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Summary

Neuromedin beta NMB) is a member of the bombesin-like peptide familypressed in brain,
gastrointestinal tract, pancreas, adrenals andosdipissue. The aim of our study was to compare the
frequency of P73T polymorphism in overweight anesib patients (37 men: age 5&.61.7 years, BMI
41.1+ 7.8 kg/nf; 255 women: age 498 11.9 years, BMI 37.2 6.8 kg/nf) with that of healthy normal
weight subjects (51 men: age 2& 2.1 years, BMI 22.3 2.0 kg/nf; 104 women: age 294 9.1 years,
BMI 21.5 + 1.9 kg/nf) and to investigate the polymorphism’s influenceamthropometric, nutritional and
psychobehavioral parameters in overweight/obesergatboth at the baseline examination and at &raon
visit carried out 2.5 years later, regardless efghtient’s compliance with the weight reductioogpam.

No significant differences in the genotype disttibn were demonstrated between normal weight and
overweight/obese subjects. Male T allele non-cesriompared to T allele carriers had higher energy
(p=0.009), protein (p=0.018) and fat (p=0.002) ket and hunger score (p=0.015) at the beginning of
treatment. Male T allele non-carriers had a moverable response to weight management at the falipw

as they exhibited a significant reduction in waistumference, energy intake and depression scoreet

as a significant increase in dietary restraint. $ignificant differences between carriers and namniers
were demonstrated in women at the baseline exaimmeaBoth female T allele carriers and non-carriers
demonstrated similar significant changes in nainidi parameters and in restraint score at thevielip.

Nevertheless, only female non-carriers showedrafgignt decrease in the hunger score.
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Introduction

Neuromedin beta (NMB) is a member of the bombegm-lpeptide family, a subfamily of
ranatensins. These peptides are initially rele&sad the gastrointestinal tract in response to fomgstion
and bridge the gut and brain, through neurocrinansgto inhibit further food intake. Northern béotalysis
revealed twd\MB gene transcripts of 750-850 bases in human braingastrointestinal tissues with high
expression levels in the hypothalamus, stomacloncahd low levels in cerebellum, pancreas, adrearads
adipose tissue (Ohki-Hamazaki 2000). NMB was ideatiin the hypothalamus (Kraret al. 1988), where
afferent signals reflecting the nutritional stated aefferent pathways that control feeding behawod
energy expenditure are integrated (Oeffeteal. 2000). NMB exerts its effect by binding to NMB egtors,

a G-protein coupled receptor (Ohki-Hamazaki 2000).

As shown in Figure 1, humaxdMB is encoded by a 121-amino acid precursor congisifran N-
terminal hydrophobic signal sequence followed by gihhohormone NMB-32 and then a carboxy-terminal
extension peptide (Oeffnest al. 2000). The gene for this precursor is localized abmomosome 15
(15922.3-g23) and is comprised of three exons. Thresmosome region contains a gene for the Bardet-
Biedl syndrome (BBS) type 4 (Bruforet al. 1997). BBS is a rare disease described in the 4820s
(Biedl 1922) which is associated with severe olesmiid congenital abnormalities such as retinalrdgpsiy,
polydactyly, renal anomalies and hypogonadism itemaBBS is characterized by an autosomal recessive
mode of inheritance (Bealesal. 1997).

It has been shown that weight loss maintenancegrsfisantly influenced by psychobehavioral
factors such as eating behavior assessed by tivegEaventory and the level of depression evaluégthe
Beck Depression Inventory (Hainet al. 2005, Vogelset al. 2005). Eating Inventory evaluates three
factors: dietary restraint, dietary disinhibitiondahunger (Stunkard and Messick 1985). Dietaryaettis a
conscious behavior aimed at limiting food intakesiBhibition characterizes eating behavior of aspar
prone to non-compliance with a weight loss regina@d to overeating in response to stress, increaset

alcohol intake, anxiety, depression etc. Hungeresgoantifies perceived hunger. Different contrids of



hereditary components in determination of the factd the Eating Inventory have been demonstratede
Québec family study (Provencheral. 2003). The heritability of disinhibition and suptibility to hunger
was found to be 19 % and 32 %, respectively, wisetba heritability of cognitive restraint was not
statistically significant. Bouchardt al. (2004) found a significant association betweene thissense
polymorphism P73T (or C253A) in exon 2 of thMB and levels of disinhibition and susceptibility to
hunger, increased body weight, body mass index [BWHist circumference and fat mass. The primany ai
of our study was to compare the frequencelMB P73T polymorphisms in overweight and obese patient
with that of healthy normal weight subjects. Theas®l aim of our study was to investigate the influeeof
P73T polymorphism on selected anthropometric, tom@l and psychobehavioral parameters in
overweight/obese patients both at their baselisi¢ ta the Obesity Management Centre and at thevielip

visit carried out 2.5 years later regardless of giemnce with the weight reduction program.

