N

N

Melanocortin-4 Receptor Mutations and Polymorphisms
Do Not Affect Weight Loss after Bariatric Surgery
Marion Valette, Christine Poitou, Johanne Le Beyec, Jean-Luc Bouillot,

Karine Clément, Sebastien Czernichow

» To cite this version:

Marion Valette, Christine Poitou, Johanne Le Beyec, Jean-Luc Bouillot, Karine Clément, et al..
Melanocortin-4 Receptor Mutations and Polymorphisms Do Not Affect Weight Loss after Bariatric
Surgery. PLoS ONE, 2012, 7 (11), 10.1371/journal.pone.0048221 . hal-02648610

HAL Id: hal-02648610
https://hal.inrae.fr /hal-02648610
Submitted on 29 May 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.inrae.fr/hal-02648610
https://hal.archives-ouvertes.fr

OPEN @ ACCESS Freely available online @ PLOS ‘ ONE

Melanocortin-4 Receptor Mutations and Polymorphisms
Do Not Affect Weight Loss after Bariatric Surgery

Marion Valette', Christine Poitou®>?, Johanne Le Beyec*®, Jean-Luc Bouillot®, Karine Clement®>*,

Sébastien Czernichow®”:8

1 Paris 13 University, Sorbone Paris Cité, Nutritional Epidemiology Research Unit-UMR U557 INSERM, U1125 INRA, CNAM, CRNH-IdF, Bobigny, France, 2 Assistance
Publique Hopitaux de Paris, Heart and Metabolism Department, Pitié Salpétriere Hospital, Paris, France, 3 Institut National de la Santé et de la Recherche Médicale, U872
Team?, Nutriomique, Cordelier Research Center, Paris, France, 4 Pierre et Marie Curie University, Paris, France, 5 Assistance Publique Hopitaux de Paris, Nutrigenic Unit,
Endocrinology and Oncology Biochemistry Department, Pitié-Salpétriere Hospital, Paris, France, 6 APHP, Department Medical-Surgical, Ambroise Paré Hospital, Boulogne-
Billancourt, France, 7 University of Versailles Saint Quentin en Yvelines, Boulogne-Billancourt, France, 8 INSERM U1018, Centre for Research in Epidemiology and
Population Health, Villejuif, France

Abstract

Bariatric surgery is the most effective long term weight-loss therapy for severe and morbidly obese patients. Melanocortin-4
Receptor (MC4R) mutations, the most frequent known cause of monogenic obesity, affect the regulation of energy
homeostasis. The impact of such mutations on weight loss after bariatric surgery is still debated. The objective is to
determine the impact of MC4R status on weight loss in obese subjects over one year after bariatric surgery. A total of 648
patients, who were referred to bariatric surgery in a single clinical nutrition department, were genotyped for their MC4R
status. The following four groups were categorized: functional MC4R mutations, MC4R single nucleotide polymorphisms
(SNPs): Val103lle (V103L) and lle251Leu (I1251L), MC4R variant rs17782313 (downstream of MC4R) and MC4R SNP A-178C on
the promoter. Each patient was matched with two randomly paired controls without mutation. Matching factors were age,
sex, baseline weight and type of surgery procedure (Roux-en-Y gastric bypass and adjustable gastric banding). We
compared weight loss between cases and controls at 3, 6 and 12 months after surgery. Among 648 patients, we identified
9 carriers of functional MC4R mutations, 10 carriers of MC4R V103L and 1251L SNPs, 7 carriers of the rs17792313 variant and
22 carriers of the A-178C SNP. Weight loss at 3, 6 and 12 months did not differ between cases and controls, whatever the
MC4R mutations. This is the first case-control study to show that MC4R mutations and polymorphisms do not affect
weight loss and body composition over one year after bariatric surgery.
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Introduction food intake and maintain long-term energy homeostasis by
integrating signals provided by its agonist, o-melanocyte stimulat-
ing hormone, and antagonist, Agouti related peptide [8]. By this
way, MC4R mutations may play a role in weight loss, especially
after bariatric surgery.

: k ) X Several M (4R mutations affect differently this system. Partial or
long-term weight lost in severe or morbidly obese subjects [3,4]. Its total loss of MC4R function, as well as the variant rs17782313
use has dramatically increased during the last decade [1].

Obesity is a rapidly growing global public health challenge [1].
It is directly related to an increased risk for type 2 diabetes,
hypertension, dyslipidemia, cardiovascular disease and overall
mortality [2]. Bariatric surgery is the most effective therapy for

ically > ) ) mapped 188 kb downstream of MC4R, are positively associated
However, the individual weight loss response varies widely. with obesity [9-11]. In contrast, two SNPs of the MC4R gene:
Clinical and genetic factors may influence its effect. Genetic 12511 and V103L have been shown to be negatively correlated
b.a.ckgr ound accounts for‘ 40% to 70% of an individual predlspo- with obesity [12,13]. Promoter mutations could be associated with
sition to ob(?sny [5] with strong determinants of weight loss obesity [14], although the effect of the polymorphism A-178C was
following barliatrlc surgery [6]. ) not specifically investigated.

