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Summary 
Background: Coronary artery disease (CAD) is the most
common cause of mortality and disability from incommuni-
cable disease in the world. Although the association between
the sin gle nucleotide polymorphisms (SNPs) in protein-cod-
ing genes and the risk of CAD has been investigated exten-
sively, very few heart-disease associated studies concerning
the SNPs in miRNA genes have been reported. The present
study was performed to elucidate the association between
the pre-microRNA-149 (miR-149) SNP rs2292832 and the
risk of CAD in an Iranian population. 
Methods: Polymerase chain reaction (PCR) and restriction
fragment length polymorphism (RFLP) were performed to
identify the genotypes of the miR-149 SNP rs2292832 in
421 unrelated subjects (272 with CAD and 149 controls).  
Results: Our analysis revealed that the TT genotype was
more frequent in CAD patients than control subjects
(P=0.02) implying that TT genotype should be considered
as a risk factor in CAD development (TT vs. TC+CC
p=0.02, OR=1.88). 
Conclusions: The present study suggests that rs2292832-
TT in pre-miR-149 is associated with CAD in an Iranian
population.

Kratak sadr`aj
Uvod: Koronarna arterijska bolest naj~e{}i je uzrok smrti i
invaliditeta usled hroni~ne bolesti na svetu. Iako postoje broj -
ne studije o povezanosti izme|u pojedina~nih polimorfizama
nukleotida (SNPs) u genima koji kodiraju proteine i rizika za
koronarnu arterijsku bolest (KAB), prijavljen je vrlo mali broj
studija vezanih za sr~ane bolesti koje se ti~u SNPs u genima
za miRNK. Cilj ove studije bio je da se ispita povezanost
izme|u pre-mikroRNK-149 (miR-149) SNP rs2292832 i
rizika za KAB u populaciji Iranaca.
Metode: Polimerazna lan~ana reakcija (PCR) i polimorfizam
du`ine restrikcionih fragmenata (RFLP) upotrebljeni su za
identifikovanje genotipova miR-149 SNP rs2292832 kod
421 ispitanika koji nisu u srodstvu (272 sa KAB i 149 kon-
trola).
Rezultati: Na{a analiza je pokazala da je TT genotip bio ~e{}i
kod obolelih od KAB nego kod kontrolnih subjekata
(P=0,02) {to govori da bi TT genotip trebalo razmotriti kao
faktor rizika za razvoj KAB (TT vs. TC+CC p=0,02,
OR=1,88).
Zaklju~ak: Ova studija ukazuje na povezanost izme|u
rs2292832-TT u pre-miR-149 i KAB u iranskoj populaciji. 



252 Ghaffarzadeh et al.: miR-149 association with coronary artery disease

Introduction

Coronary artery disease (CAD) is the most com-
mon cause of mortality and disability from incommu-
nicable disease across the globe (1–3). The preva-
lence of CAD in the United States was one of every
six deaths in 2010 (4) and it is estimated to be a fac-
tor in nearly 50% of all deaths each year in Iran (5).
Moreover, it is estimated that the prevalence of CAD
will increase to approximately 18% by 2030 (1, 4).
CAD is a multifactorial disorder caused by the inter-
play of environmental and genetic risk factors. It is
well known that atherosclerosis is the initial process in
CAD pathology (6).

Atherosclerosis is a chronic and inflammatory
disease caused by the accumulation of lipids, inflam-
matory cells and fibrous molecules in vessel endothe-
lium, by which it leads to the narrowing and thicken-
ing of the artery walls. This in turn leads to reduced
oxygen supply to the heart (7) and, ultimately, sudden
cardiac death (2). The exact mechanisms that lead to
the development of CAD remain to be understood,
but it is believed that CAD has a strong genetic com-
ponent. There is supporting evidence to suggest that
up to 60% of the disease risk is contributed by genetic
factors. Until recently, the investigation of genetic fac-
tors that predispose humans to the disease has
focused mainly on single nucleotide polymorphisms
(SNPs) in coding regions. However, many genetic sig-
nals discovered through genome-wide association
studies (GWAS) can be mapped to non-protein cod-
ing sequences.

