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Abstract
Background: There is evidence regarding the role of two lncRNAs: MEG3 and H19 
the pathomechanism of obesity and related disorders. Here, we aimed to evaluate 
the expression of MEG3 and H19 in visceral adipose tissues (VAT) and subcutaneous 
adipose tissues (SAT) of obese women (n = 18), as compared to normal-weight women 
(n = 17). Moreover, we sought to identify the association of expression of MEG3 and 
H19 in SAT and VAT with obesity parameters, insulin resistance, and the mRNA ex-
pression of possible target genes involved in adipogenesis and lipogenesis including 
peroxisome proliferator-activated receptor gamma (PPARγ), fatty acid synthase (FAS), 
and acetyl-CoA carboxylase (ACC).
Methods: Real-time PCR was performed to investigate the mRNA expression of the 
above-mentioned genes in VAT and SAT from all participants.
Results: The results showed lower mRNA levels of H19 in SAT of obese women, 
compared to normal-weight women, while MEG3 expression was significantly higher 
in the SAT of the obese group rather than controls. Correlation analysis indicated 
that the transcript level of H19 had an inverse correlation with obesity indices and 
HOMA-IR values. However, MEG3 expression displayed a positive correlation with all 
the indicated parameters in all participants. Interestingly, a positive correlation was 
found between transcript level of MEG3 in SAT with FAS and PPARγ. However, there 
was an inverse correlation between SAT expression of H19 and FAS.
Conclusions: It appears that lncRNAs, MEG3 and H19, are involved in obesity-related 
conditions. However, more clinical studies are still required to clarify the relationships 
between lncRNAs with obesity and related abnormalities.
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1  |  INTRODUC TION

Obesity, one of the most devastating phenomena of the recent era, 
is a worldwide epidemic heterogeneous disorder with a high preva-
lence rate.1 WHO defines obesity as a disease with the accumulation 
of excess fat in the body which has been linked to increased risk for 
metabolic diseases, including non-alcoholic fatty liver diseases, insu-
lin resistance, and cardiovascular diseases.2 There is an anatomical 
difference in the distribution of the fat tissues in the body depending 
on various factors, such as age, sex, race, dietary regimen, physi-
cal activities, hormones, and drugs.3 A concept that has emerged 
fairly recently is that abdominal obesity is more associated with di-
abetes and cardiovascular diseases compared to general obesity.4,5 
Abdominal fat is composed of abdominal subcutaneous adipose tis-
sue (SAT) and visceral adipose tissue (VAT).6 Unlike SAT, VAT is local-
ized in mesentery and omentum and has metabolic properties. VAT 
and SAT are completely different from each other concerning cellu-
lar types, endocrine function, and the response to insulin and other 
hormones.7 As compared to SAT, VAT has more metabolic activity, 
more sensitivity to lipolysis, more resistance to insulin, and more 
sensitivity to adrenergic stimulation. However, the SAT tends to ab-
sorb free fatty acids and triglycerides from blood circulation.8 The 
amount of fat accumulation is dependent on the balance between 
anabolic processes (adipogenesis and lipogenesis) and catabolic pro-
cesses (lipolysis, beta-oxidation of fatty acids, and thermogenesis).