Melanocortin-4 receptor (MC4R) mutations are the most We tested whether these deoxyribose nucleic acid (DNA)
frequent monogenic causes of severe early onset human obesity sequence variations in and downstream of the MC4R gene affects

0 / 1 1 11 . . N

(up to 6%) [7]. MCG4R expressed in the hypothalamic nuclei is weight loss and body composition after the two most frequent

involved in the leptin-melanocortin signaling pathways. The bariatric procedures: Roux-en-Y gastric bypass (RYGBP) and
central melanocortin system influences energy intake and expen- adjustable gastric banding (AGB) [l 5].

diture and the balance between lipid utilization and storage.
MCA4R affects leptin-melanocortin signaling system and regulates
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Figure 1. Weight loss over 12 months after bariatric surgery according to MC4R genotype (mean+SEM). Weight loss was expressed as a

percentage of weight at baseline (surgery). Carriers and non-carriers were

matched for age, sex, weight and surgery procedure (gastric banding or

bypass). A) Weight loss in carriers and non-carriers of functional MC4R mutations. B) Weight loss data in carriers and non-carriers of the allele
rs17782313-C. C) Weight loss data in carriers and non-carriers of MC4R polymorphisms lle251Leu, Val103lle, D) Weight loss data in carriers and non-

carriers of MC4R polymorphism A_178C.
doi:10.1371/journal.pone.0048221.g001

Materials and Methods

Subjects

Subjects were patients followed-up in the Department of
Nutrition of Pitié-Salpétriére hospital (Paris, France). This study
enrolled 648 severely obese adults with a body mass index (BMI)
>35 kg/m? who underwent primary bariatric surgery from 1998
until 2010. Two laparoscopic procedures (AGB and RYGBP) [15],
were performed by the same surgical team (J.L. Bouillot) in the
Department of Surgery of Hotel-Dieu hospital. All patients
underwent a preoperative assessment and were also examined at
3, 6 and 12 months after surgery. The clinical investigation was
approved by the Ethics Committee of Hotel-Dieu Hospital. All
subjects gave their written informed consent.

Anthropometric and biochemical measurements

Anthropometric parameters, including BMI and fat mass
determined by biphotonic absorptiometry DEXA (dual-energy x-
ray absorptiometry; Hologic, Waltham, MA) were assessed before
and at 3, 6 and 12 months after surgery. Height was obtained at
the initial visit and weight measurement obtained at each visit.
BMI was calculated as the weight (kilograms) divided by the
square of the height (square meters). Blood samples for DNA
extraction were collected on EDTA after an overnight fast at
baseline. Biochemical parameters including fasting glycemia and
total cholesterol were measured using routine techniques.

PLOS ONE | www.plosone.org

Blood sampling and genomic sequencing

Genomic DNA was extracted from peripheral blood according
to standard methods (ExtraGene extractor (Genomic SA) using
Wizard Genomic DNA purification kit (Promega). Screening for
MC4R variants and mutations was performed by direct sequencing
of four PCR products (primers sequences available on demand)
mapping the whole MC4R coding sequence as well as 230pb
downstream of the A7G site (ABI 3730 sequencer, Applied
Biosystems, Foster City, USA). Sequence data were aligned using
the Seqgscape 2.5 software and compared to the MC4R sequence
(NM_005912.2). In silico prediction of the deleterious effect of the
mutant was performed with the Alamut Mutation Interpretation
Software (Interactive Biosoftware, Rouen, France) and the
PolyPhen Web site (http://genetics bwh.harvard.edu/pph).
Among the various MC4R variants studied in this work, two
news mutations (Cys196Tyr, Leul34Pro) had been deposited in
GeneBank. Their publications are in process and their accession
numbers are JX515607 and JX51608.

Study design and statistical analysis

Patients were categorized as carriers of: functional MC4R
mutations, V103L and 1251L SNPs, r5/7782315 variant or SNP
A-178C. Each case was matched with two randomly paired
controls on the following covariates: age, sex, baseline weight,
surgery procedure. Difference in weight change between case and
their matched controls of each group was computed at 3, 6 and 12

November 2012 | Volume 7 | Issue 11 | e48221
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Figure 2. Fat mass percentage at 12 months after bariatric surgery according to MC4R genotype. A, plot percentage of fat mass in
carriers and non-carriers of functional MC4R mutations. B, plot percentage of fat mass in carriers and non-carriers of the allele rs17782313-C. C, plot
percentage of fat mass in carriers and non-carriers of MC4R polymorphisms: lle251Leu, Val103lle. D, plot percentage of fat mass in carriers and non-

carriers of MC4R polymorphism: A_178C.
doi:10.1371/journal.pone.0048221.g002

months after surgery. Weight was expressed as a percentage of
body weight in kilograms at the times of surgery. Fat mass as a
percentage of weight (FM %) change was calculated at baseline
and at 12 months. Wilcoxon signed rank tests were used to
compare mean differences between cases and controls at each time
of follow-up. All statistical analyses were performed with SAS
version 9.1 (SAS institute, Cary, NC, USA).

