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Aberrant methylation of miR-125b1 in gastric cancer: A case-control study 
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Gastric cancer (GC) is a complex heterogeneous process and the molecular mechanisms underlying its initiation or 
propagation are still not very well characterized. Aberrant gene expressions are key features of cancer. DNA methylation 
in a promoter region is an important epigenetic mechanism for the gene silencing. Here, the impact of DNA methylation 
in regulating the expression of miR-125b1 is explored. A total of 285 genetically unrelated subjects including 175 healthy 
controls and a total of 110 GC patients participated in this study. We performed nested methylation-specific polymerase 
chain reaction (MS-PCR) to evaluate methylation pattern of miR-125b1 promoter and quantitative real-time polymerase 
chain reaction (qRT-PCR) to determine the RNA expression changes in GC and normal tissues. The frequency of methyl-
ated allele was 24.5% in GC cases but only 10% in normal tissues. Statistically significant correlation between CpG dinucleo-
tide methylation of miR-125b1 promoter and increased risk of gastric adenocarcinoma was observed (OR=2.57; 95%CI 
1.60–4.13; p=0.0001). In addition, miR-125b1 promoter methylation correlated with tumor location and stages. Expres-
sion of miR-125b1 was much higher in normal tissue compared to cancerous tissue. However, methylation status of the 
miR-125b1 promoter was not correlated with miR-125b1 expression in cancerous specimens (p<0.05). In conclusion, this is 
a first report of miR-125b1 promoter methylation in GC. More research is needed to fully elucidate the underlying molec-
ular mechanisms of GC susceptibility.
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GC is the fourth most common cancer and the second 
leading cause of cancer related death in the world. More than 
950,000 new cases of GC are diagnosed and approximately 
720,000 deaths are reported worldwide every year [1]. It is 
a complex, multifactorial disease with a strong interplay 
between genetic and environmental factors. H. pylori, EBV, 
salt preserved foods, alcohol and smoking are the major risk 
factors [2]. Although the exact molecular pathology of GC 
is not clear, it has been shown that dysregulation of some 
microRNAs (miRNAs) is associated with the development 
and progression of GC [3–5].

MicroRNA is a small non-coding RNA molecule 
containing about 22 nucleotides involved in RNA silencing 
and post-transcriptional regulation of gene expression. Thus 
play critical roles in many biological processes such as prolif-
eration, differentiation, apoptosis and even carcinogenesis [6, 
7]. One of these important microRNAs is miR-125b. Several 
studies have been conducted on the expression of miR-125b 
in gastric carcinoma tissues in comparison with normal 

gastric tissues to show the miR-125b deregulation in GC 
[8, 9]. However, the mechanism of the aberrant expression 
of miR-125b in gastric carcinoma tissues is still unknown. 
MiR-125b is transcribed from two genomic loci (miR-125b1 
(11q24.1) and miR-125b2 (21q21.1)). These two loci produce 
different hairpin precursors, but they process into the same 
mature miRNA. The promoters of these two genes are both 
embedded in CpG islands. The covalent addition of methyl 
group occurs on the number 5 carbon of the pyrimidine ring 
of cytosine within the context of the CpG dinucleotide [10]. 
As genetic alterations, the epigenetic DNA changes have been 
shown to be involved in tumorigenesis. It has been shown 
that changes in DNA methylation of promoter associated 
CpG islands are one of the important epigenetic mechanisms 
leading to dysregulation of miRNAs in cancer [11]. Recent 
advances in our knowledge of DNA methylation underlie 
many clinical applications including the development of 
molecular markers for detection, prediction of prognosis, 
and cancer treatment outcomes.
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Several studies have been carried out on methylation of 
the promoter of miR-125b in various cancers, suggesting 
that the hypermethylation of promoter CpG islands is corre-
lated with the downregulation of miR-125b [12–14]. Since 
reported data showed that the expression of miR-125b was 
deregulated in gastric carcinoma, in this study the methyla-
tion status of CpG islands located in promoter of miR-125b1 
in gastric carcinoma tissues and normal gastric tissues, as 
a possible mechanism in regulating miR-125b expression, 
are examined. To this purpose, we performed methylation-
specific polymerase chain reaction (MS-PCR) to evaluate 
methylation pattern of miR-125b1 promoter and quanti-
tative real-time polymerase chain reaction (qRT-PCR) to 
determine the RNA expression changes in GC and normal 
tissues. To the best of our knowledge, no miR-125b1 analyses 
have been published on gastric tissue in the context of gastric 
adenocarcinoma. 

