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Abstract

Background: In recent years, more and more evidence has accumu-
lated to elucidate the modulating roles of microRNA in immune and 
inflammatory system. We conducted a novel positional omics integra-
tion study to identify microRNAs that could shed further light on the 
possible links between microRNAs, adipose tissue immunity/inflam-
mation and obesity.

Methods: In contrast to previous methodologies employed for in-
tegration of heterogeneous OMIC data, we based the integration on 
genomic positions of alterations in human disease and employed an 
additional weighing step. A data search for various types of studies 
on obesity (genome-wide association, meta-analysis, transcriptomic, 
proteomic studies and epigenetic studies) was conducted to establish 
the initial data set.

Results and discussion: The analysis identified 19 high scoring mi-
croRNAs (miR-146, miR-378, miR-143, miR-145, miR-194, miR-
1273, miR-190, miR-561, miR-151, miR-215, miR-196, miR-328, 
miR-208, miR-3155A, miR-933, miR-4685, miR-640, miR-4659, 
and miR-877). Five (miR-146, miR-378, miR-143, miR-145, and 
miR-194), which may be directly linked to adipose tissue inflamma-
tion or obesity-related diseases, eight other microRNAs (miR-1273, 
miR-190, miR-561, miR-151, miR-215, miR-196, miR-328, and 
miR-208) have been identified to play a role in cancer and myocardial 
infarction, where obesity is a defined risk factor.

Conclusion: In this study, we applied a new method of positional 
integrational analysis of different OMIC-layers and utilized an ad-
ditional validation step through weighing. Our study yields a number 
of plausible microRNAs that provide an interesting basis for further 
research to elucidate underlying mechanisms of obesity. Our detec-
tion of common microRNAs which are also related with an increased 
risk for inflammations, cardiovascular problems and type 2 diabetes, 
irrespectively of gender and age may provide a path for understand-
ing the inherited or acquired impact of microRNAs on human health 

and wellbeing.
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Introduction

Obesity is a multifactorial condition that results from the in-
teractions among genetic, dietary, environmental, and lifestyle 
factors [1]. In recent years, it has become an epidemic primar-
ily due to a higher intake in high-caloric food and a decline in 
physical exercise [2]. The World Health Organization (WHO) 
has estimated that worldwide approximately 1.6 billion adults 
are overweight (body mass index (BMI) > 25) and at least 400 
million are obese (BMI > 30) [3]. Obesity is linked to an el-
evated morbidity due to cardiovascular diseases, to the devel-
opment of insulin resistance and type 2 diabetes, and to certain 
types of cancer [4].

Obesity is typically defined by an extreme expansion of 
white adipose tissue, which has been believed to be the cen-
tral location for the start of obesity-associated inflammation. 
Although adipose tissue’s principal function is energy storage, 
it also serves as an active secretory organ. Collectively named 
“adipokines” describe a number of bioactive peptides or pro-
teins that are generated and secreted by fat and/or non-fat cells 
of white adipose tissue. They act in an autocrine/paracrine 
manner to manage local adipose tissue function and also influ-
ence, in an endocrine manner, the functions of distant tissues 
such as liver, cardiovascular systems, skeletal muscle and cen-
tral nervous systems [5, 6].

In obesity, adipocyte hypertrophy (increased size), hyperpla-
sia (increased number), immune cell infiltration, endothelial cell 
overactivation, and extracellular matrix overproduction remodel 
white adipose tissue dynamically [7-10]. This remodeling may 
prompt hypoxic and metabolic stress, resulting in activation of 
multiple inflammatory signaling pathways, ultimately leading to 
dysregulation of numerous adipokines including proinflammato-
ry cytokines, growth factors, chemokines, acute-phase proteins, 
and complement-like factors. Basically, all known adipokines are 
dysregulated in obesity. Such a disturbed homeostasis is an es-
sential feature of adipose tissue low-grade inflammation [5].

In recent years, more and more evidence has accumulated 
to elucidate the modulating roles of microRNA in immune and 
inflammatory system [11, 12].
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Table 1.  List of GWAS and Meta-Analysis for Initial Data Set

Name # Individuals # Male (case/
control)

# Female 
(case/control)

Age 
min.

Age 
max.

