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Abstract. - OBJECTIVE: To summarize the
latest information on the relationship between
genes and common forms of obesity, and to re-
view genetic markers (SNPs and miRNA) that
play a role in predisposing to common forms of
obesity and related disorders.

MATERIALS AND METHODS: We searched
PubMed with the following keywords: (obesi-
ty[Title/Abstract]) AND predisposition[Title/Ab-
stract]) AND miRNA[Title/Abstract]) OR poly-
morphism[Title/Abstract].

RESULTS: From the search we obtained a
total of 44 gene loci and 48 miRNAs associated
with common obesity.

CONCLUSIONS: It is now widely accepted that
obesity involves interactions between environ-
mental risk factors (physical inactivity, exces-
sive calorie intake, chronic stress, taste percep-
tion) and a genetic background of risk. Analy-
sis of the genetic background of obese subjects
is therefore an important way to determine the
molecular mechanisms controlling the link be-
tween food intake and obesity, enabling a bet-
ter understanding of how these interactions may
differ from person to person.

Key Words
Obesity, miRNA, Genetic Markers, Metabolic dis-
orders.

Introduction

Obesity is a considerable burden for patient
quality of life and public health expenditure.
Much has been done from the point of view of
prevention and treatment, and more is emerging
regarding the genetic component of this disease.

Thanks to twin and adoption studies, it is now
clear that there is a powerful genetic component
correlated with obesity'. The overlap between
obesity and other metabolic disorders linked to
over-accumulation of fat, like diabetes mellitus,
metabolic syndrome and polycystic ovarian syn-
drome (PCOS), is increasingly evident?. Indeed,
it is becoming increasingly clear that the meta-
bolic syndrome predisposes to the obesity and
diabetes, that the obesity favours the diabetes
onset and viceversa and that PCOS could be
considered to all effects as a variant of metabolic
syndrome involved in diabetes onset’. Relatively
to this last disease, defined by the expert con-
ference of Rotterdam in a misleading way as
a disease characterized by at least two out of
three conditions between oligo- or anovulation,
2) clinical and/or biochemical signs of hyperan-
drogenism, or 3) polycystic ovaries®, its impact
on metabolism was little considered for too long
time. Only just recently, more importance to the
PCOS effects on the metabolic pathways was
given and now, in practice, it can be considered
belonging to the pre-diabetic states, defined by
the Expert Committee on the Diagnosis and Clas-
sification of Diabetes Mellitus in the 1997 as di-
abetes predisposing conditions characterized by
values of fasting glucose and glucose tolerance
higher than normal ones but under the diabetes
thresholds*. This last assertion is confirmed by
the effectiveness of insulin-sensitizing therapies
such as the one based on the myo-inositol and
d-chiro-inositol ratio 40:1, regularly used for
the treatment of this gynaecological disease’.
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These considerations are even more interesting
switching from a clinical to a genetical analysis
because the overlapping area between these met-
abolic diseases results more pronounced. The
genes and the modifications of these sequences
involved in the several metabolic alterations
frequently are the same e.g. the single nucleotide
polymorphism (SNP) 19939609 on the fat mass
and obesity associated gene (FTO), involved in
obesity, PCOS and diabetes®’. Relatively to the
obesity, there is a powerful genetic component
in twin and adoption studies'. So far, different
strategies have been used to determine the ge-
netic factors involved in obesity, exploiting new
technologies in the field of human genetics to
dissect monogenic and multifactorial genetic
disorders. Linkage analysis associated with the
candidate gene approach was one of the first and
enabled the definition of rare monogenic forms
of obesity (e.g., LEP, LEPR, POMC, PCSK1, SI-
MI1, NTRK2, BDNF, and MC4R). These genetic
anomalies affect pivotal factors related to the
leptin-melanocortin pathway and are fundamen-
tal in energy balance regulation®!!. More recent-
ly, forms of oligogenic obesity, characterized by
a variable degree of obesity partly dependent
on environmental factors, have also been de-
scribed. This type of obesity is responsible for
2-3% of obesity in adults and children'’. Tt is also
recognized that “common forms” of obesity are
a result of interactions between environmental
and genetic factors, reflecting the role of many
genes that confer different degrees of suscepti-
bility (polygenic obesity)'?. Several recent proj-
ects using whole-genome sequencing analysis
have provided a comprehensive description of
genetic variations across the human genome,
including SNPs and copy number variations
(CNVs).

