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Expression and prognostic value of miR-92a in patients
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Abstract MicroRNA (miR)-92 expression is often aberrant
in human cancers. However, its expression in gastric carcino-
ma and its relation to clinicopathological features and progno-
sis are unclear.

Tissue microarrays were constructed from 180 patients
with gastric cancer (GC), who were undergoing radical resec-
tion. MiR-92a expression was detected using miRNA-locked
nucleic acid in situ hybridization, and its correlation with clin-
icopathological features and overall survival was analyzed.
MiR-92a expression was decreased in 13.9 % (25/180) of
GC, increased in 81.1 % (146/180), and unchanged in 5.0 %
(9/180), compared with paracancerous normal tissue
(P<0.001). Univariate analysis showed that high miR-92a
expression, tumor stage, tumor status, node status, and tumor
size were significant negative prognostic predictors for overall

survival in patients with GC (P<0.001, P<0.001, P=0.008,
P<0.001, and P=0.001, respectively). High miR-92a expres-
sion still remained a significant predictor of shorter survival in
stage II (n=56, P=0.001) and stage III (n=92, P=0.009)
GC. Multivariate regression analysis demonstrated that tumor
status (hazard ratio [HR], 3.10; 95 % confidence interval [CI],
1.51–6.37; P=0.002), stage (HR, 3.54; 95 % CI, 1.65–7.63;
P=0.000), lymph node metastasis (HR, 2.83; 95 % CI, 1.88–
4.28; P=0.000), high expression of miR-92a (HR, 2.94; 95 %
CI, 2.01–4.31; P=0.000), and tumor size (HR, 2.34; 95 % CI,
1.45–3.79; P=0.002) predicted shorter OS.

High expression of miR-92a compared with adjacent nor-
mal tissues was associated with shorter OS. MiR-92a may
thus be useful for evaluating prognosis and may provide a
novel treatment target in patients with GC.
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Introduction

Gastric cancer (GC) is currently the fourth most common
cancer and the second highest cause of cancer-related
mortality worldwide [1]. Gastric carcinogenesis is a mul-
tistep and multifactorial process, and identification of the
subtypes of GC will provide a roadmap for patient strat-
ification and development of targeted therapies [2, 3].
Studies have shown that different molecular or protein
expression profiles in GC may have different prognoses
[4]. Four molecular subtypes of GC (tumors positive for
Epstein–Barr virus with extreme DNA hypermethylation
etc., microsatellite unstable tumors, genomically stable tu-
mors, tumors with chromosomal instability) were recently
linked to distinct patterns of molecular alterations, disease
progression, and prognosis using gene expression data
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analysis [2, 3]. However, the precise mechanisms under-
lying gastric carcinogenesis remain still unclear and bio-
marker identification of GC prognosis are urgently
needed.

MicroRNAs (miRNAs) are small noncoding RNAs
regulating gene expression post-transcriptionally by an-
nealing to complementary sequences in the 3′-untranslated
region of their target messenger RNA (mRNA). Each
miRNA has the potential to target multiple genes and to
be involved in different kinds of biological functions like
development, proliferation, metabolism, apoptosis, and
cell motility [5–7]. More and more evidence suggests that
miRNA dysregulation plays an important role in carcino-
genesis through targeting oncogene or tumor suppressor
gene expression [8, 9]. Various miRNA expression pro-
files in tissue or serum/plasma of GC point to the poten-
tial of miRNAs to be used as diagnostic or prognostic
biomarkers [10, 11]. Potential miRNA biomarkers in GC
tissue, gastric juice, or plasma have been reported
[12–16]. However, it remains unclear whether miRNA
signatures are the most reliable for the early detection of
GC or for predicting the prognosis of advanced GC [17].

Reportedly, MiR-92a is markedly increased in hepatocel-
lular cancer (HCC) tissues, and its higher expression corre-
lates with significant p21 downregulation. Furthermore, the
association has been related to poor survival of these patients
[18]. It was reported that the miR-17-92 cluster, miR-19b,
miR-20a, and miR-92a, might play a significant role in the
development of GC stem cells and that miR-92a expression in
97 patients with GC using real-time PCR has the potential to
be used as a predictive prognostic marker [19].

