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Abstract

Background: Recent reports suggest that immigrants from Middle Eastern countries are a high-risk group for type 2
diabetes (T2D) compared with Swedes, and that the pathogenesis of T2D may be ethnicity-specific. Deregulation of
microRNA (miRNA) expression has been demonstrated to be associated with T2D but ethnic differences in miRNA have not
been investigated. The aim of this study was to explore the ethnic specific expression (Swedish and Iraqi) of a panel of 14
previously identified miRNAs in patients without T2D (including those with prediabetes) and T2D.

Methods: A total of 152 individuals were included in the study (84 Iraqis and 68 Swedes). Nineteen Iraqis and 14 Swedes
were diagnosed with T2D. Expression of the 14 selected miRNAs (miR-15a, miR-20, miR-21, miR-24, miR-29b, miR-126, miR-
144, miR-150, miR-197, miR-223, miR-191, miR-320a, miR-486-5p, and miR-28-3p) in plasma samples was measured by real-
time PCR.

Results: In the whole study population, the expression of miR-24 and miR-29b was significantly different between T2D
patients and controls after adjustment for age, sex, waist circumference, family history of T2D, and a sedentary lifestyle.
Interestingly, when stratifying the study population according to country of birth, we found that higher expression of miR-
144 was significantly associated with T2D in Swedes (OR = 2.43, p = 0.035), but not in Iraqis (OR = 0.54, p = 0.169). The
interaction test was significant (p = 0.017).

Conclusion: This study suggests that the association between plasma miR-144 expression and T2D differs between Swedes
and Iraqis.
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Background

Type 2 diabetes mellitus (T2D) is one of the most prevalent

metabolic disorders worldwide. The prevalence is increasing

dramatically and, in 2025, approximately 15% of people in the

world are predicted to have T2D, impaired fasting glucose (IFG)

or impaired glucose tolerance (IGT) [1]. The prevalence of T2D is

higher among individuals living in the Middle East compared to

those living in northern European countries [2]. In Sweden, the

prevalence of T2D among immigrants from Middle Eastern

countries is two to three times higher than that in native Swedes

[2]. In addition, T2D patients from the Middle East have a

younger age at onset, a higher prevalence of family history, and a

more rapid decline in pancreatic b-cell function compared to

Swedish patients, suggesting that they may have a different form of

T2D compared with Swedish patients, and that the pathogenesis

of T2D may be ethnicity specific [3]. Several genes were recently

detected as relevant in T2D by genome-wide association studies

(GWASs) [4,5]. However, their usefulness as biomarkers and

predictors of disease remains uncertain [6], and additional studies

to identify other potential biomarkers and predictors are needed.

MicroRNAs (miRNAs) are a class of endogenous, small (21–23-

nucleotide), non-coding single-stranded RNAs that negatively

regulate gene expression by binding to the 39-untranslated regions

(39-UTRs) of target mRNA molecules [7]. MiRNAs have been

shown to play essential roles in various biological processes,

including cell development and proliferation, apoptosis, metabo-

lism, and cell differentiation [8]. The majority of miRNAs are

expressed intracellularly. However, numerous miRNAs have

recently been found in the extracellular space, including the blood

and other body fluids [9]. Circulating miRNAs are associated with

proteins, microvesicles and/or lipoprotein complexes [10–12]. In

vitro studies indicate that circulating miRNAs transported by

microvesicles or lipoprotein complexes can be transferred in an

active form to recipient cells, and are involved in cell-to-cell

communication [12–14]. Circulating miRNAs are relatively stable,

being resistant to nuclease digestion, and can be measured

reproducibly, which make them attractive as potential biomarkers.
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The idea of using miRNAs in blood as biomarkers is quite new

and was first proposed for improving diagnoses of cancer [15,16].

Studies have shown that by mediating gene expression, miRNAs

strongly influence glucose balance and the development of

diabetes [17]. Recent studies have analyzed the profiles of

miRNAs in blood to evaluate their roles in the development and

progression of T2D [18–21]. However, the results were inconsis-

tent, possibly as a consequence of study populations being

ethnically and genetically heterogeneous, or because of differences

in diagnostic criteria and treatment and/or protocols for sample

preparation and miRNA analysis. For instance, the higher

prevalence of family history of T2D among subjects born in Iraq

compared to native Swedes supports a stronger genetic component

in this ethnic group compared to Swedes [22]. The prevalence of

family history in immigrants from the Middle East diagnosed with

diabetes is also higher than in Swedes diagnosed with diabetes

[3,22] [23]. This could support a stronger genetic burden amongst

diabetes patients born in Iraq, but information on type 2 diabetes

susceptibility genes in populations from the Middle East are scarce

[3]. Further, it is still not known whether the expression of

different miRNAs varies according to ethnic background.

Increased knowledge in this novel research area would further

contribute to our understanding of the complex mechanisms that

influence the development of T2D in groups with different ethnic

origins.

The aim of this survey was to study differences in plasma

miRNA expression between patients with and without T2D and in

native Swedes and Iraqis by analyzing a panel of 14 previously

identified miRNAs [19,21]. The choice of these 14 miRNAs is

based on previous studies showing that these miRNAs are

associated with T2D-related outcomes. These 14 selected miRNAs

have been reported to be involved in insulin biosynthesis, insulin

signaling, insulin resistance, regulation of glucose-induced gene

expression in diabetes, and lipid metabolism [19,21,24–27], all of

which are associated with the pathogenesis of T2D.

Materials and Methods

Ethical statement
The study was performed according to the declaration of

Helsinki [28]. The ethical committee at Lund University approved

the study (approval no. 2009/36) and written informed consent

was given by all the participants in the study.