Recent years have seen increased investigation into the role of 
long non-coding RNA (lncRNAs) in the pathogenesis of obesity and 
related abnormalities. lncRNAs, a group of non-coding RNAs with 
a length longer than 200 nucleotides, play substantial roles in epi-
genetic regulation, chromatin remodeling intracellular trafficking, 
transcription regulation, and post-transcriptional processes. Given 
the contribution in the wide variety of intracellular processes, it is 
not surprising that any alteration in the expression pattern of ln-
cRNAs contributes to the development of many diseases.9 Among 
the long list of genes encoding lncRNA, MEG3 and H19 are two ln-
cRNAs whose expression is restricted to adipose tissues. MEG3, a 
prominent gene located at chromosome 14 in humans and chromo-
some 12 in mice, encodes a lncRNA with about 700 nucleotides.10 
The data extracted from several studies shed light on the partici-
pation of lncRNA MEG3 in the pathogenesis of obesity. It has been 
indicated that while the down-regulation of lncRNA MEG3 could 
inversely regulate the expression of lipogenesis-related genes, the 
over-expression of this gene may alleviate lipid over-deposition.11 
Moreover, the up-regulation of lncRNA MEG3 in high-fat diet and 
ob/ob mice and the association between insulin resistance and the 
expression level of this lncRNA are all suggestive of the involvement 
of this non-coding RNA in the etiology of obesity.12 Apart from ln-
cRNA MEG3, lncRNA H19 also seems to have a role in the regulation 
of obesity. lncRNA H19 owns its reputation due to its involvement 
in the pathogenesis of different human cancers.13 Aside from car-
cinogenesis, this lncRNA could also inhibit adipocyte differentia-
tion of bone marrow mesenchymal stem cells through epigenetic 
modification.14 Recent studies reported that H19 and MEG3 have 

interactions with an mRNA-binding protein named PTBP1 and sta-
bilize SERBP1c mRNAs,15,16 which has a role in lipogenesis through 
regulating the expression level of acetyl-CoA carboxylase (ACC) and 
fatty acid synthesis (FAS) and PPAR-gamma target genes.17 Data 
from in vitro studies and animal model surveys led us to investigate 
the clinical relevance of these lncRNAs in the context of obesity in 
humans. Hence, we intended to compare the expression pattern 
of H19 and MEG3 in VAT and SAT from obese women and normal-
weight ones. Next, we aimed to investigate the possible association 
of H19 and MEG3 with metabolic profile as well as the adipose tissue 
transcript levels of PPAR-γ, FAS, and ACC.

2  |  PATIENTS AND METHODS

2.1  |  Study population

A total of 35 women were recruited and divided into obese (n = 18) 
and no non-obese (n = 17) groups. Obese women (BMI ≥ 35 Kg/m2) 
were selected among ones referred to the Surgery Clinic of Imam 
Khomeini Hospital (Tehran University of Medical Sciences) and Irfan 
Hospital who were a candidate for bariatric surgery. The control 
group was recruited from normal-weight women (BMI ≤ 25 kg/m2) 
who were undergoing elective surgery (cholecystectomy, abdominal 
hernia, appendectomy, diaphragm hernia) at Sina and Loqman Hakim 
hospitals, Tehran, Iran. The age of the participants was between 20 
and 54 years old. Exclusion criteria for both obese and non-obese 
groups were current smoking, type I diabetes, type II diabetes, 
chronic or acute inflammatory diseases, infectious diseases, can-
cer, and acute conditions causing steroid therapy, surgical interven-
tion, and hospitalization. None of the patients had received drugs 
affecting metabolic profile (e.g. weight loss control drugs, met-
formin, statin medications, hypoglycemic and hypolipidemic drugs) 
in the past 6  months. The study protocol was in accordance with 
the Declaration of Helsinki and was approved by the ethics com-
mittee of Shahid Beheshti University of Medical Sciences (IR.SBMU.
RETECH. REC.1397.1175).

2.2  |  Sampling

After 12 h of fasting, 10 ml of venous blood samples were collected, 
two studied groups. The serum samples were separated and stored 
at −70°C until further experiments. Serum concentrations of fasting 
blood sugar (FBS), HDL-C, LDL-C, triglyceride (TG), and total cho-
lesterol (TC) were measured by autoanalyzer using commercial kits 
(Pars Azmoon). Furthermore, the fasting insulin concentration was 
assessed using the ECL method in the Cobas6000 E601 auto ana-
lyzer. High-sensitivity C-reactive protein (hs-CRP) was quantified by 
an immunoturbidometric method using the Roche Integra analyzer. 
Homeostasis model assessment of insulin resistance (HOMA-IR) was 
estimated with the following equation: fasting blood glucose (mg/
dL) × fasting blood insulin (µU/ml)/405.
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The surgeon excised approximately 0.5 g of SAT and VAT from 
each participant at the beginning of the surgical procedure. VAT was 
obtained from the abdominal cavity. SAT was obtained after the sur-
geon used a scalpel to create a small incision 0.5  cm deep in the 
superficial skin. The adipose tissue samples were washed in the cold 
and sterile phosphate-buffered saline and were aseptically divided 
into small sections and stored in RNase-free tubes. Then, tissues 
were snap-frozen in liquid nitrogen and immediately stored at −80°C 
until needed.