Patients and methods

Sampling. A total of 285 gastric tissue specimens were 
obtained from surgical resection or endoscopic biopsy at 
Ghaem international hospital and private gastroenterology 
clinic from June 2016 to April 2018. 110 cases were all newly 
diagnosed and histopathologically confirmed gastric adeno-
carcinoma. The exclusion criteria were as follows: patients 
who had previously been diagnosed with cancer; patients 
who had received radiotherapy or chemotherapy. Patients’ 
clinicopathological information such as, tumor size, location, 
staging, type was obtained. Moreover, 175 (age, sex and 
ethnicity matched) healthy controls were selected. Exclusion 
criteria for controls included history of personal or familial 

malignancy and other serious diseases. Controls were also 
genetically unrelated to the cases. Stomach tissue samples 
were immediately stored in liquid nitrogen for subsequent 
analysis. All subjects were interviewed using a structured 
questionnaire to obtain information on demographic factors 
and health characteristics. All specimens were evaluated by 
at least one pathologist, who confirmed the diagnoses from 
hematoxylin- and eosin-stained tissue sections. Written 
informed consent was obtained from all the subjects. This 
study was conducted in accordance with the principles of the 
2013 Declaration of Helsinki.

DNA extraction and bisulfite conversion. Genomic 
DNA from normal gastric mucosa and GC specimen was 
extracted using the High Pure PCR Template Preparation Kit 
(Roche, Germany) according to the manufacturer’s instruc-
tions. Yield and purity of extracted DNA was assessed using 
a Nanodrop UV-Vis spectrophotometer at 260 and 280 nm 
(Thermo Fisher Scientific, USA).

About 2 µg of extracted genomic DNA was modified with 
sodium bisulfite using the EpiTect Bisulfite Kit (Qiagen, 
Germany) in accordance with the manufacturer’s instruc-
tions. In this reaction, methylated cytosine is protected and 
unmethylated cytosine is changed to the uracil. After desul-
fonation, the DNA was purified on silica-membrane columns 
to a final volume of 20 µl. The modified DNA was stored at 
−20 °C until further analysis. 

Methylation specific PCR. We analyzed the methylation 
status of the one CpG site in promoter region of miR-125b1 in 
gastric adenocarcinoma cases and controls by nested methyl-
ation specific PCR (Nested-MSP), which consists of two-step 
PCR amplifications. The sequences of specific primers were 
designed based on relevant DNA sequences available in the 
NCBI GenBank database (http://www.ncbi.nlm.nih.gov/
genbank) using Methprimer software (http://www.urogene.
org/methprimer/) [15]. Details of the primers are shown 
in Table 1. Primers were synthesized by MWG-Biotech 
(Ebersberg, Germany). The PCR reaction contained 50 ng 
of bisulfite-treated DNA, 1.5 pmol of each primers pair 
and 14 µl PCR Master Mix (2X) (Thermo Fisher Scientific, 
USA) in a total volume of 25  µl. The PCR was performed 
in a 96-well mini PCR System Thermal cycler (BioRad, 
USA). The thermal amplification cycling was performed at 
95 °C for 5 min, followed by thirty-five cycles consisting of 
a denaturing step for 40 s at 94 °C, an annealing step for 40 s 
at 53 °C (first round) or 62 °C (second round), extension step 
for 40 s at 72 °C and final extension at 72 °C for 5 min. The 
EpiTect PCR Control DNA (Qiagen, Germany) was used for 
methylated and unmethylated controls. An amount of 5 μl 
of each amplified products was analyzed using 2% agarose 
gel electrophoresis and visualized under ultraviolet light 
with Gel-Red staining. Analysis was performed without 
knowing each subject’s case or control status. All the PCR 
products were of the expected length (Figure 1). About 10% 
of randomly selected samples were repeated independently 
to verify the results.