Study population
The present study was performed as part of the larger MEDIM

(impact of Migration and Ethnicity on Diabetes In Malmö) study,

a population-based study of the prevalence of T2D in an urban

Swedish population of Swedish and Iraqi origin [22]. Female and

male adult subjects (45 to 65 years of age) born in Sweden or Iraq

were randomly selected from the census register for the city of

Malmö and were recruited to the study between February 1 and

March 2010. All participants were selected from a single deprived

neighborhood and were diagnosed according to the same criteria,

guaranteeing comparability between the two ethnic groups. After

sample quality (exclusion of hemolysis [29,30]) and quantity

(plasma,250 ml) control, 152 individuals were included (84 Iraqis

and 68 Swedes). Each participant signed a written informed

consent form, filled in a questionnaire, and provided blood

samples [22]. All participants except for those previously

diagnosed with diabetes underwent an oral glucose tolerance test

(OGTT), performed as previously described [22]. Normal glucose

tolerance was defined as a fasting glucose level of ,6.1 mmol/L

and a plasma glucose level of ,7.8 mmol/L 2 h after a 75 g

OGTT. IFG was defined as a fasting plasma glucose level of

$6.1 mmol/L and ,7.0 mmol/L and a 2-h plasma glucose level

of ,7.8 mmol/L. IGT was defined as a fasting plasma glucose

level of ,7.0 mmol/L and a 2-h plasma glucose level of

$7.8 mmol/L and ,11.1 mmol/L. T2D was confirmed by a

fasting plasma glucose level of $7.0 mmol/L and/or a 2-h plasma

glucose level in the OGTT of $11.1 mmol/L [22].

Plasma collection
Blood samples were collected after a 10-h overnight fast. Four

mLs of whole blood was collected from each participant in EDTA

tubes. Blood samples were centrifuged at 2,000 g for 10 min at

4uC, and the plasma was then aliquoted and stored at 280uC
before further processing. Blood samples were processed and

plasma frozen within 4 h of collection.

RNA extraction
Arroyo et al found that there are two fractions of circulating

miRNAs, protein-rich and exosome-rich fractions. MiRNAs

isolated from plasma samples in our study account for 90% of

the total circulating miRNAs [11]. Total RNA was isolated from

plasma samples using Qiagen miRNeasy Mini Kit (Qiagen

GmbH, Germany) according to the manufacture’s protocol, with

minor modifications. Briefly, QIAzol master mix (800 mL of

QIAzol solution plus 1.25 mL of 0.8 mg/mL MS2 RNA) was added

to 200 mL of human plasma, vortex-mixed, and incubated at room

temperature for 5 min. The use of a carrier ensures the highest

and most consistent isolation from serum and plasma samples.

After phase separation by addition of chloroform and centrifuga-

tion, the aqueous phase was mixed with ethanol and then loaded

into a mini spin column. The column was then washed with wash

solution. The final elution volume was 50 mL. RNA concentra-

tions were determined using a NanoDrop ND-1000 spectropho-

tometer (Thermo Scientific, Wilmington, USA), ranging from 19

to 23 ng/mL. The samples were either stored at 280uC or further

processed.

Reverse transcription
Reverse transcription (RT) was carried out using a Universal

cDNA synthesis kit (Exiqon, Denmark) according to the manu-

facturer’s instructions. Plasma contains very low amounts of RNA.

We used a carrier RNA (MS2 RNA) during extraction to ensure

the highest and most consistent isolation from serum and plasma

samples. Our measurements would then only reflect the carrier

RNA. Therefore, equal volumes of RNA preparation, rather than

equal RNA amounts, was used as input in the cDNA synthesis

[19,31]. Each reaction consisted of 4 mL of RNA and 16 mL of RT

master mix (4 mL of 56 reaction buffer, 9 mL of nuclease-free

water, 2 mL of enzyme mix, and 1 mL of synthetic spike in (a

control for the quality of the cDNA synthesis reaction and the

PCR). Reaction mixtures (20 mL) were incubated for 60 min at

42uC and for 5 min at 95uC, and were then held at 4uC in a

MyCycler thermal cycler (Bio-Rad Laboratories, CA, USA). The

resulting reverse transcription reaction product was stored at

220uC before analysis.

Quantitative real-time PCR
Quantitative real-time PCR (qPCR) was carried out in 384-well

plates using the CFX384TM real-time PCR detection system (Bio-

Rad, Laboratories). qPCR was performed in duplicate for each

miRNA, and a non-template control was included for each primer

set. To minimize inter-assay variation, all samples were analyzed

for a particular miRNA on the same plate. The 10 mL PCR

miR-144 and Type 2 Diabetes
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reaction mixture included 5 mL of SYBR green master mix

(Universal RT, Exiqon), 1 mL of MicroRNA LNATM PCR

primer mix (Exiqon), and 4 mL of cDNA template (diluted 1:80).

Amplification was achieved by incubation for 10 min at 95uC,

followed by 40 cycles of 95uC for 10 s and 60uC for 1 min. The

threshold cycle (Ct) values were obtained from amplification of all

miRNAs. Ct values .36 were considered to indicate either

miRNA levels below the technique detection limit or that they

were absent. We assessed the RNA quality in all our samples

before we ran selected miRNAs, i.e., miR-93, miR-103, miR-191,

miR-423-3p, miR-425 and miR-451. These miRNAs are com-

monly found and stably expressed in plasma [32] and they were

quite stable across all samples with a coefficient of variation

varying between of 2.5% and 4.5% ( Table S1). MiR-451 is highly

expressed in red blood cells and was therefore chosen as a

candidate for evaluating hemolysis in the present study [29]. To

adjust for differences in the amount of total RNA between

samples, Ct values were normalized to one reference miRNA. In

addition to the above-mentioned miRNAs, we also measured

miR-454and RNAU6b expression [19,33] in all samples. MiR-454

and RNAU6b were not detected in any samples. All the other

miRNAs were included for further investigation using the

currently available major computational programs (geNorm,

Normfinder, BestKeeper, and the comparative DCt method) to

compare and rank these candidate miRNAs [33]. MiR-425 was

stable and abundant in the plasma, and its expression varied

modestly between samples, with a coefficient of variation of 2.5%.

