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ARTICLE INFO ABSTRACT

Keywords: Purpose: To investigate the prognostic significance of miR-199a-3p and its role in invasion and metastasis in
Gastric cancer gastric cancer.

miR-199a-3p Methods: miR-199a-3p expression in 436 formalin-fixed and 39 frozen gastric cancer tissues was investigated by
ETNK_l in situ hybridization and RT-PCR, respectively. The role of miR-199a-3p in the migration and invasion of gastric
;‘:;:ZZH cancer cells was determined in overexpression and inhibitor studies using transwell assays and the SGC-7901,
Prognosis BGC-823 and MGC-803 gastric cancer cells lines. The effect of miR-199a-3p expression on ethanolamine kinase 1

(ETNK1) levels was determined by western botting.

Results: miR-199a-3p was significantly up-regulated in AGS, SGC-7901, BGC-823 and MGC-803 gastric cancer
cells, when compared with GES-1 non-malignant gastric epithelial cells. In situ hybridization studies revealed
that human non-tumor gastric mucosa samples were negative for miR-199a-3p expression, while 162 of 436
(37.16%) cases of gastric cancer demonstrated positive expression. miR-199a-3p overexpression was associated
with tumor size, Lauren classification, depth of invasion, lymph node and distant metastasis, TNM stage and
prognosis. In patients with I, II and III stage tumors, high miR-199a-3p expression was associated with a sig-
nificantly lower 5-year survival rate. miR-199a-3p overexpression was associated with increased cell migration
and invasion. ETNK1 expression was inhibited following miR-199a-3p overexpression in BGC-823 and SGC-7901
cells, and elevated following miR-199a-3p suppression in MGC-803 cells.

Conclusion: miR-199a-3p is highly expressed in gastric cancer, and correlates with invasion, metastasis and
prognosis. miR-199a-3p regulates the invasion and migration of gastric cancer cells by targeting ETNKI.
Consequently, miR-199a-3p may serve as a prognostic indicator in gastric cancer.

1. Introduction remain largely unknown.

MicroRNAs (miRNAs) are a family of 21-25 nucleotide, noncoding

The mainstay of treatment for gastric cancer is surgery. However, in
stage II (excluding T1 disease) and III (moderately advanced) disease,
an appreciable proportion of patients have recurrence, even after
curative resection [1]. Thus, there is an urgent need to identify new
molecular markers for early diagnosis, and prediction of progression
and metastasis in patients with gastric cancer. Several genetic altera-
tions have been identified as carcinogenic changes involved in the de-
velopment of cancer. These changes include the activation of proto-
oncogenes, the inactivation of tumor suppressor genes, reduced ex-
pression or loss of the cell adhesion molecule E-cadherin, telomerase
reactivation, and microsatellite instability [2]. Nonetheless, the precise
molecular mechanisms driving tumorigenesis and cancer progression

small RNAs that influence gene expression by regulating mRNA trans-
lation and degradation [3]. miRNAs play a role in the promotion and
prevention of cancer by modulating the expression of their downstream
mRNA targets [4]. miR-199a-3p expression has been reported to be
elevated in head and neck cancers, and is higher in head and neck
adenoid cystic carcinoma when compared with head and neck squa-
mous cell carcinoma [5]. Microarray data have shown that miR-199a-
3p is highly expressed in gastric cancer [6]. Plasma levels of miR-199a-
3p have been shown to be significantly elevated in osteosarcoma pa-
tients [7]. miR-199a-3p has also be shown to be upregulated in gastric
cancer cell lines and patient tissues [8,9].

ETNK1 encodes an ethanolamine kinase, which functions in the first
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committed step of the phosphatidylethanolamine synthesis pathway.
This cytosolic enzyme is specific for ethanolamine and exhibits negli-
gible kinase activity on choline. microRNAs contribute to the response
of larynx and tongue-derived squamous cell carcinoma (SCC) cells to
platinum chemotherapy by regulating the levels of ETNK1 [10]. ETNK1
also related with chemosensitivity of gastric cancer cells [11].