Table 1. Primers used for Nested-MSP analysis.

Primer  
designation Sequence (5’ → 3’ ) Tm 

(°C)

PCR 
length 

(bp)
OuterF GGAGAAGAAATATTTGTAAAAGGG

53 858
OuterR TCTTTCCCCCAAAACAAATATAC
InnerMF TGGTGTATCGTTTTTTGTTTTC

62 162
InnerMR ACCCATTCGAAACGAAAC
InnerUF ATTTGGTGTATTGTTTTTTGTTTTT

62 168
InnerUR CTCACCCATTCAAAACAAAAC

F = forward; R = reverse; M = methylated primer; U = unmethylated 
primer

Figure 1. Gel electrophoresis of the final Nested-MSP products. The pres-
ence of a band under the U or M lanes indicates unmethylated or methyl-
ated DNA sequences.
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Evaluation of miR-125b1 expression. Total RNA was 
isolated from gastric tissue with TRIzol reagent (Invit-
rogen, USA) following the manufacturer’s instructions. The 
purity and concentration of total RNA were assessed with a 
Nanodrop UV-Vis spectrophotometer at 260 and 280 nm. 
The integrity of the RNA samples was determined by 2.0% 
agarose gel electrophoresis. cDNA was produced using 
the PrimeScript 1st Strand cDNA Synthesis Kit (Takahara, 
Japan) according to the manufacturer’s protocol. cDNA was 
stored at −20 °C until used.

Quantitative PCR. The qPCR was performed using 
Green Hot Master Mix (BioRon, Germany) on a Roche 
lightcycler® 96 Instrument (Roche Molecular Systems). 
The sequences of miR-125b1 gene primers were as follows: 
miR-125b, sense: 5’-GGATTCCCTGAGACCCTAAC-3’ 
and miR-125b antisense: 5’-GTGCAGGGTCCGAGGT-3’. 
Reactions were conducted at 95 °C for 3 min as an initial 
denaturation, followed by 40 cycles at 95 °C (denaturation 
step) for 15 s, 60 °C for 60 s (combined annealing/exten-
sion step with fluorescence data collection) [16]. Each run 
was completed with a melting curve analysis. In the negative 
control group, qRT-PCR was performed using water instead 
of cDNA as the template. Quantitative measurements were 
performed in triplicate and relative expression was measured 
using comparative Ct method (2−ΔΔCt) and normalized to U6 
snRNA as internal control.

Analysis of promoter sequence on transcription 
factors binding. The promoter nucleotide sequence data on 
miR-125b1 gene was retrieved from Entrez Gene on National 
Centre for Biotechnology Information (NCBI) website. 
Promo (version 3.0.2), an online web-based tool, (http://
alggen.lsi.upc.es/cgi-bin/promo-v3/promo/) [17] was used 
for prediction of transcription factor binding sites in DNA 
sequences.

Statistical analysis. The χ2 test was used to analyze the 
correlation between miR-125b methylation and clinico-
pathological features. The quantity of gene expression was 
analyzed as described by Livak and Schmittgen [18]. The 
significance of association was assessed by odds ratios (OR) 
with confidence intervals (CI) of 95%. All statistical analyses 
were performed with SPSS statistical package, version 20.0. 
(SPSS Inc., Chicago, IL, USA). For all statistical analysis, 
p<0.05 was considered to be statistically significant.

