MEDICAL CLINICAL RESEARCH

SCIENCE

. e-ISSN 1643-3750
MON TOR © Med Sci Monit, 2014; 20: 2318-2326
DOI: 10.12659/MSM.892499

e oo rs11671784 G/A and rs895819 A/G

publihec: aore e Polymorphisms Inversely Affect Gastric Cancer
Susceptibility and miR-27a Expression in a
Chinese Population

Authors’ Contribution: ABCDEF 1 Bo Song 1 Department of Gastroenterology, Yantai Shan Hospital, Yantai, Shangdong, China
Study Design A ABCDEF 1 Ge Yan 2 Department of General Surgery, Huashan Hospital, Fudan University, Shanghai,
Data Collection B China
Statistical Analysis C ascoG 2 Hankun Hao 3 Department of Radiology, Central hospital of Wuhan, Tongji Medical College,
Data Interpretation D ABCDEFG 3 Bei Yang Huazhong University of Science and Technology, Wuhan, Hubei, China

Manuscript Preparation E
Literature Search F
Funds Collection G

Corresponding Author: Bei Yang, e-mail: 1551775262@qq.com
Source of support: Departmental sources

Background: rs895819 and rs11671784 are 2 SNPs in miR-27a that can influence the expression of mature miRNA. However,
their role in gastric cancer development is still not well understood. This study aimed to determine whether
these 2 polymorphisms are associated with gastric cancer risk in a Chinese population and how they influence
the expression of miR-27a.

Material/Methods: This was a case-control study and recruited 278 gastric cases and 278 healthy matched controls. Genotyping
of these 2 SNPs among the participants were performed to assess their association with gastric cancer risk.
Tumor samples from 59 patients who had physical resection were used for gqRT-PCR analysis of miR-27a ex-
pression. To further valid the effects of these 2 SNPs, findings of previous studies were pooled to generate in-
tegrated evidence.

Results: Individuals with rs895819 G variants exhibited significantly increased risk of gastric cancer, while subjects with
rs11671784 A variants had significantly reduced gastric cancer risk. Among the patients, rs895819 G variants
were moderately associated with lymphatic invasion and lymph node metastasis, while rs11671784 A variants
were associated with significantly reduced risk of lymphatic invasion. gRT-PCR results demonstrated rs895819
polymorphism contributed to an aberrant process from pri-miR-27a to pre-miR-27a, but rs11671784 did not
affect the transcription and post-transcription processes of the miR-27a gene. The subsequent meta-analysis
largely confirmed the effects of these 2 SNPs on gastric cancer risk.

Conclusions: rs895819 and rs11671784 inversely affect gastric cancer risk and the influence was closely related to their ef-
fects on miR-27a expression.
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Background

Gastric cancer, which has a 5-year survival rate below 25%,
is the second leading cause of cancer death worldwide [1].
It has a particularly high occurrence rate in Eastern Europe,
East Asia, and some parts of Central and South America [1,2].
In China, gastric cancer is a serious public health problem.
Approximately 40% of gastric cancer cases in developing coun-
tries occur in China [3].

Gastric carcinogenesis is influenced by multiple genetic and
environmental factors [4]. Accumulating evidence shows that
individual genetic susceptibility can significantly affect occur-
rence rate of cancer [5]. The regulative roles of microRNAs
(miRNAs) in multiple biological processes, including cell pro-
liferation, cell differentiation, cell death, and stress resistance,
were widely reported in previous studies [6,7]. In human car-
cinogenesis, miRNAs can be either tumor suppressors or on-
cogenes [8,9]. Previous studies reported that in gastric can-
cer, miR-27a was upregulated and functioned as an oncogene
[10,11]. An in vitro study showed that down-regulation of miR-
27a reduced the growth rate of MGC-803, a gastric adenocar-
cinoma cell line [10]. Katada et al. also observed that in undif-
ferentiated gastric cancer, miR-27a expression was positively
correlated with lymph node metastasis [12].