Materials and methods
Subjects

The overweight and obese patients (37 men: age 506.7 years, BMI 41.% 7.8 kg/nf; 255
women: age 49.6 11.9 years, BMI 37.2 6.8 kg/nf) were examined in the Obesity Management Centre of
the Institute of Endocrinology in Prague and in tBbesity Management Unit of the Clinical Centre
ISCARE IVF in Prague. Frequency of the P73T polyphésm was compared with healthy normal weight
subjects without family history of morbid obesity diabetes type 2 (51 men: age 28.7.1 years, BMI
22.3+ 2.0 kg/nf; 104 women: age 294 9.1 years, BMI 21.% 1.9 kg/nf). Essential characteristics of the
overweight and obese patients are presented ire Tlabl

Our study was carried out over a 3-year perioce ¢omprehensive weight management program
included low energy diet (reccommended daily enedgficit cca 2.5 MJ), increased physical activity
(recommended 30 minutes of aerobic exercise pesdedy as walking, cycling etc.) and behavioraklijée

modification provided by a psychologist. All patisrunderwent a control examination 2.5 years dfer



baseline visit without regard to their adherenceh® weight reduction program or their attendance i
regular check-ups. Even the patients who droppédromn the study (in 39 % patients less than tivisis
per year were recorded) were able to participatieeatontrol visit.

Anthropometric parameters (body weight, heightjstvand hip circumferences) were measured
according to the WHO reccommendations (WHO Expern@ittee 1995). Body composition (fat mass %,
fat free mass %) was assessed using a bipedalanbahbioimpedance analyser — TANITA BC-418MA.

Daily energy and macronutrients (protein, carboatg] fat) intakes were evaluated from a one-week
dietary record which was performed at the baseding follow-up visits. A computerized version of the
Czech Nutrition File ,Vyziva“, which includes almo$8000 food items, was used for dietary intake
assessment.

A validated Czech version of the Eating Invent¢8tunkard and Messick 1985) was used to
measure dietary restraint, disinhibition and susb#gipy to hunger. This Three Factor Eating Questaire
was used in our previous studies involving obedeeipz (Haineret al. 2005) and in a quota sample of
Czech adults (Hainezt al. 2006). The depression score was measured by ttie Bepression Inventory
(Becket al. 1961).

The study was conducted in accordance with the dbaibn of Helsinki and was approved by the
Ethic Committee of the Institute of Endocrinologyl subjects signed informed consent before thelystu

initiation.

Genotyping

Genomic DNA was isolated from peripherial bloodKecytes using the QlAamp® DNA Blood Kit
(QIAGEN, Germany). Genomic DNA was amplified by yukrase chain reaction (PCR; T-Gradient
Cycler, Biometra, Germany). Reactions were perfarmea final volume of 12l. Primers were designed in
accordance with Oeffnest al. (2000). In order to find variants of the P73T pobrphism (PP, PT, TT) the

sequencing method was used (ALFExpress Il, Amerdhaarmacia Biotech, USA). For screening of P73T



polymorphism the Single Strand Conformation Polyphism (SSCP) method was employed, using control
genotypes in every run (ALFExpress I, AmershamrPiagia Biotech, USA). Allele determinations were
performed independently by two experienced perdoatailed procedures of the methods used are alaila

from the corresponding author.

Satistical analysis

Genotype frequencies were tested by theest. The differences between groups were evaluate
using the robust Mann-Whitney test, while the ddfeces between the beginning of the treatment laad t
control visit at the 2.5-year follow-up were assesby Wilcoxon’s paired robust test. The PC program

NCSS 2004, QC.Expert 2.7 and Microsoft Excel 20@renused for statistical analysis.

Results

Table 1 summarizes essential anthropometric,traral and psychobehavioral characteristics of the
overweight/obese subjects at the baseline andwallo visits. The cohort of men was made up of less
individuals, most likely due to the fact that Czenbn tend to not be as motivated as women to paate
in a long term life style modification program. fmen a significant reduction in waist circumfereneas
revealed at the follow-up visit. In both gendersaserved significant increase in dietary restrasure
could have contributed to a better control of epéngake. A minor but significant decrease in bedsight
and BMI in women at the follow-up visit might reftea significant decrease in energy and nutrietakies
as well as a decline in hunger and depression score

Table 2 shows the frequencies of genotypes (PPTP)in overweight and obese population and in
healthy normal weight persons. No significant d#feces in the frequencies of genotypes were
demonstrated between the two groups studie2(08, p=0.353).