Analytical 
method Related citations

GWAS of 
adiposity-related 
heterogeneity 
in patterns of 
type II diabetes 
susceptibility

13,965: initial panel 
4,862 (cases: 1,924 and 
controls: 2,938); second 
panel 9,103 (cases: 3,757 
and controls: 5,346)

Initial 
panel 2,563 
(1,118/1,445); 
second 
panel 4,856 
(2,137/2,719)

Initial 
panel 2,299 
(806/1,493); 
second 
panel 4,247 
(1,620/2,627)

39 65 Affymetrix 
393,453

Timpson et al [17]
Hindorff et al [18]

GWAS of type II 
diabetes mellitus

6,674 (cases: 1,399 
and controls: 5,275)

3,557 
(832/2,743)

3,099 
(567/2,532)

41 77 Hap300 Steinthorsdottir et al [19]
Johnson and 
O’Donnell [20]

GWAS of waist 
circumference 
in individuals of 
Caucasian descent

70,014: initial panel 
31,373; replication 
panel 38,641

Initial panel 
13,993; 
replication 
panel 16,769

Initial panel 
17,380; 
replication 
panel 21,872

45 76 Affymetrix 
and Illumina 
up to 512,349

Heard-Costa et al [21]
Hindorff et al [18]

GWAS of 
extreme obesity

3,907 (cases: 775 and 
controls: 3,132)

1,008 
(200/808)

2,899 
(575/2,324)

18 75 Illumina 
457,251

Cotsapas et al [22]
Hindorff et al [18]

GWAS of body 
mass index

38,759 13,759 25,000 24 81 Affymetrix 
490,032

Frayling et al [23]
Hindorff et al [18]

GWAS of body 
mass index in 
individuals of 
European descent

16,876 9,121 7,755 31 69 Affymetrix 
344,883

Loos et al [24]
Hindorff et al [18]

GWAS of body 
mass index

32,387 16,211 16,176 26 75 Illumina and 
Affymetrix 
2,399,588

Willer et al [25]
Hindorff et al [18]

GWAS of body 
mass index 
and weight

42,428 17,468 24,960 34 75 Illumina 
305,846

Thorleifsson et al [26]
Hindorff et al [18]

GWAS of body 
mass index 
and waist 
circumference in 
the Framingham 
Heart Study

1,345 619 726 23 41 Affy100,000 Fox et al [27]
Johnson and 
O’Donnell [20]
Hindorff et al [18]

GWAS of obesity-
related traits

4,298 1,831 2,467 14 102 Affy 10,000
Affy 500,000

Scuteri et al [28]
Johnson and 
O’Donnell [20]
Hindorff et al [18]

GWAS of 
weight and body 
mass index

4,110 1,777 2,333 30 73 Illumina 
318,237

Johansson et al [29]
Hindorff et al [18]

GWAS of 
extreme obesity

26,660: initial panel 
5,373 (cases: 2,633 
and controls: 2,740); 
replication panel 21,287

Initial 
panel 1,465 
(673/792); 
replication 
panel 11,033

Initial 
panel 3,908 
(1,960/1,948); 
replication 
panel 10,254

18 73 Illumina 
545,349

Paternoster et al [30]
Hindorff et al [18]

GWAS of obesity 2,188: initial panel 
1,060 (cases: 520 
and controls: 540); 
replication panel 1,128

Initial panel 
40 (32/8); 
replication 
panel 45

Initial 
panel 1,020 
(488/532); 
replication 
panel 1,083

16 65 Illumina about 
550,000

Wang et al [31]
Hindorff et al [18]
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MicroRNAs are endogenous about 22 nt RNAs that have 
the ability to connect to the 3'-untranslated region (3'-UTR) 
of target mRNAs to suppress mRNA expression at the post-
transcriptional level. MicroRNAs, as a group, may directly 
influence expression of over 30% of mouse and human genes 
and more than 60% of human protein-coding genes have been 
under careful tension to maintain pairing to microRNAs [13]. 
A number of microRNAs have been associated in adipocyte 
development and mature adipocyte activity, including lipoly-
sis, glucose-uptake, and insulin sensitivity [14, 15]. Interest-
ingly, microRNAs have also been identified as essential immu-
no-modulators by managing the differentiation, introduction, 
and action of immune cells and the expression of multiple cy-
tokines in the immune system [11, 12].

We conducted a novel positional omics integration study 
to identify microRNAs that could shed further light on the pos-
sible links between microRNAs, adipose tissue immunity/in-

flammation and obesity.