While changes in miR-199a-3p expression have been observed in a
number of cancer types, its role in gastric cancer progression and
prognosis has not been explored. We have previous shown that miR-
199a-3p is highly expressed in gastric cancer [9]. In this study we
aimed to elucidate the role of miR-199a-3p in gastric cancer invasion
and metastasis, and to determine its potential utility in the prognosis of
this disease.

2. Materials and methods
2.1. Frozen gastric cancer tissues

Gastric cancer tissues were obtained from the Zhejiang Provincial
People’s Hospital between February 2013 and October 2013. After
surgical removal, tissues were immediately frozen in liquid nitrogen
and stored at —80 °C until use. Of the 39 samples collected, two were
categorized as stage I, seven as stage II, 26 as stage III and four as stage
IV tumors, according to the 2010 AJCC histological classification of
gastric carcinoma. The clinicopathological characteristics of the gastric
cancer patients are summarized in Table 1. All patients provided in-
formed consent for the use of their tissues prior to surgery. The study
was approved and monitored by the ethics committee of Zhejiang
Provincial People’s Hospital(KT2017030).

2.2. Archived gastric cancer samples

Gastric cancer tissues were obtained from gastrectomy specimens
from 436 patients who underwent surgery at the Department of
Surgery, Zhejiang Provincial People’s Hospital, between January 1998
and January 2004. Tissues were formalin-fixed, paraffin-embedded,
and diagnosed clinically and histopathologically at the Departments of
Gastrointestinal Surgery and Pathology. The follow-up deadline was

Table 1

Summary of clinicopathologic characteristics of gastric cancer

patients.
Clinical parameters N (%)
Gender
Men 25 (64.10%)
women 14 (35.90%)
Location
Proximal 10 (25.64%)
Middle 12 (30.77%)
Distal 17 (43.59%)
Size of tumor
<5cm 21 (53.85%)
=5cm 18 (46.15%)
Histologic differentiation
Moderately 13 (33.33%)
Poorly 19 (48.72%)

undifferentiation 7 (17.95%)

Lymphatic metastasis

No 15 (38.46%)
Yes 24 (61.45%)
TNM Stages

I 2 (5.13%)

I 7 (17.93%)
11 26 (66.7%)
v 4 (10.26%)
Distant metastasis

No 36 (92.31%)

Yes 3 (7.69%)
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Fig. 1. miR-199a-3p was significantly upregulated in AGS, BGC-823, MGC-803,
and SGC-7901 cells compared with the non-malignant gastric epithelial cell line
GES-1 (P < 0.05).

December 2008. The survival time was calculated from the date of
surgery to the follow-up deadline or date of death as a consequence of
carcinoma recurrence or metastasis. Ninety-two non-cancerous human
gastric tissues (distance from tumor site > 5cm) were obtained from
gastrectomies. Routine chemotherapy was given to all patients with
advanced-stage disease after surgery, but no radiation treatment was
administered to any patients included in our study. The study was ap-
proved and monitored by the ethics committee of Zhejiang Provincial
People’s Hospital.

2.3. Cell culture

The human gastric cancer cell lines AGS, BGC-823, SGC-7901 and
MGC-803, and the non-malignant gastric epithelial cell line GES-1 were
obtained from the Key Laboratory of Gastroenterology of Zhejiang
Province (Hangzhou, China), and were cultured in RPMI1640 medium
containing 10% fetal bovine serum (FBS), 50 U/ml penicillin and 50 pg/
ml streptomycin. All cells were maintained at 37 °C in a humidified
incubator under an atmosphere of 5% CO.