2.3  |  RNA extraction and real-time PCR

During the surgical procedure, approximately 0.5 g of VAT and SAT 
was obtained from the patients by the surgeon as described previ-
ously. Biopsy samples were rapidly washed in the cold and sterile 
phosphate-buffered saline and were aseptically divided into small 
sections and aliquoted in RNase-free tubes. Then, tissues were 
snap-frozen in liquid nitrogen and immediately stored at −80°C until 
needed.

Tissue samples were homogenized in Qiazol lysis reagent 
(Qiagen) and total RNAs were extracted using RNeasy lipid tissue kit 
(Qiagen). Before reverse transcription, isolated RNAs were checked 
for quality and quantity with a NanoDrop 2000 Spectrophotometer 
(Thermo Fisher Scientific) and RNA integrity was checked by run-
ning RNA samples on a 1% agarose gel. Complementary DNA 
(cDNA) was synthesized from RNA (1  µg) using the PrimeScript 
1st Strand cDNA Synthesis kit. Complementary DNA (cDNA) was 
synthesized from 1 µg of extracted RNA using the PrimeScript 1st 
Strand cDNA Synthesis kit.

Table S1 lists the used primer sequences: MEG3, H19, PPARγ, 
FAS, and ACC and the reference gene: β-actin.18-21 Each expression 
was quantified in duplicate. A melting curve analysis was done to 
check the specificity of all amplified products. The difference in Ct 
values (ΔCt) between the target gene and the reference gene was 
calculated for all samples.

The efficiency of amplification was calculated by the slope of the 
standard curve for all target genes and the reference gene. Since 
the value of efficiency was ranged from 90% to 100% in all assays, 
we used a 2−∆∆Ct method to perform mRNA analysis. A mixture of 
the SAT and VAT tissues was used as the calibrator sample and all 
results were expressed as an n-fold difference relative to the cali-
brator sample.

2.4  |  Statistical analysis

The Shapiro-Wilk test was used for evaluating the normality of 
continuous variables. While normal variables are expressed as 
means ± standard deviation (SD), those variables without normal dis-
tribution are shown as the interquartile range (IQR). Student t test 
and Mann-Whitney U test were used for analyzing the comparison 
between groups. Moreover, for evaluating the association between 

the genes and between the genes and the clinical manifestations, 
we computed Pearson's rho correlation coefficients. All data with 
non-normal distribution were logarithmically transformed before 
conducting correlation analysis. For evaluating the alteration of the 
genes at the mRNA level, we used Schmittgen and Livak method, 
which calculated 2−ΔCT (relative expression) from the measured 
ΔCT by real-time PCR. Multiple stepwise regression analysis was 
performed to correct the effects of the covariates and to test inde-
pendent factors. For all analyses, a p-value of <.05 was considered to 
be statistically meaningful. All statistical analyses were performed 
using SPSS (version 16.0; SPP Inc.).

3  |  RESULT

3.1  |  Anthropometric, biochemical, and clinical 
characteristics of obese and non-obese women

The comparison between biochemical parameters and metabolic 
characteristics of obese women and non-obese counterparts 
are summarized in Table 1. The mean age of the obese group and 
non-obese was 34.9 ± 6.6 and 39.7 ± 10.2  years, respectively (p-
value = .115). Notably, there was an obvious difference in terms of 
the obesity indicators, such as BMI, WC, and hip circumference be-
tween the two groups (p-value = .000 for all parameters).

