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Genetic and epigenetic mechanisms involved in bariatric surgery

Morbid obesity (BMI>40 kg/m?) is a challenging health condition with an increasing incidence in the last decades.
Conventional therapy which consists in diet and lifestyle interventions, along with pharmaceutical therapy, has a limit-
ed effect on morbidly obese patients. In this context, bariatric surgery is the most effective approach, leading to signifi-
cant weight loss, along with other beneficial effects like type 2 diabetes resolution or improvement of cardiovascular sta-
tus. The bariatric surgery outcomes can widely vary among individuals, with a significant percentage of patients having
small benefits from the operation. These variations may be partially explained by the genetic background of each indi-
vidual,

During the last years, several studies have been conducted in order to determine the genetic and epigenetic factors involved
in bariatric surgery outcomes. Many genes involved in different molecular pathways were found to be associated with
weight loss after bariatric surgery. Epigenetic studies revealed that genes methylation may be influenced by weight loss
interventions.

All these findings suggest that there is an intimate connection between genetic and epigenetic factors and the bariatric
surgery outcomes. Further studies are required in order to better understand if genetics can be used in order to predict
the operation results.
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Introduction

Obesity (defined by a body mass index higher that 30Kg/
m?) is one of the most common disease worldwide.
According to the World Health Organization, more than
650 million adults were obese in 2016 !'. Due to obe-
sity comorbidities, like type 2 diabetes (T2D), cardio-
vascular diseases, sleep apnea, depression, etc., this health
condition represents a major cause of morbidity and
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mortality, having a great impact on public he.alth with
social and economic consequences 2.

The conventional treatment for obesity consists of diet
therapy, pharmaceutical therapy and lifestyle change
interventions 3. However, these methods are not efficient
in treating morbid obesity (BMI>40Kg/m?). By contrast,
bariatric surgery proved to be a good path for treating
morbidly obese patients on a long term period %°. The
most frequently used bariatric surgery procedures are
Roux en Y gastric bypass (RYGB) and sleeve gastrecto-
my (SG). These procedures lead not only to weight loss,
but also to a significant improvement of the obesity
comorbidities outcome, with resolution or a better con-
trol of T2DM, obstructive sleep apnea, hypertension or
hyperlipidemia °.

The molecular mechanisms which lead to these health
improvements are not yet well established. The malab-
sorptive effects of some bariatric surgery techniques were
believed to be responsible for the anti-T2DM effect 7. SG
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on the other hand is a restrictive and nonmalabsorptive
operation that also results in resolution of T2DM, some-
times before weight reduction takes place 8. Thus, other
mechanisms should also be involved in bariatric surgery
outcomes.

An important heterogeneity in patient’s response to
weight loss surgical interventions was observed. Up to
30% of patients fail to lose at least 50% of the excess
body weight ° and there is also a high variability in
terms of the resolution of obesity comorbidities. This
heterogeneity may be explained by environmental fac-
tors, but also by genetic variability among individuals.
Therefore, genetic polymorphisms and different epige-
netic signatures are possible explanations for different
responses among patients. This hypothesis has been con-
firmed by animal studies, where gene expression was
found to be influenced by sleeve gastrectomy !°.

Our aim was to review the clinical studies that tried to
determine the impact of genetic and epigenetic factors
on bariatric surgery outcomes.

GENETICS OF BARIATRIC SURGERY

Considering the fact that obesity has an important genet-
ic component, with a heritability estimated between 40-
70% ' it would make biological sense for weight loss
interventions outcomes to be also influenced by genetic
factors. Twin studies conducted on diet !> and bariatric
surgery '3 confirmed this hypothesis, showing a greater
weight loss variation between unrelated controls than in
twins. A study conducted on first degree relatives who
underwent bariatric surgery also showed that related
patients have a smaller difference in excess weight loss
than cohabitating patients genetically unrelated >4,
Understanding how these genetics factors influence the
effect of weight loss interventions will advance our
knowledge about the biological mechanisms of weight
loss at a molecular level and also help identify patients
who will benefit the most from each type of interven-
tion.

CANDIDATE-GENE APPROACH STUDIES

Single nucleotide polymorphisms (SNPs) are the most
common genetic variants in the human genome and 97
SNPs were previously associated with a high BMI and
estimated to be responsible for 20% of the BMI varia-
tion . In order to find if these variants could also affect
the outcomes of bariatric surgery, several studies based
on a candidate gene approach were conducted (Table I).
Some SNPs were associated with weight loss following
bariatric surgery. Most of the studies were conducted on
patients that underwent Roux en Y gastric bypass
(RYGB) and laparoscopic gastric banding. Despite the
evidence that genetic factors also play an important role
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in sleeve gastrectomy !¢, few studies have been conducted
on this procedure.

