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Diagnostic significance of miR-106a in gastric cancer

Xu Hou?, Miao Zhang?, Haiquan Qiao?*

1Department of General Surgery, The First Affiliated Hospital of Harbin Medical University, Harbin 150001, Hei-
longjiang Province, China; ?Department of General Surgery, The Heilongjiang Provincial Hospital, Harbin 150001,
Heilongjiang Province, China

Received August 6, 2015; Accepted September 25, 2015; Epub October 1, 2015; Published October 15, 2015

Abstract: As one of the most common malignant tumors, gastric cancer still lacks tumor markers with enough speci-
ficity and sensitivity. Therefore the development of novel tumor markers is necessary for early diagnosis in clinics.
MicroRNA (miR) has been known to be of unique expressional patterns in various tumors and may work as potential
tumor markers for clinical use. This study thus explored the significance of plasma miR-106a in clinical diagnosis of
gastric cancer and its effects on proliferation of cancer cells. Plasma miR-106a levels were quantified by real-time
quantitative fluorescent PCR methods in 80 cases of gastric cancer patients and healthy individuals to analyze the
correlation between miR-106a and clinical features. MiR-106 inhibitor was further transfected into human gastric
carcinoma cells for further cell proliferation using CCK-8 approach. MiR-106a was significantly up-regulated in gas-
tric cancer patient plasma samples compared to healthy individuals (P<0.01). The area under ROC curve was 0.895
(95% Cl: 0.846~0.943). It has a specificity of 93.8% and a sensitivity of 77.5% in diagnosing gastric cancer. MiR-
106a level was also correlated with cancer differentiation stage, lymph node metastasis, TNM stage and tumor size
(P<0.05). The down-regulation of miR-106 in gastric carcinoma cells inhibited cell proliferation (P<0.05). MiR-106a
was significantly up-regulated in gastric cancer patients and can facilitate the in vitro proliferation of tumor cells. It

may work as a biological marker for gastric cancer.
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Introduction

As one of most common malignant tumors,
gastric carcinoma is the four popular and sec-
ond deadly cancers worldwide, although dis-
playing an decreasing trend of incidence [1, 2].
Patients were often at the late stage at the time
of first diagnosis, causing high treatment cost
and low survival rate. The 5-year overall surviv-
al rate of gastric carcinoma is closely correlat-
ed with the tumor stage, as stage | patients had
5-year survival rate over 90%, whilst stage IV
patients had less than 5% survival after 5 years
[3, 4]. Therefore, the early diagnosis and treat-
ment are crucial for improving the prognosis of
gastric cancer. Classical serum tumor markers
including CEA, CA19-9 had certain implication
for gastric cancer diagnosis but lack enough
specificity and sensitivity [5]. Novel tumor
markers are thus required for improving the
diagnostic rate of gastric carcinoma.

MicroRNA (miR) is a type of endogenous non-
coding small RNA molecule with 19~24 nt

length. It can bind onto the 3’-untranslated
region (UTR) of mRNA of target genes, and mod-
ulate gene expression via the degradation of
target mMRNAs. MiRNA plays a critical role in cel-
lular function, including cell apoptosis, prolifer-
ation, differentiation and tumor cell infiltration
[6-8]. The expression of miRNA has unique pat-
terns across different tumor tissues, suggest-
ing the correlation between miRNA expression
and tumor progression. The findings that miRNA
expressional profile was correlated with tumor
tissue type [9] indicated the potency of miRNA
as clinical markers for tumor. The expression of
miRNA in peripheral blood is relatively stable,
as those in the plasma samples from tumor
patients. Unique expressional spectrum of
miRNA has been confirmed in plasma of tumor
patients [10, 11], indicating its potency in diag-
nosis, treatment and prognosis prediction of
cancer.