Also, we observed that unlike the serum levels of TG and FBS, 
which displayed no difference between the obese and non-obese 
groups, HOMA-IR (p-value =  .000) and the serum levels LDL-C (p-
value = .001), HDL-C (p-value = .001), TC (p-value = .002), and cre-
atinine (p-value = .001) were significantly higher in the obese group 
compared with the control group.

3.2  |  Expression profile of lncRNAs: MEG3 and 
H19 and possible target genes: PPARγ, FAS, and ACC

The expression pattern of MEG3 and H19 in the SAT and VAT was 
evaluated by qRT-PCR analysis in two studied groups. Our findings 
revealed that the expression of MEG3 in the SAT from the obese 
patient was higher than the control group (p-value  =  .036), while 
there was a reduction in the expression of H19 in the SAT from the 
obese group (p-value = .027; Figure 1). However, the transcript level 
of MEG3 and H19 in VAT was not statistically significant between 
the obese and non-obese groups.

Furthermore, the mRNA level of PPARγ, a master regulator of ad-
ipocyte differentiation, as well as FAS and ACC in SAT and VAT, was 
analyzed between two studied groups (Figure 2). Our data showed 
that the expression of PPARγ, FAS, and ACC was elevated in the SAT 
obtained from the obese women (p-value = .000, p-value = .013, and 
p-value = .033, respectively) as compared with the non-obese coun-
terparts. However, we found no statistically significant differences 
between the two study groups regarding VAT transcript levels of 
PPARγ, FAS, and ACC.
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3.3  |  The Correlation of MEG3 and H19 Expression 
with Anthropometric and Biochemical Measurements

The results of Pearson's correlation analysis (Table 2) showed that 
MEG3 expression in SAT had a significant correlation with both obe-
sity indices: BMI (r  =  .422, p  =  .006), WC (r  =  .468, p  =  .002), hip 
circumference (r = .398, p = .009), insulin levels (r = .504, p = .001), 
and HOMA-IR (r =  .483, p =  .002). However, we failed to find any 
significant correlation between MEG3 expression in VAT and the 
indicated parameters. Moreover, mRNA expression of H19 in SAT 
inversely correlated with obesity indices: BMI (r = −.384, p = .011), 
WC (r = −.316, p = .032), hip circumference (r = −.359, p = .017), in-
sulin levels (r = −.373, p = .014), and HOMA-IR (r = −.320, p = .031).

Multivariate stepwise regression analysis included MEG3 and 
H19 transcript levels in SAT as dependent variables and, on one 
hand, the factors which p < .05 from the bivariate correlation. These 
are BMI, WC, hip, HOMA-IR, and insulin for MEG3 and H19 gene 
expression. Each model was controlled for age. In multiple step-
wise regression analysis, HOMA-IR was positively associated with 
MEG3 gene expression in SAT (β = 0.485; adjusted R2 change: .211; 
p = .004, CI: 0.001–0.003) and remained unchanged after control for 
age. However, multivariate stepwise regression analysis indicated 
that BMI was significant covariates associated with the H19 tran-
script level in SAT (β = −0.397; adjusted R2 change: .158; p = .02, CI: 
−0.006–0.001).

3.4  |  Correlations of mRNA expression of MEG3, 
H19 with PPARγ, FAS, and ACC Transcript Levels

The results of Pearson's correlation analysis (Table 3) showed MEG3 
expression in SAT had a significant correlation with the transcript 
level of PPARγ (r = .333, p = .025) and FAS (r = .293, p = .044) in the 
SAT. Moreover, the H19 mRNA level in SAT inversely correlated with 
the transcript level of FAS (r = −.396, p = .009) in the SAT. We failed 
to find any significant correlation of MEG3 and H19 expression in 
VAT with PPARγ, FAS, and ACC transcript levels.