Therefore, miR-425 was used as an internal control to adjust for

differences in the amount of total RNA between samples. MiR-

425 was also used as an internal control in a recently published

article [34]. Ct values were normalized to miR-425 and

transformed into quantities (relative expression) using the following

equation: relative expression = 22DCt, where Ct is the threshold

cycle for a sample and DCt = CtmiR of interest2CtmiR-425. To

compare the miRNA level, the expression of individual miRNA in

diabetic samples is compared to expression of the same miRNA in

non-diabetic samples. The results are shown as fold change (FC).

Fold change is a measure describing how much a quantity changes

going from an initial to a final value. FC of individual miRNAs in

diabetic cases relative to non-diabetic cases were calculated as the

mean log-transformed miRNA expression in the T2D group

divided by the mean expression in the control (non-diabetes)

group. We used 1.5 as the FC cut-off, which is based on several

previous profiling studies confirming that subtle changes in

miRNA expression in a 1.5-fold difference can have a significant

impact on the biology of the cell [35]. In addition, a power analysis

revealed that a fold change of 1.46 could be detected at a

significance level of 5% and with a power of 80% in the studied

population.

Statistical analysis
Ethnic differences in sample characteristics were tested using

chi-square tests for dichotomous variables, T-tests for continuous

variables’ and Wilcoxon’s rank-sum test for all miRNAs (due to the

skewed distributions). Logistic regression was used to examine the

associations between miRNA levels and hyperglycemia (T2D

versus the control group). All miRNAs were transformed with a

natural logarithm function to obtain an approximate normal

distribution and were scaled to have the same mean and standard

deviation. First, univariate analysis was performed for each

miRNA and thereafter the associations were adjusted for male

sex (yes/no), age (continuous), waist circumference (continuous),

family history of T2D (yes/no), and sedentary lifestyle (yes/no),

which all have been shown to be associated with T2D [22]. All

analyses were then stratified by ethnicity to examine potential

differences between individuals born in Sweden and those born in

Iraq. The associations were also examined by including an

interaction term between miRNA and country of birth in the

model. Finally, Pearson’s correlations between logarithmically

transformed miRNAs and insulin resistance parameters, i.e.,

insulin sensitivity index (ISI) and homeostatic model assessment-

insulin resistance (HOMA-IR), were conducted. STATA version

12 (StataCorp LP) was used for all statistical analyses.

Results

The clinical characteristics and miRNA distributions of the total

study population are presented in Table 1. The Swedish-born

participants were on average older compared to ethnic Iraqis. The

prevalence of family history of T2D was significantly higher in

Iraqi participants than in Swedish participants. The Swedish

participants were significantly taller than the Iraqi participants.

There were no significant differences in sex distribution, waist

circumference, weight, sedentary lifestyle, or median expression of

all the 13 selected miRNAs between the two groups. MiR-20b was

not detected (Ct values were .36) in more than 20% of patients.

Due to the expression patterns of miRNAs in individuals with

IFT/IGT being similar to those in individuals with normal glucose

tolerance (data not shown), we combined them as a control group

in subsequent analyses.

In Table 2 we present the miRNA distributions by country of

birth and T2D diagnosis. In a total of 9 miRNAs the expression

differed between patients with T2D as compared with those

without T2D. When the study population was stratified by country

of birth, miR-144, miR-150 and miR-486-5p showed different

patterns between Iraqi and Swedish participants; miR-144 and

miR-486-5p showed significant higher expressions in T2D

compared to the control group in Swedish participants only,

whereas miR-150 showed significant higher expressions in T2D

compared to the control group in Iraqis only.

Table 3 shows unadjusted odds ratios (ORs) for a 1-SD unit

increase of each miRNA. Of the 13 miRNAs we examined, 9 were

associated with increased odds of diabetes in the total population.

However, only miR-24 (OR = 2.39, p = 0.008) and miR-29b

(OR = 1.93,p = 0.020) remained significant after adjustment for

age, sex, waist circumference, family history of T2D, and

sedentary lifestyle (Table 4), but they had low FC with 1.18 and

0.86, separately. In addition, we tested for all associations by

adjusting for body mass index (BMI) instead of waist circumfer-

ence, and the results for BMI were almost identical (data not

shown in tables).

Similar analyses were conducted for Iraqi and Swedish

participants separately. For Iraqis, only miR-24 (Table 4) was

significantly associated with T2D (OR = 4.22, p = 0.009) but with a

low FC (1.2), after adjustment for the above confounding factors.

In native Swedes, the miR-15a and miR-144 independently of

other risk factors increased the odds of T2D (miR-15a OR = 2.39,

p = 0.049 and miR-144 OR = 2.43, p = 0.035) (Table 4), with FCs

of 1.26 and 1.58, respectively. With a FC cut-off of 1.5, only miR-

144 was significantly up-regulated in Swedish participant with

T2D as compared to those without T2D. To further examine the

potential differences in the associations between miRNAs and

T2D between the two groups, we performed an interaction test.

We found a significant interaction between miR-144 and

country of birth (OR = 0.24, p = 0.017) (Table 5). The odds ratio

for a 1-SD unit increase of miRNA was 0.24 times lower in Iraqis

than in Swedes.

miR-144 and Type 2 Diabetes
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We also performed correlation tests between the 14 miRNAs

and parameters of insulin resistance, as estimated by ISI and

HOMA-IR (see Table 6 and 7). The overall pattern showed, as in

the logistic regression analyses, that the correlations seemed to be

stronger in Swedes than in Iraqis.