Patients and methods

Patients and tissue samples

Paraffin-embedded tissue samples were collected retrospec-
tively from archival material stored in the Biobank Center at
the National Engineering Center for Biochip at Shanghai
(Shanghai Outdo Biotech Co. Ltd., Shanghai, China). Tumor
tissue and corresponding adjacent normal tissue were collect-
ed from 180 patients with histologically diagnosed GC be-
tween 2006 and 2008.

The following clinicopathological data were obtained
from GC patients, such as age, sex, tumor size, location
and invasion, lymph node metastases, grade of differen-
tiation, and tumor stage. Staging of GC was assessed
according to the American Joint Committee on Cancer
criteria. Written informed consent was obtained from all
patients, and the Ethics Committee of the National
Engineering Center approved the protocol for Biochip
at Shanghai.

Survival time was calculated from the date of surgery
to the time of death (or to the date of final follow-up). The
last follow-up point was in September 2014, and 17 pa-
tients were out of touch in September 2014, but all of

Tissue microarray construction

Tissue microarrays (TMAs) were constructed using ap-
propriate tissue cores from formalin-fixed, paraffin-
embedded samples as described previously [20]. Briefly,
appropriate tumor areas and corresponding non-tumor
gastric samples were selected by pathologists, and a sin-
gle core (diameter 0.6 mm) was taken from each tissue.
TMA blocks were constructed using an automated tissue
arrayer (Beecher Instruments, Sun Prairie, WI, USA).
Array blocks were cut into 5-μm sections, and sections
were stained with hematoxylin and eosin to verify the
presence of tumor cells. In all cases, tissue cores obtain-
ed from normal adjacent tissue served as internal
controls.

miRNA-Locked Nucleic Acid (LNA) in situ hybridization

MiRNA-LNA in situ hybridization was performed using
antisense oligonucleotide probes for miR-92a (Exiqon
Inc., Woburn, MA, USA) with a Scramble-miR serving
as a negative control. In order to inactivate the endoge-
nous alkaline phosphatase activity in tissues, hydrochlo-
ric acid treatment was employed before hybridization.
Se c t i on s we r e depa r a f f i n i z ed , hyd r a t e d , a nd
deproteinized, followed by prehybridization in hybridiza-
tion buffer for 2 h in a humidified chamber at 55 °C.
Hybridization was performed by applying 20 nM of
probe in hybridization buffer to the array slides covered
with Nescofilm (Bando Chemical Co., Kobe, Japan)
overnight at 55 °C in a humidified chamber. Hybridized
probes were detected by incubat ion with ant i -
digoxigenin–alkaline phosphatase conjugate at 37 °C
for 30 min, followed by nitro blue tetrazolium/5-bromo-
4-chloro-3-indolyl-phosphate to develop a blue color.
Finally, cells were counterstained with nuclear fast red
for 3–5 min and mounted on slides. Sections with
≤5 % labeled cells were scored as 0, sections with 5–
30 % labeled cells were scored as 1, with 31–70 % la-
beled cells as 2, and with ≥71 % labeled cells as 3. The
staining intensity was scored similarly, with 0 indicating
negative staining, 1 weakly positive, 2 moderately posi-
tive, and 3 strongly positive. Scores for the percentage of
positive tumor cells and staining intensity were summed
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them had been lived for 5 years in the previous follow-up.
The median follow-up time was 7.1 years (range 6.6–
8.1 years). Among the 180 patients, 115 of them died
during the follow-up period.



to generate an immunoreactive score for each specimen.
A final score of 0–1 indicated negative expression (−),
2–3 indicated weak expression (+), 4–5 indicated moder-
ate expression (++), and 6 indicated strong expression
(+++). Each sample was examined separately and scored
by two pathologists [21]. In our study, a high level of
miR-92a in GC meant that the final score of miR-92a in
GC was higher than that of normal paracancerous tissue.
A low level of miR-92a in GC meant that the final score
of miR-92a in GC was lower than that of normal
paracancerous tissue. An unchanged level of miR-92a
in GC meant that the final score of miR-92a in GC
was equal to that of normal paracancerous tissue.