Recent studies have reported that single-nucleotide polymor-
phisms (SNPs) in miRNA were related to susceptibility to sev-
eral cancers [13,14]. SNPs in miRNA could alter the expression
and/or maturation of miRNA and ultimately affect its func-
tioning [14-16]. In pri-miR-27a, rs895819 and rs11671784
are 2 SNPs that can influence the expression of mature miR-
NA. However, few studies have explored the association be-
tween these 2 SNPs and gastric cancer susceptibility [17-19].
Two studies of rs895819 and gastric cancer risk even report-
ed conflicting results [17,18]. In addition, these 2 SNPs were
only 4 nucleotides away from each other, and their combined
effects on gastric cancer are still unclear. Considering the im-
portant role of miR-27a in gastric cancer, this study aimed to
explore whether these 2 SNPs were related to gastric cancer
and how they influence the expression of mature miR-27a.

Material and Methods

Study participants

This was a hospital-based case-control study with 278 partic-
ipants who were diagnosed with gastric cancer, of which 59
patients received surgical resection of gastric tumor tissues at
the Central Hospital of Wuhan of Tongji Medical College and the
Huashan Hospital of Fudan University from 2010 to 2013. The
protocol of this study was approved by the ethics committees
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of Huazhong University of Science and Technology and Fudan
University and all study procedures were performed accord-
ing to the Declaration of Helsinki principles. Informed consent
was obtained from all participants at recruitment. All partici-
pants were ethnic Han Chinese without direct blood relation-
ship. All of the gastric cancer patients were newly diagnosed,
without historical cancer experience and had not received pre-
operative radiotherapy or chemotherapy before the surgical
gastrectomy. The case group included 196 male and 82 fe-
male patients, with an average age of 58.5+9.6 years (range
28-79 years). To match the case group, 278 healthy individu-
als matched for ethnicity, sex, and age were randomly select-
ed from the blood donation center of the hospital. All control
individuals were without malignancy or autoimmune disease.
Demographic characteristics of all participants, including age,
sex, alcohol and smoking habits, and family history of cancer
were obtained and recorded through a structured question-
naire. Individuals who consumed 40 g or more of pure alcohol
per day were defined as drinkers [20]. Individuals who smoked
at least 1 cigarette per day during the past 1 year were de-
fined as smokers. Fifty-nine gastric tumor tissues were ob-
tained from gastric cancer patients during surgery and were
frozen in liquid nitrogen until further use. All clinic-pathologi-
cal data of these 59 patients were obtained from clinical and
pathology records.

Genotyping

We used the NucleoSpin Blood kit (Macherey-Nagel, GmbH
& Co. KG, Germany) for genomic DNA extraction according to
the manufacturer’s recommended protocol. The DNA concen-
tration was determined with a Nanodrop Spectrophotometer
(ND-1000, USA) by using the full wave-length. rs895819 and
rs11671784 are only 4 nucleotides away from each Other, thus
the TagMan probe overlapping these 2 SNPs would give false
calls in SNP constellations [21]. To avoid possible false calls in
SNP constellations, direct sequencing (SNPseq™, GeneSky) was
used for genotyping of rs895819 and rs11671784 in this study.

Quantitative RT-PCR

Total RNA from tumor tissues were extracted with TRIzol isola-
tion reagent (Invitrogen) according to the instructions. TagMan
microRNA assays (Applied Biosystems) were used to quanti-
fy the expression of mature miR-27a. U6B was used as nor-
malization control. Briefly, pri- and pre-miRNA levels were de-
termined by qRT-PCR with gene-specific primers and Power
SYBR Green PCR Master Mix (Applied Biosystems). The prim-
ers for QRT-PCR of pri-miR-27a and both pre- and pri-miR-
27a followed the design of Yang et al. [19]. For pri-miR-27a,
the primers were 5’-ATATGAGAAAAGAGCTTCCCTGTG-3’ (F) and
5’-CAAGGCCAGAGGAGGTGAG-3’ (R). For both pre- and pri-miR-
273, the primers were: 5’-AGGGCTTAGCTGCTTGTGAG-3’(F) and
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Table 1. Demographic information of all participants.

