exosomal miR-
1246 in patients with NSCLC, patients with
NMRD, and healthy controls were compared by
gRT-PCR. Our results showed that the expres-
sion of serum exosomal miR-1246 was mark-
edly higher in patients with NSCLC than in pa-
tients with NMRD and healthy controls (***P<
0.001) (Figure 1A). In addition, the NSCLC
patients at advanced clinical stage or with
lymph node metastasis had higher levels of
serum exosomal miR-1246 compared to their
respective controls (***P<0.001) (Figure 1B,
1C).
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Figure 2. Diagnostic value of serum exosomal miR-1246 for NSCLC. A. The AUC value of serum exosomal miR-1246
for discriminating stage | NSCLC patients from healthy controls was 0.827. B. The AUC value of serum exosomal
miR-1246 for discriminating stage | NSCLC patients from patients with NMRD was 0.757. C. The AUC value of CEA
for discriminating stage | NSCLC patients from healthy controls was 0.684.
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Figure 3. Association between serum exosomal miR-1246 and therapeutic
response and recurrence. A. The expression level of serum exosomal miR-
1246 was significantly decreased following treatment. B. Serum exosomal

miR-1246 was increased in cases with recurrence.

Diagnostic value of serum exosomal miR-1246
for early stage NSCLC

A total of 33 NSCLC cases were at stage |. We
evaluated the diagnostic value of serum exo-
somal miR-1246 for detecting the NSCLC at an
early stage. ROC analysis revealed that serum
exosomal miR-1246 discriminated early stage
NSCLC patients from healthy subjects, with an
AUC value of 0.827 (Figure 2A). The AUC value
of serum exosomal miR-1246 that discriminat-
ed early stage NSCLC patients from patients
with NMRD was 0.757 (Figure 2B). The AUC
value of traditional tumor marker CEA that dis-

1604

cases suffered recurrence, and
the expression of serum exo-
somal miR-1246 was signific-
antly upregulated at the time
of recurrence (***P<0.001)
(Figure 3B).

Correlation between serum exosomal miR-
1246 and clinical outcome of NSCLC

Based on the median level of serum exosomal
miR-1246 in NSCLC patients, all NSCLC cases
were divided into a high serum exosomal miR-
1246 group and a low serum exosomal miR-
1246 group. High serum exosomal miR-1246
expression was positively associated with adv-
anced TNM stage (P<0.001) and lymph node
metastasis (P<0.001) (Table 1). Survival analy-
sis showed that the NSCLC patients in the high
serum exosomal miR-1246 group had worse
overall survival (0S) (P=0.0002) and disease-
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Figure 4. Association between serum exosomal miR-1246 and survival in NSCLC. A. NSCLC patients in the high
serum exosomal miR-1246 group had worse OS than those in the low serum exosomal miR-1246 group. B. NSCLC
patients in the high serum exosomal miR-1246 group had shorter disease-free survival than those in the low serum

exosomal miR-1246 group.

Table 2. Multivariate analysis of factors significantly as-

sociated with OS of NSCLC

Hazard 95% confidence

Factor

expression of serum exosomal miR-
1246 was decreased following treat-
ments, and increased in those cases
with recurrence. Moreover, strong cor-

Ratio interval

Age 1127 0741-1.729 0521 relations were observed bgtween incre-
Gender 1.318  0.7852.244  0.305 ased serum exosomal miR-1246 and
Smoking 1206 07121960 0.443 aggressive clinicopathologic mgasgres

as well as poor OS/RFS. Multivariate
Primary location 0.852 0.458-1.426  0.812 analysis revealed that serum exosomal
Differentiation 1.684 0.974-3.218 0.149 miR-1246 was an independent risk fac-
Lymph node metastasis 2.658 1.414-5.713  0.007 tor for NSCLC. These findings indicate
TNM stage 3.841  1.891-8.230 <0.001 that serum exosomal miR-1246 might
Serum exosomal miR-1246 2.540  1.281-4.686  0.012 be a biomarker for the early detection

free survival (P<0.0001) than patients in the
low serum exosomal miR-1246 group (Figure
4A, 4B). The multivariate analysis indicated
that TNM stage (P<0.001), lymph node metas-
tasis (P=0.007), and serum exosomal miR-
1246 (P=0.012) were independent prognostic
factors for OS of NSCLC (Table 2).