Statistical analysis

Associations between clinicopathological parameters and
miR-92a expression were evaluated using χ2 tests. When
sample numbers in some categorical cells were less than
5, Fisher’s exact test was employed. Overall survival was
calculated and survival curves were plotted using the
Kaplan–Meier method; differences between groups were
compared using log-rank tests. Significant variables in
univariate models were further analyzed using multivari-
ate Cox proportional hazards regression models to identi-
fy the independent prognostic values. All analyses were
performed using the SPSS software package (SPSS Inc.,

Chicago, IL, USA, version 17.0). All tests were two-sided
and P values <0.05 were considered statistically
significant.

Results

Aberrant expression of miR-92a in GC
and paracancerous tissue

It showed that miR-92a was mainly located in the cytoplasm
of cells of GC and normal paracancerous tissue in situ hybrid-
ization (Fig. 1). MiR-92a expression was decreased in 13.9 %
(25/180) of GC, increased in 81.1 % (146/180), and un-
changed in 5.0 % (9/180), compared with paracancerous nor-
mal tissue (P<0.001).

Relationships between miR-92a expression
and clinicopathological features in GC

There was a tendency towards a difference in local inva-
sion (χ2 = 3.704, P= 0.054), and TNM stage (χ2 = 1.477,
P= 0.024) between patients with low/unchanged and high
expression levels of miR-92a was significant, but no sig-
nificant correlations between miR-92a expression levels
and other clinicopathological variables, including age
(χ2 = 3.704, P= 0.054), gender (P= 0.087), tumor site

Fig. 1 MiR-92a levels were
stained using in situ
hybridization. aMiR-92a staining
using in situ hybridization in GC.
b MiR-92a staining in adjacent
normal tissue; increased miR-92a
expression in GC compared with
neighboring normal tissue. c
MiR-92a staining using in situ
hybridization in GC. d MiR-92a
staining in adjacent normal tissue;
decreased miR-92a expression in
GC compared with adjacent
normal tissue
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(P = 0.879), tumor size (P = 0.576), nodal status
(χ2 = 2.783, P= 0.095), or distant metastasis (P= 1.0)
(Tables 1 and 2), were found.

Survival analysis

Median overall survival (OS) in the study cohort was
41 months, and the longest was 98 months. Kaplan–Meier
analysis showed that high expression of miR-92a, stage of
disease, tumor status, node status, tumor size, and distant

metastasis were related to significantly shorter OS in patients
with GC (P < 0.001, P < 0.001, P = 0.008, P < 0.001,
P=0.001, and P=0.005, respectively). Other clinicopatho-
logical characteristics, including age, sex, and location, were
not (P=0.005, Table 3).

Higher expression of miR-92a (n=146) remained a signif-
icant predictor of shorter mean OS compared with lower/
unchanged group (n=34) (71.9 vs. 91.2 months, P<0.001)
(Fig. 2). After stratification, according to AJCC stage, higher
expression of miR-92a remained a significant predictor of
poor OS in stage II (30.6 vs. 64.9 months, P<0.001, n=56)
and stage III GC (29.7 vs. 58.9 months, P<0.001, n=92)
(Fig. 2).

Univariate Cox regression analysis identified the following
predictors of poor prognosis: tumor status (hazard ratio [HR],
3.10; 95 % confidence interval [CI], 1.51–6.37; P=0.002),
stage (HR, 3.54; 95%CI, 1.65–7.637;P<0.001), lymph node
metastasis (HR, 2.83; 95 % CI, 1.88–4.28; P<0.001), high
miR-92a expression (HR, 2.94; 95 % CI, 2.01–4.31;
P<0.001), and tumor size (HR, 2.34; 95 % CI, 1.45–3.79;
P=0.002). Gender, age, and tumor site were not predictors
of poor prognosis (Table 4).

