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OBJECTIVE: To investigate the association between
the polymorphism of miR-146a and The ubiquitinlike with PHD and ring-ﬁnger domains 1 (UHRF1)
expression in patients with gastric cancer.
METHODS: MiR-146a rs2910164 was genotyped in
130 patients with gastric cancer and 130 cancer-free
individuals using polymerase chain reaction
(PCR)-restriction fragment length polymorphism.
UHRF1 expression was analyzed in 22 gastric cancer tissues and their adjacent normal tissues using quantitative real-time PCR.
RESULTS: No signiﬁcant differences in genotype
distributions of miR-146a rs2910164 were found
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between cases and controls, but we observed that
grade II tumors were more frequently detected in
patients with CG/CC genotype compared to those
with CC genotype. UHRF1 expressions in cancerous
tissues were signiﬁcantly higher than in noncancerous tissues (1.89-fold). Patients with CC genotype
showed a signiﬁcant increase in UHRF1 expression
in comparison to the carriers of GG/CG genotype.
A higher UHRF1 expression was associated with
cancer stage IV and grade III (P<0.05).
CONCLUSION: The overexpression of UHRF1 was
correlated with the stage and grade of gastric cancer
and is associated with the genotype distribution of
rs2910164.

miR-146a, microRNAs, single nucleotide polymorphism, stomach neoplasms, UHRF1.

INTRODUCTION
Gastric cancer is one of the most common gastrointestinal cancers and is recognized as the third leading
cause of cancer-related death worldwide in 2012.1,2
In fact, gastric cancer is a complex disease which may
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result from an interaction between genetic and environmental factors.2 So far, the molecular mechanisms
involved in gastric carcinogenesis have not been fully
understood.
The ubiquitin-like with PHD and ring-ﬁnger domains
1 (UHRF1) belongs to the UHRF family and, as an
epigenetic factor, it plays a pivotal role in the
carcinogenesis by participating in epigenetic
mechanisms including DNA methylation, histone
deacetylation, histone methylation and, probably,
histone ubiquitination.3–7 In non-cancerous cells, cell
cycle progression requires UHRF1 expression for G1/S
transition.8 As an oncogene, UHRF1 has been proven
to be overexpressed in various types of cancers
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including breast, prostate, lung, bladder, colorectal
cancers and, recently, in gastric cancer.9–14 Although
the biological activities of UHRF gene are not
accurately known, much evidence shows the
fundamental role of UHRF gene in epigenetic, cell
proliferation and apoptosis processes.15 UHRF1
overexpression leads to the migration and invasion
of gastric cancer cells.14 Among different regulatory
mechanisms of gene expressions, microRNAs
(miRNAs) act as a negative regulator at the posttranscriptional level of gene expression.16 miRNA is the
non-coding small RNA of 21–24 nucleotides, which
regulates gene expression by imperfect pairing with
the 3′-untranslated region (3′ UTR) of the target
mRNA.16 Single nucleotide polymorphisms (SNPs)
of miRNA have attracted considerable attentions in
recent years. Extensive studies have proven that the
SNPs in miRNAs and their target sites may be
involved in posttranscriptional regulation of gene
expression.16–21
Previous epidemiological studies have indicated
that the presence of the G>C genetic variant
(rs2910164), which is located within the seed sequence of the miR-146a precursor (pre-miR-146a),
can change the susceptibility to different types of
cancers and diseases.19–29
MiR-146a has 224 potential mRNA-binding targets,
including cancer susceptibility gene UHRF1.14,30
Zhou et al. suggested that miR-146a, as a tumor
suppressor, could decrease UHRF1 expression by
binding its 3′UTR sequence.14 A correlation analysis
showed that UHRF1 overexpression and miR-146a
downregulation were correlated with the progression
of gastric cancer.14 A similar study showed the control effect of miR-146a on RNASEL gene in the
SNP–SNP interaction of these genes among patients
with non-melanoma skin cancer.30 Moreover, G/C
SNP of pre-miR-146a is associated with reduced
miR-146a levels in the GG genotype compared with
those in the CC genotype in gastric cancer.31
The identiﬁcation of a new regulatory relationship
between miR-146a and UHRF1 gene expression
shows that there is a close relationship between genetic and epigenetic factors in the development
and progression of gastric cancer and any variation
in the miR-146a sequence may downregulate the
expression of UHRF1. This study aimed to assess
the relationship between UHRF1 expressions and
pre-miR-146a genotypes in Iranian gastric cancer
patients of Lor ethnicity.
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MATERIALS AND METHODS
Clinical samples and genotyping of miR-146a
rs2910164
Blood samples were collected from 130 patients with
gastric cancer and 130 age-matched and sex-matched
cancer-free controls to investigate the genotypes of
miR-146a polymorphism. In addition, the tumor tissues were obtained from 22 patients during endoscopy or surgery. All samples were collected at the
Lorestan University of Medical Sciences (Khorramabad,
Iran) between October 2013 and July 2015. Both
groups were of Lor ethnicity. The patients’ pathological
results (including tumor grade) were also collected for
further analysis. This study was approved by a local
Ethical Committee based on the rules and regulations
of the Iranian Ministry of Health, and all participants
provided their written informed consents.
DNA extraction from blood samples as well as gastric cancer tissues was carried out for SNP genotyping by using a DNG-plus solution kit (SinaClon
BioScience Co., Tehran, Iran). Polymerase chain reaction (PCR) ampliﬁcations were performed with
forward (5′-TGCTGTGACAGGCAGAGCAG-3′) and reverse primers (5′-GCCTTAGGTGACTGGAGGCCTG-3′).
Each PCR reaction was carried out in a total volume
of 20 μL containing 150 ng of genomic DNA, 10
pmol of each primer and, 10 μL of 2X Tag Premix
(Parstous, Mashhad, Iran).
PCR ampliﬁcation cycle conditions involved an initial
denaturation at 94 °C for 5 min, followed by 35 cycles
with three steps: at 94 °C for 20 s, at 68 °C for 20 s and
at 72 °C for 45 s. This was followed by a ﬁnal extension at 72 °C for 5 min. The PCR products were
digested with SacI (1 μL) at 37 °C for 30 min. The
digested products were visualized by 3% agarose gel
electrophoresis followed by DNA stain with a green
viewer. Some of the PCR products were sequenced
for genotype conﬁrming.
UHRF1 gene expression
Altogether 22 gastric cancer tissues and their adjacent
normal tissues were collected, immediately snap frozen in liquid nitrogen and stored at 80 °C for
further analysis. Total RNA of the tissue samples was
extracted using the Trizol RNA isolation reagent
(SinaClon BioScience Co.) according to the manufacture’s protocol. The extracted RNA was treated by DNase to remove DNA contamination. The quantity and
quality of RNA were measured using the NanoDrop