Previous study has reported the altered expres-
sion of miR-106a in plasma from gastric cancer
patients [12], indicating its potency as a gastric
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Figure 1. Plasma miR-106a levels in gastric cancer
patients.

cancer diagnostic marker. To further illustrate
the applicable value of miR-106a in gastric can-
cer diagnosis, this study utilized quantitative
real-time PCR approach to detect the expres-
sional profile of miR-106a in plasma from both
gastric cancer and healthy people, in order to
analyze the clinical implication of plasma miR-
106a. Further studies were performed to ana-
lyze the correlation between miR-106a and
gastric carcinoma pathogenesis, in addition to
in vitro effect of miR-106a on human gastric
carcinoma cells, in an attempt to elucidate the
role of miR-106a on gastric cancer occurrence
and its potency as a novel tumor marker.

Materials and methods
General information of patients

A total of 80 gastric cancer patients in the first
affiliated hospital of Harbin medical university
between May, 2014 and May, 2015 were
recruited in this study as the disease group. All
patients had confirmed diagnosis of gastric car-
cinoma by pathological examination. There
were 46 males and 34 females in the disease
group, with a medium age at 68 years old.
According to the TNM staging system (7" ver-
sion, 2010) stipulated by American Joint
Committee on Cancer (AJCC), there were 45
cases of stage I~ll, and 35 patients at stage
llI~IV. No treatment has been performed on
patients before collecting plasma samples.
Another cohort of 80 healthy individuals (44
males, 36 females, medium age =67 years)
were recruited from routine health examination
of the first affiliated hospital of Harbin medical
university. This study has been approved by the
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ethical committee of the first affiliated hospital
of Harbin medical university and has obtained
written consents from all participants.

Plasma collection and RNA extraction

Peripheral blood samples were collected in
EDTA-containing tubes. After room temperature
incubation for 30 min, blood samples were cen-
trifuged at 2,000 g for 10 min. Plasma at the
upper phase was transferred to a new tube for
another centrifugation at 12,000 g for 10 min
and stored at -80°C for further use.

Trizol kit (Invitrogen, US) was used to extract
total RNA from plasma according to the manual
instruction. After dissolving in RNAse-free
water, RNA contents were quantified by ultravi-
olet spectrophotometer and stored at -80°C for
further use.

MiR-106a quantification

Total RNA extracted from plasma was used in in
vitro reverse transcription using TagMan
microRNA Reverse Transcription Kit (ABI, US)
following the manual instruction. The reaction
condition was: 16°C for 30 min, 42°C for 30
min, followed by 85°C for 5 min and 4°C stor-
age. Real-time fluorescent quantitative PCR
was performed using cDNA as the template
and TagMan Universal Master Mix (ABI, US) in
an ABI7500 RT-PCR cycler. The amplification
parameters were: 95°C denature for 10 min,
followed by 40 cycles each containing 95°C
denature for 10 sec, 60°C annealing for 1 min
and 72°C elongation for 1 min. Using U6 gene
as the internal reference, miR-106a level was
quantified using 22 method (ACt=Ct
Ct o).

miR-106a

Cell culture and transfection

Human gastric carcinoma cell line MGC-803
(Cell bank of Chinese Academy of Science,
Shanghai, China) was incubated in PRIM 1640
medium (Gibco, US) with 10% fetal bovine
serum (FBS, Gibco, US), 100 U/mL penicillin
and 100 pg/mL streptomycin under a 37°C
humidified chamber with 5% CO,. Cells at log
phase were seeded into 6-well plate until reach-
ing confluence of 70%~80%. Transfection was
performed using Lipofectamine 2000 reagent
(Invitrogen, US) with miR-106a inhibitor (Ruibo
Biotech, China) or controlled vector (50 nM). Six
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Table 1. Correlation of plasma miR-106a level with clinical