MicroRNAs (miRNAs) comprise a class of sin-
gle-strand, non-coding and small (22-24nt) ribonu-

cleic acid molecules. These endogenous conserved
molecules are not translated into proteins but instead
regulate gene expression at the post-transcriptional
level (8).

Recently, miRNAs have attracted a great deal of
attention in cardiovascular research. Several reports
have indicated that miRNAs have a pivotal regulatory
role in the cellular processes that are implicated in
CAD pathogenesis. By controlling the behavior of key
players in atherosclerosis (i.e., macrophages, endo -
thelial cells and smooth-muscle cells) miRNAs exert a
regulatory role on the process (9). There is evidence
to suggest that miRNA dysregulation is relevant to
CAD development, progression and prognosis.

SNPs within the miRNA regulome (regulatory
elements which either regulate miRNA expression or
are regulated by miRNA functions) have potential to
modulate miRNA-mediated regulation and thereby
predispose individuals to different disorders (10, 11).
Recent studies have shown that the polymorphism
rs2292832 in pre-miR-149 is associated with differ-
ent cancers (12–16), stroke (17, 18) and asthma
(19). However, it has not been studied in CAD
patients. Therefore, in this study we aimed to investi-
gate rs2292832 association with CAD development
risk in an Iranian cohort. 

Materials and Methods

Study subjects

This case-control study included a total of 421
Iranian subjects (272 with CAD and 149 controls with
normal angiogram), referred to Shahid Rajaei

Keywords: miR-149, single nucleotide polymorphisms,
rs2292832, coronary artery disease, cardiovascular disor-
ders

Klju~ne re~i: miR-149, pojedina~ni polimorfizmi nuk-
leotida, rs2292832, koronarna arterijska bolest, kardiovasku-
larna oboljenja 

Parameter CAD (n = 272) Controls (n = 149) P value

Mean ± SD Mean ± SD

Sex (male/female) 173/99 96/53 0.916

Smoker (no/yes) 70/202 27/122 0.090

Age (years) 53.80±10.89 52.54±11.02 0.253

BMI (kg/m2) 27.93±3.82 25.31±3.39 <0.001

Systolic blood pressure (mm Hg) 130.31±17.30 126.73±16.32 0.037

Diastolic blood pressure (mm Hg) 75.22±10.97 77.47±11.50 <0.001

LDL-Cholesterol (mmol/L) 2.76±0.78 2.54±1.01 0.011

HDL-Cholesterol (mmol/L) 1.01±0.26 1.07±0.25 0.033

Triglyceride (mmol/L) 2.21±1.12 1.81±0.67 <0.001

Total Cholesterol (mmol/L) 4.79±1.07 4.28±1.03 <0.001

Table I Anthropometric and biochemical characteristics of the study subjects.
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Cardiovascular Center (Tehran, Iran). The CAD and
control groups were matched for age and gender
(Table I). Other demographic and anthropometric
data was obtained from medical records. The diagno-
sis of CAD was based on coronary angiogram. The
patient had at least one stenosed epicardial coronary
artery (≥50% stenosis) and controls had normal
coronary angiograms (<5% stenosis). Written
informed consent was obtained from each partici-
pant. The study was performed in compliance with
the principles of the Helsinki Declaration and was
approved by the organization’s ethical committee. We
excluded all patients with diabetes, malignancy,
autoimmune diseases, infectious diseases, renal fail-
ure, hematological disorders, thyroid and liver dis-
eases, history of recent myocardial infarction, familial
hypercholesterolemia and history of coronary artery
bypass grafting (CABG). 