4  |  DISCUSSION

The possible role of lncRNAs in underlying mechanism perti-
nent to obesity and associated metabolic disorders have started 
to  emerge  in recent years. However, the  clinical relevance  and 
functional roles of these molecules in the context of obesity 
are still poorly understood.22

Among the long list of genes involved in metabolic disorders, 
MEG3 and H19 are notorious for their participation in several dis-
eases, where the alteration in their expression is coupled with the 
metabolic homeostasis disturbance. To unravel the role of lncRNAs 
in the pathogenesis of obesity, we for the first time investigate the 
gene expression of MEG3 and H19 concerning obesity-associated 
metabolic parameters in VAT and SAT from obese and non-obese 
women.

In the present study, we found that unlike MEG3, which dis-
closed an elevating expression pattern, the expression level of 
H19 was lower in the obese group as compared with the non-
obese counterparts. This association was further substantiated 
by correlation analysis, as revealed that while transcript level of 
H19 had an inverse correlation with BMI, WC, hip circumference, 
and HOMA-IR values. However, MEG3 expression displayed a 
positive correlation with all the indicated parameters in all par-
ticipants. Of great interest, the involvement of lncRNAs: MEG3 
and H19 has been reported in different metabolic disorders per-
formed in animal models and in vitro surveys albeit with conflicting 
results. For instance, the down-regulation of MEG3 was inversely 

TA B L E  1 Clinical and laboratory characteristics of the obese and 
non-obese groups

Non-obese 
group (n = 17)

Obese group
(n = 18)

p-
value

Age (years) 39.7 ± 10.2 34.9 ± 6.6 .115

BMI (kg/m2) 25.6 (24.9–27) 41 (36–46) .000

WC (cm) 89.6 ± 11.8 115.1 ± 10.2 .000

Hip circumference 
(cm)

100.7 ± 10.8 129.2 ± 12.3 .000

WHR 0.88 ± 0.05 0.89 ± 0.07 .808

SBP (mm Hg) 117.2 
(110–122.5)

113.5 
(107.5–122.5)

.973

DBP (mm Hg) 73.8 (70–80) 72.8 (60–90) .695

FBS (mg/dl) 88.05 ± 11.5 85.7 ± 10.1 .525

FINS 8.7 ± 5.5 20.3 ± 8.1 .000

HOMA-IR 1.9 (1.04–2.19) 4.3 (3.16–5.35) .000

hs-CRP (mg/dl) 4.9 (|0.94–2.84) 6.5 (2.68–9.47) .003

HDL-C (mg/dl) 33.8 ± 9.9 44.8 ± 8 .001

LDL-C (mg/dl) 86.1 ± 28.1 114.9 ± 20.3 .001

VLDL (mg/dl) 23.2 (11.5–29) 22.2 (16.5–29) .552

TC (mg/dl) 143 ± 38.5 182 ± 26.9 .002

TG (mg/dl) 121.6 
(63.1–125.5)

130.9 
(82.5–164.2)

.291

Urea (mg/dl) 22.7 ± 7.2 26.3 ± 6.2 .124

Creatinine (mg/dl) 0.56 ± 0.16 0.74 ± 0.11 .001

Data are reported as mean ± standard deviation (SD) or median 
(interquartile range [IQR]) as appropriate.
Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; 
FBS, fasting blood sugar; FINS, fasting insulin; HbA1c, hemoglobin A1c; 
HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostatic 
model assessment of insulin resistance; hs-CRP, high-sensitivity 
C-reactive protein; LDL-C, low-density lipoprotein cholesterol; SBP, 
systolic blood pressure; TC, total cholesterol; TG, triglycerides; VLDL, 
very-low-density lipoprotein; WC, waist circumference; WHR, waist-to-
hip ratio.
aContinuous variables with normal and non-normal distribution were 
described as the mean ± SD and median (IQR), respectively. 
bp-value <.05 shows significant differences between the obese and 
normal-weight groups. 
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associated with lipogenesis-related genes expression,23 while its 
over-expression alleviates lipid over-deposition in vitro and in vivo 
models of NAFLD. lncRNA H19 inhibits adipocyte differentiation 
of bone marrow mesenchymal stem cells through epigenetic mod-
ification14; indicating this lncRNA can be regarded as a potential 
therapeutic target for bone marrow adiposity. The up-regulation 
of lncRNA MEG3 in high-fat diet and ob/ob mice, induction of in-
sulin resistance following over-expression of lncRNA MEG3, and 
protection against dietary obesity after H19 over-expression in 

brown fat provide other information regarding the involvement of 
these lncRNAs in the etiology of obesity.24,25