One of the most studied genes regarding this topic is
the MC4R. This gene encodes the melanocortin 4 recep-
tor and MC4R mutations lead to one of the most com-
mon forms of monogenic obesity 7. Multiple studies
showed that MC4R variant rs17782313 is also involved
in the common multifactorial obesity 8. Interestingly,
the same polymorphism predicted a lesser weight loss in
patients that underwent RYGB *2°. On the other hand,
another MC4R variant (rs52820871), which is a pro-
tective factor against obesity 2!, was associated with a
higher weight loss, a lesser weight regain and also the
improvement of metabolic status in patients 1 year after
RYGB 2.

FTO gene is also strongly associated with obesity 23-2°.
Despite the fact that many studies have been conduct-
ed on this gene, the mechanism by which FTO variants
increase the risk of obesity is still unknown. A link was
found however between FTO variants and increased food
intake 2°. Physical activity has been found to reduce the
influence of FTO variants on obesity risk /. Therefore,
several scientific papers aimed to establish if FTO geno-
type could predict the bariatric surgery outcomes. At 6
months after gastric bypass, patients carrying the
rs9939609 risk allele (A allele) were found to lose more
weight and have a decreased HbAlc 2. An opposite
effect was observed in long term follow-up, where
159939609 risk allele predicted a poor weight loss out-
come 2%%_ Intriguingly, a meta-analysis which evaluated
the relation between the FTO genotype and the response
to diet and lifestyle interventions showed that the
patients with the obesity-risk rs9939609 genotypes (TA
and AA) have a greater weight loss than those carrying
the wild variant *°. These findings may suggest that
patients with this variant could benefit more from dietary
and lifestyle interventions, and less from bariatric surgery,
but further research is required in order to confirm this
idea.

Another gene which may play an important role in
bariatric surgery is UCP2. This gene encodes the uncou-
pling protein 2, which is an anion carrier protein locat-
ed in the mitochondrial membrane. The mentioned pro-
tein decreases the glucose stimulated insulin secretion, it
is involved in the energetic cell metabolism and it may
increase the energy expenditure and decrease the body
weight 31, Carriers of T allele of rs660339, which is a
missense polymorphism in 4™ exon, had a higher weight
loss in three independent studies after 6 months, 1 and
2 years respectively 283233, Two other variants were also
associated with a better outcome after gastric banding
and RYGB 3334 Thus, this gene function may be
involved in the mechanisms that lead to bariatric surgery
induced weight loss.

The main limitation of these studies is the fact that test-
ed variants are restricted to already known pathways and
mechanisms, which in the case of bariatric surgery are
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TaBLE I - SNPs associated with bariatric surgery outcomes in candidate-gene studies.

Gene SNP Findings Surgery type Follow-up Ref.
MC4R rs17782313 C allele associated with treatment failure RYGB 60 months (19)
INSIG2 157566605  Poor weight loss outcome in patients with the obesity SNP alleles RYGB 30 months (20)
FTO rs9939609
MC4R rs17782313
PCSK1 rs6235
MC4R 1552820871 higher weight loss, less weight regain, RYGB 12 months (22)
metabolic status improvement
FTO 1516945088 Minor allele is associated with a poor outcome Gastric banding 6 years (35)
FTO 159930506 G allele is associated with a greater weight loss Sleeve gastrectomy 6 months (36)
UCP2 rs659366 A allele associated with better outcome RYGB 1 year (33)
rs660339 T allele associated with better outcome
UCP2 rs660339 T allele associated with better outcome Gastric banding 12 and 24 months (32)
FTO 159939609  Poor weight loss outcome in patients with the obesity SNP allele RYGB 36, 48, 60 months (29)
MTIF3 14771122  associated with weight loss trajectories, weight loss nadir,
and long-term weight loss RYGB 9.5 years 37)
UCP2 rs660339 T allele associated with better outcome Gastric banding 6 months (28)
ESR1 15712221 Risk allele associated with better outcome and decreased HblAc Mini-gastric bypass
FTO rs9939609  Risk allele associated with better outcome and decreased Hb1Ac
PNPLA3 p.I148M improvement of hepatic steatosis; greater weight loss Gastric bypass 12 months (38)
5-HT2C 153813929  TT genotype predicts better outcome in female patients RYGB 12 months (39)
FKBP5 151360780 T allele associated with poor outcome RYGB 14 months (40)
LYPLAL1 rs4846567 TT genotype associated with weight loss and decrease
in hunger feelings RYGB 2 years (41)
IL-6 15603573 GG genotype predicts greater weight loss Gastric banding 6 months (34)
UCP2 151800795  AA genotype predicts greater weight loss
POMC 151042571  Higher weight loss RYGB 12 months (42)
TCF7L2  1s7903146  Decreased fasting blood glucose RYGB 12 months (43)
not yet well defined. Most of the studies tested variants in this GWAS are HTRI1A, a gene known to be