Biochemical measurements

Blood samples were collected after a 12-hour
fasting period. Serum levels of triglyceride (TG), total
cholesterol (TC), and high-density lipoprotein choles-
terol (HDL-c) were measured in an automated system
by routine laboratory methods. Friedwald’s equation
was used to calculate low-density lipoprotein choles-
terol (LDL-c) levels. 

Genotyping analysis

We followed the standard salting out procedure
to extract genomic DNA, which was stored at –20 °C
until use. The rs2292832 T/C polymorphism was
genotyped by Polymerase Chain Reaction - Restriction
Fragment Length Polymorphism (PCR-RFLP) using
the forward primer 5’-TGT CTT CAC TCC CGT GCT
TGT CC-3’ and the reverse primer 5’-TGA GGC CCG
AAA CAC CCG TA-3’(12). PCR amplification reaction
(25 mL) contained DNA template (50–100 ng), each
dNTP (0.5 mmol/L), MgCl2 (1.5 mmol/L) and 1U
Taq polymerase (CinnaGen, Tehran, Iran), 5% DMSO
and 0.5 mmol/L of each forward and reverse primer.
The PCR thermal conditions were: 95 °C for 5 min-
utes for initial denaturation followed by 30 cycles of
95° for 30 seconds, 61 °C for 30 seconds, 72 °C for
1 minute and a final step at 72° for 10 minutes. The
PCR product of 254 base pairs (bp) was digested by
the PvuII restriction enzyme (Feremetas, Germany) at
37 °C for 1 hour. The digested fragments were sepa-
rated by electrophoresis on a 2% agarose gel pre-
mixed with SYBR Green (CinnaGen, Tehran, Iran) and
then were visualized under UV light. These included
a 254 bp fragment for CC homozygotes; fragments of
254 bp, 194 bp and 60 bp for CT heterozygotes; and
194 bp and 60 bp fragments for TT homozygotes.

Bioinformatics analysis

The evolutionary sequence conservation was
assessed through multiple sequence alignment (MSA)
using the Clustal Omega program (20). Since
sequence variations may affect transcript structures,
we modeled the secondary structure of the pri- and
pre-miR-149 using the RNAsnp software (21) and
RNAfold WebServer (22) to estimate the effects of
rs2292832 on the corresponding structures.

Statistical analysis

We used SPSS version 18 (Chicago, IL, USA)
and R platform programs to perform statistical analy-
sis. The Shapiro-Wilk test was used for testing the nor-
mality of data. Depending on whether the data was
normally distributed, quantitative variables were
expressed as mean ±SD or median. The compatibility
of genotype frequencies with Hardy–Weinberg equi-
librium expectations was checked through the chi-
square goodness-of-fit test with one degree of free-
dom. All genetic association study statistics were
calculated by the SNPassoc package (23) in R plat-
form. The odds ratio (OR) and 95% confidence inter-
vals (CIs) were calculated as a measure of the corre-
lation between rs2292832 and CAD. P value ≤0.05
was considered statistically significant.

Results

Main characteristics of the study population

The anthropometric and biochemical character-
istics of the included subjects in both groups (272
patients and 149 controls) are shown in Table I. The
study groups were matched for age and sex
(P=0.253 and 0.916, respectively). We found signif-
icant differences between CAD patients and controls
for body mass index (BMI) (mean value of 27.93±
3.82 vs. 25.31±3.39 kg/m2, P<0.001), systolic
blood pressure (SBP) (mean value of 130.31±17.30
vs. 126.73±16.32 mmHg, P=0.037), diastolic blood
pressure (DBP) (mean value of 75.22±10.97 vs.
77.47±11.50 mmHg, P<0.001), LDL-c (mean level
of 2.76±0.78 vs. 2.54±1.01 mmol/L, P=0.011),
HDL-c (mean level of 1.01±0.26 vs. 1.07±0.25
mmol/L, P=0.033), TG (triglyceride) (mean level of
2.21±1.12 vs. 1.81±0.67 mmol/L, P<0.001) and
TC (total cholesterol) (mean level of 4.79±1.07 vs.
4.28±1.03 mmol/L, P<0.001).  