2.4. RT-PCR

RT-PCR was used to determine miR-199a-3p expression in cultured
cells and frozen gastric cancer tissues. Total RNA was extracted from
the AGS, BGC-823, MGC-803 and SGC-7901 human gastric cancer cell
lines, the GES-1 non-malignant gastric epithelial cell line, and from
gastric cancer tissue using Trizol (Invitrogen) according to the manu-
facturer’s instructions. cDNA synthesis was conducted using the
miScript Reverse Transcription Kit using the manufacturer’s reverse
primers for miR-199a-3p and U6 (Qiagen). The resulting cDNA was
amplified using QuantiTect SYBR Green PCR Master Mix (Qiagen) and
reactions were performed on an ABI 7500 FAST Real-time PCR system
(Applied Biosystems). Forward and reverse primer sequences for miR-
199a-3p amplification were CTTTCTAGAAACTGGAGGCCCAG and
TGGTGTCTAGACATGGCTACACTTTATAC, respectively. Forward and
reverse primer sequences for U6 amplification were CTCGCTTCGGCA
GCACA and AACGCTTCACGAATTTGCGT, respectively. PCR para-
meters were as follows: 95 °C for 15 min, followed by 40 cycles of 94 °C
for 155, 55°C for 30s, and 72 °C for 34s. Melting curve analysis was
performed subsequent to thermocycling. The expression of miR-199a-
3p in cancer tissues was compared with that of matched normal samples
using the 27 AACT method, while the expression of miR-199a-3p in
gastric cancer cells was compared with that of GES-1 cells.
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Fig. 2. miR-199a-3p were up-regulated in gastric cancer tissues,compared with non-tumor mucosa (P < 0.05).

a3 ¥
r’:rﬁ;:ﬁ“-ﬁ- -

e

2.5. In situ detection of miR-199a-3p

In situ hybridization was performed using a sensitivity-enhanced in
situ hybridization kit according to manufacturer’s instructions
(MK1030; Boster Biological Technology, China). A 3’-digoxin-labelled
miR-199a-3p probe was used to detect cytoplasmic miR-199a-3p in
formalin-fixed, paraffin-embedded tissue specimens (sequence: CACA
AATTCGGTTCTACAGGGTA; miRCURY LNA detection probe, Exiqon,
Denmark). Specimens were reviewed by two independent observers
who scored samples based on the proportion of positively stained tumor
cells and the intensity of cell staining [12,13]. The cutoff value for high
and low expression was chosen based on a measure of heterogeneity
using the log-rank test with respect to overall survival. An optimal
cutoff value was identified where a staining index score of =4 was used
to define tumors with high miR-199a-3p expression, and a score of <3
to define tumors with low miR-199a-3p expression.

2.6. miR-199a-3p transfection
Control (mirna-nc) and hsa-mir-199a-3p expression plasmids, as

well plasmids encoding control and hsa-mir-199a-3p-specific sponge
inhibitors (mir-sponge-nc and hsa-mir-199a-3p-sponge, respectively)

Fig. 3. ISH analysis of miR-199a-3p expression
in gastric cancer tissue and non-cancerous
human gastric mucosa, magnificationx200. A:
miR-199a-3p was negative in noncancerous
gastric mucosa ; B, C: miR-199a-3p was highly
expressed in  moderately differentiated
adenocarcinoma ; D: miR-199a-3p washighly
expressed in poorly differentiated adenocarci-
noma.

s et et

were purchased from Invitrogen (Carlsbad, CA, USA). SGC-7901, BGC-
823 and MGC-803 cells were seeded in six-well dishes at a density of
2.0 x 10° cells per well 24 h prior to transfection. Transfection was
performed with Lipofectamine 2000 (Invitrogen). Twenty-four hours
after transfection, cells were assayed for migration, and invasion.

2.7. In vitro cell migration and invasion assays

Transwell chambers with 8-um diameter membrane pores were used
to evaluate cell migration and invasion. Twenty-four hours after
transfection, cells were harvested by trypsinization and seeded in tri-
plicate into the top wells of transwell chamber inserts (Millicell
Hanging Cell Culture Inserts, PIEP12R48, Millipore Corporation). Cells
were seeded at a density of 1.0 x 10° cells per chamber in a final vo-
lume of 200 pl serum-free RPMI1640 media. The chamber inserts were
then placed into the 24-well transwell plate containing RPMI1640
media supplemented with 30% FBS as a chemo-attractant. After a 24 h
incubation, cells remaining on the upper side of the chamber were re-
moved with a cotton swab, and cells on the lower surface of the
membrane were fixed in 100% methanol for 15min, followed by
staining with Giemsa solution. Cells in five random fields (100 X
magnification) per chamber were counted and the average cell number
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Table 2
Relationship of miR-199a-3p expression with pathological parameters of tumor
(number/%).

