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A b s t r a c t

The growing number of people suffering from obesity and type 2 diabetes 
mellitus (T2DM) is a  global health problem that results in increased mor-
tality from their complications, mainly cardiovascular diseases. Although 
the relationship between obesity and T2DM is well established, the com-
mon molecular pathomechanisms are still under investigation. Recently, it 
has been suggested that epigenetic modifications may be involved in both 
obesity and T2DM development. Epigenetics plays a  pivotal role in the 
regulation of gene expression by the reversible modifications of chroma-
tin structure without any changes in DNA sequence. Epigenetic modifica-
tions include DNA methylation, posttranslational histone modifications and  
miRNA interference. Therefore, the aim of this article is to discuss the cur-
rent knowledge on epigenetic modifications in adipose tissue and their as-
sociation with obesity and T2DM. 
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Introduction

According to the World Health Organization, obesity and type 2 dia-
betes mellitus (T2DM), which frequently occur together (diabesity), have 
become a global 21st century epidemic. Both obesity and T2DM lead to 
serious life-threatening complications, especially cardiovascular diseas-
es. Epidemiological data show that between 60% and 90% of T2DM pa-
tients are overweight or obese [1]. Moreover, Ford et al. suggest that 
one kilogram of weight gain increases the risk of T2DM development by 
4.5% to 9% [2]. However, it is ambiguous whether obesity is a risk factor 
or a cause of T2DM development. It was found that the development of 
obesity and/or T2DM may be associated with changes in gene expres-
sion evoked by genetic and environmental factors [3]. Moreover, it was 
demonstrated that gene expression is also under the control of epigen-
etic mechanisms responsible for switching between active and inactive 
states of chromatin [4]. 

Notable evidence demonstrating the involvement of epigenetic mech-
anisms in the development of metabolic disorders comes from the “Dutch 
famine birth cohort” study. In this study, children of Western Netherlands’ 
women, affected by the Nazi embargo, born between November 1943 
and February 1947, have been followed up since 1996. Children con-
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ceived by malnourished women (caloric intake of 
400–800 per day) were smaller and more prone to 
develop several chronic diseases, including cardio-
vascular disease, obesity, diabetes, elevated blood 
pressure, and impaired glucose tolerance in later 
life [5]. Noteworthy, other observational studies 
showed that children conceived by mothers with 
gestational diabetes were also more susceptible 
to obesity, T2DM or metabolic syndrome [6]. Taken 
together these observations suggest that the fetal 
developmental environment may evoke signifi-
cant epigenetic modifications that predispose the 
offspring to metabolic diseases (Figure 1).

Twin studies are considered as a  crucial ap-
proach to unravel the interplay between heritable 
and environmental factors in the etiology of var-
ious diseases, including metabolic disorders [7]. 
These studies provide an opportunity to separate 
the influence of common environmental from ge-
netic factors on disease phenotype by comparing 
monozygotic twins to dizygotic twins. Monozygot-
ic twin studies are considered as unbiased due to 
the fact that they are genetically identical (age, 
sex) and share congruent environmental influenc-
es (cohort effects, maternal influences and com-
mon environment), whereas dizygotic twins share 
on average 50% of genetic variants [8]. The analy-
sis of cardiometabolic risk factors using a structur-
al equation model performed on 63 monozygotic 
and 38 dizygotic adult twins revealed that some 
risk factors were strongly associated with heri-
tability (weight, waist circumference), whereas 
others (fasting insulin, fasting blood glucose and 
total cholesterol) were significantly influenced by 
the environment [9]. Therefore, it seems that twin 

studies give an excellent opportunity to assess 
the influence of environment and heritability on 
epigenetic pattern and related disease phenotype.

The main goal of this manuscript is to present 
contemporary findings related to epigenetic mod-
ifications in adipose tissue and their association 
with obesity and type 2 diabetes.