Discussion

To our knowledge, this is the first study to investigate the

expression of a panel of miRNAs in groups of subjects with

different ethnic origins as well as with and without T2D. The key

finding of the present study is that plasma expression of miR-144

seems to be ethnicity- related, with higher expression in only

native Swedes diagnosed with T2D.

In recent years, the notion of circulating miRNA as biomarkers

for various diseases has been thoroughly explored. Studies have

reported that circulating miRNAs are released from specific cells

and transferred to recipient cells to exert their function [36].

Furthermore, aberrant expression of circulating miRNA was

demonstrated to correspond to tissue injury [37], which raises the

possibility of blood-based miRNA profiles as fingerprints of

diseases. Recent studies analyzed miRNA profiles in serum,

plasma, and blood cells in order to develop new approaches for

predicting the development and progression of diabetes mellitus

[18–20]. Although many studies have examined the expression

patterns of various miRNAs in T2D, the results were quite

inconsistent, suggesting that a large cohort of patients is needed in

further studies to guarantee sufficient power. In addition, study

protocols, including those for sample preparation, RNA extrac-

tion, miRNA analysis, and statistical analyses, should be

standardized to allow the results from different studies to be

compared.

Table 1. Characteristics of the study population stratified by country of birth.

All Iraq Sweden

Variables N Mean/% SD N Mean/% SD N Mean/% SD p-valuea

Age 152 55.76 5.80 84 54.64 6.19 68 57.15 4.99 0.008

Waist circumference 151 98.95 12.11 83 99.45 12.25 68 98.34 11.99 0.578

Weight (kg) 140 79 14 80 79 14 60 79 14 0.90

Height (cm) 140 167 11 80 163 9 60 173 10 0.000

Sex

Male 83 55 45 54 38 56 0.776

Female 69 45 39 46 30 44

T2D

Yes 33 22 19 23 14 21 0.763

No 119 78 65 77 54 79

Family history

Yes 55 36 41 49 14 21 0.000

No 74 49 26 31 48 71

Sedentary lifestyle

Yes 96 63 54 64 42 62 0.288

No 47 31 22 26 25 37

MiRNAs

mir-15a 152 12.77 7.61 84 12.64 9.36 68 13.04 7.11 0.542

mir-21 152 19.23 9.15 84 19.03 8.63 68 19.91 8.33 0.127

mir-24 152 4.10 1.88 84 4.00 1.87 68 4.17 1.87 0.368

mir-29b 152 0.18 0.08 84 0.18 0.09 68 0.17 0.08 0.461

mir-126 152 8.97 4.34 84 8.94 4.25 68 9.16 4.27 0.633

mir-144 152 3.43 3.28 84 3.49 3.73 68 3.28 2.93 0.525

mir-150 152 2.05 1.80 84 2.05 2.05 68 2.06 1.61 0.966

mir-197 152 0.41 0.22 84 0.43 0.28 68 0.40 0.15 0.746

mir-223 152 19.77 15.03 84 20.83 14.98 68 19.29 14.52 0.198

mir-191 152 0.37 0.21 84 0.38 0.20 68 0.35 0.23 0.990

mir-320a 152 8.11 3.69 84 8.11 3.92 68 8.17 3.71 0.418

mir-486-5p 152 17.15 18.85 84 17.76 20.20 68 16.97 15.60 1.000

mir-28-3p 152 0.22 0.11 84 0.22 0.11 68 0.23 0.11 0.945

Age,waist circumference, weight and height were presented with mean and SD and tested with T-test.
Sex, hyperglycemia, family history and sedentary lifestyle were presented with % and tested with Chi2-test.
All miRNAs were presented with median and IQR and tested with Wilcoxon rank-sum test.
aP-value for test between Iraq and Sweden.
doi:10.1371/journal.pone.0086792.t001

miR-144 and Type 2 Diabetes
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Evidence shows that the clinical characteristics of T2D patients

from the Middle East are different than those of patients from

Sweden [22], suggesting ethnicity-specific pathogenesis. The

expression of miRNA has been found to vary according to

patients race/ethnicity [38] in other diseases, such as colorectal

cancer [38]. However, whether the expression of miRNAs is

ethnicity related in diabetes-related outcomes is still unknown. Our

study indicates that the association between circulating miR-144

expression and T2D may be ethnicity dependent, with only

Swedish patients showing positive associations. Increased miR-144

expression was not associated with T2D in ethnic Iraqis. The level

of miR-144 has been found to be increased in the plasma of T2D

patients and miR-144 has also been reported to be involved in the

regulation of insulin sensitivity in muscle tissue [39]. Increased

expression of miR-144 has been found to directly downregulate

insulin receptor substrate 1 (IRS1), which is involved in insulin

signaling at both the mRNA and protein level [21,39]. One

possible explanation for the difference in association between

Table 2. MiRNA by T2D and origin.