Clinical parameters miR-199a-3p

Low High t/y> P
Age(yrs) 57.35 + 11.44 6193 + 12.72 3.877 < 0.01
Gender 0.314 0.576
Male 198(63.7%) 113(36.3%)
Female 76(60.8%) 49(39.2%)

Location 6.101 0.047

Proximal 27(49.1%) 28(50.9%)
Middle 101(62.0%) 62(38.0%)
Distal 146(67.0%) 72(33.0%)
Size 14.812 < 0.01
< 5cm 180(70.3%) 76(29.7%)
=5cm 94(52.2%) 86(47.8%)
Lauren classification 131.593 < 0.01
Intestinal 198(88.8%) 25(11.2%)
Diffuse 76(35.7%) 137(64.3%)
Histology classification 2.059 0.560
Papillary 9(56.2%) 7(43.8%)
adenocarcinoma
Tubular adenocarcinoma  209(64.1%) 117(35.9%)
Mucinous 15(51.7%) 14(48.3%)
adenocarcinoma
Signet-ring cell 41(63.1%) 24(36.9%)
carcinoma
Histologic 3.971 0.265
differentiation
Well 11(84.6%) 2(15.4%)
Moderately 80(62.5%) 48(37.5%)
Poorly 181(61.8%) 112(38.2%)
Others 2(100.0%) 0(0%)
Invasion depth 49.704 < 0.01
T1 53(93.0%) 4(7.0%)
T2 83(76.1%) 26(23.9%)
T3 129(52.9%) 115(47.1%)
T4 9(34.6%) 17(65.4%)
TNM Stages 130.402 < 0.01
I 85(94.4%) 5(5.6%)
I 89(85.6%) 15(14.4%)
11 87(50.3%) 86(49.7%)
v 13(18.8%) 56(81.2%)
Lymphatic metastasis 68.938 < 0.01
No 145(87.3%) 21(12.7%)
Yes 129(47.8%) 141(52.2%)
Regional lymph nodes 93.712 < 0.01
PNO 145(87.3%) 21(12.7%)
PN1 83(61.0%) 53(39.0%)
PN2 39(39.4%) 60(60.6%)
PN3 7(20.0%) 28(80.0%)
Distant metastasis 60.991 < 0.01
No 263(70.1%) 112(29.9%)
Yes 11(18.0%) 50(82.0%)
Table 3
The expression of miR-199a-3p in gastric cancer and 5-year survival rates.
Low expression of miR- High expression of miR- X2 P
199a-3p 199a-3p
stage I 87.1% 60.0% 6.605 0.01
stage II 67.4% 33.3% 22.086 0.001
stage III  31.0% 8.1% 38.596 0.001
stage IV 7.7% 1.8% 4.12 0.042

then determined. For invasion assays, transfected cells (2.0 x 10°) were
seeded into the top well of the chamber, and the bottom well then filled
with conditioned medium. After a 48 h incubation, cells that had mi-
grated onto the lower side of the membrane were counted as described
above.
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2.8. Western blot analysis

Whole cell protein lysates were extracted and protein concentra-
tions then quantified using a BCA protein assay kit (Pierce, Rockford,
IL, USA). Western blotting was performed according to standard pro-
cedures. Rabbit polyclonal anti-ethanolamine kinase 1 (ETNK1) anti-
body was from Abcam (USA), and rabbit monoclonal anti-GAPDH an-
tibody was from Cell Signaling Technology (Danvers, MA, USA).
GAPDH served as the loading control.

2.9. Statistical analysis

All statistical analyses were performed using SPSS 19.0 software
(Chicago, IL, USA). Data were analyzed using the Student’s t test, while
categorical data were analyzed using the chi-square or Fisher exact test.
Survival curves were estimated using the Kaplan-Meier method, and
the log-rank test was used to calculate differences between the curves.
Multivariate analysis using the Cox proportional hazards regression
model was performed to assess the prognostic value of miR-199a-3p
expression. Correlation coefficients between miR-199a-3p expression
and clinicopathological findings were estimated using the Pearson
correlation method. Statistical significance was set at P < 0.05.