Genotypes and allele frequencies of rs2292832

The genotype frequency was in agreement with
the Hardy-Weinberg equilibrium (c2=0.00076
P>0.05). The distribution of rs2292832 genotypes
and the frequency of alleles between CAD patients
and control subjects are presented in Table II. We
analyzed the rs2292832 genotype association with



CAD under four genetic models (co-dominant, dom-
inant, recessive and over-dominant). The AIC
(Akaike’s information criterion) was calculated to
choose the most appropriate model of inheritance.
Accordingly, the recessive model was the best fit for
the inheritance model with the lowest AIC for
rs2292832. Our analysis revealed that the TT geno-
type was more frequent in CAD patients than controls
(P=0.02; OR=1.88; 95% CI: 1.04–3.38) under the
recessive model.  

In-silico analysis 

Multiple-sequence alignment

MSA (Multiple-Sequence Alignment) analysis
revealed that rs2292832 and the flanking sequence
are well conserved, at least in primate species. How -
ever, as Figure 1 shows, most primate species have
the C allele at the rs2292832 position, whereas this
allele was substituted by the T allele in Homo sapiens.
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Table II Genotypes and allele frequencies of rs2292832 in CAD patients and controls.

Models Control CAD OR (95% CI) P value AIC

Allele

C 185 (62.0) 319 (58.6)

T 113 (38.0) 225 (41.4) 1.15 (0.86–1.54) 0.34

Co-dominant 548.1

CC 53 (35.6) 95 (34.9) 0.07

CT 79 (53.0) 124 (45.6)

TT 17 (11.4) 53 (19.5)

Dominant 551.1

CC 53 (35.6) 95 (34.9)

CT+TT 96 (64.4) 177 (65.1) 1.03 (0.68–1.56) 0.89

Recessive 546.4

CC+CT 132 (88.6) 219 (80.5)

TT 17 (11.4) 53 (19.5) 1.88 (1.04–3.38) 0.02

Over-dominant 549.0

CC+TT 70 (47.0) 148 (54.4)

CT 79 (53.0) 124 (45.6) 0.74 (0.50–1.11) 0.14

log-Additive 549.6

0,1,2 149 (35.4) 272 (64.6) 1.20 (0.90–1.60) 0.21

Figure 1 Multiple sequence alignment for rs2292832 and flanking sequence.



Evidence exists to support the potential function-
al relevance of rs2292832. The ENCODE DNase
footprinting assay experiments indicated that
rs22928320 is part of a canonical binding motif for
the E2A, NeuroD and TAL1 transcriptional factors
(Figure 2). 

The effect of rs2292832 on the secondary
structure of pre-miR-149

We employed the RNAsnp algorithm to test
whether the rs2292832 SNP affects the pre-miR-149
secondary structure. Our results showed that this SNP
is not structure-disruptive (Pdmax: 0.95).

Furthermore, we did so in order to estimate the SNP
impact on the stability of the miRNA hairpin struc-
ture, using the RNAWebServer. We modeled the min-
imum free energy (MFE) and centroid structures
(weighted average of possible structural conforma-
tions) for the precursor hsa-miR-149 with and without
the rs2292832 variant. There was no significant
structure modification due to the different alleles of
rs2292832 (Figure 3). 

Discussion

In the present study, we investigated the possible
association between rs2292832 T/C SNP in miR-149

J Med Biochem 2017; 36 (3) 255

Figure 3 Schematic view of the RNAfold predicted secondary structures of the pre-miR-149 containing either the wild type or
the mutant allele of rs2292832. The SNP position is shown by asterisk. There is no difference in ΔG between hsa-miR-149
with mutant and wild-type allele.