Epigenetics – definition and background

The term “epigenetics” was introduced in the 
1940s by Waddington, as an attempt to define the 
role of genetics in developmental processes [10]. 
Nowadays, epigenetics is a  discipline exploring 
gene expression involving functional changes in 
chromatin structure and non-coding RNAs without 
direct change in nucleotide sequences of DNA. Epi-
genetic regulation includes modifications of chro-
matin proteins, methylation of DNA and miRNA  
interference. The local packing of chromatin, loose 
(euchromatin) or tight (heterochromatin), deter-
mines the access of proteins responsible for gene 
expression. Euchromatin, a transcriptionally active 
form of chromatin, consists of nucleosomes (DNA 
double-helix DNA wrapped around the octamer 
of core histone proteins: dimers of H2A, H2B, H3 
and H4 histones) connected via internucleosomal 
DNA, which is known as ‘beads on a string’. Heter-
ochromatin, an inactive form of chromatin, arises 
as a result of H1 histone interaction with nucleo-
somes. Epigenetic modifications of DNA and core 
histone proteins may weaken or strengthen the 
interaction between nucleosomes and H1 his-
tones, which results in loosening or tightening of 
chromatin structure, altering the access of pro-
teins to genes [4]. Epigenetic changes were found 
to be involved in developmental and differentia-
tion processes, i.e. repetitive elements silencing, 
inactivation of chromosome X during sex deter-
mination, and genomic imprinting during game-
togenesis. A  growing body of evidence suggests 
that changes in the epigenome induced by the 
environment may alter gene expression and lead 
to the development of various diseases, including 
cancers, obesity and diabetes [11].

DNA methylation is a  reversible process per-
formed by DNA methyltransferases (DNMTs) and 
DNA demethylases (DNAdeMeths). Methylation 
of DNA involves the addition of a methyl group to 
cytosine in specific regions, called CpG islands. Ar-
eas of lower transcriptional activity were detected 
as highly methylated, while hypomethylation of 
cytosine was associated with increased gene ex-
pression [12].

Posttranslational modifications of core his-
tones include acetylation, methylation, phosphor-
ylation, ubiquitination, and sumoylation [13]. Cur-
rently, much attention is focused on core histones’ 
methylation and acetylation of lysine and argi-
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nine. Key enzymes responsible for modifications 
of N-terminal tails of H2A, H2B, H3 and H4 are 
histone acetyltransferases (HATs), histone deacet-
yltransferases (HDACs), histone methyltransferas-
es (HMTs) and histone demethylases (HDMs) [11]. 
The effect of acetylation and methylation on the 
regulation of gene expression was found to be de-
pendent on the site of modification. It was report-
ed that acetylation of H3 histone at lysine-9/14 
sites (H3KAc) and methylation of H3 histone at ly-
sine-4 (H3K4me) were associated with activation 
of gene expression. Contrariwise, methylation of 
H3 histone at lysine-9 (H3K9me) or methylation of 
H3 histone at lysine-27 (H3K27me) was demon-
strated to inhibit gene expression. HMTs were 
shown to mediate the addition of two or three 
methyl groups to a specific lysine residue [14]. 

Interestingly, enzymes involved in histone epi-
genetic modifications were also demonstrated to 
modify non-histone proteins, such as nuclear fac-
tor-kB (NF-kB) and p53 [15]. Both NF-kB and p53 
are transcription factors, engaged in the control of 
cell survival and the inflammatory process.

In addition to chromatin structure modification, 
another mechanism of epigenetic regulation is 
gene silencing through single-stranded non-cod-
ing RNAs [16]. miRNAs are small molecules, ap-
proximately 19 to 33 nucleotides in length, derived 
from endogenous transcripts generating a hairpin 
structure, that interact with specific regions of 
mRNA. Pairing between miRNA and mRNA results 
in translation inhibition, as a result of degradation 
of mRNA and/or destabilization of mRNA structure 
[17, 18]. Recent evidence identified involvement 
of various miRNAs in the pathogenesis of several 
diseases, including obesity and diabetes.

Adipose tissue as a site of initiation  
of metabolic disorders 

Adipose tissue contains different types of cells, 
including mainly adipocytes and a  stromal vas-
cular fraction composed of fibroblasts, preadipo-
cytes, vascular endothelial cells and immune cells 
(macrophages, lymphocytes) [19]. Apart from en-
ergy storage, cushioning and insulating the body, 
adipose tissue was established as an important 
endocrine organ, secreting various hormones, 
cytokines (adipocytokines) and free fatty acids 
(FFAs) [20]. Adipocytes and adipose tissue mac-
rophages express various receptors including per-
oxisome proliferator-activated receptors g (PPARg), 
fundamentally important for adipose tissue func-
tion. The PPARg are crucial for differentiation and 
apoptosis of adipocytes, as well as the regulation 
of lipogenesis-related genes. Additionally, activa-
tion of PPARg is a part of the regulation of adipocy-
tokine expression, including leptin and tumor ne-
crosis factor α (TNF-α) and interleukin-6 (IL6) [21]. 

