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Null mutation in human ciliary neurotrophic factor
gene confers higher body mass index in males
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Ciliary neurotrophic factor (CNTF) administration reduces weight in leptin-resistant mice via the
signalling pathway normally activated by leptin. A G4A null mutation in the CNTF gene results in
complete absence of protein. We hypothesised that absence of CNTF could lead to diminished initiation
of anorectic pathways, with consequent increase in body mass. In 575 Caucasian men aged 59 – 73 years,
the A/A genotype (frequency 1.9%) was associated with a 10 kg increase in weight (P=0.03, 2 df) and
3 kg/m2 greater BMI (P=0.02, 2 df). There was no effect in women. The CNTF G4A null mutation
therefore confers a moderate effect on obesity in males of A/A genotype, who represent 1% of the
general population.
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Introduction
Ciliary neurotrophic factor (CNTF) belongs to the cyto-

kine group of peptides, which cause anorexia, weight

loss, and metabolic breakdown leading to cachexia. CNTF

promotes the differentiation and survival of a variety of

neuronal cell types such as sensory, sympathetic, ciliary

and motor neurons and protective effects have been

demonstrated in several animal models of neurodegenera-

tive diseases. It was originally evaluated in humans

suffering from motor neuron disease, but caused unex-

pected and substantial weight loss.1 Gloaguen et al2

showed that systemic administration of CNTF to obese

leptin deficient (ob/ob) mice and db/db mice with a

mutated leptin receptor induced a rapid reduction in food

intake and decrease in body weight, predominantly

through loss of adipose tissue. CNTF treatment also

reduced weight in leptin-resistant mice with diet-induced

obesity (DIO) that typifies the human condition. One

theory was that CNTF was working via a leptin-like

mechanism, as CNTF receptors are related to leptin recep-

tors and are similarly distributed within hypothalamic

nuclei.2 Ligand binding to both leptin- and CNTF-recep-

tors activates the JAK-STAT (Janus kinase signal

transducer and activator of transcription) pathway.

Lambert et al3 have recently shown that CNTF induces

STAT3 phosphorylation in the arcuate nuclei of leptin-

resistant obese mice, whereas leptin has no effect. As

the two ligands initiate a common signalling pathway,

failure of DIO mice to respond to leptin whilst retaining

ability to respond to CNTF suggests leptin resistance

reflects a failure of signal transduction at the leptin recep-

tor. Leptin reduces appetite via melanocortin and

neuropeptide Y (NPY) hypothalamic pathways, but so far

only diminished NPYergic signalling appears responsible

for the weight-reducing effect of CNTF.4Received 3 April 2002; revised 1 July 2002; accepted 10 July 2002

*Correspondence: SD O’Dell; Division of Human Genetics, University of

Southampton School of Medicine, Duthie Building (MP 808) Southamp-

ton General Hospital, Tremona Road, Southampton SO16 6YD;

Tel: +44 (0)23 8079 6425; Fax: +44 (0)23 8079 4264;

E-mail: S.D.O’Dell@soton.ac.uk
3Current address: Medical Genetics Unit, St George’s Hospital Medical

School, Cranmer Terrace, London SW17 ORE;

E-mail: s.o’dell@sghms.ac.uk

European Journal of Human Genetics (2002) 10, 749 – 752
ª 2002 Nature Publishing Group All rights reserved 1018 – 4813/02 $25.00

www.nature.com/ejhg



Our study has set out to investigate whether endogenous

CNTF has a potential role in human weight regulation. We

hypothesised that absence of CNTF could lead to dimin-

ished initiation of anorectic pathways, with consequent

increase in body mass. Takahashi et al5 first described a

CNTF gene variant ‘null’ mutation in humans, which, they

showed, results in total absence of protein in homozygotes

and approximately halved expression in heterozygotes. If

endogenous CNTF has a role in the control of feeding

and metabolism similar to leptin, absence of functional

protein could be associated with overweight. A previous

case control study by Münzberg et al6 of the CNTF G4A

null mutation in relation to obesity in 439 children and

adolescents, reported a higher A allele frequency in obese

(0.163) than in lean (0.148) individuals but this was not

statistically significant. We have now investigated the rela-

tionship between weight, height, body mass index (BMI),

waist, hip and waist/hip ratio (WHR) and CNTF G4A geno-

type in a much larger sample of older individuals.