Due to the low frequency of TT homozygotes, oveghtiand obese patients were divided into two

groups — T allele non-carriers (homozygotes PP) Brallele carriers (heterozygotes PT together with



homozygotes TT). Table 3. shows anthropometric¢clpslyehavioral and nutritional parameters before the
treatment and after the 2.5-year follow-up perio@verweight and obese men classified as T alligers

or non-carriersMale T allele non-carriers had higher energy intgke0.009), protein intake (p=0.018), fat
intake (p=0.002) and hunger score (p=0.015) ab#wgnning of treatment in comparison with male [€Elal
carriers. After the follow-up period, significanecteases in waist circumference (p=0.021), enar@ke
(p=0.038), carbohydrate intake (p=0.038), dietastraint (p=0.021) and score of depression (p=0.032
were observed in male T allele non-carriers. Chamgenergy and carbohydrate intakes over theviellp
period significantly differed between male T allelmrriers and non-carriers (p=0.043, p=0.034
respectively). T allele carriers increased andl@lainon-carriers decreased energy intake and bgdpate
consumption. Maximum weight loss observed at follqggvwas higher in T allele non-carriers than in T
allele carriers (median: 15.1 vs. 11.5 kg). Howetee difference in weight loss between the twougeo
was not statistically significant (p=0.365).

Table 4 shows anthropometric, psychobehavioralrartidtional parameters before the treatment and
after the 2.5-y follow-up period in overweight aoldese women who were classified as T-allele caroer
non-carriersAt the beginning of the treatment no significarffetences between carriers and non-carriers
were demonstrated in women. In neither men nor wonid P73T polymorphism affect the maximum
weight loss achieved (median: 9.9 vs. 10.0 kg, $34). Both female T allele carriers and non-casrier
exhibited significant decreases in energy, protearpbohydrate and fat intakes and increases imanest
scores. However, a decrease in BMI and body weigistrevealed in T allele carriers only. In conttast
allele carriers, female non-carriers significantlgcreased in the hunger score. Nevertheless, change
anthropometric, psychobehavioral and nutritionabpeeters at the follow-up were not significant éaher

female T allele carriers or non-carriers.



Discussion

NMB is a member of the bombesin-like peptides fgmihese peptides have many biological effects
that may be related to eating behaviors and ob@dychardet al. 2004). Monitoring P73T polymorphism
in NMB revealed many associations with dietary disinhobitisusceptibility to hunger and fat mass change
over time (Bouchardt al. 2004). Recent results from the Québec Family Statyfirmed a significant
contribution ofNMB polymorphism to the adiposity changes in aduljesttb with a wide range of adiposity
(BMI range from 17.5 to 55.6 kgAnwho were followed over a period of 6-10 years(8uardet al. 2007).

It was therefore considered possible thB could play a role in the regulation of eating babaand thus
might affect body weight.

Several gene polymorphisms have been implicatatiendetermination of weight loss and weight
loss maintenance (Hainerral. 2008). As weight loss maintenance remains an gaktrget in weight loss
strategies (Waddemt al. 2004), the aim of our study was to evaluate thé@uence of P73TNMB
polymorphism on anthropometric, nutritional and ghgybehavioral indexes in obese patients at baseling
examination and at a 2.5-year follow-up visit.

The frequency of P73T genotypes in our cohort natsdifferent between healthy normal weight
control group and overweight/obese subjects. Freguef T allele in overweight/obese patients and in
healthy control group was similar (28.8 % vs. 2%® This our finding confirms that of Oeffnet al.
(2000), who monitored obese German children anteadents, and also did not detect an associatitimeof
T allele to body weight. In their study frequenctdghis allele in severely obese (29.03 %) wenailar to
those observed in underweight subjects (26.60 %veder, they revealed a significant associatiowbéeh
the G401A polymorphism in thdMB gene and body weight (Oeffnetral. 2000). Boucharet al. (2004)
who studied a randomized sample of the Québec ptpnldid not find significant differences in P73T
genotypes with regard to body weight, BMI, waistemference, fat mass (kg), restraint score arake

of macronutrients. However, TT homozygotes exhdisggnificantly higher level of disinhibition and



hunger when compared to P allele carriers. TT hggmes gained significantly more fat over a 6-year
follow-up than PP homozygotes.