Methods

We utilized the same data set we used for our prior study [16] 
which we generated through a search for a number of types of 
studies on obesity (genome-wide association, meta-analysis, 
transcriptomic, proteomic studies, microRNA data and epige-
netic studies) in online repositories, using GWAS Central (http://
www.gwascentral.org), Medline database (www.ncbi.nlm.nih.
gov/pubmed/) with search string (obesity) AND (transcriptome 
OR proteome OR genome-wide OR microarray OR profiling OR 
epigenetics). Additionally, Gene Expression Omnibus (GEO) 
repository (http://www.ncbi.nlm.nih.gov/geo/), ArrayExpress 
(http://www.ebi.ac.uk/arrayexpress/) and Stanford Microarray 
Database (http://smd.stanford.edu) were searched up to find 

Name # Individuals # Male (case/
control)

# Female 
(case/control)

Age 
min.

Age 
max.

Analytical 
method Related citations

GWAS of obesity 10,664: initial panel 327 
(cases: 164 and controls: 
163); replication panel 
10,337 (cases: 4,674 
and controls: 5,663)

Initial panel 
59 (33/26); 
replication 
panel 4,126 
(1,678/2,448)

Initial panel 
268 (131/137); 
replication 
panel 6,212 
(2,996/3,216)

16 73 Affymetrix 
406,177

Jiao et al [32]
Hindorff et al [18]

GWAS of body 
mass index

4,989: initial panel 
1,715; replication 
panel 3,274

Initial panel 
714 (354/360); 
replication 
panel 1,355

Initial 
panel 1,001 
(545/456); 
replication 
panel 1,919

33 72 Affymetrix 
746,626

Ng et al [33]
Hindorff et al [18]

GWAS of body 
mass index

249,796 107,795 140,490 14 102 Affymetrix, 
Illumina and 
Perlegen about 
2.8 million 
(imputed)

Speliotes et al [34]
Hindorff et al [18]

Meta-analysis of 
extreme obesity

2,258 1,005 1,253 8 32 Affymetrix 
and Illumina 
1,596,878 
(imputed)

Scherag et al [35]
Hindorff et al [18]

GWAS of adult 
body mass index 
in a British 
population

9,023 4,487 4,536 44 45 Affymetrix 
GeneChip 
Mapping 500K
Illumina 
Infinium 
HumanHap550

Strachan et al [36]

GWAS of obesity 10,391 Randomly 
selected

Randomly 
selected

9 80 Illumina 
1,283,957 
(imputed)

Dorajoo et al [37]
Hindorff et al [18]

Meta-analysis 
of GWAS 
informative 
for adult waist 
circumference and 
waist-hip ratio

140,644: initial panel 
38,580; replication 
panel 102,064

Randomly 
selected

Randomly 
selected

31 73 Affymetrix 
and Illumina 
2,573,738 
(imputed)

Lindgren et al [38]
Hindorff et al [18]

Table 1.  List of GWAS and Meta-Analysis for Initial Data Set - (continued)
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more suitable sources of data for inclusion in our data set. We 
included more than 700,000 individuals (male and female) of any 
ethnic origin were included in the data set. Studies conducted 
in animals and studies missing information of gender, age and 
study design were excluded from the data set. The data search 
was started from the January 1, 2000 to January 1, 2014 [16].

GWAS and meta-analysis

Data from 20 GWA studies and two meta-analyses were ob-

tained and are listed in Table 1 [17-38].

Transcriptional data

Raw data on transcriptomic alterations in adipose, omental, 
and subcutaneous fat, as well as in liver and in skeletal muscle 
were obtained from GEO repository. Transcriptomic altera-
tions were treated as separate data sets to account for possible 
differences in transcriptional alterations observed in these tis-
sue samples [39-46]. A data overview is depicted in Table 2.

Table 2.  List of Transcriptomic Data for Initial Data Set

Identification  
No. Title # Individuals # Male # Female Age 

Min
Age 
max. Analytical method Refernce

GSE20950 Morbidly obese insulin-
resistant patients: omental 
and subcutaneous 
adipose tissue

10 4 6 34 52 Affymetrix Human 
Genome U133 Plus 2.0 
Array and real time PCR

Hardy et al [39]

GSE27951 Adipogenesis and obesity: 
subcutaneous adipose 
tissue (HG-U133_Plus_2)

14 10 4 45 49 Affymetrix Human 
Genome U133 
Plus 2.0 Array

Keller et al [40]

GSE15524 Morbid obesity: 
subcutaneous and 
omental adipose tissues

11 2 9 37 47 CodeLink UniSet 
Human 20K I Bioarray

MacLaren 
et al [41]