Adipose tissue is situated in various body de-
partments: under the skin (subcutaneous fat), 
around internal organs (visceral fat: mesenteric, 
epididymal white adipose tissue, and perirenal 
depots), bone marrow (yellow fat marrow) and in 
breasts. Excess of visceral adipose tissue (VAT), also  
called central obesity, is considered an essential 
factor for the development of glucose intolerance 
and T2DM associated with insulin resistance (tis-
sues’ impaired ability to respond properly to in-
sulin action) [22, 23]. Adipose tissue constantly 
deals with FFA turnover. Whether FFAs will enter 
the adipocyte, being reassembled in the form of 
triglycerides, or leave the cell (lipolysis) is con-
trolled by the relation between insulin and leptin 
level [24]. Leptin is an adipocytokine that stim-
ulates the inflammatory response and prevents 
lipid accumulation in adipose tissue, while high 
insulin levels exhibit an antilipolytic effect, pro-
moting the storage of triglycerides in adipocytes 
[25]. In obese individuals, hypertrophic visceral 
adipocyte cells have a  lower density of insulin 
receptors and become resistant to insulin, exhib-
iting a hyperlipolytic state. As a result, FFAs are 
fluxed into the liver, which in turn impairs liver 
metabolism, leading to glucose overproduction 
[24]. Chronically elevated levels of glucose and 
lipids exert toxic effect (gluco- and lipotoxicity) 
on various organs, resulting in serious metabolic 
disorders [26]. Additionally, hypertrophic adipo-
cytes facilitate the migration of macrophages to 
the stromal fraction, initiating and promoting 
the inflammatory process [27]. Moreover, the en-
hancement of obesity-related chronic low grade 
inflammation is promoted via FFA oxidation in 
the liver, which results in reactive oxygen species 
(ROS) generation [28]. Reactive oxygen species 
production by macrophages and monocytes is 
also stimulated by pro-inflammatory cytokines. 
It was recognized that the secretory profile of 
adipose tissue in overweight/obese people is al-
tered [29]. The expression of pro-inflammatory 
cytokines (TNF-α, IL-6) increases, whereas ex-
pression of cytokines improving insulin sensitiv-
ity (e.g. adiponectin) is reduced. It is well known 
that both oxidative stress and chronic low-grade 
inflammation having an impact on insulin secre-
tion and insulin sensitivity may exaggerate the 
development of T2DM and atherosclerosis-asso-
ciated diseases.

Epigenetic modifications in adipose tissue

DNA methylation pattern

Studies indicate the involvement of DNA methy-
lation in differentiation of adipocytes and its ef-
fect on expression of genes related to obesity and 
diabetes.
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One major study exploring the role of DNA 
methylation in adipogenesis was conducted by 
Chapman et al. They found that treatment of 
mouse embryo fibroblast (10T1/2) with an inhib-
itor of mammalian DNA methylation, 5-azacyt-
idine, gave origin to new cell types, including 
preadipocytes (TA1, TA2) featuring the accumu-
lation of lipid droplets. Additionally, insulin- and 
dexamethasone-induced differentiated TA1 cells 
showed changes typical for mature adipocytes. 
A  significant increase in glycerol phosphate de-
hydrogenase activity and the level of proteins in-
volved in fatty acid and triglyceride synthesis, as 
well as changes in total mRNA expression, was 
observed [30]. Wabitsch et al. reported that us-
ing 5-aza-deoxycytidine, a DNA hypomethylation 
agent, during differentiation of a cell line derived 
from liposarcoma (LiSa-2), resulted in a significant 
increase in leptin mRNA expression [31].