C 2016 Chinese Medical Association Shanghai Branch, Chinese Society of Gastroenterology, Renji Hospital Afﬁliated to Shanghai Jiaotong University School of
Medicine and John Wiley & Sons Australia, Ltd

Journal of Digestive Diseases 2016; 17; 169–174
2000 Spectrophotometer (Thermo Fisher Scentiﬁc,
Waltham, MA, USA) and 0.8% agarose gel electrophoresis, respectively. The cDNA of each sample was synthesized by a PrimeScript RT reagent kit (TaKaRa,
Tokyo, Japan) according to the manufacturer’s
instructions.
The UHRF1 gene expression was evaluated by using SYBR
Green Premix with human glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) as a reference gene. The qPCR
was performed in the Light Cycler 6000 detector (Qiagen,
Hilden, Germany). The PCR reaction was prepared in a
total volume of 20 μL containing 10 μl of SYBR Green
Premix (Parstous), 1 pmol of each forward and reverse
primer, and 2 μL cDNA. The primer for UHRF1 and
GAPDH genes were as follows: UHRF1, forward
5′-CCAGCAGAGCAGCCTCATC-3′,
reverse
5′TCCTTGAGTGACGCCAGGA-3′; and GAPDH, forward
5′-TGATGACATCAAGAAGGTGGTGAAG-3′, reverse 5′TCCTTGGAGGCCATGTGGGCCAT-3′.
Ampliﬁcation
program was performed at 95 °C for 30 s as an initial denaturation step, followed by 45 cycles at 95 °C for 3 s and
at 58 °C for 30 s.
Statistical analysis
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P = 0.10, respectively). Although no signiﬁcant relationship was found in the overall statistical analysis between
pre-miR-146a gene genotypes and the risk of gastric cancer (Tables 1 and 2), grade II tumors were more frequently detected in patients with a CG/CC genotype
compared with those with a GG genotype (Table 3).

Expression of UHRF1 gene in gastric cancer patients
and pathological associations
Our study showed that the expression of UHRF1 gene
was upregulated in cancer tissues than in the adjacent
Table 1. miR-146a rs2910164 G/C genotype and allele
frequency distribution in gastric cancer patients and controls
Cases
n (%)

Genotype
CC
CG
GG
CG + CC
G-allele
C-allele

Controls
n (%)

OR (95% CI)

13 (10.0) 10 (7.7)
1.3 (0.5–3.35)
42 (32.3) 40 (30.8) 1.12 (0.6–1.91)
75 (57.7) 80 (61.5)
1
55 (42.3) 50 (38.5) 1.17 (0.7–1.9)
192 (73.8) 200 (76.9)
1
68 (26.2) 60 (23.1) 1.18 (0.7–1.7)

P
value
0.40
0.60
0.50
0.40

CI, conﬁdence interval; OR, odds ratio.