Results

The main characteristics and demographic descriptions 
of the study participants are presented in Table 2. In total, 
285 participants were identified in the study, including 110 
patients with gastric adenocarcinoma and 175 controls. 
Among the 110 subjects studied with GC, 78 (70.9%) were 
male and 32 (29%) were female. Considering the control 
group, 74.8% (131) were male and 25% (44) were female. 
Briefly, there was no significant differences in the distribu-
tions of age (p=0.53) and sex (p=0.74) between the cases 

Table 2. Correlation between miR-125b1 promoter methylation and clini-
copathological characteristics of cases.

Clinicopathological 
parameters

Methylated 
Allele
N (%)

Unmethyl-
ated Allele 

N (%)

χ2  p-valueb

Sex
Female
Male

11(17.2)
38(24.3)

53(83.8)
118(75.7)

1.34 0.24

Age
<50
≥50

13(25)
36(21.4)

39(75)
132(78.6)

0.24 0.61

Location
Cardia
Noncardia

8(11.8)
41(27)

60(88.2)
111(73)

6.27 0.01

Typea

Intestinal
Diffuse

37(22.6)
12(21.4)

127(77.4)
44(78.6)

0.03 0.86

Stage
I–II
III–VI

 5(8.6)
44(27.2)

53(91.4)
118(72.8)

8.47 0.003

aaccording to Lauren’s classification; boldfaced value indicates a significant 
difference at the 5% level.

and controls as suggested by the chi square tests. Regarding 
TNM stage according to the 7th Edition of the American Joint 
Committee on Cancer, 29 (26.3%), and 81 (73.6%) patients 
classified as stage I–II, and III–IV, respectively. Eighty-four 
(76.3%) patients had intestinal type of GC, according to 
Lauren’s classification [19].

The methylation status of miR-125b1 promoter was 
examined by methylation specific polymerase chain reaction 
(MS-PCR). We investigated a CpG island upstream of the 
miR-125b1 transcriptional start site, from −373 to −603 bp 
(Figure 2). MiR-125b1 promoter were homozygously methyl-
ated in 21 (19%) cases but was not seen in healthy controls. 
The frequency of methylated allele was 24.5% in GC cases 
but only 10% in normal tissues. Statistically significant corre-
lation between CpG dinucleotide methylation of miR-125b1 
promoter and increased risk of gastric adenocarcinoma was 
observed (OR=2.57; 95%CI 1.60–4.13; p=0.0001).

To examine the association between methylation status 
of miR-125b1 and clinicopathological characteristics of GC, 
the cases were stratified into subgroups according to sex, age, 
tumor location, type and stages. The results are presented in 
Table 2. A significant relationship was found between tumor 
location and methylation status of miR-125b1 (p=0.02). The 
results of our study also demonstrated a significantly methyl-
ated promoter in higher stage of gastric carcinoma than in 
stage I–III (p=0.009). However, there was no correlations 
between promoter methylation of miR-125b1 and type of 
tumor, sex and age (p>0.05).

Downregulation of miR-125b1 transcript. We evalu-
ated whether miR-125b1 expression level is related to GC 
(Figure 3). The qRT-PCR analysis revealed that the relative 
level of miR-125b1 expression was significantly lower in 
cancerous tissues compared to normal specimens (0.84±0.18 
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that the methylated promoter could reduce the affinity of 
transcription factors to miR-125b1 coding DNA binding. 
This may influence the miR-125b1 expression level.

Discussion

This is the first study that demonstrates the effects of 
miR-125b1 methylation status on gastric adenocarcinoma 
risk. Methylation of miR-125b1 promoter was observed in 
44.5% of cases and 6.3% healthy controls. We also found that 

vs. 0.95±0.16, p=0.01). However, there were no apparent 
differences in miR-125b1 transcription level among patients 
with methylated, hemi-methylated and un-methylated CpG 
(p>0.05).