Recently published results of the study per-
formed by Malodobra-Mazur et al. on differenti-
ated 3T3-L1 adipocytes suggested that the level 
of proinflammatory cytokine expression might be 
regulated by stearoyl-CoA desaturase 1 (SCD1) 
through DNA methylation [32]. SCD1, an enzyme 
highly expressed in differentiated adipocytes, is 
responsible for the biosynthesis of monounsat-
urated fatty acids from saturated fatty acids. It 
is suggested that SCD1 may be involved in obe-
sity-related inflammation [33]. Findings indicate 
that over-expression of SCD1 is associated with 
global DNA hypomethylation, whereas silencing 
or inhibition of SCD1 evokes global hypermethyl-
ation. Additionally, it was found that the promoter 
methylation pattern in CpG islands of interleu-
kin-10 receptor a  (IL10ra), interleukin-4 receptor 
a  (IL4ra), interleukin-6 signal transducer (IL6st), 
and transforming growth factor β1 (TGFβ1) genes, 
was changed by SCD1 overexpression and cor-
related with changes in expression of the IL10ra, 
IL4ra, TGFβ1, and IL6st genes [32].

Bouchard et al. investigated the DNA meth-
ylation pattern and changes in gene expres-
sion in subcutaneous adipose tissue of obese/
overweight postmenopausal women before and 
after a 6-month caloric restriction diet [34]. Par-
ticipants were grouped into high and low diet 
responders according to changes of body fat 
percentage after completion of the experiment. 
Differences in DNA methylation between high 
and low responders were observed at 35 loci 
before and at 3 loci after dietary intervention. 
Several loci comprised genes involved in the con-
trol of weight (potassium voltage-gated channel 
shaker-related subfamily member 3 [KCNA3], 
nuclear factor I/X [NFIX]), insulin secretion and 
diabetes (insulinoma-associated 1 [INSM1], 
GLIS family zinc finger 3 [GLIS3], cholecystoki-

nin B receptor [CCKBR]). It was found that gene 
expression changes appeared only after dietary 
intervention, and included 644 genes engaged 
in metabolic pathways (327 genes up-regulated 
and 317 down-regulated). Comparing high diet 
responders to low diet responders, the highest 
overexpression was observed for the gene en-
coding cholesteryl ester transfer protein (CETP) 
and the highest downexpression was found for 
phosphoserine phosphatase (PSPH) mRNA. The 
CETP is involved in cholesteryl ester and triglycer-
ide transfer among plasma lipoproteins, where-
as PSPH is responsible for L-serine formation. 
Recently, CETP was also proposed to play a role 
in metabolism and storage of lipids in adipose 
tissue [35].

The relationship between 8-week low-caloric 
diet and methylation level in the promoter regions 
as well as the expression level of leptin and TNF-α 
determined in human subcutaneous adipose tis-
sue was assessed by Cordero et al. [36]. Subjects 
were divided into responder and non-responder 
groups on the basis of changes in weight, lipid 
profile, fat mass percentage, and systolic and dia-
stolic blood pressure after diet completion. A low-
er methylation pattern in the promoters of leptin 
and TNF-α detected before starting the diet was 
found in responders as compared to non-respond-
ers, but there were no differences after diet com-
pletion. The level of mRNAs for leptin and TNF-α 
did not differ significantly between responders 
and non-responders before implementation of the 
diet. However, after dietary intervention leptin ex-
pression level was significantly decreased in the 
responder group, but no changes in TNF-α expres-
sion level were observed. These observations sug-
gested that methylation level of leptin and TNF-α 
promoters may be an epigenetic predictor of re-
sponsiveness to a caloric restriction diet. 