GSE474 Obesity and fatty 
acid oxidation

12 0 12 32 41 Affymetrix Human 
Genome U133A Array

Park et al [42]

GSE15773 Obesity-associated 
insulin resistance 
independent of BMI: 
omental and subcutaneous 
adipose tissues

20 6 14 33 52 Affymetrix Human 
Genome U133 
Plus 2.0 Array

Hardy et al [39]

GSE15653 Obese patients with 
and without type 2 
diabetes: liver

13 4 9 28 58 Affymetrix Human 
Genome U133A Array

Pihlajamaki 
et al [43]

GSE22435 Expression of splicing 
factor genes is reduced 
in human obesity 
and contributes to 
enhanced lipogenesis

15 2 13 32 65 Affymetrix Human 
Genome U133 
Plus 2.0 Array

Pihlajamaki 
et al [44]

GSE25401 Adipose tissue 
microRNAs as regulators 
of CCL2 production 
in human obesity 
(gene expression)

30 0 30 41 45 Affymetrix Human 
Gene 1.0 ST Array

Arner et al [45]

GSE25402 Adipose tissue 
microRNAs as regulators 
of CCL2 production 
in human obesity

30 0 30 41 45 Affymetrix Human Gene 
1.0 ST Array (transcript 
(gene) version)

Arner et al [45]

GSE24883 Worsening of obesity 
and metabolic status 
yields similar molecular 
adaptations subcutaneous 
and visceral adipose tissue

24 0 24 33 56 Agilent-014850 Whole 
Human Genome 
Microarray 4x44K 
G4112F (Feature 
Number version)

Klimcakova 
et al [46]
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Proteomic, microRNA data and epigenetics

We have included three studies investigating proteomic, mi-
croRNA and epigenetic alterations by Arner et al [45], Abu-
Farha et al [47] and Barres et al [48]. The three studies were 
treated as separate data sets to account for their different bio-
logical layers and the different tissues samples that were uti-
lized for the analysis.

Data preparation and integration

The positional integration approach was introduced by Maver 
and Peterlin [49] in 2011. To utilize the bioinformatics tool, 
the P-value of each signal is transformed to -log10P values or 
1 where P-values were not available and all annotations are 
converted to coordinate positions. Then the tool arranges the 
significant signals from every type of study into the selected 
intervals on the DNA backbone [49]. When multiple signals 
from a single type of study were located in the same area, the 
values were summarized, to increase the score of the region. 
Also when no significant signal in the interval investigated 
was identified, it was marked with value 0. The tool allows 
the user to weigh the different data sets and select the kb 
length.

For our initial analysis, the data assembly was subdi-
vided into 50 kb regions, and signals from aforementioned 
studies were arranged on the genomic backbone into the cor-
responding regions according to their genomic position, but 
the weighing settings were not adjusted. In a second analysis, 
the data weighing settings were adjusted to individually dou-
ble the input of genomic data, transcriptomic data, proteomic 
data, microRNA data and epigenetic data in comparison to all 
the other data sources. This was done for multiple reasons. 
First it is a convenient control to check if the data results are 
consistent, i.e. are the highest scoring gene regions also the 
gene regions that are identified in all weight adjusted data 
sets. Second, which gene regions are found in our first analy-
sis and in more than two adjusted weight result tables. And 
third, in which doubled weight layers are the gene regions 
identified.

So all in all six high scoring gene tables (Supplementary 
Tables 1-6, www.jofem.org) were generated and discussed in 
two prior studies [16, 50]. In this paper, our focus is directed 
towards the identified microRNAs and their influence on obe-
sity-related diseases.

Evaluation was performed by searching for the identified 
microRNAs and obesity in the Medline database (www.ncbi.
nlm.nih.gov/pubmed). The search was performed on articles 
that appeared in Medline using the following search string: 
“Obesity AND Gene”, where “Gene” entry represented candi-
date genes located in the regions discovered by the integration 
process.

In addition, functional profiles of genes located in the set 
of top region have been profiled using Gene Ontology (GO, 
http://www.geneontology.org [51]) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG, http://www.genome.jp/kegg/ 
[52]).

Results

In the six high scoring gene tables (Supplementary Tables 1-6, 
www.jofem.org), 19 microRNAs (miR-146, miR-378, miR-
143, miR-145, miR-194, miR-1273, miR-190, miR-561, miR-
151, miR-215, miR-196, miR-328, miR-208, miR-3155A, 
miR-933, miR-4685, miR-640, miR-4659, and miR-877) were 
identified.