Materials and methods
Subjects

The Hertfordshire cohort represents a sample of 965

healthy Caucasians (575 males and 390 females), born

and living in Hertfordshire UK, aged 59 – 73 years at clinic,

who are a subgroup of previously characterised subjects in

ongoing studies of common diseases of late onset.

DNA templates for ARMS PCR

Genotyping was performed on a diluted long PCR ampli-

cons of 3.1 kb, prepared from genomic DNA stocks.

Primers for the long PCR were as follows: forward

CNTFLONGF 5’-TCCCATTAGTAGAGAATGCCCAGTG-3’
and reverse: CNTFLONGR 5’-GAAAGCAAGGAAGAGA-

GAAGGGACT-3’(MWG Biotech, Milton Keynes, UK).

Amplification was in 96-well Omniplates (Hybaid, Tedding-

ton, UK), each 10 ml reaction containing 25 ng of DNA,

using a method essentially as described by Cheng et al.7

CNTF null mutation ARMS PCR and genotyping

The long PCR product was diluted 1 : 125 in water and 3 ml

were dried into microplates (GRI, Braintree, UK), prior to

addition of PCR mix. The ARMS primers, sited in intron

1, were as follows: G allele specific forward primer

CNTFFA1: 5’-AGATGTGGTGTTTTCCTGTATCCCCG-3’ and

A allele specific forward primer CNTFFA2: 5’-
AGATGTGGTGTTTTCCTGTATCCCCA-3’, where the itali-

cised base is a destabilising mismatch with antisense

target, and base in bold type is complementary to the anti-

sense of the specific allele. The common reverse primer,

sited in exon 2, was CNTFRC1 5’-GGTAAAATG-

CACCTGCTGGTCTTCTAAG-3’, giving an ARMS product of

214 bp. In the control PCR, CNTFLONGR served as the

reverse primer and the forward primer, sited in exon 2,

was CNTFFC2: 5’-GCCTTTGCATACCAGATAGAGGAGT-3’,

yielding a larger product of 284 bp. PCR amplification (1

cycle at 948C for 6 min; 17 cycles at 948C for 1 min, 608C
for 1 min, 728C for 1 min; 1 cycle at 728C for 10 min)

was in 96-well Omniplates, each 10 ml reaction containing

1.0 mM MgCl2, 50 mM KCl, 10 mM Tris pH 8.3, 0.01% gela-

tin, 200 mM each dNTP, 4.0 pmol each primer (MWG

Biotech) and 0.2 U of Taq polymerase (Gibco, Paisley, UK).

PCR product electrophoresis and genotype calling was as

previously described by O’Dell et al.8

Statistical analysis

Chi-squared test of Hardy – Weinberg equilibrium was

applied to genotype data. Univariate associations between

continuously distributed phenotype variables and genotype

was assessed by one-way analysis of variance. All statistical

analyses were carried out using STATA, release six. Results

are presented as means and standard deviations.