Rönn et al. [37] examined the effect of 6-month 
exercise intervention on DNA methylation pattern 
at 476,753 CpG sites in adipose tissue of healthy 
men previously representing low physical activity. 
They found that the global DNA methylation pat-
tern was altered at 17,975 CpG sites in response 
to exercise. The authors also observed that af-
ter exercise adipose tissue displayed differential 
methylation at 236 CpG sites of 197 gene regions 
along with a distinct alteration in mRNA expres-
sion of these genes. Moreover, the relation be-
tween DNA methylation and expression of obesity 
and T2DM candidate genes was explored. Among 
476,753 CpG sites after exercise, 24 CpG sites  
with a difference in DNA methylation were locat-
ed in 18 candidate genes for obesity, whereas  
45 differentially methylated CpG sites were ob-
served in 21 T2DM candidate genes. However, 
changes in gene expression in parallel with differ-
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ential DNA methylation were found only for 2 obe-
sity candidate genes (cytoplasmic polyadenylation 
element binding protein 4 [CPEB4], serologically 
defined colon cancer antigen 8 [SDCCAG8]) and  
4 T2DM-related genes (hematopoietically ex-
pressed homeobox [HHEX], insulin-like growth 
factor 2 mRNA binding protein [2IGF2BP2], jux-
taposed with another zinc finger gene 1 [JAZF1], 
and transcription factor 7-like 2 [TCF7L2]). Of 
note, 2 genes (histone deacetylase 4 [HDAC4], nu-
clear receptor co-repressor 2 [NCOR2]) exhibiting 
increased DNA methylation accompanied by de-
creased mRNA expression in adipose tissue after 
exercise were selected to assess their effect on ad-
ipocyte metabolism. HDAC4 plays a significant role 
in the repression of glucose transporter 4 (GLUT4) 
transcription in adipocytes, whereas NCOR2 regu-
lates the expression of genes involved in lipid me-
tabolism and adipogenesis, as well as recruitment 
of various histone deacetylases, including HDAC4. 
As expected, siRNA-induced silencing of HDAC4 
and NCOR2 resulted in increased lipogenesis in 
3T3-L1 adipocytes.

Posttranslational core histone modifications

Among investigated posttranslational core his-
tone modifications in adipose tissue, the largest 
body of evidence has accumulated for H3 histone.

Steger et al. found that the process of pread-
ipocyte differentiation was associated with tran-
sient epigenetic modification of H3 histone [38]. 
3T3-L1 preadipocytes were induced to differen-
tiate into mature adipocytes by the treatment 
with insulin, glucocorticoids and cAMP signal-
ing inducers. H3 histone modifications (H3K4 
trimethylation – H3K4me3, H3K4 dimethylation 
– H3K4me2, and H3K9 acetylation – H3K9ac) 
overlapping 74 gene regions were investigated at 
days 0, 1, and 10 of 3T3-L1 differentiation. Among 
these genes’ regions, 20 exhibited increased levels 
of H3K4me3, H3K4me2 and H3K9ac at the end of 
differentiation (day 10), as compared to undiffer-
entiated cells (day 0). Of note, only PPARg regions 
showed increased levels for all three modifications 
on the first day of differentiation. The induction 
of PPARg expression was detected ∼24 h after 
the initiation of differentiation and was sustained 
in mature 3T3-L1 adipocytes. Steger et al. found 
that PPARg transactivation was a consequence of 
a  transient assemble of glucocorticoid receptor 
(GR) and CCAAT/enhancer-binding protein β (CEB-
Pβ) with p300 and mediator subunit 1 (MED1), 
stimulating histone H3 acetylation at several en-
hancers, including enhancers for PPARg. Impor-
tantly, this assemblage occurred only at the start 
of adipogenesis (day 1). 

Tateishi et al. demonstrated that genetic knock-
out of specific H3K9 demethylase, jumonji C-do-

main containing protein (Jhdm2a), increased mice 
susceptibility to obesity, as a result of a decrease 
in PPARα expression in skeletal muscles and 
brown fat [39]. Jhdm2a deficiency led to abnor-
mal fat distribution and hyperlipidemia. It was 
also found that other genes involved in the PPAR 
pathway were down-regulated, including those 
participating in fatty acid metabolism (uncoupling 
protein 2 [Ucp2], medium-chain acyl-CoA dehy-
drogenase [MCAD], light-chain acyl-CoA dehydro-
genase [LCAD], very long chain acyl-CoA dehydro-
genase [VLCAD]) and glycerol release (aquaporin 7,  
[Aqp7]). 