Materials and Methods
We searched Pubmed with the following
keywords: (((obesity[Title/Abstract]) AND pre-
disposition[ Title/Abstract]) AND miRNA[Title/
Abstract]) OR polymorphism|[Title/Abstract].
Results
The search produced a total of 44 genetic loci

and 48 miRNA strongly associated with common
obesity (Tables I and II).
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Genome-Wide Association
Studies in Common Obesity

Several recent genome-wide association stud-
ies (GWAS) with large samples of patients have
enabled the identification of genetic variants asso-
ciated with increased risk of developing “common
forms” of obesity”’. These advances improve our
understanding of common forms of obesity, allow-
ing individual risk prediction and enabling person-
alization of dietary management'"”>. Genome-wide
association studies have made it possible to identify
more than 100 independent loci associated with
common obese status in large samples'® suggest-
ing that almost 21% of variation in body mass
index (BMI) can be explained by common genetic
variants'’. Interestingly, these GWAS showed that
almost all genes involved in monogenic and oli-
gogenic forms of obesity (LEPR, POMC, MC4R,
BDNF) have common variants also associated with
polygenic obesity. Unfortunately, not all the loci
identified in single GWAS were replicated in inde-
pendent studies, because most SNPs only proved to
be associated with obesity in specific ethnic groups
or selected populations. On the other hand, a group
of loci proved to be associated with obesity in
different GWAS performed on specific population
samples. If we consider the loci found associat-
ed with obesity/BMI in at least two independent
samples, the number of chromosome regions with
strong evidence of association with the disease
drops to 44 (Table I)'“'8. An example is the fat
mass and obesity associated gene (F70), an obe-
sity susceptibility gene considered a reliable and
well-established risk factor for common forms of
obesity because it has been identified in more than
20 independent studies'®. F7O is the gene with the
greatest effect on obesity, and it is recognized as
a powerful genetic susceptibility locus for obesity
and related disorders, such as PCOS and diabetes.

Recent technical progresses in metabolomics
and GWAS have enabled the analysis and collec-
tion of huge data sets in different populations,
suggesting that metabolic disorders are only the
most severe cases of the variegated influence that
genetic variations can exert on human metabo-
lism. In a recent paper, Shin et al'’ provided the
most comprehensive analysis of genetic influenc-
es on human metabolism, identifying over 100
different blood metabolites influenced by specific
genetic markers (SNPs). Interestingly, they found
that one-third of these loci were involved with
intermediates of lipid metabolism, including sterols,
carnitines and intermediates of inositol and fatty acid
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Table 1. List of genes and SNPs associated with obesity and/or BMI in at least two independent genome-wide association
studies. For more details see references'>!".