Results
Anthropometric characteristics and CNTF G4A genotype

frequencies for men and women in the Hertfordshire

cohort are given in Table 1. The null allele (A) frequency

was 0.16. The number of each of the CNTF G4A genotypes

in the total sample were as follows: G/G 680 (70.4%); G/A

267 (27.7%); A/A 18 (1.9%). Chi-squared test of Hardy –

Weinberg equilibrium applied to the genotype frequencies

in the total sample showed no significant deviation from

those expected (w2=1.980 P=0.159, 1 df). There was no

significant difference in CNTF G4A genotype frequency

distribution by gender, (Pearson chi-squared=0.707;

P=0.702). Table 2 shows tests of association between CNTF

G4A genotype and anthropometric variables in men. The

A/A genotype was associated with a 10 kg increase in mean

weight compared with G/G and G/A (P=0.03, 2 df) and a

3 kg/m2 increase in BMI (P=0.02, 2 df). The A/A genotype

was also weakly associated with increased waist and hip

circumferences, but the differences were not statistically

significant. There were no significant associations between

CNTF G4A genotype and adult anthropometry in women.

Table 1 Characteristics of subjects

Mean (sd) Men (n=575) Women (n=390)

Age (years) 66.24 (3.11)a 66.37 (2.79)
Weight (kg) 79.94 (11.96) 68.72 (11.60)
Height (m) 1.72 (0.064) 1.60 (0.059)
BMI (kg/m2) 26.97 (3.50) 26.94 (4.35)
Waist (cm) 98.62 (9.97)b 84.17 (9.92)
Hip (cm) 105.19 (7.43)a 105.87 (9.56)
Waist/hip ratio 0.936 (0.052)b 0.795 (0.050)

CNTF genotype
frequency (%)

GG 407 (70.8) 273 (70.0)
GA 159 (27.6) 108 (27.7)
AA 9 (1.6) 9 (2.3)

an=572, bn=574.
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Discussion
CNTF does not appear to play a physiological role in weight

control comparable with leptin, since four A/A individuals

lacking CNTF among 151 healthy individuals studied by

Takahashi et al5 and the eighteen A/A individuals reported

here were not obviously obese, whereas homozygous leptin

gene mutants with no functional leptin are grossly so.9

Systemic CNTF can readily penetrate the blood-brain

barrier10 and so could act like leptin, as a peripherally

produced satiety factor which activates receptors in the

hypothalamus. However CNTF seems to operate indepen-

dently of leptin at the receptor level, as CNTF induced

STAT3 phosphorylation in DIO mice, but leptin had no

effect.3 CNTF lacks a hydrophobic leader sequence11 and

is not released from synthesising cells by the conventional

secretory pathway. No attempts have been made to identify

CNTF in adipose tissue, where, in common with other cyto-

kines, it could exert an autocrine effect on lipogenesis.

Münzberg et al6 found no homozygous null individuals

among 176 lean juvenile controls and only seven among

263 obese cases. They concluded that variants in the CNTF

gene are unlikely to be associated with the development of

early-onset obesity, but this does not preclude an influence

on weight gain in later life. However as measurements of

weight or BMI were not made in either study, the impact

of CNTF absence on quantitative anthropometric variables

in healthy individuals was unknown. We found no signifi-

cant effect on BMI caused by a reduction in CNTF in

heterozygotes of 50%. Other factors may compensate for

the deficiency of CNTF; the cytokines have pleiotropic

actions based on common signal transduction pathways

in target cells. In a leptin-sensitive individual the impact

of CNTF would be expected to be minimal. However in

leptin-resistant individuals (resistance acquired in later life)

activation of the JAK/STAT pathway by CNTF could

compensate for failure by leptin, provided that its release

were linked to a rise in adiposity or some other indicator

of energy sufficiency. In our study, male homozygous CNTF

null mutants lacking CNTF are significantly heavier than

normal homozygotes or heterozygous mutants. Any defect

in CNTF signalling in leptin-resistant individuals could lead

to a diminished ability to activate the JAK/STAT pathway

and initiate anorectic effects. The absence of a significant

effect in women may be due to the lower number of

females studied than men or the effect may be reduced by

female sex hormones, conditions that are known to affect

gender-specific patterns of fat deposition. Further studies

are required to confirm the significance of this finding,

including replication of the association in a different

sample and location of a site of endogenous CNTF expres-

sion relevant to adipostasis.
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