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Abstract :

Anorexia Nervosa affects 0.3 % of young girls with a mortality of 6 % per decade and is
strongly familial with genetic factors. Ghrelin is an upstream regulator of the orexigenic
peptides NPY and AgRP and acts as a natural antagonist to leptin’s effects on NPY/AgRP-
expressing neurons, resulting in an increase in feeding and body weight. Obestatin which
counteracts ghrelin action on feeding is derived from the same propeptide than ghrelin.
BDNF has been involved in body weight regulation and its Val66Met polymorphism
associated with AN. We therefore re-investigated the association between AN and the
Leu72Met and GIn90Leu polymorphisms of the prepro-ghrelin/obestatin gene, the
Ala67Thr polymorphism of AgRP and the Val66Met polymorphism of BDNF taking into
account clinical subtypes (restrictive — ANR — and bingeing/purging — ANB — subtypes).
Family trios study of these 4 single nucleotide polymorphisms were performed in 114
probands with anorexia nervosa and both their parents recruited in two specialized French
centers. A transmission disequilibrium was observed for the Leu72Met SNP of the
preproghrelin gene and for the Ala67 Thr SNP of the AgRP gene. When stratified by clinical
subtype, these two polymorphisms were preferentially transmitted for the trios with a
bingeing/purging proband. An excess of transmission of the GIn90Leu72
preproghrelin/obestatin haplotype in patients with anorexia nervosa was observed. These
results do not provide evidence for a preferential transmission of the 66 Met allele of BDNF
but support the hypothesis that ghrelin and AGRP polymorphisms confers susceptibility to
AN. Further simultaneous analysis of genetic variants of the biological determinants of
energy metabolism and feeding behavior in very large populations should contribute to

the understanding of the high degree of heritability of eating disorders and to the



description of pathophysiological pattems leading to life-threatening conditions in a highly

redundant system.

Keywords : anorexia nervosa, ghrelin, AGRP, BDNF, trios analysis, genes
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Introduction

Anorexia nervosa (AN) is a chronic disease characterized by progressive cachexia in
individuals, mainly women, continuously obsessed with weight gain and engaging in
behaviours designed to perpetuate weight loss in spite of their obvious emaciation. The
prevalence has been reported to be 0.3% for young females with a peak age of onset
between 15 and 19 years old (Hoek and van Hoeken, 2003). Mortality is estimated to be 6
% per decade (Sullivan, 1995). The course of AN is often marked by crossover to bulimia
nervosa, mainly occurring within the first 5 years (Tozzi et al., 2005). Family and twin
studies have consistently demonstrated that AN is strongly familial and that the observed
familiality is due primarily to genetic factors (Gorwood et al., 2003). These findings led to
a great increase in molecular genetic studies (Klump and Gobrogge, 2005). Most studies
focused on the serotonin system, but other candidate genes have been studied, including
genes involved in the regulation of feeding and energy (e.g. neuropeptide Y, leptin,
agouti-related protein (AgRP) and Brain Derived Neurotrophic Factor (BDNF), (cf. Klump
and Gobrogge (2005)). The role of these genes in the etiology of AN is still hypothetic as
these studies have rarely been replicated.

Another candidate gene is the gene encoding for ghrelin, a strong orexigenic and
adipogenic peptide in mammals (Nakazato et al., 2001). Inhibiting ghrelin-receptor
expression in the hypothalamus of transgenic rats by expressing anti-sense ghrelin
receptor mRNA decreases food intake, and body fat mass (Shuto et al., 2002), suggesting
the importance of the hypothalamic ghrelin receptors in energy homeostasis. Ghrelin is an
upstream regulator of the orexigenic peptides NPY and AgRP and acts as a natural