Nr. Gene SNP Other associated
phenotypes
1 BDNF 186265, 154923461, 1510767664, rs2030323, rs988712
2 CADM?2 rs13078807
3 CDKALI rs2206734, rs9356744
4 ETVS rs7647305, rs9816226
5 FAIM2 rs7138803, rs7132908
6 FANCL rs887912, rs12617233
7 FOX03 rs9400239, rs4946932
8 FLJ35779 rs2112347
9 FTO 189939609, 19930506, rs1121980, rs1421085, rs8050136, rs1558902, Diabetes, type 2;
rs17817449, rs12149832, rs9940128, rs62033400, rs1421085, rs1121980,  metabolic
1s$9936385, 19941349, rs3751812, rs6499653 syndrome
10 GIPR 1rs2287019, rs11672660, rs11671664 Diabetes, type 2
11 GNPDA2 1rs10938397, rs13130484, rs348495
12 GPRC5BB rs12444979
13 KCTDI5 rs11084753, rs29941
14  HMGCR rs6453133
15 I0CK 15739564
16  LRRN6C rs10968576
17 MAP2K5 1$2241423, rs4776970, 1s997295
18  MC4R rs17782313, rs571312, rs12970134, rs2331841, rs6567160, rs8089364,
1s7234864, 15723486, 1s7227255, 12229616, 517782313, rs17700144,
rs663129, rs571312, rs476828, rs11873305, rs17066846
19  MRPS33P4 rs13041126
20  MTCH?2 rs10838738, rs3817334
21  NEGRI rs2815752, r1s2568958, 151993709
22 NLRC3 rs758747
23 NPCI rs1805081, rs1788826 Metabolic syndrome
24 NRXN3 rs10150332
25 NT5C2 rs11191560, rs3824755
26 OLFM4 19568856, 159568867
27  PACSI 1s564343
28  PCSKI 1$261967, rs6232, rs6234, rs6235
29  POMC 1713586, rs6545814, rs1561288, rs6752378, rs10182181 Early-onset diabetes,
type 2
30 PRKDI rs11847697, rs12885454
31  SECI6B rs109134609, rs543874, rs574367, 1s516636, rs591120
32 SH2BI rs7498665, rs4788102, rs7359397, rs4788099 Maturity onset diabetes
of the young
33 SLC3948 rs13107325
34 SMG6 rs9914578
35  SPII rs11570094
36 STXBP6 rs10132280
37 TALI rs977747
38 TCF7L2 rs7903146 Diabetes, type 2
39 TFAP2B 1rs987237, rs734597, rs2272903
40 TMEMI60 rs3810291, rs3810291
41  TMEMIS8 rs6548238, 157561317, 1s2867125, rs12463617, rs4854344
42 TNKS rs17150703
43 TNNI3K rs1514175, rs12142020, rs1040070, rs1514174, rs7553158
44  TOMMA40 rs2075650
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Table Il. List of circulating miRNAs up- or down-regulated in patients with obesity or related disorders. 1 indicates increased
expression of miRNAs | indicates miRNAs showing reduced expression in obese patients.

miRNA Process References

|ImiR-23a, miR-23b, miR-26a, miR-28-5p, miR-30e-3p, miR-151-5p, Obesity 75
miR-151-3p, miR-181a, miR-374b, let-7d, let-7e, let-7f, miR-32, miR-365,
TmiR-197, miR-584, miR-101, miR-144

let-7b, miR-143, and miR-221 Atherogenic and 76

adipogenic alteration

|miR-17-5p and miR-132 Obesity 77

1miR-29¢, miR-99b, miR-103, miR-221, miR-340; TmiR-30a-5p, miR-130a, Gestational obesity 78
and miR-150

TmiR-140-5p, miR-142-3p, miR-222; |miR-532-5p, miR-125b, miR-130b, Obesity 79
miR-221, miR-15a, miR-423-5p, and miR-520c¢c-3p

TmiR-122 Obesity, Type 2 diabetes 80

TmiR-122, miR-199, miR191, miR-27, miR-378, miR-33, miR-370a, Obesity in children 81,82
|miR-335, miR-143, miR-758

metabolism. For instance, the importance of these
metabolites is confirmed by the fact that PCOS
patients benefit from treatment with myo-inositol
and d-chiro-inositol, usually used as insulin-sen-
sitizing therapies’. The SNP associated with these
loci (Table IIT) may prove to be a good prognostic
marker of metabolic dysfunction associated with
obesity and related disorders.

Regulation of the Major Molecular
Effectors in Common Obesity

The main molecular effectors of obesity are
molecules synthesized by the adipose tissue it-
self and the gut, in response to food intake. The
adipose tissue is not a passive reservoir of energy
but is known to express and secrete a variety of
bioactive peptides, known as adipokines, which
act at both the local (autocrine/paracrine) and
systemic (endocrine) level. In addition to these
signals, adipose tissue expresses numerous recep-
tors that allow it to respond to signals from tradi-
tional hormone systems and the central nervous
system?. The gastrointestinal tract is the largest
endocrine organ in the body and is believed to
have an important appetite-regulating role as a
source of various regulatory peptide hormones?..