One of the identified microRNAs is miR-378 which is 
highly induced during adipogenesis. In a study by Xu et al [53], 
matured human adipocytes were treated on day 15 with TNF-α, 
IL-6, leptin, or resistin. It was demonstrated that TNF-α, IL-
6, and leptin upregulated miR-378 expression indicating that 
miR-378 is probably a novel mediator in the development of 
insulin resistance related to obesity [53]. Also miR-378 was 
identified to be unregulated through adipokines and cytokines 
and primarily through sterol-regulatory-element-binding pro-
tein (SREBP) and CCAAT/enhancer-binding protein (C/EBP) 
binding sites in the miR-378 promoter region [54]. Both de-
scribed inflammatory processes are known to be dysregulated 
during obesity.

Two other microRNAs are miR-143 and miR-145 which 
are often studied and reported together, as the two microRNAs 
are located in close genomic proximity [55]. In 2004, miR-
143 was initially described as a positive manager of human 
adipocyte differentiation via results of ERK5 signaling [56]. 
It has been shown that miR-143 is the only microRNA to date 
to be similarly controlled during human and mouse adipocyte 
differentiation [57]. MiR-143 expression was elevated in the 
mesenteric adipose of high-fat diet-fed mice [58], and TNF-α 
treatment declined the expression of miR-143 suggesting that 
obesity-associated inflammation may dysregulate miR-143 
expression affecting adipogenesis [59]. Another study demon-
strated that TNF-α and IL-6 had only a neglectable effect on 
miR-143 expression, whereas free fatty acids, resistin, and lep-
tin decrease miR-143 expression in human adipocytes. These 
results suggest that the expression of miR-143 is influenced 
by a variety of factors that are related to insulin sensitivity. 
Therefore, miR-143 may be an essential mediator in the devel-
opment of obesity-related insulin resistance [60].

In combination, miR-143-145 cluster knockout mice were 
protected from obesity-induced insulin resistance, while con-
ditional overexpression of miR-143 leads to a diminished in-
sulin resistance in diet-induced obesity.

The function for miR-145 in obesity is less apparent, 
though a commonly believed function has emerged in lipoly-
sis. Obesity elevates the expression of the miR-143-145 cluster 
in adipose tissue and liver of humans and mice [61-64], and 
overexpression of miR-145 heightened TNF-α secretion and 
lipolysis in human adipocytes in vitro via an NF-κB mecha-
nism [62]. A contradictory study, however, demonstrated that 
miR-145 overexpression diminishes lipolysis [63]. Although 
the implication of miR-145 in insulin resistance is still under 
investigation, the genomic association with miR-143 suggests 
a high potential of involvement in obesity and obesity-related 
diseases.

Another microRNA that plays a role in the inflammatory 
signaling pathway, where palmitic acid activates the Toll-like 
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receptor 4 (TLR4) is miR-194. This increases a key molecule 
tumor necrosis factor receptor-associated factor 6 (TRAF6) 
and cytokines TNF-α and tumor growth factor-beta. Further-
more, it decreases miR-194 expression in THP-1 monocytic 
cells. Overexpression of TNF-α and tumor growth factor-beta 
leads to cell injury, accumulation of immune cells, inducing 
more proinflammatory cytokines and production of fibrosis-
related proteins, which encourage the development of obesity-
related diseases. It was also identified that TRAF6 was a tar-
get gene for miR-194, which weakens palmitic acid-induced 
TRAF6 upregulation and cytokine TNF-α expression. These 
outcomes propose that after palmitic acid introduction, down-
regulated miR-194 results in TRAF6 (a key molecule in the 
TLR4 pathway) overexpression and additionally regulates 
downstream cytokine expression [65].

And finally we identified miR-146b which is a microRNA 
that can manage the inflammatory process by constricting cy-
tokine signaling via the NF-κB pathway. Mature human adipo-
cytes, which respond to proinflammatory cytokines by a highly 
upregulated expression of miR-146b, indicated a novel role for 
miR-146b in adipose tissue inflammation [66].