While in several studies up-regulation of MEG3 has been intro-
duced to be a mechanism through which both adipogenesis and li-
pogenesis could be halted in different metabolic syndromes,11,26,27 
others reported a positive relationship between the expression level 
of this gene and obesity development.

A similar conflict has been related to H19 and its association with 
metabolic disorders. Zhang et al. have reported that the expression 

F I G U R E  1 The expression level of 
MEG3 (A) and H19 (B) in VAT and SAT 
from obese and non-obese groups. 
All data were expressed as an n-fold 
difference relative to the calibrator 
sample (a mixture of the VAT and SAT 
tissues). SAT, subcutaneous adipose 
tissue; VAT, visceral adipose tissue; N, 
non-obese; O, obese. Data were shown 
as the mean ± standard error of the mean 
(SEM)

F I G U R E  2 The expression level of 
PPARγ (A), FAS (B), and ACC (C) in VAT 
and SAT from obese and non-obese 
groups. All data were expressed as an 
n-fold difference relative to the calibrator 
sample (a mixture of the VAT and SAT 
tissues). SAT, subcutaneous adipose 
tissue; VAT, visceral adipose tissue; N, 
non-obese; O, obese. Data were shown 
as the mean ± standard error of the mean 
(SEM)
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level of H19 is up-regulated in hyperglycemic mice, introducing H19 
long non-coding RNA as a molecule responsible for the progression 
of diabetes.28 Likewise, it has been declared that over-expressed 
H19 could induce adipogenesis and inflammatory response in 
Raw264.7 cells through down-regulating miR-130b.29 On contrarily, 
it has been suggested that H19 expression declined with ascend-
ing BMIs in obese patients, suggesting that probably the expression 
of this gene may prevent the evolution of dietary obesity through 
suppressing the expression of monoallelic genes in brown fat.30 It is 
worth mentioning that the majority of the literature is performed on 
the animal models and it can be considered as one possible reason 
for these discordant findings.

Interestingly, a positive correlation was found between tran-
script level of MEG3 in SAT with FAS and PPARγ. However, there 
was an inverse correlation between SAT expression of H19 and 
FAS. In a mechanistic view, MEG3 and H19 can affect the expres-
sion level of PPARγ. Huang et al. have shown that the suppression 
of H19 expression was coupled with the induction of adipogenesis, 
as revealed by the up-regulation of PPARγ, C/EBPα, and FABP4.31 
Moreover, in other studies, it has been claimed that MEG3 could 
regulate apoptosis in diverse types of cells by increasing the expres-
sion level of PPARγ.32,33 Our results also showed that the expression 
level of both acetyl-CoA carboxylase (ACC) and fatty acid synthesis 
(FAS), two critical molecules required for fatty acid biogenesis were 
elevated to a greater extent in the obese patients as compared to the 
control group, suggesting that presumably, the alteration of MEG3 
and H19 expression in adipocyte tissues may provide signaling 

which increases the fatty biogenesis through promoting ACC and 
FAS expression.

Although the current study cannot determine the exact mecha-
nism by which alteration in the pattern of these lncRNAs is linked to 
the pathogenesis of obesity, a possible candidate would be PPARγ, a 
key nuclear receptor that engages in unique cross talk with ACC and 
fatty acid trafficking. However, more experiment with a mechanistic 
view is warranted to establish. It should be noted that we failed to 
find any correlation between the expression of these genes and ln-
cRNA MEG3/H19 in VAT, suggesting that probably the expression of 
these genes might be controlled by other regulators. Differences in 
gene expression between subcutaneous and visceral human adipose 
tissue have been reported previously.34,35 VAT is associated with in-
sulin resistance, diabetes, hypertension, atherosclerosis, and hepatic 
steatosis, while, SAT responds better to insulin and secretes more 
adiponectin and less inflammatory cytokines.36 These differences 
may be due to this notion that subcutaneous and visceral adipocytes 
have arisen from different progenitor cells that exhibit different 
gene expression patterns.