The Hardy–Weinberg equilibrium (HWE) of the premiR-146a genotypes was examined using the χ 2 test.
Odds ratio (OR) and 95% conﬁdence interval (CI) were
calculated to analyze the relationship between the miR146a polymorphism and the risk of gastric cancer. The
most frequent homozygotes were used as a reference.
All genotype analyses were performed using SPSS 21
(IBM, Armonk, NY, USA). Relative expression was calculated using the ΔΔCt model (ΔCt UHRF1- ΔCt GAPDH)
with REST Software 2.0.13 (Qiagen). P value ≤ 0.05 was
considered statistically signiﬁcant.
RESULTS

Table 2. Stratiﬁed analyses for variant pre-miR-146a C/G
genotypes in cases and controls
(CG + CC)/GG
Variable
Sex
Female
Male
Age
≤ 50 years
> 50 years

Cases Controls
18/22
37/53

15/21
35/59

6/17
49/58

16/22
34/58

OR (95% CI)

P
value

1.14 (0.46–2.84) 0.70
1.17 (0.6–2.12) 0.50
0.4 (0.1–1.5)
1.4 (0.8–2.5)

0.20
0.20

CI, conﬁdence interval; OR, odds ratio.

Characteristics of the participants
The mean age of patients and cancer-free controls was
67 ± 14 years and 61 ± 13 years, respectively. Based on
the pathological results, the frequencies of tumor
grades I, II and III were 8.5%, 16.1% and 75.4%, respectively. Of the participants 59.2% had an urban
lifestyle and 40.8% had a rural one.
Genotype distributions of miR-146a polymorphism
and the risk of gastric cancer
The HWE showed no signiﬁcant differences between the
genotype frequencies in cases and controls (P = 0.06 and

Table 3. Correlation of the polymorphism of pre-miR-146a
with tumor grade and place of residence
Variable
Tumor grade
G3
G2
G1
Residence
Urban
Rural

CG + CC

GG

OR (95% CI)

P value

37
15
3

61
6
8

1
4.12 (1.4–11.55)
0.6 (0.1–2.47)

0.0047
0.50

38
17

39
36

1
0.4 (0.2–1.0)

0.07

CI, conﬁdence interval; OR, odds ratio.
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normal tissues. Moreover, UHRF1 gene expression was
signiﬁcantly upregulated in female patients compared
with male patients. Its expression was also upregulated in tumors at stage IV and grade III by almost
threefold compared with that at an early stage and
grade (Table 4). However, no signiﬁcant increase in
UHRF1 gene expression was observed at early stages
and grades.

The inﬂuence of the pre-miR-146a G/C
polymorphism on UHRF1 gene expression
UHRF1 gene expression and rs2910164 genotypes were
determined in 22 untreated gastric cancer tissue samples.
The GG, CG and CC genotype distributions were found
in 13 (59.1%), 5 (22.7%), and 4 (18.2%) patients, respectively. The correlation analysis showed that patients
with the CC genotype had a 6.892-fold increase in
UHRF1 expression compared with those with GG/CG
genotypes (P = 0.001, Table 4).
DISCUSSION
The geographical distribution of the incidence of gastric cancer has changed considerably over the past
few decades. The incidence has decreased in the
United States but increased in Asian countries, especially in Japan and Korea.32 In spite of some known
nutritional risk factors, genetic defects are signiﬁcantly
related to the susceptibility to gastrointestinal
cancers.33 Changes in UHRF1 expressions appear to
be related to the stages of cancer. The intensity of its
overexpression could be a useful diagnostic marker
for anti-cancer treatment.34,35 Several studies have