All Iraq Sweden

Variables Control T2D p-valuea Control T2D p-value Control T2D p-value

(n = 119) (n = 33) (n = 65) (n = 19) (n = 54) (n = 14)

mir-15a 12.13 17.15 0.001 12.13 15.45 0.049 12.30 19.43 0.007

mir-21 18.90 24.08 0.001 17.75 24.08 0.002 19.16 23.81 0.086

mir-24 3.92 4.72 0.001 3.92 4.53 0.011 3.90 4.81 0.033

mir-29b 0.16 0.21 0.001 0.17 0.21 0.071 0.16 0.22 0.004

mir-126 8.63 11.08 0.005 8.51 10.48 0.019 8.75 11.28 0.143

mir-144 3.27 4.96 0.051 3.46 4.53 0.657 3.11 5.35 0.020

mir-150 1.89 2.75 0.000 1.88 4.06 0.001 1.96 2.40 0.110

mir-197 0.41 0.39 0.837 0.42 0.49 0.140 0.41 0.37 0.150

mir-223 20.11 17.75 0.739 21.86 17.63 0.638 19.29 18.86 0.891

mir-191 0.36 0.41 0.137 0.37 0.41 0.300 0.35 0.42 0.328

mir-320a 7.52 10.27 0.000 7.46 9.13 0.006 7.78 10.41 0.027

mir-486-5p 16.80 30.48 0.006 16.34 21.71 0.103 16.85 35.54 0.026

mir-28-3p 0.22 0.24 0.349 0.22 0.22 0.642 0.23 0.26 0.355

All miRNAs were presented with median and tested with Wilcoxon rank-sum test.
Control = Normal+IFG/IGT.
aP-value for test between control and T2D.
doi:10.1371/journal.pone.0086792.t002

Table 3. Standardized unadjusted logistic regression of T2D versus control, stratified by country of birth.

All Iraq Sweden

Variables ORa p-value 95% CI OR p-value 95% CI OR p-value 95% CI

mir-15a 2.36 0.000 1.52–3.65 1.89 0.022 1.10–3.26 3.40 0.003 1.50–7.70

mir-21 2.09 0.001 1.37–3.19 2.82 0.002 1.46–5.47 1.72 0.050 1.00–2.96

mir-24 2.06 0.002 1.31–3.25 2.14 0.012 1.18–3.90 1.99 0.058 0.98–4.06

mir-29b 1.94 0.003 1.25–3.02 1.47 0.156 0.86–2.51 3.21 0.007 1.39–7.44

mir-126 1.87 0.003 1.23–2.83 1.84 0.024 1.08–3.14 1.92 0.055 0.99–3.72

mir-144 1.49 0.042 1.01–2.18 1.03 0.895 0.63–1.68 2.86 0.005 1.36–6.01

mir-150 2.11 0.000 1.39–3.18 2.22 0.003 1.32–3.74 1.90 0.066 0.96–3.79

mir-197 1.06 0.770 0.72–1.57 1.45 0.165 0.86–2.45 0.56 0.114 0.27–1.15

mir-223 0.99 0.941 0.67–1.45 0.92 0.767 0.54–1.57 1.05 0.875 0.59–1.87

mir-191 1.39 0.104 0.93–2.07 1.29 0.365 0.74–2.24 1.52 0.164 0.84–2.73

mir-320a 2.32 0.000 1.53–3.53 2.29 0.003 1.32–3.95 2.41 0.008 1.26–4.63

mir-486-5p 2.05 0.001 1.37–3.08 1.63 0.068 0.96–2.76 2.80 0.003 1.41–5.57

mir-28-3p 1.30 0.207 0.87–1.93 1.26 0.423 0.71–2.24 1.33 0.326 0.75–2.34

Control = Normal+IFG/IGT.
All miRNAs were log-transformed.
aOdds ratios for a 1-SD unit increase of miRNA.
doi:10.1371/journal.pone.0086792.t003
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Iraqis and Swedes may be related to differences in lifestyle,

including dietary differences. It is known that miRNAs from the

food can regulate the expression of target genes in mammals [40].

In addition, a previous study suggested that the higher prevalence

of obesity in Iraqis than in the Swedish population [41] and the

lower physical activity levels in Iraqis [22,42]may also influence

the expression of miRNA [43]. However, no differences were

noted in waist circumference and sedentary lifestyle between the

two population groups in our study, suggesting that these variables

play a minor role in the observed differences of expression of

miRNA in this study. Further investigations are required to

confirm and explore the underlying mechanism of potential

ethnicity-specific associations between miR-144 and T2D in

larger-scale studies (both in the number of samples and in the

number of miRNAs). In addition, it will be of interest to examine

whether the expression of exosome miRNA, and not only plasma

miRNA, is ethnically related in patients with T2D.

Table 4. Standardized adjusted logistic regression of T2D versus control, stratified by country of birth.

All Iraq Sweden

Variables ORa p-value 95% CI OR p-value 95% CI OR p-value 95% CI

mir-15a 1.60 0.096 0.92–2.77 0.99 0.977 0.39–2.52 2.39 0.049 1.00–5.70

mir-21 1.61 0.090 0.93–2.80 2.26 0.087 0.89–5.76 1.41 0.340 0.69–2.87

mir-24 2.39 0.008 1.26–4.54 4.22 0.009 1.44–12.36 1.57 0.325 0.64–3.85

mir-29b 1.93 0.020 1.11–3.36 1.63 0.216 0.75–3.54 2.04 0.117 0.84–5.00

mir-126 1.40 0.244 0.79–2.48 1.57 0.225 0.76–3.23 1.05 0.916 0.40–2.79

mir-144 1.20 0.485 0.72–2.01 0.54 0.169 0.22–1.30 2.43 0.035 1.07–5.55

mir-150 1.41 0.217 0.82–2.45 1.47 0.282 0.73–2.99 1.07 0.895 0.42–2.72

mir-197 1.11 0.699 0.66–1.86 1.87 0.106 0.87–4.01 0.38 0.072 0.13–1.09

mir-223 1.19 0.569 0.66–2.14 1.03 0.951 0.44–2.37 1.17 0.742 0.46–2.97

mir-191 0.99 0.969 0.57–1.72 0.94 0.886 0.41–2.16 1.01 0.975 0.45–2.27

mir-320a 1.53 0.139 0.87–2.70 1.60 0.267 0.70–3.66 1.56 0.274 0.70–3.45

mir-486-5p 1.29 0.362 0.75–2.23 0.67 0.419 0.26–1.76 2.00 0.079 0.92–4.35

mir-28-3p 1.19 0.512 0.70–2.02 1.17 0.667 0.57–2.44 1.17 0.726 0.49–2.75

Control = Normal+IFG/IGT.
Adjusted for sex, age, waist circumference, family history of T2D and sedentary lifestyle.
All miRNAs were log-transformed.
aOdds ratios for a 1-SD unit increase of miRNA.
doi:10.1371/journal.pone.0086792.t004

Table 5. Interactions between miRNA and country of birth.