that are linked with obesity, but there also may be genes
involved in weight loss mechanisms, especially through
bariatric surgery, which are not particularly in connec-
tion with obesity

Pathogenesis
GENOME WIDE ASSOCIATION STUDIES (GWAS)

This type of studies have the advantage of testing a very
large number of variants across the entire genome. Thus,
the tested SNPs in this case are not limited to previ-
ously known mechanisms or hypotheses and may lead
to discovery of new pathways involved in the organism’s
response to bariatric surgery.

Up to date, two studies used a GWAS approach in
order to identify variants associated with bariatric
surgery outcomes. Rinella et al. found 17 loci in 6
genes with different genotypes distribution between
good and bad responders to RYBG “4. One interesting
finding of this study is a 6 SNPs PKHDI1 haplotype
CCAACT, which was strongly associated with the pro-
cedure outcome. PKHD1 gene is implicated in weight
gain after antipsychotic therapy #*. Other genes found

involved in appetite regulation 4, GUCY1A2, a gene
previously associated with early-onset obesity 47, IGF1R,
CENFP, and CITED2 which are involved in insulin
and glucose metabolism*-.

Another GWAS study found and replicated an associa-
tion between 1517702901 (a 15q26.1 locus near
ST8SIA2 and SLCO3AL1 genes) and weight loss after the
RYBG procedure. ST8SIA2 expression in omental fat
was also associated with weight loss after RYGB, but an
association between this gene expression and rs17702901
was not found 3!. None of these studies confirmed any
previously described association in candidate gene stud-
ies, possibly due to the small sample sizes.

BARIATRIC SURGERY AND GENE EXPRESSION

Several studies showed that bariatric surgery may impact
the transcriptomic profile of different various tissues like
subcutaneous adipose tissue, skeletal muscle or whole
blood °*%7. There is however an increased heterogeneity
among studies, due to different time-points of the analy-
sis, different tissue or different microarray platforms used.
Another important variable among these studies is the
surgery type they investigated, although in most of the
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cases RYGB was performed. A computational analysis
conducted by Freudenberg et al. showed that many genes
which were previously associated with obesity and
involved in pathways like inflammation, lipid metabo-
lism, diabetes or amino acids metabolism, also showed
different expressions after bariatric surgery 5.

One of the genes which was found to have an increased
expression following bariatric surgery is IL-6 gene 8. This
gene encodes a cytokine which was previously shown to
play a role in body-weight regulation . Different results
were observed however by Jirets et al, who showed that
IL-6 expression in subcutaneous adipose tissue of obese
patients decreased 1 year after bariatric surgery. The IL-
6 expression was higher in the obese patients compared
to controls at the baseline, but the post operatory IL-6
expression was even lower than in the control group .
Several other inflammatory cytokines like IL-1B, CCL-
3 or IL-10 presented increased expression in like sub-
cutaneous adipose fat of obese patients, with a marked
decrease 1 year after the surgery. Interestingly, TNF gene
presented an increased gene expression 1 year after the
RYGB . These findings point to a reduced inflamma-
tion in the adipose tissue after bariatric surgery. The high
TNF expression may be explained by an increased lipol-
ysis and adipose tissue catabolism.

Another study showed that preoperative increased adi-
pose expression of IL6, as well as TNF and CD11B
were associated with a higher chance of type 2 diabetes
resolution ©'.

De Olivera et al showed that UCP2 expression was high-
er 6 months after RYGB. Moreover, preoperative UCP2
and PLIN1 expression in abdominal subcutaneous adi-
pose fat levels could influence the weight loss, indepen-
dent of variables like age or BMI. These findings sup-
port the role of UCP2 in obesity and bariatric surgery
induced weight loss.