Discussion

Early detection and prognosis of NSCLC is
important for reducing mortality. Unfortunately,
currently no reliable biomarker is available for
NSCLC. In the present study, we demonstrated
that the serum exosomal miR-1246 was signifi-
cantly increased in patients with NSCLC. In
addition, upregulation of serum exosomal miR-
1246 discriminated early stage NSCLC from
healthy controls and patients with NMRD. The
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and prognosis of NSCLC.

Several studies have explored the role of miR-
1246 in NSCLC. For example, downregulation
of miR-1246 inhibited the expression of stem-
ness markers and epithelial-mesenchymal
transition markers in NSCLC. In addition, miR-
1246 inhibition suppressed proliferation, sp-
here-formation, colony formation and invasion
of NSCLC cells [16], indicating that miR-1246
plays an oncogenic role in tumorigenesis of
NSCLC. Yang et al. demonstrated that the
expression of circulating miR-1246 was incr-
eased in patients with NSCLC. Enforced expres-
sion of miR-1246 promoted the migration and
invasion capacity of lung cancer cells [17]. MiR-
1246 seems to be closely linked with radiore-
sistance of lung cancer cells. The levels of intra-
cellular and extracellular miR-1246 were both
upregulated following irradiation, and increased
miR-1246 was strongly correlated with radiore-
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sistance of NSCLC cells [14]. MiR-1246 promot-
ed lung cancer cell proliferation and enhanced
radioresistance through targeting DR5, indicat-
ing that targeting miR-1246 might be a useful
strategy to improve the therapeutic outcome of
NSCLC [15].

MiR-1246 has also been identified as a tumor
promoter in other types of cancer. For instance,
Chen et al. found that miR-1246 promoted pro-
liferation, migration, and invasion of cervical
cancer cells by inhibiting thrombospondin 2
[18]. In addition, the expression of serum miR-
1246 was significantly upregulated in cervical
squamous cell carcinoma patients with lymph
node metastasis compared to those without
lymph node metastasis [19]. Similarly, the ex-
pression level of miR-1246 was significantly
high in colorectal cancer (CRC) tissues and cell
lines [20]. Interestingly, serum exosomal miR-
1246 was also found to be increased in CRC
patients compared to healthy controls. The le-
vel of serum exosomal miR-1246 was signifi-
cantly down-regulated after surgical treatment
[24]. Therefore, upregulation of serum exosom-
al miR-1246 is not specific for NSCLC. Com-
bining serum exosomal miR-1246 and tradi-
tional tumor biomarkers as well as clinicopath-
ologic data will improve early detection and
prognosis.

MiR-1246 may also act as a tumor suppressor
in cancer. Interestingly, miR-1246 was decr-
eased in lung cancer cell lines. Ectopic expres-
sion of miR-1246 suppressed the invasion and
epithelial mesenchymal transition of lung can-
cer cells in vitro, indicating that miR-1246 might
play a tumor suppressive role in lung cancer
[22]. These findings need further investigation.
Itis possible that the role of miR-1246 at differ-
ent stages of lung cancer might be different. In
addition, the in vitro findings might not reflect
the actual situations in vivo.

In conclusion, for the first time, our findings
have demonstrated that serum exosomal miR-
1246 level is significantly increased in patients
with NSCLC. In addition, upregulation of serum
exosomal miR-1246 is closely correlated with
diminished survival and poor prognosis of NS-
CLC. Therefore, serum exsomal miR-1246 is a
promising biomarker for early detection and
prognosis.
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