3. Results

3.1. miR-199a-3p is upregulated in gastric cancer cell lines and frozen
gastric cancer tissues

RT-PCR analysis revealed that miR-199a-3p was significantly up-
regulated in AGS, BGC-823, MGC-803, and SGC-7901 cells, when
compared with GES-1 non-malignant gastric epithelial cells (P < 0.05;
Fig. 1). Analysis of 39 frozen primary gastric cancer tissues revealed
that miR-199a-3p was up-regulated in 30 (76.9%) cases (Fig. 2).

3.2. miR-199a-3p expression is associated with clinicopathological features
in gastric cancer

Expression of miR-199a-3p in 436 formalin-fixed cancer tissues and
92 non-tumor mucosa samples was investigated by in situ hybridiza-
tion. miR-199a-3p expression was not detected in non-tumor mucosa
samples (Fig. 3A). High levels of miR-199a-3p expression were detected
in 162 (37.16%) tumors, and low levels of expression were detected in
274 (62.84%) tumors. miR-199a-3p was mainly localized in the cyto-
plasm of gastric cancer cells (Fig. 3B-D). High miR-199a-3p expression
correlated with age, tumor location and size, Lauren classification,
depth of invasion, lymph node and distant metastasis, and TNM stage
(P < 0.05), but was not associated with gender, differentiation, and
histological type (Table 2 and Table 3).

3.3. miR-199a-3p expression is associated with poor prognosis in gastric
cancer

We also analyzed the relationship between miR-199a-3p expression
and prognosis (Fig. 4, Table 4). For stage I, II and III disease, the 5-year
survival rates of patients with high miR-199a-3p expression were sig-
nificantly lower than those of patients with low miR-199a-3p expres-
sion. In stage IV disease there was no significant association between
miR-199a-3p expression and the 5-year survival rate. Factors with
possible prognostic effects in gastric carcinoma were analyzed by Cox
regression analysis. Lauren classification (P = 0.012), distant metas-
tases (P = 0.009), TNM stage (P = 0.001), and miR-199a-3p expression
(P = 0.008) were independent prognostic factors in patients with gas-
tric carcinoma (Table 4). However, age, sex, tumor location and size,
histological classification, tumor differentiation, and regional lymph
node stage had no prognostic value.
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Fig. 4. Kaplan-Meier curves with univariate analyses (log-rank) for patients with low miR-199a-3p expression versus high miR-199a-3p expression.

Table 4

Multivariate analysis as determined by Cox regression analysis.

Hazard ratio

95% confidential interval B P

Lower Upper
Lauren classification 1.675 3.108 0.835 1.604 0.012
Distant metastasis 1.260 2.665 0.780 1.717 0.009
TNM Stages 1.166 2.308 0.458 2.634 0.001
miR-199a-3p 1.385 2.543 0.635 1.869 0.008
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3.4. miR-199a-3p promotes gastric cancer cell migration and invasion in
vitro

To study the biological role of miR-199a-3p in gastric cancer, we
analyzed the effects of its altered expression on the migratory and in-
vasive behavior of gastric cancer cell lines using miR-199a-3p over-
expression and inhibitor sponge plasmids. In BGC-823 and SGC-7901
cells, overexpression of miR-199a-3p led to significantly increased mi-
gration and invasion, when compared with controls (P < 0.05; Fig. 5A
& B). In MGC-803 cells, downregulation of miR-199a-3p expression
following transfection with a miR-199a-3p sponge plasmid resulted in
decreased invasion (P < 0.05; Fig. 5D). miR-199a-3p inhibition had no
significant effect on the migration of MGC-803 cells (Fig. 5C).

has-mir-199a-3p mirna-nc

o ..
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SGC-7901 o
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Fig. 5. 199a-3p promotes invasion and migration of gastric cancer cells, magnification, x100. A: High ectopic expression of miR-199a-3p led to significantly
increased abilities of cell migration compared with the control cells (P < 0.01). B: High ectopic expression of miR-199a-3p led to significantly increased abilities of
cell invasion compared with the control cells (P < 0.01). C: In MGC-803, there was no significant difference in migration of MGC-803 between the has-mir-199a-3p-
sponge group and the mir-sponge-nc group.D: In MGC-803, downregulated miR-199a-3p expression decreased the invasion cells in the has-mir-199a-3p-sponge
group compared with the mir-sponge-nc group (P < 0.05).
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Fig. 6. miR-199a-3p and ETNK1 expression are inversely associated in gastric
cancer cells.