Variables OR p-value 95% CI

mir-15a*Iraq 0.46a 0.190 0.14–1.47

mir-21*Iraq 1.38 0.543 0.49–3.95

mir-24*Iraq 2.69 0.145 0.71–10.17

mir-29b*Iraq 0.89 0.833 0.29–2.71

mir-126*Iraq 1.27 0.659 0.44–3.61

mir-144*Iraq 0.24 0.017 0.08–0.78

mir-150*Iraq 1.36 0.554 0.49–3.79

mir-197*Iraq 3.88 0.022 1.21–12.42

mir-223*Iraq 0.92 0.886 0.31–2.77

mir-191*Iraq 0.80 0.692 0.27–2.37

mir-320a*Iraq 0.95 0.925 0.33–2.77

mir-486-5p*Iraq 0.39 0.095 0.13–1.18

mir-28-3p*Iraq 0.94 0.908 0.33–2.66

Adjusted for sex, age, waist circumference, family history of T2D and sedentary
lifestyle.
All miRNAs were log-transformed.
aThe odds ratio for a 1-SD unit increase of miRNA is 0.46 times lower in Iraqis
than in Swedes.
doi:10.1371/journal.pone.0086792.t005

Table 6. Correlations between miRNA and Insulin Sensitivity
Index (ISI), stratified by country of birth.

All Iraq Sweden

Variables ra p-valueb r p-value r p-value

mir-15a 20.11 0.21 0.04 0.74 20.27 0.04

mir-21 20.11 0.23 20.05 0.68 20.20 0.13

mir-24 20.20 0.03 20.07 0.58 20.39 0.003

mir-29b 20.19 0.03 0.05 0.69 20.40 0.002

mir-126 20.25 0.005 20.21 0.10 20.34 0.009

mir-144 20.07 0.46 0.11 0.40 20.26 0.05

mir-150 20.19 0.04 20.14 0.26 20.25 0.06

mir-197 0.12 0.19 0.27 0.03 20.11 0.41

mir-223 20.12 0.20 0.09 0.49 20.29 0.03

mir-191 20.15 0.11 0.03 0.83 20.31 0.02

mir-320a 20.09 0.35 0.07 0.60 20.25 0.06

mir-486-5p 20.10 0.26 0.07 0.60 20.27 0.04

mir-28-3p 20.05 0.61 0.04 0.75 20.13 0.32

All miRNAs were log-transformed.
ISI was log-transformed.
aPearson’s correlation coefficient.
bP-value for test of correlation coefficient different from zero.
doi:10.1371/journal.pone.0086792.t006
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Two other miRNAs, i.e., miR-150 and miR-486-5p, were also

found to have different expression patterns in Iraqi and Swedish

participants. MiR-150 has previously been reported to be up-

regulated in insulin sensitivity tissues and to target the glucose

transporter-4 (GLUT4) in the final stage of insulin signaling [21].

MiR-486-5p regulates the expression of silent information

regulator 1 (SIRT1) [44], and SIRT1 expression is correlated

with insulin sensitivity and energy expenditure in type 2 diabetic

patients [45]. However, associations between miR-150 and miR-

486-5p and T2D were not significant after adjustment for age, sex,

waist circumference, family history of T2D, and sedentary lifestyle.

The other 12 miRNAs that have previously been associated

with T2D were found to be associated with diabetes only in the

univariate analysis in the present study and not in the multivariate

analysis [19]. One possible reason could be the low sample size.

Alternatively, the difference in ethnicity could also explain these

differences. RNA isolation procedures are not consistent between

studies, which means that they are not directly comparable. In

addition, there is still a lack of a consensus for a reference miRNAs

for qPCR analysis of plasma miRNAs that is used to normalize

plasma miRNA levels [19]. However, this is unlikely to have an

impact on our analysis of potential ethnic differences because the

same isolation procedure was used for both ethnic groups.

In summary, we examined the expression of 14 miRNAs that

has previously been shown to be associated with T2D-related

outcomes, and found that the association between miR-144

expression and T2D was different between Swedes and Iraqis.

This study is a proof of principle for a possible association between

plasma miRNA expression and ethnical background for T2D.

Further studies are needed to validate these findings and examine

which pathways may lay behind the observed ethnic differences in

the present study.

Supporting Information

Table S1 Mean of quantification cycle and coefficient of
variation of selected miRNAs. MiR-93, miR-103, miR-191,
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and 4.5%.

(DOC)

Acknowledgments

The authors wish to thank the CPF’s Science Editor Stephen Gilliver for

his valuable comments on the text and to biomedical analyst Anna

Hedelius for support in the lab.

Author Contributions

Conceived and designed the experiments: XW JS BZ KS LB. Performed

the experiments: XW AAM. Analyzed the data: XW JS KP KS and LB.

Contributed reagents/materials/analysis tools: XW JS BZ AAM KP KS

and LB. Wrote the paper: XW JS BZ AAM KP KS and LB.

References

1. Zimmet P, Magliano D, Matsuzawa Y, Alberti G, Shaw J (2005) The metabolic

syndrome: a global public health problem and a new definition. J Atheroscler

Thromb 12: 295–300.