PPARy (also known as NRI1C3) is expressed
in white and brown adipose tissues and is a nu-
clear receptor that functions as ligand-inducible
transcription factors and functions as heterod-
imer with retinoid X receptors. The process of
PPARYy activation is mediated by both natural and
synthetic ligands. PPARy ligands in vivo remain
unidentified. The expression of PPARy is highly
induced in adipocytes during adipogenesis and
this induction is regulated by GAGA, KLF2,
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and CHOPI10, that repress PPARy in preadipo-
cytes. During the early stage of adipogenesis,
C/EBPB and C/EBPS induce the expression of
PPARy and C/EBPa. Several other transcription
factors: KLF5, KLF9, KLF15, NFI, EBF1, and
SREBPI are required to induce expression of
PPARy during adipogenesis®.

Leptin is expressed mainly by adipose tissue
and is increased by glucocorticoids, and proin-
flammatory cytokines. In contrast, cold exposure,
adrenergic stimulation, growth hormone, thy-
roid hormone, melatonin, and smoking decrease
leptin. Leptin synthesis is greater in subcutane-
ous than in visceral adipose tissue. Leptin has
been implicated also in modulation of the reward
circuitry for feeding, glucose metabolism, and
lipid oxidation®.

Tumor necrosis factor, TNF-q, is produced
by differentiated adipocytes. However, the major
source of adipose derived TNF-a is the macro-
phages from the stromal vascular fraction. The
increased levels of TNF-a in obesity are due to
the increased infiltration of adipose tissue with
macrophages. The quantity of macrophages in the
adipose tissue correlates with the fat mass. In fact,
adipocytes secrete MCP-1, MIF-1, MIP-1a, CCL5
and M-CSF factors that support the maturation of
monocytes®. In humans, approximately 30% of
circulating IL-6 originates from adipose tissue.
Concentrations are higher in visceral fat as com-
pared to subcutaneous fat. They increase with obe-
sity and are stimulated by TNF and interleukin-1.
Elevated levels are associated with increased risk
of coronary artery disease, atherosclerosis, and un-
stable angina®. PPARy activation increases circu-
lating levels of adiponectin at the post-translational
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Table Ill. List of blood metabolites associated with lipid metabolism influenced by specific genetic markers. The SNPs
associated with these metabolites could be biomarkers of dysfunctions associated with obesity.

Gene SNP Biochemical(s)
ABCCI 152062541 Hexanoylcarnitine/octanoylcarnitine
ACADL rs3738934 Nonanoylcarnitine
ACADM rs4949874 Acetylcarnitine/hexanoylcarnitine
ACADS 152066938 Butyrylcarnitine
AKRIC4 rs17134585 Androsterone sulfate/ epiandrosterone sulfate
ALOXI2 152271316 12-Hydroxyeicosatetraenoate (12-HETE)
ALX3 rs1466788 Carnitine
APOAS rs11825181 1-Linoleoylglycerol (1-monolinolein)
APOE rs445925 Cholesterol
CYP345 rs7809615 Androsterone sulfate/ 4-androsten-3beta,17beta-diol disulfate 2
CYP4A411 rs6678639 10-Undecenoate
ELOVL2 rs9393915 Docosapentaenoate
ETFDH rs4690909 Octanoylcarnitine
FADSI rs174548 Arachidonate/dihomq—linolenate
152727271 Docosapentaenoic acid (n6-DPA)
ISYNAI rs4808136 Myo-inositol
LIPC rs10468017 1-Palm@toylglycero-phosphoethanolam%ne
rs2070895 1-Palmitoylglycero-phosphoethanolamine
MARCHS 1s2291429 3-Dehydrocarnitine
MBOAT7 1s2576452 Arachidonate/1-arachidonoylglycero-phosphoinositol
PDXDCI rs2740 Linoleate/dihomo-linolenate
PEXSL rs9842133 Carnitine
SCD rs603424 Myristate (14:0)/ myristoleate
SGPPI rs7157785 Cholesterol
SLCI16A49 rs1171615 Carnitine
SLCI743 rs1185567 DHEA-S/ 4-androsten-3beta,17beta-diol disulfate 2
SLC27A2 rs1365505 10-Undecenoate (11:1n1)/ X-11438
SLC5411 rs4787294 Scyllo-inositol
SLCOIBI rs12829704 Octadecanedioate
SPTLC3 rs4814176 Palmitoyl sphingomyelin
SULT241 rs2547231 4-Androsten-3beta,l7beta-diol disulfate 2
THEM4 rs6693388 Linoleate/5,8-tetradecadienoate
ZCWPW1 rs13222543 Androsterone sulfate/ 4-androsten-3beta,l7beta-diol disulfate 2