features of gastric carcinoma

Results

Plasma miR-106a expression in

Parameter N miR-106a relative level P value .
Sex gastric cancer
Male 42 0.628(0.544~0.932) 0.832 After extracting total RNA from 80
Female 38 0.782(0.331~1.090) gastric cancer patients and 60
Age (years) healthy individuals, real-time fluores-
268 43 0.709(0.525~1.086)  0.915 cent quantitative PCR was used to
<68 37 0.648(0.518~1.042) detect plasma miR-106 levels.
Differentiation Results showed significantly elevat-
Low to moderate 46 0.939 (0.706~1.806) 0.0005%** ed plasma miR-106a in gastric carci-
High 34 0.633(0.423~0.775) noma patients compared to con-
Tumor size trolled individuals (P<0.01, Figure 1).
>5cm 30 0.764(0.608~1.806) 0.017~* Correlation between plasma miR-
<5¢m 50 0.625(0.328~0.919) 106a level and clinical features of
Lymph node metastasis gastric cancer
Yes 46 0.765 (0.528~1.209) 0.001**
No 34 1.034(0.714~2.462) We performed a statistical analysis
TNM stage regarding the correlation between
L+ 11 45 0.759 (0.528~0.904) 0.0001*+  Plasma miR-106a level in gastric
0+ IV 35 1.086 (0.744~2.462) cancer patients and their clinical

Note: *, P<0.05, **, P<0.01 compared to control group.

hours after transfection, cells were continuous-
ly incubated with complete medium.

Cell proliferation assay

48 hours after transfection, all cells were seed-
ed into 96-well plate (0.1 mL each well, 10,000
per mL) for continuous incubation at 37°C
humidified chamber. 10 yL CCK-8 working solu-
tions (Dojindo, Japan) were added into each
well at 1 day, 2 days, 3 days, 4 days and 5 days
after transfection. Optical density (OD) values
at 450 nm were measured in a microplate read-
er. Cell growth curve was plotted using OD val-
ues against incubation time.

Statistical analysis

SPSS 19.0 software package was used to ana-
lyze all collected data, of which measurement
data were presented as mean * standard devi-
ation (SD). Independent 2-sample student
t-test was used to compare means between
two groups. Receiver operator characteristic
(ROC) curve was used to analyze the clinical
significance of miR-106a in gastric cancer diag-
nosis. Analysis of variance (ANOVA) was used to
compare means across multiple groups. A sta-
tistical significance was defined when P<0.05.
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parameters. Results showed elevat-
ed miR-106 level in moderate to low
differentiated cancer patients com-
pared to those in high differentiated cancers
(P<0.01, Table 1). Moreover, patients with
tumors larger than 5 c¢cm had higher plasma
miR-106a levels compared to those with small-
er tumors (P<0.05). MiR-106a level was also
elevated in patients with lymph node metasta-
sis (P<0.01). When examining TNM stage, it is
found that stage | and stage Il gastric cancers
had lower miR-106a levels compared to late
stage (stage lll and IV) patients (P<0.01). Other
parameters such as age or sex had no signifi-
cant correlation with miR-106a levels (P>0.05,
Table 1).

Diagnostic implication of miR-106a

ROC curve showed certain clinical values of
plasma miR-106a in diagnosis of gastric can-
cer. The area under ROC curve was 0.895 (95%
Cl: 0.846~0.943). The specificity and sensitivi-
ty of diagnosing gastric carcinoma were 93.8%
and 77.5%, respectively (Figure 2).

Gastric carcinoma cell proliferation under miR-
106a inhibition

Using CCK-8 assay, we found significantly

depressed OD values in gastric cancer cells
transfected with miR-106 inhibitor compared to

Int J Clin Exp Pathol 2015;8(10):13096-13101



MiR-106a in gastric cancer

tric cancer has been de-

0.8

°
2

Sensitivity

o
T

0.2 4

creased, but still resides with-
in most popular cancers. Due
to the lack of significant clini-
cal features, most gastric car-
cinoma patients are already at
the terminal stage at the time
of first prognosis, causing
unfavorable prognosis. The-
refore the early diagnosis of
gastric cancer is of critical
importance for improving pa-
tient prognosis [14, 15].

Currently available  tumor
markers are better fitted for
monitoring recurrence of tu-
mors but lack enough specific-
ity and sensitivity for early
diagnosis of tumors. The
searching for tumor markers
with high sensitivity and speci-
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Figure 2. Receiver operator characteristic (ROC) curve.
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Figure 3. MGC-803 cell proliferation after miR-106a inhibition.

negative control cells (P=0.017, Figure 3), sug-
gesting the inhibitor function on MGC-803 cell
proliferation by silencing miR-106a expression.