Taken together, it seems that our findings along with other stud-
ies can unravel the possible role of lncRNAs MEG3 and H19 in the 
pathomechanism of obesity and related metabolic abnormalities. 
However, some limitations need to be considered. Firstly, the cross-
sectional design of this study limits the extrapolation of the results. 
Secondly, there is evidence regarding the possible effect of gender 
on the pattern of epigenetic signatures. Hence, more studies with a 
higher sample size are needed to evaluate the lncRNAs in both obese 

Variable MEG3 in SAT Meg3 in VAT H19 in SAT H19 in VAT

BMI (Kg/m2) r = .422
p = .006

r = −.125
p = .237

r = −.384
p = .011

r = −.061
p = .364

WC (cm) r = .468
p = .002

r = −.073
p = .339

r = −.316
p = .032

r = −.037
p = .417

Hip circumference 
(cm)

r = .398
p = .009

r = −.108
p = .269

r = −.359
p = .017

r = −.029
p = .435

FINS r = .504
p = .001

r = −.036
p = .419

r = −.373
p = .014

r = −.111
p = .263

HOMA-IR r = .483
p = .002

r = .026
p = .441

r = −.320
p = .031

r = −.063
p = .360

Abbreviations: BMI, body mass index; FINS, fasting insulin; HOMA-IR, homeostatic model 
assessment of insulin resistance; SAT, subcutaneous adipose tissue; VAT, visceral adipose tissue; 
WC, waist circumference.

TA B L E  2 Pearson correlation of 
Meg3 and H19 genes expression in 
subcutaneous and visceral adipose tissue 
of whole participants with metabolic-
related indices

Variable MEG3 in SAT Meg3 in VAT H19 in SAT H19 in VAT

PPARγ r = .333
p = .025

r = −.217
p = .106

r = −.03
p = .403

r = −.232
p = .090

FAS r = .293
p = .044

r = −.174
p = .159

r = −.396
p = .009

r = −.143
p = .207

ACC r = .047
p = .394

r = −.126
p = .236

r = −.209
p = .114

r = −.077
p = .331

Abbreviations: ACC, acetyl-CoA carboxylase; FAS, fatty acid synthase; PPARγ, peroxisome 
proliferator-activated receptor gamma.

TA B L E  3 Pearson correlation of 
MEG3 and H19 genes expression in 
subcutaneous and visceral adipose tissue 
of whole participants with metabolic-
related genes
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women and men. Finally, mechanistic studies should be conducted 
to unravel the exact role of lncRNAs in the pathogenesis of obesity. 
Moreover, we found that the alteration in the expression of genes, 
such as FAS, and PPARγ was statistically meaningful in the SAT, but 
not in VAT.

5  |  CONCLUSION

Here, we showed that while the expression level of MEG3 was 
higher in obese women than the normal-weight group, the expres-
sion level of H19 disclosed a down-regulation pattern. Moreover, 
correlation analysis indicated that the transcript level of H19 had 
an inverse correlation with obesity indices and HOMA-IR values. 
However, MEG3 expression displayed a positive correlation with 
all the indicated parameters in all participants. Interestingly, a 
positive correlation was found between transcript level of MEG3 
in SAT with FAS and PPARγ. However, there was an inverse cor-
relation between SAT expression of H19 and FAS. Hence, it ap-
pears that lincRNAs; MEG3 and H19 have an important role in 
obesity-related conditions. However, more clinical studies are still 
required to clarify the relationships between lncRNAs with obe-
sity and related abnormalities.
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