Figure 2 Canonical motif for E2A, NeuroD and TAL1 transcriptional factors.
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and CAD in an Iranian population. Although we did
not observe a significant difference in the alleles’ fre-
quencies between patients and controls (P=0.34),
the rs2292832-TT genotype was significantly more
prevalent in patients (P=0.02; OR=1.88; 95% CI:
1.04–3.38). Of note, this is the first report that
describes the effects of this SNP in an Iranian cohort.
Jing Xu et al. (24) investigated the possible associa-
tion between rs2292832 and congenital heart dis-
ease (CHD) in a Chinese population. Nevertheless,
they failed to show significant association between
the SNP genotypes and CHD development. These
contradictory results could be explained mainly by
disease heterogeneity. However, differences in sam-
ple size and subject ethnicity may also contribute to
different results.

Recent studies have shown that genetic varia-
tions in microRNA could increase and/or decrease
miRNA expression levels and thereby contribute to
many pathologic states (25). Despite the fact that
many studies have addressed the association between
the SNPs in protein-coding regions and the risk of
CAD, very few association studies have investigated
the association of SNPs in non-coding regions (i.e.,
miRNA genes) and CAD (26). Several other studies
have demonstrated that variations in miR-149 se -
quence are linked with a range of human diseases
including cancers, ischemic stroke (IS) and asthma
(12–15, 17–19). Young Joo Jeon et al. (17) reported
that miR-149 rs2292832 was associated with IS risk
and silent brain infarction in a Korean population.
Furthermore, they showed that miR-149 was involved
in the regulation of the tumor necrosis factor-a (TNF-
a) signaling pathway. It is well-established that TNF-a
plays a crucial role in the initiation and progression of
endothelial dysfunction (27).

It is largely accepted that elevated levels of
blood lipids and systolic blood pressure are the risk
factors for CAD susceptibility and development (28).
We also found that the serum levels of BMI, SBP, DBP,
LDL-c, HDL-c, TG and TC in CAD patients were high-
er than controls. This may influence our conclusion
regarding the association of miR-149 rs2292832
with CAD development.

To further investigate the role of miR-149 in
CAD pathogenesis, we performed a gene-set enrich-
ment analysis on miR-149 target genes using the
Enrichr web server (29) and target genes from the
miRTarBase database (30). We found that the targets

were enriched in inflammatory and apoptotic path-
ways. It is well documented that inflammation is
implicated in the initial processes of CAD develop-
ment (31, 32). It has been shown that miR-149 neg-
atively regulates the TLR triggered inflammatory
response of cytokine production through a mecha-
nism of targeting the adaptor molecule MyD88 (33).
Additionally, by targeting the puma protein, miR-149
negatively regulates the apoptosis process. Thus, this
miRNA inhibits the mitochondrial fission and increases
cardiac muscle cell viability (34). This evidence further
supports the notion that miR-149 down-regulation is
implicated in CAD development (1, 4, 35).

The ENCODE DNase footprinting assay experi-
ments revealed that rs22928320 is part of a canoni-
cal binding motif for the E2A, NeuroD and TAL1 tran-
scriptional factors (36). These transcription factors
have different roles in cellular physiology, including
apoptosis, cell growth and cell-to-cell communica-
tion. The disturbance of these processes is implicated
in different diseases, including CAD. 

The MSA analysis revealed that, at the
rs2292832 position, the ancestral allele C is substitut-
ed with T in humans. A part of the human difference
with respect to primate ancestors may be confirmed
by such variation. In fact, it has been proposed that
this kind of SNP is involved in the development of
human-specific traits/phenotypes (32, 37). Further
bioinformatics analysis has revealed that rs2292832
is not structure-disruptive in the secondary structure
of pri-miR-149 nor pre-miR-149. Further functional
studies are warranted to elucidate the effect of
rs2292832 on the miR-149 transcript structure.
Since rs2292832 is found to reside outside the
sequence of mature miR-149, it is suggested that
SNP may influence the maturation process and con-
sequently down-regulate the miR-149 expression
level (15). Therefore, our current study showed that
rs2292832 in miR-149 is associated with CAD devel-
opment in an Iranian population.
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