antagonist to leptin’s effects on NPY/AgRP-expressing neurons, resulting in an increase in
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feeding and body weight (Zigman and Elmquist, 2003). Human ghrelin is a 28-amino acid
peptide, its gene is located on chromosome 3p25-26 and consists of four exons and three
introns (Wajnrajch et al., 2003). IV administration of ghrelin to healthy humans increases
subjective appetite and energy intake from a buffet lunch by 28 % (Wren et al., 2001).
Plasma ghrelin levels are highly elevated in patients with AN and return to normal after
weight gain (Otto et al., 2001; Tolle et al., 2003). It has been shown that the binge-
eating/purging subtype group had higher levels than the restricting subtype and still had
higher levels than the controls after weight gain (Tanaka et al., 2004). Moreover, carriers
of the Met72 allele of the preproghrelin/ghrelin gene may be protected against fat
accumulation and associated metabolic comorbidities in the general population and in
obese populations as well (Ukkola et al., 2002). Obestatin, a recently discovered peptide
derived from the same prepropeptide (Zhang et al., 2005), may explain the lack of
obvious phenotype in adult ghrelin -/- mice as obestatin exerts ghrelin-opposite
anorexigenic effects by decreasing food intake, gastric emptying, jejunal motility, and
weight gain. The GIn90Leu polymorphism of the preproghrelin gene is caused by a SNP
which lies in the region coding for obestatin. A recent study, performed on 529 trios
recruited from seven european countries indicated different genotype and allele frequency
distribution in this polymorphism according to the country (Cellini et al., 2006). We
therefore re-investigated the association between AN and the Leu72Met and GIn90Leu
polymorphisms of the prepro-ghrelin gene (Met72GHREL and LeuS00BE), taking into
account clinical subtypes (restrictive — ANR — and Bingeing/purging — ANB — subtypes).
Moreover, since ghrelin regulates AgRP orexigenic neurons and the Ala67 Thr
polymorphism of AgRP (Thr67AGRP) has been associated with AN (Vink et al., 2001), and

also since BDNF has been involved in body weight regulation and its Val66Met
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polymorphism (Met66BDNF) associated with AN (Ribases et al., 2003; Ribases et al.,
2004; Hashimoto et al., 2005; Ribases et al., 2005), these polymorphisms were analysed.

Methods

Subjects

114 probands with anorexia nervosa and both their parents were recruited in two French
Centers specialized in eating disorders (Centre Hospitalier Saint Anne (49 trios ) and
Hopital Robert Debré (65 trios)). All patients fulfilled DSM-IV (American Psychiatric
Association. and American Psychiatric Association. Task Force on DSM-1V., 1994) criteria
for anorexia nervosa, the diagnosis being based on the Diagnostic Interview for Genetic
Studies (Nurnberger et al., 1994). All probands were classified as restricting or binge-
eating/purging subtype. Diagnosis was blind to genotype. Clinical information included
age of onset (defined as the year the weight loss started), lifetime minimal Body Mass
Index (BMI), scores of the Eating Attitude-Test (Garner et al., 1982) (EAT-26), Eating
Disorder Inventory (Garner et al., 1983) (EDI), and Beck Depression Inventory (Beck and
Beamesderfer, 1974) (BDI), and age of first menses. Both parents accepted to participate
in the study. Written informed consent was obtained from both parents and patients
(probands). The study protocol was approved by the appropriate ethics committee

(CCPPRB Bichat).

Genotype detection

Germline DNA was extracted from peripheral blood collected after the interview. DNA was
isolated from leucocytes using standard salting out procedures (Miller et al., 1988).

AgRP Ala67Thr (G/A), BDNF Val66Met (G/A) — SNP ID : rs6265 -, prepro-Ghrelin

Leu72Met (C/A) — SNP ID : rs696217 - and prepro-Ghrelin GIn90Leu (A/T) - SNP ID :



rs4684677 - polymorphisms were assessed using the ABI Prism 7000 Sequence Detection
System (SDS) for multicolor real-time polymerase chain reaction (PCR) detection (Applied
Biosystems, Courtaboeuf, France).

The primers and probe used for AGRP were design using Primer Express® software
(Applied Biosystems, Courtaboeuf, France) and synthesized by Applied Biosystems using

the context sequence:

1duasnuew Joyine vH

ACCCTTGCTCACACTGACCTGGGAG[C/T] TCTGGGAGCAGGGCCTGGTCAGGCC.

The other SNPs detection were performed using TagMan® SNP Genotyping Assays.