Although these findings are useful in order to determine
the mechanisms which contribute to the bariatric surgery

outcomes, they may have limited relevance for the devel-
opment of molecular biomarkers, due to the high costs
and difficulty of adipose tissue collection. On the other
hand, peripheral white blood cells are much easier to
obtain. Several studies showed changes in whole blood
gene expression following bariatric surgery >4, but there
are still limited data available regarding the correlation
between different gene expression in blood and surgery
outcome. A recent study showed different whole blood
expression of FTO, FAS and CCL2 genes in whole blood
6 months after sleeve gastrectomy ©2. However, these
changes were not correlated with the weight loss or
comorbidities resolution. ~Another study found that
increased GIP expression 3 months after bariatric surgery
was associated with the type 2 diabetes resolution .

EPIGENETICS OF BARIATRIC SURGERY

Environmental factors can influence the gene expression
through several epigenetic mechanisms, such as histone
post-translational modifications, non-coding RNAs or
DNA methylation . There is an increasing interest in
epigenetics in the scientific community, and many stud-
ies were conducted in order to find its role in chronic
diseases development, obesity among them. The most
studied epigenetic regulatory mechanism in obesity
remains the DNA methylation, although other epigenetic
mechanisms such as microRNAs © and long non-cod-
ing RNAs  may also play a role in body weight reg-
ulation and energy metabolism.

DNA methylation (DNAm) consists in the methylation
of the carbon 5 position of cytosine base, and in mam-
mals it occurs especially in CG dinucleotides. The regions
with a high density of CG dinucleotides are often
referred as CpG sites and can usually be found in pro-
moter and other gene regulatory regions . DNAm is
typically associated with a decreased gene expression

TaBLe I - Impact of bariatric surgery on specific genes promoter methylation

Gene Tissue Findings Surgery/ follow-up  Ref

PDK4, IL1B IL-6 TNEA, Whole blood  Increased PDK4, IL1B IL-6 TNFA methylation RYGB/ 12 months (74)

PPARGCIA (n=18) Decreased PPARGC1 methylation

PPARGCI1A, PDK4 (n=8) Skeletal muscle Increased methylation and decreased expression of PDK4 6 months (78)
Decreased methylation and increased expression of PPARGCIA

IL-6 SERPINE1 (n=14) Whole blood  Decreased DNAm in IL6 promoter; SERPINE1 RYGB/ 6 months (79)
methylation predicted weight loss

SCD (n=120) Whole blood Increase RYGB/ 6 months (80)

LEP, GHRL, GHSR, IGF2 Whole blood DNAm could not predict RYGB outcome RYGB/ 12 months (81)

LEP (8) Adipose tissue Decreased expression of LEP RYGB/ 2 years (82)
but no change in methylation level
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when it occurs in enhancers or gene promoters and with
active gene expression when established within the gene
body 8.

The association between DNAm and obesity has been
confirmed by multiple epigenome-wide association stud-
ies (EWAS) %72, where more than 100 CpG sites where
found to be linked with BMI and waist circumference.
Wahl et al ® provided evidence that these CpG sites
were more likely to be a consequence of obesity, rather
than a cause of it. Therefore, these epigenetic changes
may be involved in obesity complications pathogenesis.
Many of these CpG sites are found in genes involved
in lipid metabolism, substrate transport and inflamma-
tory pathways.

These findings suggested the hypothesis that epigenetic
regulation of genes expression could explain the multi-
ple benefits of bariatric surgery and encouraged the
research on DNAm in the context of these interventions.
Although bariatric surgery was showed not to affect the
global methylation levels in blood or skeletal muscle 7374,
when only promoter-specific DNA methylation profile
was tested, it was found that promoters methylation of
obese individuals changed after RYGB procedure and
resembled that of non-obese patients 7°. Global postop-
erative hypomethylation was also detected in EWAS
studies where adipose tissue was tested 7* 77. These stud-
ies followed an EWAS approach in order to find CpG
sites that are differently methylated before and after
bariatric surgery. Many small changes in different CpGs
methylation levels were found in genes involved in obe-
sity, blood pressure or type 2 diabetes 7°, supporting the
hypothesis that gastric surgery benefits may be partly
explained by epigenetic changes.

Several candidate gene studies showed the impact of
bariatric surgery on specific genes promoter methylation
(Table II). These results however should be treated care-
fully, due to the lack of reproducibility and their small
sample sizes. IL-6 and PPARGCI1A genes promoters were
found to be differently methylated in more than one
study. The PPARGCIA methylation level decreased after
bariatric surgery, and the results were consistent both in
skeletal muscle and whole blood 7478, On the other hand,
the results regarding the IL-6 promoter are contradicto-
ry, which may be explained by the differences in study
design 747°.