Cases (%) n=278

Variables
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Age (mean +SD) 58.5+9.6
CGender
"""" male 19 (@os)
"""" Female 8 (95
Residence
"""" Rwal 183 (58
"""" Uban 95 (4
Family history of gastric cancer
"""" N o 233 (838
e 5 (162
 Alcohol drinking
"""" N 16 @
e 162 (583
smokingstatus
"""" N 109 @)
e 169 (608
| Hpyloriinfection status
"""" Hpyoi 119 @28
"""" Hpylori® 159 (572

Controls (%) n=278 P-value*

59.3+10.2 0.73

196 (70.5)
——————————————————————————————————————————————— 0.93

82 (29.5)

172 (61.8)
——————————————————————————————————————————————— 0.37

106 (38.2)

244 (87.8)
——————————————————————————————————————————————— 0.11

34 (12.2)

133 (47.8)
""""""""""""""""""""""""" 0.09

145 (52.2)

121 (43.5)
——————————————————————————————————————————————— 0.21

157 (56.5)

* P-value were calculated by multivariate unconditional logistic regression, adjusted for age, gender, residence, family history of gastric

cancer, alcohol drinking and smoking status. “=” — Not available

5’-CAAGGCCAGAGGAGGTGAG-3’ (R). All gRT-PCRs were per-
formed in triplicate with the ABI Prism 7300 sequence detec-
tion system (Applied Biosystems).

Meta-analysis

Relevant literature about the association between rs895819
and rs11671784 polymorphism and gastric cancer risk were
searched for in PubMed, Web of Science, and Medline from
January 2002 to March 2014. The key words used were “miR-
272", “microRNA-27a”, “rs11671784”, “rs895819“, “gastric
cancer/carcinoma/tumor/neoplasm”, and “polymorphism’”.
Two authors independently performed the search process. For
inclusion, studies had to simultaneously meet the following
criteria: (1) case-control study; (2) the study explored the as-
sociation between miR-27a polymorphism and gastric cancer
risks; and (3) genotype frequency information was available.
Original information, including method of genotyping, total
number of cases and controls, source of control groups, and
genotype distributions in cases and controls, were extracted

for further meta-analysis. Research data obtained from this
study were also integrated into the meta-analysis.

Statistical analysis

Quantitative variables with normal distribution are reported
with median +SD. Genotype frequencies and categorical vari-
ables between gastric cancer patients and control individuals
were analyzed with Pearson 2 test. Hardy-Weinberg equilib-
rium of the control group was analyzed by goodness-of-fit >
test. The association between SNP rs895819, rs11671784, and
risk of gastric carcinoma was estimated by odds ratios (OR) and
95% confidence intervals (Cl). For rs895819, the association
between genetic variants and gastric cancer risk was analyzed
between allelic contrast (A vs. G), homozygote comparisons,
(AA vs. GG), heterozygote comparisons (AG vs. GG), dominant
model (AA+AG vs. GG), and recessive models (AA vs. AG+GG).
The same analysis was applied to rs11671784. The crude OR
was assessed by the Woolf approximation method and adjust-
ed OR was calculated by unconditional logistic regression with
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Table 2. The association between rs895819/rs11671784 and risk of gastric cancer.

Genotype or

0y 0y
SNP alleles Case (%) Control (%)
AA 105 (37.8) 131 (47.1)
AG 124 (44.6) 111 (39.9)
GG 49 (17.6) 36 (12.9)
rS895819
AG+GG 173 (62.2) 147 (52.8)
A 334 (60.1) 373 (67.1)
G 222 (39.9) 183 (32.9)
GG 128 (46.0) 100 (36.0)
GA 122 (43.9) 134 (48.2)
AA 28 (10.1) 44 (15.8)
U EATEEN i
GA+AA 150 (54.0) 178 (64.0)
G 378 (68.0) 334 (60.1)
A 178 (32.0) 222 (39.9)

Crude OR P-value *Adjusted OR *p.value
[95% ClI] [95% ClI]

1.00 = 1.00 =
139[097,2000 007  136[100,197] 009
170[103,280 004  167[100,277] 005
147[105,206) 003 143[101,202] 004
"""" o w0
135[106,173] 002  132(103,170] 003
"""" o - w0 -
071(050,102] 006 0720051103 006
050(029,085] 001  052[03,087 002
066(047,092] 002  068[049,094] 003
"""" o - w0 -
071(055,091] 0006  073[057,093 001

Distributions of the rs895819 (x?=2.55, p=0.11) and rs11671784 (x?=0.006, p=0.94) genotypes were in Hardy-Weinberg equilibrium.
* Adjusted for age, sex, residence, family history of gastric cancer, smoking and drinking status. Cl — confidence interval; OR — odds

ratio.