Multivariate Cox regression analysis identified the follow-
ing predictors of poor prognosis: tumor stage (HR, 2.11; 95 %
CI, 1.22–3.66; P=0.008), miR-92a (HR, 3.34; 95%CI, 1.67–
6.70; P = 0.001), age (HR, 1.65; 95 % CI, 1.09–2.50;
P=0.019), and tumor site (HR, 1.68; 95 % CI, 1.01–2.80;
P=0.044). Gender, tumor status, lymph node metastasis, tu-
mor site, and tumor size were not predictors of poor prognosis
(Table 4).

Discussion

miRNAs are aberrant expressions in multiple tumors and play
an important role in tumorigenesis and development and may
be used as novel biomarkers for the diagnosis and treatment of
cancer [11, 22]. To date, a potent cyclin-dependent kinase
inhibitor p21 [18], the host gene jing-interacting regulatory
protein 1 (jigr1) [23], PTEN [24–26], WD repeat domain-
containing 7 (FBXW7) [27], Bim [28], DUSP10 [29],
RECK [30], ITGA [31], and CDH1 [32] have been reported
as potential targets for miR-92a.

MiR-92a may act as an oncogenic miRNA to promote
tumor cell growth, development, and migration [33], such as
hepatocellular carcinoma (HCC) [18, 34], cervical cancer
[27], colorectal cancer (CRC) [25, 26, 35], pancreatic cancer
[29], lung cancer [30], ovarian cancer [31], and esophageal
squamous cell carcinoma [32]. Plasma miR-92a/miR-92a-3p
was found to be overexpressed in HCC and may be used for
early detection of HCC [36, 37]. Urine miR-92a was signifi-
cantly upregulated in patients with ovarian and endometrial
cancers compared with samples from control subjects, and

Table 1 Characteristics of study subjects

Clinicopathologic features Number Percentage (%)

Age (years)

<60 62 34.4

≥60 118 65.6

Sex

Male 130 72.2

Female 50 17.8

Tumor size (cm)

<10 156 86.7

≥10 24 23.3

Tumor site

Cardia 26 14.4

Non-cardia 154 85.6

Pathological type

Adenocarcinoma 176 97.8

Undifferentiated carcinoma 4 2.2

Tumor status

T1+T2 24 13.4

T3+T4 155 86.6

Nodal status

Negative 45 25.0

Positive 135 75.0

Metastasis status

M0 166 92.2

M1 14 7.8

Tumor stage

I 17 9.4

II 56 31.1

III 92 51.1

IV 14 7.8

Follow-up time (months) 79.2–97.2

Prognosis

Alive 49 27.2

Dead 115 63.9

Alive for ≥5 years but lost
in the last follow-up

16 8.9

Patients lived for ≥5 years 74 41.1

Patients lived for <5 years 106 58.9
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may be used in the diagnosis of ovarian and endometrial can-
cers [38]. Serum miR-92a was part of an miRNA signature
that could be used as a noninvasive biomarker for the diagno-
sis of colorectal cancer [39] and breast cancer [40]. MiR-92a
has been shown to have diagnostic and prognostic value in
CRC patients [41–43]. Moreover, detection of miR-92a and
miR-21 in stool samples might be potential screening bio-
markers for colorectal cancer and polyps [44].

In our previous work, we showed that plasma miR-92a
was part of a five-miRNA signature that could be used as
a noninvasive biomarker for early diagnosis of GC [11].
MR-92a can be used as a predictive prognostic marker in
97 patients with GC [19]. Nonetheless, some reported that
miR-92a inhibited peritoneal dissemination of ovarian
cancer cells by targeting integrin α5 expression, which
implies that miR-92a has the tumor suppressor gene func-
tion [31]. Downregulation of miR-92a is associated with
aggressive features in breast cancer patients and promotes
tumor macrophage infiltration [45]. However, the mecha-
nistic role of miR-92a as either an oncogene or tumor
suppressor in GC remains largely undetermined. In addi-
tion, the expression and prognostic value of miR-92a in
patients with GC is not well elucidated.

We compared miR-92a expression levels in GC and
paracancerous tissues using miRNA-LNA in situ hybridiza-
tion and found that miR-92a expression was significantly in-
creased in GC tissues overall. However, its expression level
was decreased in 13.9 % of samples and unchanged in 5.0 %,
suggesting that miR-92a expression may have different prog-
nostic implications in different individuals.