A: Overexpression of miR-199a-3p in BGC-823 and SGC-7901 cells inhibited
ETNK1 protein expression. B: Inhibition of miR-199a-3p enhanced ETNK1
protein expression in MGC-803 cells.

3.5. miR-199a-3p and ETNK1 expression are inversely associated in gastric
cancer cells

miR-199a-3p and ETNK1 protein expression were inversely asso-
ciated in gastric cancer cell lines. Overexpression of miR-199a-3p in
BGC-823 and SGC-7901 cells inhibited ETNK1 protein expression, while
inhibition of miR-199a-3p enhanced ETNK1 protein expression in MGC-
803 cells(Fig. 6).

4. Discussion

Stomach cancer is the third leading cause of cancer death in both
sexes worldwide [14]. Though the development of surgery and ad-
juvant chemotherapies has improved, the prognosis for gastric cancer
remains poor. Therefore, developing novel and effective molecular
markers for early diagnosis is essential for predicting the prognosis of
gastric cancer patients.

miRNAs have been implicated in both the promotion and prevention
of cancer by adjusting the expression of downstream target mRNAs.
miR199a-3p expression has been reported to be elevated in colorectal
cancer, and gastric cancer cell lines and patient tissues [8,15,16]. In this
study, we have shown that miR-199a-3p was significantly upregulated
in 77% of frozen and 37% of formalin-fixed gastric cancer tissues. miR-
199a is highly expressed in the stroma of pancreatic tumors [17] but is
significantly decreased in hepatocellular carcinoma, prostate cancer
and ovarian cancer [18-20]. The methylation status of the miR-199a
promoter may lead to differences in the expression of miR-199a-3p in
different tumor tissues [20]. miR-199a-3p expression correlates with
invasion, metastasis, and prognosis. It is significantly increased in os-
teosarcoma patients, and correlates with metastasis status and histolo-
gical subtype [7]. High expression of miR-199a-3p is significantly as-
sociated with deep wall invasion in colorectal cancer [15], and
contributes to more advanced lymphatic invasion, lymph node metas-
tasis, liver metastases, late TNM stage and shorter overall survival in
this disease [16]. miR-199a-3p expression was shown to be reduced in
muscle-invasive bladder cancer samples, when compared with non-
malignant tissue samples, and was associated with tumor and lymph
node status [21]. The role of miR-199a-3p in gastric cancer progression
and prognosis has not previously been explored. Our research has re-
vealed that high levels of miR-199a-3p expression correlate with Lauren
classification, depth of invasion, lymph node and distant metastasis,
TNM stage and poor prognosis.

While miR-199a-3p expression has been reported to promote cell
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proliferation and suppress cell apoptosis in gastric cancer and colorectal
cancer cells [8,16], it has been shown to suppress the proliferation and
invasion of hepatocellular carcinoma and prostate cancer cells [19,22].
In this study, we sought to determine the role of miR-199a-3p in the
migratory and invasive behavior of gastric cell lines. High miR-199a-3p
expression resulted in a significant increase in the migration and in-
vasion of gastric cancer cells, while inhibition of miR-199a-3p inhibited
these processes.

We identified ETNK]1 as a putative target of miR-199a-3p regulation
following a search of the miRBase database, and subsequently in-
vestigated the relationship between miR-199a-3p and ETNK1 expres-
sion in gastric cancer cell lines. Our data show that ETNK1 and miR-
199a-3p expression were inversely associated; overexpression of miR-
199a-3p in BGC-823 and SGC-7901 cells inhibited ETNK1 protein ex-
pression, while suppression of miR-199a-3p in MGC-803 cells enhanced
ETNK1 expression.

Our study shows that miR-199a-3p is highly expressed in gastric
cancer, and is associated with invasion, metastasis and poor prognosis.
In addition, our data suggest that miR-199a-3p regulates the invasion
and migration of gastric cancer cells by targeting ETNK1. miR-199a-3p
may serve as a prognostic indicator in gastric cancer.
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