Our study demonstrated the influence of P73T polphism on anthropometric, nutritional and
psychobehavioral parameters, esp. in men. At tlignbmg of the treatment male T allele non-carriers
exhibited higher susceptibility to hunger (p=0.01&h)d higher dietary disinhibition (of borderline
significance p=0.06) compared to T allele carrietigher baseline energy (p=0.009), protein (p=0)Gi&i
fat (p=0.002) intakes in T allele non-carriers @bly reflected the higher hunger score. On therdihed,
Bouchardet al. (2004) found that TT homozygotes had significaighbr susceptibility to hunger than P
allele carriers. It should be taken into accouat Boucharcet al. (2004), in contrast to our study, evaluated
the items of the Eating Inventory in the whole abtlammprised of both genders while we conducted our
evaluation in men and women separately. This oyragth seems reasonable as significant gende
differences in the items of the Eating Inventorywéndeen demonstrated; restraint score being higher
women whereas disinhibition score and hunger scaresigher in men (Hainet al. 2006).However, if
we evaluated overall changes at follow-up periodmight support some of the conclusions of the stfdy
Bouchardet al. (2004). T allele carriers seem to be disadvantagedveral aspects against non-carriers. In
our cohort of obese males T allele non-carriersrtmatT allele carriers exhibited significant deces in
waist circumference and energy intake after thievelp period. Observed concomitant increase itadye
restraint score and decrease in depression scofeaifele non-carriers might contribute to reductiof
energy intake and abdominal obesity assessed bst wiatumference. The Québec Family Study, which
followed subjects over a 6-year period, demondréte highest increase of body weight, BMI, bodly fa
(expressed both as kg and %) and waist circumferencTT homozygotes when compared to other
genotypes. In agreement with the results of Bouthiaal. (2004) it could be presumed that carrying the T
allele is a disadvantage in terms of reductionbafcaninal obesity and energy intake, however oniyen.

In women, the baseline values for anthropometriasuees, energy and macronutrient intakes, items

of the Eating Inventory and Beck depression scadendt differ between the T allele carriers and non



carriers. No significant differences in the maximuweight loss nor in the changes of anthropometric
measures over follow-up period were shown betwberidamale T allele carriers and non-carriers. Harev

a decrease in body weight and BMI was significanly an females who were T allele carriers and a
decrease in hunger score achieved statisticalfiignce in female T allele non-carriers. Incongisiein

the results obtained in men and women might betdugender specific role of genes in the phenotypic
manifestation of genotype. Such a gender spedfe of genes as determinants of obesity developimast
recently been shown for perilipin gene (Qial. 2004) and for32- and 33-adrenergic receptor genes
(Ukkolaet al. 2000, Corellzet al. 2001).

Several differences in the character of the colettinicity, age, BMI) and design (duration of
follow-up) of our study and in that of Bouchaetdal. (2004) might explain different outcomes. We follalve
Czech overweight/obese subjects over 2.5-year ghenwbereas Boucham al. (2004) monitored a sample
of genetically homogenous Québec adults over 6sy&amr subjects were on average 6.5 years oldar tha
those in the Bouchard’s cohort (49.2 vs. 42.7 yg&suchardet al. 2004). It has been demonstrated that
the effects of genes which contribute to adipositgnges is stronger in the younger than in oldbjests
(Bouchardet al. 2007). The role of gender and age was confirmadvestigations into the influence of the
PPARGCI1A G482S polymorphism on the risk of obesity (Ridttéiset al. 2006).

Our pilot study demonstrated some gender spe@Bo@ations of P73T polymorphism NMB with
eating behavior and weight changes at 2.5-yeaoviellp. The results should be confirmed on largeigso

of men.
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Abbreviations

BBS Bardet-Biedl syndrome
BDI Beck Depression Inventory
BMI  body mass index

DNA deoxyribonucleic acid

El Eating Inventory

NMB neuromedin beta

WHO World Health Organization.
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Fig. 1. The structure of human neuromedin beta gene (CTEP — Carboxy-Terminal Extension Peptide)
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Table 2. The frequencies of genotypes in overweight/obese patients and in normal weight subjects

PP PT TT
overweight normal weight overweight normal weight overweight normal weight
and obese and obese and obese
n (%) n (%) n (%) n (%) n (%) n (%)
men 17 (45.9) 28 (54.9) 18 (48.6) 20 (39.2) 2 (5.4) 53]
women 128 (50.2) 59 (56.7) 108 (42.4) 36 (34.6) 19 (7.5) 9(8.7)
total 145 (49.7) 87 (56.1) 126 (43.2) 56 (36.1) 21(7.2) 12(7.7)

v*=2.08, p=0.353 (for total numbers)
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