For BDNF: (forward primer): 5'-GCTTGACATCATTGGCTGACA-3', (reverse primer): 5'-
GGTCCTCATCCAACAGCTCTT-3" and (probe): 5'-[ FAM]JCTTTCGAACACGTGATAG-3' and 5'

[VIC]JCTTTCGAACACATGATAG-3' (Applied Biosystems Assay ID : C__11592758_10).
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For prepro-Ghrelin:

Leu72Met : (forward primer): 5'-CGCTGCCACAGAAGCATAAAA, (reverse primer): 5-
CCCGGAAGATGGAGGTCAA-3" and (probe): 5'-[FAM]CCGGACTTCCAGTTC-3"' and 5'
[VIC]CCCGGACTTCCATTT-3' (Applied Biosystems Assay ID : C__3151003_20).

GIn90Leu : context sequence :
CAGGGCCTGGCTGTGCTGCTGGTAC[A/T]GAACCCCTGACAGCTTGATTCCAAC
(Applied Biosystems Assay ID : C__25607748_10).

The thermal cycling conditions used were 2 minutes hold at 50°C followed by a 10
minutes hold at 95°C and then 40 cycles of 95°C for 15 seconds and 60°C for one minute.
Repeatability of ABI Prism 7000 SDS genotyping was assessed by random reanalysis of a
sub sample of DNA samples. Depending on the cohort and on the gene PCR success rates

were: Sainte-Anne, AgRP: 97,3%, BDNF: 99,1 %, prepro-Ghrelin Leu72Met : 97,3%,
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prepro-Ghrelin GIn90Leu : 100%; Robert Debré, AgRP: 97,5%, BDNF: 99,1%, prepro-

Ghrelin Leu72Met : 98,3% prepro-Ghrelin GIn90Leu : 99%.

Statistical analysis

Polymorphisms were analysed using the transmission disequilibrium test (TDT, McNemar
x? test (Spielman et al., 1993)). TDT analyses were performed for each polymorphism
independently. P value assesses the significance of transmission distortion for specific
haplotypes. Data were stratified by anorexia subtype (AN-R & AN-BP) and Pearson’s x>
tests were carried out to investigate differences in allele frequencies according to center
and clinical subtype ; t-tests were used to compare the clinical characteristics of carriers
and noncarriers for each SNP. TDT was performed with an ad hoc EXCEL®© spreadsheet
(Microsoft France, Courtaboeuf, France) according to Spielman’s work (Spielman et al.,
1993), and p values < 0.05 were considered statistically significant. Linkage disequilibrium
were tested using the SNPAlyze software (v5.1, Dynacom co., Ltd., Kanagawa, Japan).
SYSTAT 11 © (Systat Software, Inc. Richmond CA, 2004) was used for all other statistical

tests.
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Results

Genotypes and allele frequencies of the four SNPs followed Hardy-Weinberg equilibrium.
Population heterogeneity among centers was excluded (p = 0.79 for prepro-ghrelin
GIn90Leu, p = 0.46 for prepro-ghrelin Leu72Met, p = 0.20 for BDNF Val66Met and p =
0.42 for AgRP Ala67Thr). GIn90Leu of the prepro-ghrelin gene is not in linkage
disequilibrium with the Leu72Met polymorphism located in the same gene (r2 = 4.184%-3,
6.582E-3, and 4.606%-3 for probands, fathers and mothers respectively).

A transmission disequilibrium was observed for the Met72GHREL SNP and for the
Thr67AgRP SNP (table 1). When stratified by clinical subtype, these polymorphisms were
preferentially transmitted for the trios with a bingeing/purging proband. Transmission of
preproghrelin haplotypes showed a transmission disequilibrium for the 90GIn72Met
haplotype (20 transmitted for 26 informative trios, x2 = 7.54, p = 0.006), preferentially
for the ANB subtype (12 transmitted for 14 informative trios, x2 = 7.14, p = 0.008). The
frequency of the Met72GHREL allele was doubled in the ANB group with respect to ANR
(OR = 2.26, IC 95 = 0.95 - 5.37) and the proportions were reversed for the Leu900OBE
allele (OR = 0.42, IC 95 = 0.08 — 2.17) (table 2). No homozygous carriers for the
Leu900BE nor Thr67AgRP genes were observed. When comparing the clinical
characteristics of the anorexic between carriers and noncarriers of each SNP (table 3),
carriers of the obestatin GIn90Leu polymorphism (heterozygotes plus homozygotes), had
a lower lifetime minimal BMI compared with the homozygotes for the wild allele (12.4 vs
13.6 for the wildtype, p = 0.025). An opposite difference was observed for Thr67AgRP
carriers (15.1 vs 13.2 for the wildtype, p = 0.024). Met72GHREL carriers and Met66BDNF