MiR-208 is significantly dysregulated in heart tissue with 
myocardial infarcts compared to healthy adult hearts [67]. 
MiR-1273, miR-190, miR-561, miR-151, miR-215, miR-196, 
and miR-328 are suggested to play a role in different types 
of cancer [68-75], whereas miR-3155A, miR-933, miR-4685, 
miR-640, and miR-4659 have not been associated to a specific 
function or disease yet. It has been stated that obesity is strong-
ly associated with alterations in the physiological function of 
adipose tissue, resulting in insulin resistance, chronic inflam-
mation, and changed secretion of adipokines. Several of these 
factors, such as insulin resistance, elevated levels of leptin, en-
dogenous sex steroids and plasminogen activator inhibitor-1, 
decreased levels of adiponectin, and chronic inflammation, 
and are involved in carcinogenesis and cancer progression 
[76]. Therefore, the identified cancer associated microRNAs 
could be of interest for further research to establish a possible 
implication or involvement in obesity.

Also miR-208 should be further investigated as over-
weight and obesity are risk factors for myocardial infarct [77] 
and a connection could be plausible.

Last but not least, results have indicated that miR-877 
could influence the sensitivity of paclitaxel treatment in hepa-
tocellular carcinoma cell lines by targeting FOXM1 [78].

Discussion

Of the 19 identified microRNAs, five (miR-146, miR-378, 
miR-143, miR-145, and miR-194) could be directly linked to 
adipose tissue inflammation and obesity-related diseases, such 
as insulin resistance. One of them, miR-194, is even able to 
activate TLR4 which is known to trigger inflammation in mu-
rine adipocytes, lipopolysaccharide and encourage the secre-
tion of proinflammatory cytokines via downstream initiation 
of nuclear factor kappa B or mitogen-activated protein kinases 
signaling pathways [79].

In our prior study, we discussed two challenges of the po-

sition-centric integration approach and how we tackled them 
in the course of our study. The first challenge arose due to con-
tradictions in gene annotation used for publishing the results in 
various types of large-scale studies. This is a common problem 
for data integration. Annotations for reporting significant re-
sults of these studies are often not consistent. Transformation 
of these annotations to a common gene identifier is often as-
sociated with obstacles [16, 49].

The second challenge is that gene regions located outside 
the gene’s coding region which may account for disease sus-
ceptibility may be overlooked [16, 49]. Various genetic chang-
es are located close to gene regulatory regions several kilo 
bases upstream or downstream and influence gene expression 
and/or function [80].

To address the prior mentioned challenges of inadequate 
conversion of annotations by converting gene identifiers to 
their positions on genome coordinates. Where no conversion 
could be identified, BLAST services were utilized to detect 
the corresponding genomic positions. This approach also takes 
into consideration interplays between adjacent genetic altera-
tions and is not limited by the nature of genetic modifications 
to be included in the integration process. It is flexible enough 
to permit inclusion of anticipated data from studies investigat-
ing epigenetic modifications and microRNA changes in human 
disease.

One of two other limitations that should also be kept in 
mind is the choice of region size used for integration, which 
is not straightforward. Choosing a region too small may result 
in missing important long-range interactions, while choosing a 
larger region may result in high amount of false positive genes 
[16].

Another issue is of course the limitation of the selected 
studies and their study designs, which limits the outcome of 
our study. To mention one example, we could bring up age 
and gender differences, which could not be investigated in this 
article even though it might be fruitful to examine genetic ef-
fects separately by sex and age groups. The utilized studies 
often adjusted for age and sex, but especially in case of the 
utilized GWAS and meta-analysis, the significantly identified 
gene regions cannot be traced back to an individual or a group 
of participants.

Conclusion

To further understand the role of microRNAs in whole-body 
metabolism and the pathophysiology of obesity we have uti-
lized a new positional integration method that includes micro-
RNA profiling data from human disease in addition to genom-
ic-, transcriptomic-, proteomic- and epigenetic data, which has 
yielded a number of reasonable microRNAs that are involved 
in inflammatory processes that occur during obesity (miR-146, 
miR-378, miR-143, miR-145, and miR-194). Interestingly, al-
most all of the identified microRNAs are shown to be modu-
lated during inflammatory processes in cancer, cardiovascular 
problems or type 2 diabetes.

Future studies could be directed towards the clarifica-
tion of the role of microRNAs in 1) the circulation and con-
sequences in distal tissues, 2) inherited and adaptive immune 
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cell-mediated inflammation during overnutrition, 3) beta cell 
expansion in overnutrition and deficiency in T2DM, 4) central 
control of appetite and food intake and 5) cross-generational 
result of obesity.
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