Results

MC4R genotyping

Among the 648 patients screened for MC4R mutations, 9 were
heterozygous for functional M(C4R mutations, 10 heterozygous for
MC4R SNPs V103L and 1251L, 22 were heterozygous for the SNP
A-178C located on the MC4R promoter and 7 carriers (4
heterozygous and 3 homozygous) of the variant rs17782313
located downstream of MC4R. Baseline characteristics are shown
in Table 1 and indicate no difference between groups in fasting
blood glucose, cholesterolemia and others characteristics, except
for a modest difference for age in A-178C SNP carriers compared
to their controls. Moreover, fasting blood glucose and cholester-
olemia did not differ 12 months after surgery between case and
controls (data not presented).

PLOS ONE | www.plosone.org

Baseline and post-surgery weight loss and body
composition

The A-178C carrier group showed a difference in weight at 6
months which was not maintained. At 6 months of follow-up,
weight was significantly higher for polymorphism A-178C carriers
(96.6*14.4 kg) compared to non-carrier (92.4*=10.8 kg), but this
difference disappeared 12 months after surgery. However, this
comparison did not show any difference when weight expressed as
a percentage of body weight were used instead of weight.

In the other groups, percentage and absolute amount of weight
loss (Figure 1) were not related to the presence of MC4R
mutations. Furthermore, body fat percentages at baseline and
after 12 months follow-up were not different between case and
controls in each group (Figure 2).

Discussion

In this case control study we suggest that functional MC4R
mutations as well as genetic variants (SNPs V103L and I1251L,
variant rs17782313 and SNP A-178C) did not influence weight
loss and body composition after bariatric surgery.

Previous studies in animal models and humans have pointed out
the critical importance of the central melanocortinergic pathway
in the control of energy homeostasis in particular in the pivotal
role of the melanocortin-4 receptor [16]. Based on these findings,
we could have expected a different impact on weight following

November 2012 | Volume 7 | Issue 11 | e48221



bariatric surgery in human carriers of functional A/C4R mutations,
MC4R polymorphisms and variant rs17782313. Our findings
extend results of recent observations [17-19]. A recent study in 92
morbidly obese adults found similar percentage of weight loss after
RYGB between four heterozygous functional MC4R mutation
carriers and their 8 matched controls [17]. Another study showed
similar effects in 15 heterozygous carriers of functional MC4R
mutations compared to 869 non carriers [18]. In contrary, a case
report of a patient who underwent AGB and truncal vagotomy at
18 years of age, suggested that complete MC4R deficiency impairs
results in poor weight-loss [20]. This result based on only one
patient carrier of two mutations with different effects (a functional
MC4R mutation and the SNP 1251L) was inconclusive.

In 1443 patients with a minor allele frequency (MAF) of 0.27,
the variant rs17782313 located downstream the MC4R gene,
presumably associated with increased obesity risk [10], was not
shown to be related to maximal weight loss nor weight regain after
bariatric surgery [19]. Recent analysis of SNPs V103L and 1251L,
in a cohort of 1443 obese patients, indicated that twenty-six
heterozygous carriers of I251L lost significantly more weight
(~7% initial weight) than the thirty-six V103L carriers and non-
carriers. However, in this report, cases and controls were not
matched [21], which makes the comparison difficult between
groups. Another study in 18 morbidly obese heterozygous for
1251L and twenty subjects heterozygous for V103L, did not show
any difference after RYGB [18]. Moreover, in a study of 175
patients including 9 carriers who underwent a gastric bypass
surgery, MC4R SNPs did not affect weight excess loss, after 18
month of follow up [22]. Concerning polymorphism A-178C in
the MC4R promoter, its effect on RYGBP outcomes was not yet
studied. Our study did not find a consistent effect of this SNP in
bariatric surgery outcomes.

Among the four previous published reports only one [17] was
designed as a case-control study. However, it was based on a small
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sample size (four cases and eight controls) which limits its statistical
power. Other studies were case series without appropriate
matching between cases and controls [18,19,21].

Limitations of our study include the rarity of MC4R mutation
carriers and the short period of follow-up. The strengths are a
large group of MC4R mutation carriers, separated analyses done
according to their functionality and location and the investigation
of the impact of bariatric surgery on both weight and body
composition. At last, selection bias was limited since controls were
randomly selected before matching to cases.

Conclusions

In conclusion, our study provides good evidence that hetero-
zygous mutations near and in the MC4R gene, either leading to a
reduced receptor function or not, did not affect weight loss and
body fat mass after bariatric surgery. To have recourse to bariatric
surgery as a treatment of severe obesity should not be influenced
by MC4R mutations status.
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