adjustment of sex, age, residence, smoking status, and alco-
hol consumption status. Group difference was compared us-
ing the t test. In meta-analysis, statistical heterogeneity among
studies were assessed by the chi-square-based Q test and /2
[22]. 2 tests p<0.1 and /? >50% indicate significant heteroge-
neity [22]. When significant heterogeneity existed, the source
of heterogeneity was further analyzed. If no significant clinical
or method heterogeneity identified, a random-effects model
was be applied to make estimates. Where necessary, sensitiv-
ity analyses were performed to test the stability of outcomes.
All statistical analyses were carried out with the STATA soft-
ware package version 12.0 (Stata Corporation, College Station,
TX). P value <0.05 was considered as statistically significant.

Results

Baseline characteristics of participants

Demographic characteristics of the participants in case and con-
trol groups are summarized in Table 1. No significant difference
was observed in age and sex, suggesting the match between
controls and cases was adequate. In addition, no significant dif-
ferences were found in place of residence and family history of
gastric cancer between the case and control groups. However,
alcohol consumption in the case group was significantly higher

than in the control group (58.3% vs. 52.2%, p=0.04) (Table 1),
suggesting it might be a risk factor of gastric cancer.

rs895819 A/G and rs11671784 G/A polymorphism had an
inverse effect on risk of gastric cancer

For rs895819, the frequency of G alleles in the cases was 39.9%,
which was significantly higher than 32.9% in controls (x?=5.90;
p=0.02) (Table 2). The distribution of rs895819 genotypes (AA/
AG/GG) in cases and controls was slightly different, but was
not statistically significant (y2=5.57; p=0.06) (Table 2). The
observed rs895819 genotype frequency in cases and controls
was in agreement with Hardy-Weinberg equilibrium (cases:
x?=1.37, p=0.24; controls: x2=2.55, p=0.11), suggesting no pop-
ulation stratification. Compared with AA homozygotes, the OR
after adjustment of potential covariates in GG was 1.67 (95%
Cl 1.00-2.77, p=0.05) and in GC was 1.36 (95% Cl 1.00-1.97,
p=0.09) (Table 2). Generally, individuals with variant genotypes
(AG + GG) had a 1.43-fold increase in risk of gastric cancer (ad-
justed OR=1.43, 95% Cl 1.01-2.02, p=0.04) (Table 2). These re-
sults suggest individuals with rs895819 G allele had increased
risk of gastric cancer compared with rs895819 AA carriers.

For rs11671784, the frequency of A allele in the cases was 32.0%,
which was significantly lower than 39.9% in controls (x2=7.56;
p=0.006) (Table 2). The frequencies of rs11671784 genotypes
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Table 3. The association between rs895819/rs11671784 polymorphism and clinic-pathological features.

Genotype

Variable *P-value

Age (median)

<58 7+14 13 1.08 [0.37, 3.10] 0.89
"""" > a1 10 093(032,2671 089
CTumorsize
"""" Sem 612 9 156054450 041
"""" »3em 5413 14 064[022,18] 041
lymphnode metastasis
 Absent 410 15 o034foi,101] 005
"""" Present 7415 8  205[099,875] 005

L2 R 1

6 1 i
Lymphatic invasion
CAbsent g1 s 5.07[1.54,1667] 0008
CPresent s+10 20 020[006,065] 0008
H.pyloriinfection
CHpflori > & 114[035,376] | 083
CHpylori® s 19 o088[027,280 083
Clinical stage
N 3 157[035,7.00] 055
v a7 2 064[014,284 055

* Adjusted for age, sex, residence, family history of gastric cancer, smoking and drinking status. Cl — confidence interval;
OR - odds ratio.
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Figure 1. Effect of rs895819 A/G and rs11671784 G/A polymorphism on miR-27a expression (A) Relative miR-27a expression in

rs895819 variants; (B) Relative miR-27a expression in rs11671784 variants; (C) Relative miR-27a expression in rs895819

and rs11671784 homozygote carriers; (D) Relative pri-miR-27a expression in rs11671784 variants; (E) Relative pri-miR-27a
expression in rs895819 variants; (F) Relative total pri- and pre-miR-27a expression in rs11671784 variants; G. Relative total
pri- and pre-miR-27a expression in rs895819 variants. ** P<0.01, # P<0.01 vs. rs895819 GG/rs11671784 GG. Error bars depict

min to max.