An interesting finding was made by Donkin et al who
showed that the spermatozoal epigenome is dynamically
remodeled after bariatric surgery. DNA methylation of
central control of appetite genes in sperm varied between
obese and non-obese subjects and RYGB surgery-induced
weight loss . This finding offers insight into how obe-
sity may propagate metabolic dysfunction to the next
generation. Strikingly, different methylation in inflam-
mation and type 2 diabetes related genes were found
between siblings born before and after maternal bariatric
surgery %4 Genes involved in glucoregulatory pathways
were also differently methylated in a similar manner .

These studies demonstrate that bariatric surgery con-
ducted on women of reproductive age may change the
metabolic and inflammatory genes expression, and there-
fore reduce obesity risk in their offspring, potentially via
epigenetic mechanisms .

FUTURE PERSPECTIVES

Further research is needed in order to understand the
full picture of genetics and epigenetics importance in
bariatric surgery outcomes. More GWAS studies with
larger sample sizes and inclusion of different ethnic
groups would offer valuable information about the genes
involved in weight loss surgical interventions mechanism
of action. Regarding the candidate gene approach stud-
ies, more replication studies are needed to confirm the
previously associated variants showed in GWAS or oth-
er candidate gene studies.

A very important aspect is the discovery of new prog-
nostic factors. This will help determine whether the
genetic background may have a different impact on the
numerous types of surgical treatments and to improve
the quality of the therapeutic act. Studies which tried
to apply a genetic risk score in order to predict the
surgery success or failure were already published, with
conflicting results 2%7-89, These scores were mostly based
on variants associated with BMI or waist circumference,
rather than bariatric surgery outcomes, due to the fact
that little research was made on this particular topic.
Another important idea is that none of the published
studies were focused on the effect of weight loss surgery
on cardiovascular or metabolic status improvement. This
approach could help us understand the mechanism of
these outcomes and could also reveal variants that could
serve as predictive factors for health benefits other than
weight loss.

Epigenetic studies should also focus on surgery outcome
and try to compare good and bad responders in order
to find the association between the methylation status
of different loci and the treatment response. Up to date,
only one candidate gene study used this approach, and
has showed that SERPINE1 promoter gene methylation
is associated with a better response 7. No EWAS study
compared good and bad responders, possibly due to the
small sample sizes. It is important to mention that most
of the epigenetic studies were conducted on small sam-
ple sizes, and replication is needed in order to confirm
the results.

Conclusion

The increasing interest in genetic and epigenetic mech-
anisms involved in bariatric surgery revealed findings that
could help in a better understanding of the impact of
this therapeutic approach at a molecular level. Although
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several studies showed new pathways which may be relat-
ed with bariatric surgery outcomes, further studies are
required in order to apply a more personalized approach
regarding obesity treatment through bariatric surgery.

Riassunto

L’obesita patologica (BMI> 40 kg/m?) ¢ una condizione
di salute difficile da gestire con un’incidenza crescente
negli ultimi decenni. La terapia convenzionale che con-
siste in interventi sulla dieta e sullo stile di vita, insie-
me alla terapia farmaceutica, ha un effetto limitato sui
pazienti con obesita di terzo grado. In questo contesto,
la chirurgia bariatrica ¢ I'approccio pit efficace, che por-
ta a una significativa perdita di peso, insieme ad altri
effetti benefici come la risoluzione del diabete di tipo 2
o il miglioramento delle malattie cardiovascolari.

Gli esiti della chirurgia bariatrica possono variare ampia-
mente da individuo a individuo, con una percentuale
significativa di pazienti che hanno piccoli benefici dal-
l'operazione. Queste variazioni possono essere parzial-
mente spiegate dal background genetico di ogni indivi-
duo.

Negli ultimi anni sono stati condotti diversi studi per
determinare i fattori genetici ed epigenetici coinvolti
negli esiti della chirurgia bariatrica. Molti geni coinvol-
ti in diversi percorsi molecolari sono stati identificati
associati alla perdita di peso dopo la chirurgia bariatri-
ca. Studi epigenetici hanno rivelato che la metilazione
dei geni pud essere influenzata da interventi per la per-
dita di peso.

Tutti questi risultati suggeriscono che esiste un’intima
connessione tra fattori genetici ed epigenetici e gli esiti
della chirurgia bariatrica. Sono necessari ulteriori studi
per capire meglio se la genetica pud essere utilizzata per
prevedere i risultati dell’operazione.

Il nostro scopo e quello di rivedere gli studi clinici che
hanno cercato di determinare I'impatto di fattori gene-
tici ed epigenetici sugli esiti della chirurgia bariatrica
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