carriers were associated with opposite statistically significant differences in the age of
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onset compared to the wildtype carriers (13.8 y vs 15.4 y for the Leu72GHREL wildtype, p
= 0.047 and 16.0 y vs 14.5 y for the Vale6BDNF wildtype, p = 0.047). Clinical severity,
assessed by the EAT score, was higher in Met66BDNF carriers (32.6 vs 25.0 for the
wildtype, p = 0.025) and a lower sense of interpersonal distrust was associated with the
Thr67AgRP allele, compared to the wild type (3.0 vs 6.1 for the wildtype, p = 0.002).
Clinical subtypes (i.e. ANR vs ANB) were statistically different for almost all clinical
characteristics. Therefore, 2-way ANOVA were performed for each SNP (subtype vs allele
variant). Except for the Leu90OBE polymorphism, all differences remained statistically

significant (p = 0.34, 0.005, 0.027, 0.036, 0.010 and 0.006 respectively).

Discussion

This family-based analysis provides evidence for a preferential transmission of both the
Leu72Met variant of the prepro-ghrelin gene and the Ala67Thr polymorphism of the AGRP
gene, with, for the former, an excess of transmission of the GIn90Leu72 haplotype in
patients with anorexia nervosa. Two recent articles (Cellini et al., 2006; Monteleone et al.,
2006a) reported a lack of association of the Leu72Met variant of prepro-ghrelin with
anorexia nervosa or bulimia nervosa, but a comparison between clinical subtypes of
anorexia nervosa was not attempted in these two studies. We observed a preferential
transmission and association of the Met72GHREL allele with the binge/purgeing subtype
with a seemingly higher frequency of this allele compared to the restrictive subtype.
Ethnic and international variations in the ghrelin gene polymorphisms have been reported

(Ukkola et al., 2002; Cellini et al., 2006; Miyasaka et al., 2006) but the frequency of the
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Met72GHREL variant in our population is similar to the frequency observed in other
european populations of anorexia nervosa — 11 % of Met72GHREL allele compared to 6-
10 % in anorexia patients and 4-10 % in control subjects - (Cellini et al., 2006;
Monteleone et al., 2006a) and could not explain the differing results. Differences in the
respective numbers of ANB and ANR enrolled in the anorexia nervosa populations may
better explain this difference. At any rate, the functional significance of the Met72GHREL
mutation remains uncertain : it lies outside the region where the mature ghrelin product is
encoded (Kojima et al., 1999) but leucine at position 72 is highly conserved among the
different mammalian species investigated sofar (Kaiya et al., 2001) and may play a
significant role in posttranslational processing. Met72GHREL carriers in the general
population display the lowest BMI and the lowest fat mass ; with less visceral fat and a
lower fasting respiratory quotient, indicating a greater utilization of fat as an energy
substrate (Ukkola et al., 2002). The Leu72Met substitution is also associated with an
earlier age at onset of anorexia nervosa, as previously reported in obese subjects (Ukkola
et al., 2001; Korbonits et al., 2002; Miraglia del Giudice et al., 2004).

The Leu900BE variant was neither associated with anorexia nervosa nor with any
subtype. On the contrary, there was a tendency for the Leu900BE allele not to be
transmitted in the ANB subtype (p = 0.10). This SNP lies in the region coding for
obestatin, a recently discovered peptide derived from the same ghrelin gene but having
an opposite, anorexic, action(Zhang et al., 2005). Therefore, polymorphic variants of this
gene might influence eating behavior. We did not correct for multiple testing for the TDT
because we did consider each SNPs transmission as a separate hypothesis. This was
strengthened by the absence of linkage disequilibrium between the Leu900BE and the