(GG/GA/AA) in cases and controls were significantly different
(x?=7.56; p=0.02). The observed rs11671784 genotype frequency
in cases and controls were in agreement with Hardy-Weinberg
equilibrium (cases: x2=0.018, p=0.89; controls: ¥>=0.006, p=0.94),
suggesting no population stratification. Compared with GG ho-
mozygotes, the OR after adjustment of potential covariates in
the AA group was 0.52 (95% Cl 0.31-0.87, p=0.02) and in the GA
group it was 0.72 (95% Cl 0.51-1.03, p=0.06) (Table 2). Generally,
individuals with variant genotypes (GA + AA) had only a 0.68-
fold risk of gastric cancer compared with GG homozygotes car-
riers (adjusted OR=0.68, 95% Cl| 0.49-0.94, p=0.03) (Table 2).
These results suggest individuals with rs11671784 A allele had
decreased risk of gastric cancer risk relative to GG carriers.

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 3.0 Unported License

Stratified analysis of rs895819 A/G and rs11671784 G/A
polymorphism by clinic-pathologic features

Table 3 shows association of rs895819 A/G and rs11671784
G/A polymorphisms with clinic-pathological features among the
59 gastric cancer cases that received resection. For rs895819,
there were 23 cases with AA, 25 with AG, and 11 with GG. For
rs11671784, 25 cases were GG genotype, 21 were GA, and 13
were AA. By stratifying clinic-pathologic features, we observed
rs895819 G variants were moderately associated with both
lymphatic invasion (OR=2.95, 95% Cl, 0.99-8.75, p=0.05) and
lymph node metastasis (OR=2.95, 95% Cl 1.00-8.77, p=0.05)
(Table 3). For rs11671784, the A variants were associated with

Indexed in:

[ISI Journals Master List] [Index Medicus/MEDLINE]

[EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]  [Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]



Song B. et al.:
1511671784 G/A and rs895819 A/G polymorphisms inversely affect gastric cancer...
© Med Sci Monit, 2014; 20: 2318-2326

CLINICAL RESEARCH

Table 4. The key characteristics of studies involved.

Sample size
Source of

cases

Genotyping

SNP & study method

Country Ethnicity

rs895819
Sun et al. 2010 China Asian PCR-RFLP HB 304 304 115 135 54 145 119 40 0.05
Zhou et al. 2012  China Asian MassARRAY HB 295 413 166 122 7 214 167 32 0.94
. . Direct
Song et al. 2014  China Asian ; HB 278 278 105 124 49 131 111 36 0.11
Sequencing

GG AG AA GG AG AA

rs11671784

Songetal. 2014 China  Asian i B
Sequencing

Yang et al. 2014  China Asian TagMan HB

892 978 398 414 80 371 487 120 0.12

HWE — Hardy-Weinberg equilibrium; PCR-RFLP — polymerase chain reaction-restriction fragment length polymorphism; HB — hospital

based of control.

significantly reduced risk of lymphatic invasion (OR=0.20; 95%
Cl 0.06-0.65; p=0.0008) (Table 3).

Effect of rs895819 A/G and rs11671784 G/A
polymorphism on miR-27a expression

miR-27a expression of the 59 gastric tumor tissues was quan-
tified to assess how rs895819 and rs11671784 influenced miR-
27a expression. In both groups, expression of miR-27a was
significantly affected by genotypes. In rs895819 AA/AG/GG
groups compared with AA, miR-27a expression in AG and GG
group were approximately 155% and 222% higher (p<0.01)
(Figure 1A). In rs11671784 GG/GA/AA groups, miR-27a ex-
pression in GA and AA group were only 81% and 51% of that
in GG group (p<0.01) (Figure 1B). Interestingly, when cases of
rs895819 AA/rs11671784 GG (n=5) were set as control, mir-
27a expression in rs895819 AA/rs11671784 AA (n=3), rs895819
GG/rs11671784 GG (n=4), and rs895819 GG/rs11671784 AA
(n=4) were 66%, 202%, and 112%, respectively (Figure 1C).
rs895819 GG/rs11671784 GG group had the highest miR-27a
expression, which was significantly higher than in the oth-
er 3 groups (Figure 1C). miR-27a expression in rs895819 GG/
rs11671784 AA group was significantly lower than that in
rs895819 GG/rs11671784 GG (p<0.01), suggesting the miR-
27 increase due to rs895819 G variant was partly offset by
rs11671784 A variant (Figure 1C). When examining the ex-
pression of total pri-miR27a in rs895819 and rs11671784
variant groups, no difference was observed (Figure 1D, 1E).
However, when detecting the expression of total pri- and pre-
miR27a, significantly higher level of expression was observed in
rs895819 GA and AA groups compared with GG group (p<0.01)
(Figure 1G), but no significant difference was observed among