shown changes in nucleotide pairs (G:U to C:U) in
the stem structure of pre-miR-146a. This is related to
the alteration of miR-146a expression and its regulatory effect on the target genes in various types of
human cancers and diseases.19,21,36,37
Our study aimed ﬁrst, to analyze the relationship
between the expression of UHRF1 gene and the different stages of gastric cancer and second, to investigate the relationship between the SNP C/G genotype
of miR-146a and changes in UHRF1 gene expression
in patients with gastric cancer.
Although no signiﬁcant association was observed between the genotypes and alleles of the miR-146a polymorphism and the risk of gastric cancer, we found that
grade II tumors were more frequently detected in patients with CG/CC genotype compared with those
with GG genotype. Similar to our ﬁndings, some
reports on hepatocellular carcinoma, breast cancer,
non-small cell lung cancer, squamous cell carcinoma
of the head and neck and bladder cancer showed no
relationship between miR-146a polymorphism and
cancer risk.22–26,38 In contrast, many studies have reported that the risk of cancer was correlated with
the genotype of pre-miR-146a in various cancers
such as prostate cancer, esophageal squamous cell
carcinoma, familial breast/ovarian cancer and gastric
cancer.20,27–29 Based on these evidence, it has been
suggested that the differences in the results of various studies may be due to ethnic variations and
the effect of various environmental factors. Our
study showed that the upregulation of UHRF1 gene
expression was signiﬁcantly associated with cancer
stage IV and grade III.

Table 4. Correlation of UHRF1 gene expression with sex, clinicopathological features and pre-miR-146a polymorphism
genotypes
Variable

Type Reaction efﬁciency Expression

GAPDH
Total patients
Female
Male
Stage I, grade I
Stage II, grade II
Stage IV, grade III
Individuals with GG genotype
Individuals with CC
Individuals with CG

REF
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG
TRG

0.8449
0.8772
0.8607
0.8698
0.8478
0.8538
0.815
0.861
0.8819
0.9085

1.000
1.893
3.403
1.471
1.242
2.093
3.426
2.423
6.892
0.726

SE

95% CI

0.519–8.177
0.916–20.066
0.524–4.193
0.314–4.852
0.716–6.604
1.264–9.535
0.679–12.860
1.619–45.872
0.117–4.366

0.032–56.669
0.016–77.893
0.025–63.667
0.048–14.274
0.262–14.629
0.742–26.051
0.026–92.049
0.958–143.135
0.019–11.467

P(H1) Result
0.011
0.044
0.233
0.547
0.014
0.001
0.020
0.001
0.564

UP
UP

UP
UP
UP
UP

GAPDH, glyceraldehyde 3-phosphate dehydrogenase; P(H1), probability of alternate hypothesis that difference between sample and control
groups is due only to chance; REF, reference gene; TRG, target gene; UP, upregulated.
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The variation of UHRF1 expression is signiﬁcant at
different stages of cancer. It should be noted that
in the present study, the changes in the gene expression of UHRF1 based on qPCR analysis are in
agreement with previous studies that evaluated
the correlations between UHRF1 mRNA and their
proteins with cancer risk.11–14,39,40 Consistent with
these ﬁndings, Unoki et al. demonstrated that
UHRF1 was overexpressed in the grades II and III
bladder tumors than in normal tissues, benign
kidney tumors and several other kinds of normal
tissues.12 Furthermore, an increased expression of
UHRF1 in colorectal cancer tended to be associated
with the depth of invasion in the malignant transformation of colon cancer, supporting the role of
UHRF1 in carcinogenesis.13 Studies on lung cancer
and cervical neoplasia have also conﬁrmed that
changes in UHRF1 expression at different cancer
stages can be used as a marker in discriminating
between high and low grades of cancer.11,34 The
UHRF1 expression was observed in all histological
types of lung cancer, especially in non-adenocarcinomas. The high expression of UHRF1 was associated with poor prognosis. Although UHRF1
overexpression was associated with malignant
indicators, UHRF1 was detectable in half of the
lung cancer patients at an early pathological stage.
Overall, UHRF1 is upregulated in various cancers
and in the present study UHRF1 overexpression
conﬁrmed its role in carcinogenesis of gastric cancer. A comparison of changes in the expression of
UHRF1 and rs2910164 genotype distribution
showed that UHRF1 mRNA expressions in CC
genotype patients was much higher than in patients carrying GG/CG genotypes.
In our study, eight of the ten samples that showed no
variation in UHRF1 gene expression had the GG
genotype, indicating that the G allele may play a protective role against the overexpression of UHRF1 in
patients with GG genotype. The positive correlation
between increased UHRF1 expression and the genotypes of miR-146a, especially in women, reveals the
speciﬁc effect of the miR-146a genotype on sex; however, further studies are needed to investigate this
sex-speciﬁc association.
In conclusion, the upregulated gene gene expression
of UHRF1 was signiﬁcantly associated with higher
grades of tumor, female gender, CC and GG genotypes. Therefore, UHRF1 overexpression may be
affected by SNP rs2910164 variation and probably
inﬂuences the outcomes of gastric cancer. Further

miR146a C/G and UHRF1

173

studies are needed to conﬁrm the relationship of
UHRF1 gene expression and miR-146a polymorphisms in gastric cancer metastasis.
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