Okuno et al. investigated the role of another ju-
monji C-domain containing protein responsible for 
demethylation of H3K9me2 (plant homeodomain 
finger 2 [PHF2]; also called JHDM1E) in the process 
of adipogenesis [40]. They generated transgenic 
PHF2-knockout mice that exhibited a partial neo-
natal death, growth delay, and reduction of body 
weight. Moreover, transgenic mice showed li-
poatrophic changes, mainly in epididymal and sub-
cutaneous white adipose tissue and slight lipoatro-
phy in mesenteric adipose tissue. In vitro studies on 
mice 3T3-L1 fibroblasts and vascular stromal cells 
with knockout of PHF2 induced to differentiate 
into mature adipocytes showed impairment of ad-
ipogenesis. It was reported that PHF2 was a coact-
ivator of metabolism-related transcription factors 
through interaction with CEBPα and demethylation 
of H3K9me2 in the promoters of CEBPα-regulated 
adipogenic genes, including PPARg, CEBPα, and fat-
ty acid binding protein 4 (FABP4) [40]. 

Hino et al. demonstrated that inhibition of ly-
sine-specific demethylase-1 (LSD1) – via siRNA 
and selective inhibitors – increased expression 
of metabolism-related genes (PPARg coactiva-
tor-1α [PGC-1α], pyruvate dehydrogenase kinase 
4 [PDK4], protein kinase A regulatory subunit 2α 
[RIIα], adipose triglyceride lipase [ATGL], fatty acid 
transporter protein 1 [FATP1]) in 3T3-L1 differenti-
ating adipocytes [41]. Transcription repression by 
LSD1 is associated with removal of a methyl group 
from mono- and dimethylated K4 of H3. They 
also reported that the inhibition of LSD1 activity 
in differentiating 3T3-L1 cells led to a significant 
increase in mono-methylated K4 of H3 (H3K4me) 
and enhanced mitochondrial metabolism (de-
tected by increased mitochondrial membrane 
potential and increased mitochondrial oxidative 
phosphorylation). Results from experiments per-
formed on mice demonstrated that consumption 
of a high fat diet for 6 weeks induced an obese 
phenotype with the increase of LSD1 expression 
and decreased expression of PGC-1α, PDK4, FATP1 
in adipose tissue. 

Enhanced H3K4me2 in promoters/enhancers, 
transcribed regions and increased expression of 
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genes encoding proteins participating in the im-
mune response and cellular remodeling (C-type 
lectin domain family 4 member D [Clec4d], toll-
like receptor 8 [Tlr8], ATPase H+ transporting lyso-
somal V0 subunit D2 [Atp6v0d2], procollagen type 
VIII α1 [Col81a], fibulin-2 [Fbln2] and fibulin-5 
[Fbln5], actin α1 [Acta1], matrix metallopeptidase 
12 [MMP12]) in mesenteric adipose tissue of insu-
lin-resistant diabetic (db/db) mice in comparison 
to non-diabetic mice were detected by Fujimoto et 
al. [42]. Clec4d and Tlr8 play an important role in 
macrophage infiltration in response to pathogens. 
However, macrophage infiltration was found to 
be involved in pathogenesis of insulin resistance 
and diabetes mediated by chronic low grade in-
flammation [43]. Up-regulated Atp6v0d2, encod-
ing an enzyme activating mitochondrial electron 
transport chain, was shown to be connected with 
increased reactive oxygen species’ generation and 
reduced insulin sensitivity in adipose tissue [44]. 
The authors suggest that observed over-expres-
sion of Col81a, Fbln2, Fbln5, Acta1 and MMP12 in 
db/db mice might be associated with change in 
adipocytes’ shape during transition from non-in-
sulin resistant to insulin-resistant phenotype and 
related conversion from non-obese to obese phe-
notype.

Abu-Farha et al. performed an analysis of 
prote ome in peripheral blood mononuclear cells 
(PBMCs) and subcutaneous adipose tissue of 
obese and lean individuals before and after  
3 months of exercise [45]. Significant differences 
in the level of 47 proteins in PBMCs were found 
in obese compared to lean individuals. Among 
them distinct up-regulation of thrombospon-
din 1 (TSP1) and down-regulation of histone 
deacetylase 4 (HDAC4) in obese individuals as 
compared to lean participants were noted. Ex-
ercise intervention affected the level of 38 pro-
teins in PBMCs in obese subjects (17 proteins 
increased, 21 proteins decreased). Additionally, 
they observed that the level of TSP1 and HDAC4 
changed after exercise both in PBMCs and sub-
cutaneous adipose tissue to the level observed 
in lean subjects. The functional assays revealed 
that the expression of HDAC4 significantly dis-
turbed TNF-α-dependent activation of NF-kB. 
The authors suggested that HDAC4 might pro-
tect against obesity, as the expression pattern of 
HDAC4 in obese subjects before and after physi-
cal exercise correlated with physical, clinical and 
metabolic parameters.