level. Adiponectin is assembled and processed in
a similar manner as IgM molecules. It is retained
in the endoplasmic reticulum by the chaperone
ERp44 and released by the oxidoreductase Ero-La.
This process is highly regulated by these chaper-
ones that are the primary transcriptional target for
PPARYy agonists, leading to a more efficient release
of the high molecular weight form of adiponectin
from the adipocytes®.

Cholecystokinin is a gut hormone that reduce
food intake and in response to meal initiation,
cholecystokinin is predominantly synthesized
and released from the duodenum and jejunum,
where its regulatory effects include inhibition of
gastric emptying. In addition, cholecystokinin

is distributed within the hypothalamus and is
the most abundant neuropeptide in the central
nervous system?'. Ghrelin is a peptide hormone
produced predominantly in the stomach. It is an
orexigenic hormone. Ghrelin binds to the growth
hormone secretagogue receptor, which is highly
expressed in the hypothalamus and brain stem.
Ghrelin has been proposed to function as a meal
initiator and has been shown to stimulate appetite
in both lean and obese humans. In obese subjects,
fasting ghrelin levels have been shown to be
lower compared with normal weight controls and
to rise following diet-induced weight loss. The
expected post-prandial fall in circulating ghrelin
levels is attenuated or absent in the obese?..
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Role of microRNAs in Common
Forms of Obesity

In recent years, the association between mi-
croRNAs (miRNAs) and various diseases has
been the subject of considerable research. miR-
NAs have emerged as essential modulators of
physiological processes, such as intracellular en-
ergy balance and metabolic homeostasis®. miR-
NAs are a class of non-coding RNA molecules
that play a central part in cell differentiation,
proliferation and survival by binding specific
target mRNAs. The synthesis of miRNA begins
with their transcription by RNA polymerase 11
(Pol 1) that produces a long transcript named
primary miRNA (pri-miRNA), which is imme-
diately cleaved by Drosha and transported into
the cytosol where RNase III Dicer and TRBP
protein cleave the terminal loop, producing a
miRNA duplex. In the final step, the miRNA
duplex is processed by the argonaute (AGO) fam-
ily of proteins to obtain mature miRNA that can
recognize a specific target’>*”. More than 2000
different miRNAs have been described in hu-
mans, and their number is increasing®®. miRNAs
are important cell elements that primarily reduce
expression of specific genes by binding to the 3’
UTR of target RNA, contributing to the regula-
tion of many biological processes®®. Each miRNA
can simultaneously regulate large groups of mR-
NAs, while specific mRNAs may be recognized
by different miRNAs, giving rise to a complex
regulatory network®. Although miRNAs usually
only exert a weak inhibitory effect on a single
target gene, they often act on several associat-
ed transcripts in a specific signaling pathway,
causing significant cumulative effects. In recent
years, a large number of miRNAs involved in the
regulation of lipid and glucose metabolism and
adipocyte differentiation have been identified.
Scholars®*** showed that over 50 different miR-
NAs expressed in pancreas, adipose tissue and
liver are dysregulated in patients affected by obe-
sity or metabolic disorders. In addition, different
studies suggest that miRNAs can be regulated by
diet and external environmental factors and may
respond to dietary changes®. Although miRNAs
were first identified in cells, many have now been
found in whole blood, serum and plasma*. Cir-
culating miRNAs (cmiRNAs) have elicited great
interest in the scientific community, since their
expression could be used as biomarkers for sev-
eral diseases®. Thomou et al*® described adipose
tissue as a major source of circulating miRNAs
that can regulate gene expression in distant tis-
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sues, thereby acting as regulators of metabolism.
In many cases, alteration of the expression of
specific cmiRNAs linked to metabolic disorders
can be used as a predictive marker of increased
risk of disease®’. In addition, new technologies
for in vivo delivery of miRNAs for therapeutic
purposes are developing rapidly and have been
successful in the context of other multifactorial
disorders®’. Table II summarizes current knowl-
edge on circulating miRNAs in relation to obesity
and metabolic diseases™.