2. Wandell PE, Johansson SE, Gafvels C, Hellenius ML, de Faire U, et al. (2008)

Estimation of diabetes prevalence among immigrants from the Middle East in

Sweden by using three different data sources. Diabetes Metab 34: 328–333.

3. Glans F, Elgzyri T, Shaat N, Lindholm E, Apelqvist J, et al. (2008) Immigrants

from the Middle-East have a different form of Type 2 diabetes compared with

Swedish patients. Diabet Med 25: 303–307.

4. McCarthy MI, Zeggini E (2009) Genome-wide association studies in type 2

diabetes. Curr Diab Rep 9: 164–171.

5. Sladek R, Rocheleau G, Rung J, Dina C, Shen L, et al. (2007) A genome-wide

association study identifies novel risk loci for type 2 diabetes. Nature 445: 881–

885.

6. Lango H, Palmer CN, Morris AD, Zeggini E, Hattersley AT, et al. (2008)

Assessing the combined impact of 18 common genetic variants of modest effect

sizes on type 2 diabetes risk. Diabetes 57: 3129–3135.

7. Guay C, Regazzi R (2013) Circulating microRNAs as novel biomarkers for

diabetes mellitus. Nat Rev Endocrinol.

8. Wang Y, Russell I, Chen C (2009) MicroRNA and stem cell regulation. Curr

Opin Mol Ther 11: 292–298.

9. Weber JA, Baxter DH, Zhang S, Huang DY, Huang KH, et al. (2010) The

microRNA spectrum in 12 body fluids. Clin Chem 56: 1733–1741.

10. Gibbings DJ, Ciaudo C, Erhardt M, Voinnet O (2009) Multivesicular bodies

associate with components of miRNA effector complexes and modulate miRNA

activity. Nat Cell Biol 11: 1143–1149.

11. Arroyo JD, Chevillet JR, Kroh EM, Ruf IK, Pritchard CC, et al. (2011)

Argonaute2 complexes carry a population of circulating microRNAs indepen-

dent of vesicles in human plasma. Proc Natl Acad Sci U S A 108: 5003–5008.

12. Vickers KC, Palmisano BT, Shoucri BM, Shamburek RD, Remaley AT (2011)

MicroRNAs are transported in plasma and delivered to recipient cells by high-

density lipoproteins. Nat Cell Biol 13: 423–433.

13. Mathivanan S, Ji H, Simpson RJ (2010) Exosomes: extracellular organelles

important in intercellular communication. J Proteomics 73: 1907–1920.

14. Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, et al. (2007) Exosome-

mediated transfer of mRNAs and microRNAs is a novel mechanism of genetic

exchange between cells. Nat Cell Biol 9: 654–659.

15. Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, et al. (2008)

Circulating microRNAs as stable blood-based markers for cancer detection. Proc

Natl Acad Sci U S A 105: 10513–10518.

16. Chen X, Ba Y, Ma L, Cai X, Yin Y, et al. (2008) Characterization of

microRNAs in serum: a novel class of biomarkers for diagnosis of cancer and

other diseases. Cell Res 18: 997–1006.

17. Pandey AK, Agarwal P, Kaur K, Datta M (2009) MicroRNAs in diabetes: tiny

players in big disease. Cell Physiol Biochem 23: 221–232.

18. Kong L, Zhu J, Han W, Jiang X, Xu M, et al. (2011) Significance of serum

microRNAs in pre-diabetes and newly diagnosed type 2 diabetes: a clinical

study. Acta Diabetol 48: 61–69.

19. Zampetaki A, Kiechl S, Drozdov I, Willeit P, Mayr U, et al. (2010) Plasma

microRNA profiling reveals loss of endothelial miR-126 and other microRNAs

in type 2 diabetes. Circ Res 107: 810–817.

Table 7. Correlations between miRNA and Homeostasis
Model of Assessment - Insulin Resistance (HOMA-IR), stratified
by country of birth.

All Iraq Sweden

Variables ra p-valueb r p-value r p-value

mir-15a 0.12 0.15 0.05 0.67 0.22 0.07

mir-21 0.17 0.04 0.19 0.08 0.19 0.12

mir-24 0.23 0.004 0.16 0.15 0.37 0.002

mir-29b 0.23 0.004 0.08 0.46 0.42 0.0003

mir-126 0.27 0.0008 0.26 0.02 0.30 0.01

mir-144 0.01 0.87 20.09 0.40 0.16 0.19

mir-150 0.27 0.001 0.28 0.01 0.24 0.05

mir-197 20.003 0.97 20.09 0.44 0.16 0.19

mir-223 0.08 0.31 20.02 0.82 0.19 0.11

mir-191 0.12 0.13 0.02 0.85 0.24 0.04

mir-320a 0.15 0.06 0.10 0.37 0.25 0.04

mir-486-5p 0.10 0.23 0.03 0.76 0.19 0.13

mir-28-3p 0.12 0.14 0.06 0.59 0.19 0.11

All miRNAs were log-transformed.
HOMA-IR was log-transformed.
aPearson’s correlation coefficient.
bP-value for test of correlation coefficient different from zero.
doi:10.1371/journal.pone.0086792.t007

miR-144 and Type 2 Diabetes

PLOS ONE | www.plosone.org 7 January 2014 | Volume 9 | Issue 1 | e86792



20. Karolina DS, Tavintharan S, Armugam A, Sepramaniam S, Pek SL, et al.

(2012) Circulating miRNA profiles in patients with metabolic syndrome. J Clin

Endocrinol Metab 97: E2271–2276.

21. Karolina DS, Armugam A, Tavintharan S, Wong MT, Lim SC, et al. (2011)

MicroRNA 144 impairs insulin signaling by inhibiting the expression of insulin

receptor substrate 1 in type 2 diabetes mellitus. PLoS One 6: e22839.