three rs11671784 variant groups (Figure 1F). This means that
the rs895819 A/G and rs11671784 G/A polymorphism-relat-
ed epitomic miR-27a expression happens in different stages
— the former is during the pri- to pre-miRNA stage, while the
later happens during the pre-miRNA to mature miRNA stage.

Meta-analysis of SNPs and gastric cancer
Characteristics of the Studies involved

A total of 3 studies were identified through searching PubMed,
CNKI, and Web of Science — 2 for rs895819 [17,18] and 1 for
rs11671784 [19]. The search process was not given in this con-
text. First-hand data obtained from this study was integrated
in subsequent meta-analysis of miR-27a and gastric cancer
risk. The final meta-analysis involved 1769 cancer cases and
1973 cancer-free controls. The key characteristics of studies
involved are given in Table 4.

Quantitative synthesis

All eligible studies were pooled and stratified to estimate the
association of these 2 SNPs with overall gastric cancer risk
(Table 5). Although the rs895819 variant G allele might slightly
increase the risk of gastric cancer, it was not statistically sig-
nificant (OR=1.12, 95% Cl 0.78-1.60, p=0.55). However, signifi-
cant heterogeneity was observed among the 3 studies involved
(p-H=0.001, I>=85%). Subsequent sensitivity analyses showed
the exclusion of the Zhou et al. study [18] eliminated heteroge-
neity (p-H=0.95, ’=0%). Under this situation, meta-analysis of
the other 2 studies showed variant G allele could significantly
increase the risk of gastric cancer (OR=1.42, 95% Cl 1.10-1.83,
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Table 5. Pooled ORs and 95% Cls of the SNPs and gastric cancer risk.

No.
SNP Gvs. A GG vs. AA GA vs. AA (GA+GG) vs. AA GG vs. (GA+AA)
studies
OR OR OR OR OR
(95% P P-H P (95% P P-H P (95% P P-H ? (95% P P-H P (95% P P-H [P
Cl) Cl) cl) Cl) Cl)
rs895819 I e
1.12 0.97 1.22 1.21 0.29
[0.78, 0.55 0.001 85% [0.40, 0.95 0.0007 86% [0.92, 0.16 0.13 51% [0.83, 0.32 0.01 77% [0.04, 0.23 <0.00001 96%
1.60] 2.40] 1.62] 1.78] 2.19]
Avs. G AA vs. GG AG vs. GG (AA+AG) vs. GG AA vs. (AG+GG)
OR OR OR OR OR
(95% P P-H 2 (95% P P-H 2 (95% P P-H 2 (95% P P-H 2 (95% P P-H 2
cl) (@) ()] (@) ()]
rs11671784 2 e
0.78 0.59 0.77 0.73 0.67
[0.69, <0.00001 0.39 0% [0.45, 0.0001 049 0% [0.65, 0.003 0.6 0 [0.62, 0.0002 0.47 0% [0.52, 0.03 0.58 0%
0.88] 0.77] 0.92] 0.86] 0.87]

P — p value; P-H — P value of Q for heterogeneity test; /> >50%, high heterogeneity; Random effects model was used when P value of Q

for heterogeneity test P-H >0.1 or /2 >50%; otherwise, fixed effect model was used.

p=0.006). For rs11671784 G/A polymorphism, variant A allele
could significantly decrease the risk of gastric cancer, regard-
less of allelic contrast (G vs. A), homozygote comparison (AA
vs. GG), heterozygote comparison (AG vs. GG), dominant model
(AA vs. GG+GA), and recessive model (AA+AG vs. GG) (Table 5).
No heterogeneity was found within these groups.