Gene-Diet Interactions

Our genetic predisposition is responsible for a
percentage of obesity risk that varies from person
to person and explains a great part of the differ-
ential response of individuals to the same dietary
treatment. Nutritional genomics is a new field of
research that aims to evaluate the mechanisms by
which nutrients and dietary habits interact with
the genome at different levels. It is interesting
that although a huge amount of scientific research
has been performed in the field of obesity, ma-
ny questions regarding the efficacy of various
weight-loss diets remain unanswered. There has
been recent interest in dietary composition and
nutrient components that can reinforce weight
loss*®*. In an interesting paper, Sacks et al*
compared four popular diets with different fat,
protein and carbohydrate composition without
finding any significant differences in promot-
ing weight loss. A recent systematic comparison
of the carbohydrate/protein ratio of low-calorie
diets* showed that high-protein diets were rel-
atively ineffective for reduction of fat mass. On
the other hand, Ajale et al** found that low-car-
bohydrate and Mediterranean diets led to greater
weight loss than other kinds of diet.

Regarding the genetic basis of regulation
of body weight, different independent studies
in different populations have furnished re-
producible evidence of interactions between
genetic and dietary factors in relation to obesi-
ty®. Recent GWAS found that increased intake
of sugar-sweetened beverages amplified the
association between BMI and a group of 32
obesity-associated SNPs*!. Notably, the same
panel of SNPs showed a stronger association
with BMI in individuals with high lipid intake
(fried foods)*. This work showed clearly that
unhealthy eating habits amplify the association
between genetic risk score and obesity-related
traits®. Much research has been focused on
the Mediterranean diet, which is characterized
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by regular intake of vegetables and reduced
amounts of animal proteins*®. Several studies
showed associations with a reduced incidence
of metabolic disorders and obesity. In addition,
some food components of this diet have been
shown to improve several metabolic biomark-
ers?’ associated with body weight*®, type-2
diabetes and hypertension*-*.

GWAS for obesity have provided new insights
into the genetics of this pathology and it is not
surprising that identification of a single SNP
often failed to have clinical utility for predicting
predisposition for obesity and related disorders®.
Several authors have tried to disentangle this
issue by analyzing the genetic component of
obesity associated with multiple loci, an approach
that aims to identify more reliable and replicable
parameters, known as genetic risk scores (GRS),
based on cumulative effects of multiple risk al-
leles®. Using multi-loci GRS, San Cristobal et
al*? analyzed the effects and interactions between
Mediterranean diet and genetic background in
more than 1200 individuals from seven European
countries. They calculated a GRS based on 14 se-
lected risk alleles and a Mediterranean diet score
(MDS) based on food intake data. A significant
interaction between GRS and Mediterranean diet
was observed, as expected. In addition, when
the participants were classified by eating habits,
those with higher MDS had significantly lower
mean BMIs, waist circumference and total cho-
lesterol, and a significantly greater decrease in
total cholesterol was recorded in subjects with
low GRS than in those with high GRS.

A similar approach was used to study the
interaction of Mediterranean diet with F70 poly-
morphisms in relation to obesity phenotypes.
GRS was calculated for each subject and this
parameter was matched with relative adherence
to a Mediterranean dietary pattern, expressed
as Mediterranean dietary score (MDS). Indi-
viduals associated with the risk-allele for SNPs
rs9939973, rs8050136, rs1781749 and rs3751812
showed less risk of obesity for higher MDS,
suggesting that better adherence to the Mediter-
ranean diet can have positive effects on metabolic
biomarkers in subjects with an adverse genetic
background®.

Genetic Variation in Taste Perception
and Association with Diet and Obesity
Taste perception is known to play a central
role in defining food preferences and several
studies have linked genetic variation in taste re-

ceptors to risk of disease. This can occur through
individual differences in taste perception, which
may lead to differences in food preferences and
food intake, altering nutritional behavior and
nutrition-related disease risk>.