In silico analysis. Promo program for in silico analysis 
revealed that the CpG located within promoter region of 
miR-125b1 gene can be a potential location for remarkable 
transcription binding factors such as WT1, E2F-1, ETF, and 
MAZ. The outcome of the promo server has been shown in 
Suppl. Figure S1. Based on our analysis, we hypothesized 

Figure 2. A) Two CpG islands were predicted by using Methprimer software. B) Schematic representation of the CpG islands location within miR-
125b1 promoter.

Figure 3. A) Expression level of miR-125b1 in GC patients and controls. B) Comparison of miR-125b1 relative expression among patients with different 
methylation status. Data are expressed as means ± SD, M = methylated, U = unmethylated
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the expression of miR-125b1 was markedly downregulated in 
the gastric tumor tissues compare to normal stomach mucosa. 
Furthermore, the promoter methylation significantly corre-
lated with tumor stage, and location, therefore suggesting 
that the methylation level may have a prognostic value.

MiR-125b has been reported to suppre ss cancer cell prolif-
eration, and invasion by targeting MCL1 [9]. It is downregu-
lated in some cancers, including GC [9, 16], prostate cancer 
[20], breast cancer [21] and liver cancer [22]. Recently, Zhang 
et al. found that miR-125b was significantly downregulated 
in GC tissues and various cell lines. They also suggested that 
miR-125b plays a pivotal role in GC which may provide a 
foundation for its application in clinical diagnosis as well as 
treatment [16]. Conversely, in three different experiments, an 
upregulation of miR-125b was reported in GC compare to 
normal tissue [8, 23, 24].

Modulation of miR-125b expression by epigenetic 
silencing was found in isoniazid-induced liver injury, 
resulting in enhancing STAT3 oncogene expression [25]. 
MiR-125b1 has also been shown to be downregulated in 
breast cancer samples using MS-PCR method [26]. Further-
more, the authors suggested that miR-125b1 promoter 
hypermethylation could be a potential biomarker of breast 
cancer metastasis.

It has been suggested that a downregulation of miR-125b1 
in breast, ovarian and cervical cancers is correlated with 
promoter methylation, repressive histone marks (such as 
H3K9me3 and H3K27me3) and loss of CCCTC-binding 
factor (CTCF) binding at the promoter [12]. Chen et al. 
demonstrated that miR-125b promoter hypermethylation 
leads to reduction of expression of this miRNA in colorectal 
cancer, which is associated with the progression of this 
cancer [14].

It is known that miRNAs play an important role in 
the onset and progression of cancer by targeting tumor 
suppressor genes and oncogenes [27]. The aberrant expres-
sion of miR-125b1 is associated with proliferation, apoptosis, 
invasiveness and metastasis in cancer cells [9, 28]. It has been 
previously determined that DNA methylation at the CpG sites 
in promoters can affect the binding of transcription factors 
to their binding sites [29, 30]. Since it has been observed in 
our study that the promoter methylation of miR-125b1 is 
associated to its expression, we hypothesize that the methyl-
ation of CpG sites in the promoter of the miR-125b1 gene 
may prevent the binding of the transcription factors to their 
binding sites, resulting in reduction of its transcription.

We acknowledged that there were several limitations in 
this study. Firstly, the sample size may limit the statistical 
power of our study. Second, environmental risk factors 
including diet habits, H. pylori infection were not available 
for further analysis, which should be investigated in future 
studies. Finally, to evaluate the effects of miR-125b1 methyl-
ation on GC risk, further studies which include more CpG 
islands on miR-125b1 would be required. In addition, further 
investigation of the mechanism of miR-125b1 downregula-

tion may improve the understanding of the role played by 
miRNAs in gastric carcinogenesis.

In conclusion, this is a first report of miR-125b1 promoter 
methylation in GC. The hypermethylation of miR-125b1 
in GC suggests that it may act as a tumor suppressor in 
response to gastric tumorigenesis which should be a thera-
peutic strategy for the treatment of GC. We also predicted 
the impact of promoter methylation on transcription factor 
binding. Whether this modification involves any differen-
tial change in miR-125b binding to its transcription factors, 
needs to be further studied.
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