To the best of our knowledge, this study is the first to
systematically explore the role of miR-92a in the clinico-
pathological features and prognosis of GC before surgery.
In our previous work, we screened and found an increased
circulating miR-92a expression in the early stages of GC
[11]. Wu and colleagues found that miR-19b/20a/92a reg-
ulates the proliferation of GC stem cells and miR-92a
could be used as a prognostic maker in 97 GC patients
[19]. However, 2 years of follow-up may be not long
enough to evaluate the prognostic value of miR-92a in
GC. Moreover, what constituted high expression of miR-
92a in normal paracancerous tissues was lacking. Our
study included 180 patients with GC and median OS in
the study cohort was 41 months, while the longest was
98 months. Moreover, samples were also from different
multicenter hospitals.

Table 2 MiR-92a expression and
clinicopathological features in
patients with gastric
adenocarcinoma

Characteristics MiR-92a low or
unchanged (%)

MiR-92a high (%) χ2 or Fisher’s
exact test

P value

Age (years) 2.212 0.317

<60 8 (23.5) 54 (37.0)

≥60 26 (76.5) 92 (63.0)

Sex

Male 29 (85.3) 101 (69.2) 0.087

Female 5 (15.7) 45 (30.8)

Local invasion 3.704 0.054

T1+T2 8 (23.5) 16(11.0)

T3+T4 26 (76.5) 129 (89.0)

Site 0.789

Gastric cardia 4 (11.8) 22 (15.1)

Non-cardia 30 (88.2) 124 (84.9)

TNM stage 1.477 0.224

I + II 17 (50.0) 56 (37.2)

III + IV 17 (50.0) 89 (62.8)

Nodal status 2.783 0.095

Negative 12 (36.4) 33 (22.4)

Positive 21 (63.6) 114 (77.6)

Distant metastasis 1.0

M0 32 (94.1) 134 (91.8)

M1 2 (5.9) 12 (8.2)

Tumor size (cm) 0.576

≥10 3 (9.1) 21 (14.4)

<10 30 (90.9) 125 (85.6)
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In this study, GC patients with higher miR-92a expression
showed worse prognoses than those with lower or unchanged
expression.Moreover, usingmultivariate Cox regression anal-
ysis of potential prognostic factors for GC survival, we iden-
tified a significant relationship between high-level expression
of miR-92 and poor prognosis (P=0.001), while in univariate
Cox regression analysis, miR-92 expression and poor progno-
sis were also significant (P<0.001). As expected, the results
for miR-92 expression in plasma and GC tissues were consis-
tent. In our previous study, we showed that increased plasma
miR-92a might provide a novel biomarker for early diagnosis
of GC [11]. Therefore, increased circulating miR-92a in the
plasma may originate primarily from gastric tumor cells. In
this study, we found that miR-92a was often overexpressed in
normal paracancerous gastric tissues. Thus, detection of miR-
92a in the circulation or tissues may provide new information
to help in the early diagnosis and prognostic evaluation of GC.
Although the molecular function of miR-92a in GC is largely
unknown, miR-92a may have an oncogenic function in GC
[19]. But in various types of solid cancers or leukemias, miR-

92a may play an oncogenic or tumor-suppressor role, depend-
ing on the tumor tissue type.

This study included patients with early GC who underwent
surgical resection and patients with advanced GC who were
supposed to have adjuvant chemotherapy. Although interven-
tion after surgical resection seemed to be various for each
patient and the effectiveness was also different, high expres-
sion of miR-92a compared with adjacent normal tissues was
associated with a poor prognosis. But many clinical and bio-
logical factors may influence OS including miR-92a. For ex-
ample, the group with a high expression of miR-92a has the
tendency of advancing more in the clinical stage of GC even
though this result was not statistically significant (Table 2). In
tumor biology, factors other than miR-92a in advanced GC
(for instance, p53 polymorphism or HER2 expression and so
on) could be relevant to the efficacy of chemotherapy and
affect the OS [46, 47]. These factors may be regarded as bias
which may affect the significance of miR-92a in GC progno-
sis. So molecular function of miR-92a and more clinical GC
samples should be further carried out to validate our finding.