A variety of investigations have considered
the influence of bitter taste perception, medi-
ated by the 72R38 gene, on food preferences
and intake. Interestingly, an inverse relation-
ship between bitter perception and preference
for fruit and vegetable consumption has been
reported*~’. Moreover, variations in the 72R38
gene have also been associated with healthy
eating behavior correlated with intake of fiber,
vitamin B6, thiamine and folate®. Evidence of a
correlation between taste perception and dietary
habits has also been reported for other taste
perceptions. It has been shown that sweet per-
ception can influence food preferences because
subjects with a lower sweet perception generally
have a higher preference for sugar than more
sensitive individuals®. From this point of view,
it is not surprising that genetic variation in the
TASIR2 gene may be associated with regular
consumption of sugars by obese individuals®.
Differences in sweet taste have also been related
to alcohol intake and BMI®%2,

Taste sensitivity to some types of fatty
acids has been linked to predisposition for
overweight or obesity in animals and humans.
Humans hypersensitive to fatty acids proved to
have lower BMIs than hyposensitive individu-
als; similarly, animals showing hyposensitivity
to fatty acids were more likely to consume
high doses of fats and become obese®**. These
findings, suggesting a role of the taste of fat
in the diet and weight regulation, were sup-
ported by GWAS that found an association
between two candidate fatty acid receptors,
KCNBI (rs6063399) and KCNC2 (rs7311660),
and obesity®. Other independent studies linked
the SNP rs1761667 with fatty acid perception,
probably associated with alteration of CD36
gene expression®®. In addition, a relationship
between CD36 polymorphisms and BMI was
reported by studies in different populations®”¢®.
In other reports, higher free fatty acids, tri-
glyceride levels and metabolic syndrome were
associated with specific genetic variants in the
CD36 gene®’!. Taken together, these findings
underline the way specific genetic differences
may play a role in individual food preferences
and intake, with important implications for
nutrition and dietary habits.
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Conclusions

Thanks to the raise of the scientific evidences,
metabolic diseases like obesity, diabetes, meta-
bolic syndrome or polycystic ovarian syndrome
(PCOS) are coming closer and closer, generating
evident overlapping areas between these pathol-
ogies. Indeed, it is becoming increasingly clear
that the metabolic syndrome predisposes to the
obesity and diabetes, that the obesity favours
the diabetes onset and vice-versa and that PCOS
could be considered to all effects as a variant of
metabolic syndrome?. It must be said that this
last disease, defined by the expert conference of
Rotterdam in a misleading way as a disease char-
acterized by at least two out of three conditions
between oligo- or anovulation, 2) clinical and/
or biochemical signs of hyperandrogenism, or 3)
polycystic ovaries®, actually it can be considered
as a pre-diabetic state, an assertion confirmed by
the effectiveness of insulin-sensitizing therapies
such as the one based on the myo-inositol and
d-chiro-inositol ratio 40:1, regularly used for the
treatment of this gynaecological disease’.

Considering this, data obtained in the present
study, aiming to the analysis of the obesity pre-
disposing genetic component, offer interesting
ideas for the treatment not only of obesity but
also of the main metabolic diseases. A further
confirmation of this is the presence of some
genetic factors, among those emerged in this
review, known to be involved also in the genetic
regulation of PCOS e.g. SNP rs9939609 in the
FTO gene®’.

It emerges clearly from this review that vari-
ous genetic and epigenetic factors influence body
weight and BMI. Specifically, polymorphisms
with high frequencies in the population (>1%) in
genes involved in control of the balance between
energy intake and expenditure, in taste percep-
tion and in differential expression of miRNAs
that regulate those genes may have a role in the
onset of common forms of obesity and related
disorders, such as diabetes, PCOS and metabol-
ic syndrome'””. These factors obviously cannot
cause obesity on their own. Risk factors (physical
inactivity, excessive calorie intake, chronic stress)
are necessary for the onset of obesity and related
disorders. Study of the genetic background of
obese subjects is therefore a powerful way to ob-
tain insights into how these interactions produce
different outcomes in different individuals, in
terms of body weight and energy management.
In examining genetic predisposition for obesity,

1758

the present work has highlighted fundamental
aspects for the treatment of obesity and other
metabolic diseases.
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