Discussion

As it has gradually become recognized as an oncogene, the on-
cogenic activity of miR-27a has been reported in gastric can-
cer [10,11]. Previous studies observed it could regulate ZBTB10
and lead to overexpression of Sp proteins and Sp-dependent
genes, which are 2 important factors in gastric cancer cell sur-
vival and angiogenesis [17,23]. In addition, expression of miR-
27ais also negatively associated with expression of HOXA 10,
which is a member of the HOX gene family that encodes tran-
scription factors and is involved in carcinoma development
[19]. rs11671784 G/A polymorphism could directly affect the
expression of HOXA10[19]. In this study, it was observed that
individuals with rs895819 A/G polymorphism exhibited sig-
nificantly increased risk of gastric cancer, while subjects with
rs11671784 G/A polymorphism were associated with signifi-
cantly reduced gastric cancer risk.

Preliminary functional assays showed that rs895819 A/G poly-
morphism increased miR-27a expression, while rs11671784
G/A polymorphism reduced the expression. gqRT-PCR results
demonstrated that rs11671784 A variant might offset the up-
regulating effect of rs895819 G variant on miR-27 expression.
Variations in pre-miRNA were found to be associated with ab-
errant maturation process of miRNAs due to their influence

on transcription or mutation process [24,25]. Theoretically, al-
tered integrity and secondary structure of pre-miRNAs might
significantly affect processing and maturation of miRNAs [26].
In this study, the 3 variant groups of rs11671784 had no sig-
nificant difference in pri-miR-27a or total pri- and pre-miR27a
level, suggesting normal processing from mRNA to pri-miRNA
and to pre-miRNA. Therefore, rs11671784 A variants associat-
ed with miR-27a downregulation might be caused by a block
from pre-miR-27a to the mature form. This finding is consis-
tent a report by Yang et al. [19] that rs11671784 G/A polymor-
phism did not affect transcription or post-transcription pro-
cesses of the miR-27a gene. However, for rs895819, this study
observed increased total pri-miR-27a and pre-miR-27a levels
in AG and GG groups compared with the AA group, showing
an aberrant process from pri-miR-27a to pre-miR-27a. Since
rs895819 is on the terminal loop, its variation might impair
DGCRS8 binding and subsequent processing of pri-miRNA ac-
cording to the Junction Anchoring model [27]. Thus, it is hy-
pothesized in this study that rs895819 A/G polymorphism
might lead to faster processing of pri-miR-27a to pre-miR-27a.
In addition, this study also observed that rs895819 G variants
were moderately associated with lymphatic invasion and lymph
node metastasis, while rs11671784 A variants were associat-
ed with significantly reduced risk of lymphatic invasion. These
observations might be closely related to ectopic miR-27a ex-
pression. However, further detailed study is required to con-
firm their association. These findings show that a single-nu-
cleotide change on the non-mature miRNA sequence could
also affect biogenesis of the mature form, thus exhibiting pro-
found biological effects. Therefore, measurement of miRNA-
27ars11671784 G/A and rs895819 A/G polymorphism based
on serum samples might be used as a strategy to predict gas-
tric cancer susceptibility.
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Meta-analysis of previous studies of rs895819 A/G and
rs11671784 G/A polymorphism on gastric cancer risk also
confirmed the reverse risk-increase and risk-decrease effect
of these 2 SNPs. However, significant heterogeneity was also
observed in rs895819 studies. Due to the limited number of
studies on these 2 SNPs and gastric cancer risk, more clini-
cal data need to be collected and the underlying mechanism
should be further explored.

This study had several limitations. First, the sample size is rel-
atively small, especially for the stratified analysis among the
cancer patients for assessing the association between miR-
27avariants and clinic-pathologic features. However, the me-
ta-analysis partly offset the influence on estimation of gas-
tric cancer risks. Second, this was a hospital-based association
study. Therefore, there might be selection bias. However, the
potential influence of this limitation was minimized through
matching cases and controls in age and sex and adjusting the
putative confounding factors in statistical analysis. Third, the
influence of SNPs on disease development and the frequen-
cy of risky variants often vary from population to population.
The primary study and the meta-analysis were also based on
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