Met72GHREL SNPs. Because we separately compared the clinical characteristics between
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carriers and noncarriers for each SNP, the probability of having more than one statistically
significant association is greater than the nominal 5% level. We eschewed methods to
adjust for multiple comparisons (e.g., the Bonferroni correction) since they assume
statistical independence among the comparisons and tend to be too conservative,
hindering exploratory findings which are biologically plausible (Perneger, 1998).
Confirmatory studies are then needed to confirm these exploratory findings about clinical
associations with SNPs (Bender and Lange, 1999). Thus, a lack of adequate statistical
power due to the low frequency of this allele and the limited sample size of our population
may explain our results, but other studies in obesity and eating disorders also failed to
find an association with this obestatin variant (Vivenza et al., 2004; Larsen et al., 2005;
Steinle et al., 2005; Cellini et al., 2006). Noticeably, the european study found an
association between the Leu900BE polymorphism and AN in the german population
whose control group showed a lower frequency of the GIn/Leu genotype compared to the
combined spanish and italian controls (1.2 % versus more than 7 % for the other groups,
(Cellini et al., 2006)). This low allele frequency in the control group was previously
reported in a german study showing an association between this polymorphism and
obesity but considered as a false positive association because a second control group of
underweight students had the same Leu900BE allele frequency (Hinney et al., 2002).
Nevertheless, this last group had a significantly higher allele frequency than the normal
weight control group and included some subjects with a clearly abnormal weight (mean
BMI : 18.3 +/- 1.2 Kg/m?). The possibility of a common genotype vulnerability to obesity
and AN remains to be explored.

The results of this study did not provide evidence for a preferential transmission of the

66Met allele of the BDNF. Case-control studies showed interpopulation variations ranging
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from no association with eating disorders in a german population (Friedel et al., 2005)
and in a dutch population (de Krom et al., 2005), association with different subtypes of
anorexia nervosa or bulimia nervosa in Spanish and Japanese samples (Ribases et al.,
2003; Koizumi et al., 2004), to association with both eating disorders in a joint analysis of
five European countries’ populations (Ribases et al., 2004). This last study included a
french population of 163 anorexics which showed an excess of Met66BDNF allele,
especially in the ANB group, compared to a group of 510 control subjects including 56
French controls. If our population (n = 114) was to be compared to this control group, no
association would have been observed. The frequency of healthy subjects carrying the
Met66BDNF allele seems to differ widely from one country to another, being higher in
japanese (41.1 %) than in Italians (29.7 %) or Americans (18.0 %) (Shimizu et al.,
2004), and a frequency of 15.2 % has been observed in a Spanish control group (Ribases
et al., 2003). Different methods have been proposed to correct for population
stratification (Devlin et al., 2001) but an important advantage of the TDT is that it is
largely protected from population stratification (Spielman et al., 1993). On the other side,
this method is much less cost-effective than a case-control design (Gorwood, 1999). Our
results are obviously limited by the relatively small number of family trios and a recent
european family study including 453 trios also reports the association between anorexia
nervosa and the Met66 allele (Ribases et al., 2005b). Several findings suggest that BDNF
and its high affinity receptor TrkB contribute to food intake and body weight control. In
rodents, genetic models with an altered BDNF/TrkB signalling display hyperphagia and
obesity and pharmacological treatments with BDNF induce reduction in food intake
(Hashimoto et al., 2005). Entire screening of the NTRK2 gene in eating disorder patients

has revealed a strong association between certain haplotypes and ANB but failed to
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support the participation of epistatic effects between BDNF and NTRK2 in the risk to
develop eating disorders (Ribases et al., 2005a). A recent study suggested that, while the
196G/A SNP of the human BDNF gene did not contribute to the genetic susceptibility to
bulimia nervosa and binge eating disorder in their population, it may predispose these
patients to a more severe binge eating behavior (Monteleone et al., 2006b). Implication of
the Val66Met substitution in the pathophysiology of eating disorders remains unclear but
this polymorphism has been shown to akter the intracellular trafficking and the regulated
secretion of the mature BDNF (Lu, 2003).