22. Bennet L, Johansson SE, Agardh CD, Groop L, Sundquist J, et al. (2011) High

prevalence of type 2 diabetes in Iraqi and Swedish residents in a deprived

Swedish neighbourhood–a population based study. BMC Public Health 11: 303.

23. Bener A, Zirie M, Al-Rikabi A (2005) Genetics, obesity, and environmental risk

factors associated with type 2 diabetes. Croat Med J 46: 302–307.

24. Sun LL, Jiang BG, Li WT, Zou JJ, Shi YQ, et al. (2011) MicroRNA-15a

positively regulates insulin synthesis by inhibiting uncoupling protein-2

expression. Diabetes Res Clin Pract 91: 94–100.

25. Ling HY, Hu B, Hu XB, Zhong J, Feng SD, et al. (2012) MiRNA-21 reverses

high glucose and high insulin induced insulin resistance in 3T3-L1 adipocytes

through targeting phosphatase and tensin homologue. Exp Clin Endocrinol

Diabetes 120: 553–559.

26. Feng B, Chakrabarti S (2012) miR-320 Regulates Glucose-Induced Gene

Expression in Diabetes. ISRN Endocrinol 2012: 549875.

27. Lu H, Buchan RJ, Cook SA (2010) MicroRNA-223 regulates Glut4 expression

and cardiomyocyte glucose metabolism. Cardiovasc Res 86: 410–420.

28. WMA (2008) Declaration of Helsinki - Ethical principles of medical research

involving human subjects.

29. Kirschner MB, Kao SC, Edelman JJ, Armstrong NJ, Vallely MP, et al. (2011)

Haemolysis during sample preparation alters microRNA content of plasma.

PLoS ONE 6: e24145.

30. Pritchard CC, Kroh E, Wood B, Arroyo JD, Dougherty KJ, et al. (2012) Blood

cell origin of circulating microRNAs: a cautionary note for cancer biomarker

studies. Cancer Prev Res (Phila) 5: 492–497.

31. Gidlof O, Smith JG, Miyazu K, Gilje P, Spencer A, et al. (2013) Circulating

cardio-enriched microRNAs are associated with long-term prognosis following

myocardial infarction. BMC Cardiovasc Disord 13: 12.

32. Blondal T, Jensby Nielsen S, Baker A, Andreasen D, Mouritzen P, et al. (2013)

Assessing sample and miRNA profile quality in serum and plasma or other

biofluids. Methods 59: S1–6.

33. Song J, Bai Z, Han W, Zhang J, Meng H, et al. (2012) Identification of suitable

reference genes for qPCR analysis of serum microRNA in gastric cancer
patients. Dig Dis Sci 57: 897–904.

34. Bye A, Rosjo H, Aspenes ST, Condorelli G, Omland T, et al. (2013) Circulating

microRNAs and aerobic fitness–the HUNT-Study. PLoS One 8: e57496.
35. Mestdagh P, Van Vlierberghe P, De Weer A, Muth D, Westermann F, et al.

(2009) A novel and universal method for microRNA RT-qPCR data
normalization. Genome Biol 10: R64.

36. Kosaka N, Iguchi H, Yoshioka Y, Takeshita F, Matsuki Y, et al. (2010) Secretory

mechanisms and intercellular transfer of microRNAs in living cells. J Biol Chem
285: 17442–17452.

37. Laterza OF, Lim L, Garrett-Engele PW, Vlasakova K, Muniappa N, et al.
(2009) Plasma MicroRNAs as sensitive and specific biomarkers of tissue injury.

Clin Chem 55: 1977–1983.
38. Bovell LC, Shanmugam C, Putcha BD, Katkoori VR, Zhang B, et al. (2013)

The Prognostic Value of MicroRNAs Varies with Patient Race/Ethnicity and

Stage of Colorectal Cancer. Clin Cancer Res 19: 3955–3965.
39. Park SY, Jeong HJ, Yang WM, Lee W (2013) Implications of microRNAs in the

pathogenesis of diabetes. Arch Pharm Res 36: 154–166.
40. Zhang L, Hou D, Chen X, Li D, Zhu L, et al. (2012) Exogenous plant MIR168a

specifically targets mammalian LDLRAP1: evidence of cross-kingdom regula-

tion by microRNA. Cell Res 22: 107–126.
41. Faskunger J, Eriksson U, Johansson SE, Sundquist K, Sundquist J (2009) Risk of

obesity in immigrants compared with Swedes in two deprived neighbourhoods.
BMC Public Health 9: 304.

42. Jonsson LS, Palmer K, Ohlsson H, Sundquist J, Sundquist K (2013) Is
acculturation associated with physical activity among female immigrants in

Sweden? J Public Health (Oxf) 35: 270–277.

43. Radom-Aizik S, Zaldivar F Jr, Oliver S, Galassetti P, Cooper DM (2010)
Evidence for microRNA involvement in exercise-associated neutrophil gene

expression changes. J Appl Physiol 109: 252–261.
44. Kim YJ, Hwang SH, Lee SY, Shin KK, Cho HH, et al. (2012) miR-486-5p

induces replicative senescence of human adipose tissue-derived mesenchymal

stem cells and its expression is controlled by high glucose. Stem Cells Dev 21:
1749–1760.

45. Rutanen J, Yaluri N, Modi S, Pihlajamaki J, Vanttinen M, et al. (2010) SIRT1
mRNA expression may be associated with energy expenditure and insulin

sensitivity. Diabetes 59: 829–835.

miR-144 and Type 2 Diabetes

PLOS ONE | www.plosone.org 8 January 2014 | Volume 9 | Issue 1 | e86792