Discussion

As one of the most common malignant tumors,
gastric cancer severely affects the public
health. About 70% of mortality cases occur in
developing countries, and almost half of tumor
patients reside in east Asian region [13].
Recently, the occurrence mortality rate of gas-
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1.0 ficity thus can help to improve
the early diagnostic rate of
gastric carcinoma, in addition
to evaluating treatment effica-
cy. Currently widely used
tumor markers such as CEA
and CA19-9 had insufficient
sensitivity and specificity, thus
limiting its application in early
diagnosis of gastric cancer.
The establishment of gastric
cancer markers with enough
sensitivity and specificity is
thus of critical importance.
Although a wide array of stud-
ies have been performed
regarding the molecular mech-
anism of gastric cancer patho-
genesis, it is still unclear for
the exact pathogenesis me-
chanism.

Current studies have found the involvement of
multiple miRNA molecules in occurrence and
progression of gastric cancer [4, 16, 17]. As the
most widely studied small non-coding RNA,
miRNA can bind with target mRNA sequence to
form RNA-induced silencing complex, which is
further degraded for mediating gene expres-
sion at translational level. Studies have con-
firmed the participation of miRNA in various
gene expression regulation and its crucial roles
in various physiological or pathological pro-
cesses. MiRNA has been found to be abnormal-
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ly expressed in multiple tumor tissues, support-
ing its potency as tumor markers [18-20].
Previous study has found multiple miRNAs as
independent predictive index for prognosis of
gastric cancer [21], further supporting the
potency of miRNA as novel markers for early
diagnosis of gastric carcinoma.

Current studies regarding the correlation
between miRNAs and gastric cancer mainly
focused on tissue samples, which is difficult to
be directly examined in clinical practice. As
MiRNA has a stable expressional prolife in plas-
ma and correspondingly altered expressional
spectrum after tumor occurrence [22, 23],
plasma miRNA level may be used for diagnosis
and prognosis prediction of malignant tumors
in clinics.

MiR-106a is one member of miR-17 family,
which has been observed in multiple tumors
with over-expression and may facilitate the
occurrence and progression of tumors via facili-
tating tumor cell proliferation, inhibiting apop-
tosis, inducing tumor angiogenesis and resist-
ing tumor suppressor genes [24]. This study
found elevated plasma miR-106a in gastric
cancer patients compared to healthy people.
Further clinical-based analysis found the corre-
lation between miR-106a and cancer differen-
tiation stage, lymph node metastasis, TNM
staging and tumor size. Those results suggest-
ed the potential relationship between high plas-
ma miR-106a and high malignancy or unfavor-
able prognosis of tumors. ROC curve analysis
identified the area under the curve of 0.895
(95% Cl: 0.846~0.943), with 93.8% specificity
and 77.5% sensitivity. These results indicated
satisfactory diagnostic efficacy of plasma miR-
1064, thus suggesting the potency of plasma
miR-106 as one novel marker for gastric cancer
with high sensitivity and specificity.

To further explore the possible mechanism of
miR-106a during the occurrence and progres-
sion of gastric carcinoma, we artificially silenced
the miR-106a expression in human gastric car-
cinoma cell line MGC-80, whose proliferation
status was observed using CCK-8 assay.
Results found the significantly proliferation
inhibition by miR-106a inhibitor. These results
supported the ideas that miR-106a might play
arole in the occurrence and progression of gas-
tric cancer.

13100

Our results showed the correlation between
plasma miR-106a expression level and various
clinical features of gastric cancer, suggesting
its potency as a novel tumor marker for clinical
diagnosis of gastric carcinoma. Further in vitro
cell study found inhibition of gastric carcinoma
cell proliferation by miR-106 inhibitor transfec-
tion, revealing its possible function in tumor
progression. These results collectively support-
ed the potency of plasma miR-106a as a novel
biological marker for gastric cancer, thus pro-
viding new insights for both early diagnosis and
cellular therapy of gastric cancer.
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