Our results for the Ala67Thr AGRP polymorphism are in line with the case-control study of
Vink et al. (Vink et al., 2001) which revealed an increased allele frequency in anorexia
nervosa (6 % compared to 2 % in the control group). In the general population,
homozygotous individuals for the Thr67AgRP variant allele, but not heterozygotous
subjects, were found to have a lower weight, BMI, fat mass and leptin levels when
compared to those carrying at least one Ala67AgRP allele (Marks et al., 2004). As AGRP is
an endogeneous antagonist of hypothalamic melanocortin-4 receptor (MC4R) and
stimulates feeding and weight gain, an alanine to threonine substitution at codon 67
might result in inadequate blockade of the MC4R with a consequently lower stimulation in
food intake (Vink et al., 2001). But functional analysis of this polymorphism did not
demonstrate a defect of Thr67AgRP related to MC4R interactions (de Rijke et al., 2005).
Interestingly, in whites, Thr67AgRP heterozygotous display a lower self-reported intake of
fats compared to Ala67Ala subjects (Loos et al., 2005). Anorexia nervosa is characterized
by food avoidance and patients express fat aversion rather than carbohydrates fears

(Drewnowski et al., 1988).
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The role of the mediobasal hypothalamus in food intake and energy regulation has
progressed with the discovery of many neuropeptides/lipids and their cognate receptors
(neuropeptide Y, AgRP, a-MSH, CART, endocannabinoids), neurotrophic factors (BDNF,
NT-3) and hormones (leptin, ghrelin, obestatin, PYY) which all impact on the
intrahypothalamic regulation of body weight/feeding behaviour (Zigman and Elmquist,
2003). Further simultaneous analysis of genetic variants of these biological determinants
of energy metabolism and feeding behavior in very large populations should contribute to
the explanation of the high degree of heritability of eating disorders and to the description
of pathophysiological patterns leading to life-threatening conditions in a highly redundant
system.
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TABLE 1 : Transmission disequilibrium test (TDT) for the SNPs in informative trios

ANR ANB All
SNPs Transmitted / Mc p Transmitted / Mc p Transmitted / Mc p

Nonfransmitted Nemar Nonfransmitted Nemar Nontransmitted Nemar

X2 X2 X2

GIn90Leu - Obestatin 517 0.33 056 2/7 2.78 009 7/14 233 0.13
Leu72Met - Ghrelin 8/4 1.33 025 13/2 8.07 0.005 21/6 8.33 0.004
Val66Met — BDNF 15/15 0 1 10/13 0.39 0.53 25/28 017 0.68
Ala67Thr- AGRP 6/3 1 032 6/1 3.57 0.059 1214 4 0.046




Table(s)

TABLE 2 : Allele frequency according to clinical subtype (Restrictive — ANR — vs Bulimic/purgeing — ANB —)

OBE GFR BDNF AGRP
-90GIn _-90Leu OR[95%C] -72Leu -72Met  OR [95%CI] -66Val -66Met  OR [95%Cl] -67Ala -67Thr OR [95%ClI]
ANRN (%) 114 6(5) 122 10(76) 102 30 22.7) 126 6 (4.5)
ANBn (%) 90 2(22) 042 81 15(156) 226 77 19(19.8) 084 89 7(7.3) 165
[0.08-2.22] [0.95-5.37] [0.43-1.62] [0.53-5.20]
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Table(s)

TABLE 3 : Phenotypic characteristics of probands associated with each SNP

OBE GHR BDNF AGRP

- + P - + p - + p - + p

(n=98)  (n=9) (n=91)  (n=23) (=70)  (n=44) (=101)  (n=13)

Nb of restrictive subtype 54 (55.1) 6 (75.0) ns 57 (626) 9 (39.1) ns 39. (57.7) 27.(614) ns 60 (594) 6.(46.2) ns
(%)

Age of Onset (SD) 153 (40) 139 (36) ns 154 (4.1) 138 (3.3) 0.047 145 (38) 16.0 40) 0.047 150 (35 157 (65) ns

Age at first menarches 129 (1.4) 124 (1.7) ns 128 (1.4) 131 (1.5) ns 127 (13) 132 (16) ns 129 (15) 124 (1.2) ns
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Minimum BM| 136 (2.1) 124 (1.3) 0025 135(22) 134 (15) ns 134 (22) 135(20) ns 132 (1.9) 151 (25) 0.024
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