Table 3 Univariate analysis of
survival in patients with GC Variable Mean survival time

(months) (±SE)
95 % CI (months) P value

Age (years) 0.132

<60 57.3 (4.8) 47.9–66.6

≥60 48.9 (3.4) 42.3–55.5

Sex 0.668

Male 52.5 (3.3) 46.0–59.0

Female 50.5 (5.1) 40.6–60.4

Tumor site 0.986

Gastric cardia 53.0 (7.4) 38.5–67.4

Non-cardia 51.8 (3.0) 45.9–57.7

Stage of disease 0.000

I–II 70.0 (4.0) 62.2–77.8

III–IV 39.4 (3.4) 32.8–46.1

Tumor status (p) 0.008

T1–T2 67.5 (5.6) 56.5–78.4

T3–T4 48.5 (3.0) 42.6–54.4

Node status 0.000

Negative 72.9 (4.8) 63.6–82.3

Positive 44.8 (3.1) 38.7–51.0

Distant metastasis 0.005

No 54.0 (2.9) 48.2–59.7

Yes 30.2 (6.4) 17.6–42.8

MiR-92a 0.000

High expression 46.1 (2.9) 40.3–51.9

Low/unchanged 76.8 (5.9) 65.3–88.3

Tumor size (cm)

≥10 28.4 (5.0) 18.5–38.2 0.001

<10 54.8 (3.1) 48.8–60.8
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The results of this study indicate that patients with gastric
adenocarcinomas that have high expression levels of miR-92a
compared with adjacent normal tissues have a relatively poor
prognosis, while low/unchanged miR-92a expression is asso-
ciated with a better prognosis. Although further studies are
needed to confirm this work, these results suggest that miR-

92a may represent a valuable prognostic indicator, as well as a
potential target for the treatment of GC.

MiR-92a expression was found to be heterogeneous in GC
tissues and corresponding normal gastric mucosa. Overall,
miR-92a expression was found to be upregulated in GC.
High expression levels of miR-92a in tumor compared with

Table 4 Multivariate Cox regression analysis of potential survival prognostic factors in
180 patients with GC

Variables Univariate analysis Multivariate analysis

HR (95 % CI) P value HR (95 % CI) P value

Tumor status, T3–T4 vs. T1–T2 3.10 (1.51–6.37) 0.002 1.84 (0.77–4.43) 0.172

Stage, I–II vs. III–IV 3.54 (1.65–7.63) 0.000 2.11 (1.22–3.66) 0.008

LNM, yes vs. no 2.83 (1.88–4.28) 0.000 1.36 (0.71–2.60) 0.355

High miR-92a vs. low miR-92a 2.94 (2.01–4.31) 0.000 3.34 (1.67–6.70) 0.001

Tumor size (cm), <10 vs. ≥10 2.34 (1.45–3.79) 0.002 1.52 (0.94–2.46) 0.087

Age (years), ≥60 vs. <60 1.351 (0.908–2.011) 0.137 1.65 (1.09–2.50) 0.019

Sex, male vs. female 0.92 (0.61–1.37) 0.671 0.89 (0.58–1.35) 0.599

Tumor site, gastric cardia vs. non-cardia 1.51 (1.93–2.45) 0.093 1.68 (1.01–2.80) 0.044

HR hazard ratio, CI confidence interval, LNM lymph node metastasis

*P< 0.05, statistically significant

Fig. 2 Survival curves in patients
with GC according to miR-92a
levels. a Overall survival curves
in 180 patients with GC according
to miR-92a levels (P< 0.001). b
Survival curves of patients with
stage II GC according to miR-92a
levels (P= 0.001). c Survival
curves of patients with stage III
GC according to miR-92a levels
(P= 0.009)
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neighboring normal tissues were associated with a poor OS.
MiR-92a may thus be useful for evaluating prognosis and may
provide a novel target for the treatment of patients with GC.
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