miRNA

A growing amount of evidence indicates that 
miRNAs play a  crucial role in the regulation of 
cellular metabolism in adipose tissue, and in 
the pathogenesis of obesity and diabetes. Fer-

land-McCollough et al. performed a study on ad-
ipose tissue from low-birth-weight (LBW) adult 
humans, prediabetic adult rats and on 3T3-L1 
mice adipocytes that identified the role of pro-
grammed changes of miR-483-3p expression in 
the relationship between early-life nutrition and 
metabolic disorders in later life [46]. Microarray 
analysis of miRNAs in epididymal adipose tissue 
taken from offspring of rats fed with a low-pro-
tein diet showed significant up-regulation of 
miR-483-3p. Moreover, the level of miR-483-3p 
expression was also increased in subcutane-
ous adipose tissue of young adult LBW men 
in comparison to healthy control subjects. The 
molecular target of miR-483-3p is growth dif-
ferentiation factor-3 (GDF3), a  member of the 
bone morphogenetic protein (BMP) family and 
the TGF-β superfamily, which participates in cell 
growth and differentiation of embryonic and 
adult tissue. GDF3 was also found to be involved 
in the regulation of adipocyte development, ad-
iposity and energy expenditure in 3T3-L1 cells 
and primary cultures of human adipocytes [47]. 
Both LBW human and prediabetic rat adipose 
tissues exhibiting an increased level of miR-
483-3p had a  decreased level of GDF3 expres-
sion. Using 3T3-L1 mice adipocytes the authors 
demonstrated that during the differentiation 
process (0, 4, 7, 9 days) a  gradual decrease of 
miR-483-3p expression and increase in GDF3, 
PPARg and FABP4 expression occurred. In con-
trast, miR-483-3p inhibition evoked a decrease 
of GDF3, PPARg and FABP4 expression during 
3T3-L1 adipocyte differentiation. 

Esau et al. performed an analysis of expres-
sion and functional assays of various miRNAs 
on human white differentiating adipocytes [48]. 
They found that the levels of miR-143 increased 
during differentiation (days 0, 1, 4, 7, 10) and 
antisense oligonucleotides (ASO) complementa-
ry to miR-143 inhibited adipocyte differentiation. 
Additionally, they demonstrated that miR-143 
inhibition increased expression of extracellu-
lar-signal-regulated kinase 5 (ERK5), a  member 
of mitogen-activated protein kinase responsible 
for the regulation of cell proliferation and differ-
entiation.

A summary of epigenetic changes found in adi-
pose tissue is presented in Table I.

Conclusions and future implications

Evidence from in vitro, animal and human stud-
ies strongly suggests that epigenetic mechanisms 
in adipose tissue may be involved in the patho-
genesis of metabolic disorders, as they affect the 
expression of many genes participating in metab-
olism, fat storage and cellular remodeling, the im-
mune response and adipogenesis.
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Due to the incompletely understood pathogene-
sis of obesity and T2DM, it is necessary to search for 
genetic and environmental factors that may have 
an impact on the development and progression 
of these metabolic disorders. Findings from this 
research may indicate new targets for the preven-
tion and treatment of these conditions. A growing 
number of both experimental and clinical studies 
suggest that epigenetic modifications may become 
such targets. This hypothesis is at least partially 
supported by the results of randomized clinical tri-
als showing that early intensive glycemic control in 
diabetic patients might delay the development of 
diabetes and its complications. Early normalization 
of glycemia may induce epigenetic changes affect-
ing gene expression and in consequence reduce 

hyperglycemia-associated oxidative stress and ad-
vanced glycation of protein and lipids. Therefore, 
further research to explore epigenetic mechanisms 
may reveal important information for the patho-
genesis, treatment and prevention of diabesity.
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