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Abstract

We investigated whether an association exists between genetic variants of the hum an obesity (OB 
or leptin) gene and body mass index (BMI) or weight in subjects with Prader–Willi syndrome 

(PWS) and in age- and gender-matched lean and obese subjects without PWS. The study included 

51 subjects with PWS (mean age = 17.7 ± 9.5 years, BMI = 29.7 ± 8.3 kg/m2); 50 non-PWS obese 

subjects (mean age = 18.2 ± 10.8 years, BMI = 33.3 ± 9.5 kg/m2); and 53 non-PWS lean subjects 

(mean age = 17.8 ± 9.5 years, BMI = 19.5 ± 2.9 kg/m2). Allele sizes were determined via standard 

polymerase chain reaction of the D7S1875 locus, a dinucleotide repeat polymorphism close to the 

OB gene and classified as trichotomous (homozygous < 208 bp, heterozygous < 208/≥ 208 bp, 

homozygous ≥ 208 bp) or dichotomous (homozygous < 208 bp or not). Non-PWS males showed a 

marked decrease in weight with larger alleles while females did not (interaction effect, p < 0.05). 

Comparable effects were not observed among the PWS subjects. Associations between BMI and 

genotype were statistically significant (r = 0.22, one-tailed p < 0.05) and comparable to previous 

research among the non-PWS subjects < 1 8 years, but not the adults (r = 0.05, one-tailed p = 

0.38). Correlations were not statistically significant among either the adult or non-adult PWS 

subjects.
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Prader–Willi syndrome (PWS), generally sporadic in occurrence, is characterized by 

infantile hypotonia, hypogonadism, feeding difficulties in infancy but early onset of 

childhood obesity secondary to hyperphagia, mental deficiency, short stature, small hands 

and feet, and minor facial anomalies (1–6). A bout 70% of Prader–Willi syndrome patients 

have a paternally derived de novo interstitial DNA deletion of approximately 3–4 megabases 
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from the 15q11q13 chromosome region. In addition, about 25% have maternal disomy of 

chromosome 15 and the remaining percentage have biparental inheritance in norm al 

appearing chromosomes, submicroscopic deletions or genetic imprinting mutations (3, 7–

10).

PWS is the most common genetic cause of morbid obesity and obesity is the most 

significant health problem in affected individuals (2, 3, 11). Several factors contribute to 

obesity in PWS including hyperphagia, decreased physical activity, decreased metabolic rate 

and inability to vomit (3, 12). In addition, PWS individuals may have 40–50% body fat 

which is two to three times more than normal, and the fatness pattern appears to be sex 

reversed with males having more fat than females have (11, 13, 14). The heaviest deposition 

of subcutaneous fat in Prader–Willi syndrome individuals is in the trunk and limb regions 

(11).

Candidate genes that are imprinted with paternal specific expression have been localized 

within the PWS chromosome region. One of these is the SNRPN gene located adjacent to a 

putative imprinting center hypothesized to control the imprint switching during 

gametogenesis. Candidate genes have also been identified for obesity. One such gene is the 

leptin or OB gene localized on chromo-some 7 in humans and it produces a secreted protein, 

leptin, in adipose tissue (15). It plays a role in feeding behavior and metabolism (15, 16) by 

binding to its receptor, OB-R, in the brain (17). The levels of OB messenger RNA and leptin 

are increased in humans with obesity (18) with higher levels of OB messenger RNA reported 

in obese women than in obese men (19). Human obesity may be due to a reduced sensitivity 

of leptin to its receptor, and a secondary increase of plasma leptin levels or leptin may 

simply be a marker of the size of the adipose mass (20). Recently, we reported a significant 

positive correlation between leptin levels and body mass index (BMI) in subjects with PWS 

and with obesity (21).

To identify whether a causal relationship exists between leptin and obesity, Comings et al. 

(22) examined the genetic variants of the hum an OB gene and BMI. They studied the 

dinucleotide repeat polymorphism, D7S1875, which is located close to the OB gene on 

chromosome 7, in a group of adult non-Hispanic Caucasians. They found a significant 

correlation of D7S1875 allele size and BMI for males and females combined and in females 

alone, particularly in young adults, with a higher BMI in subjects with D7S1875 allele size 

less than 208 base pairs for both males and females. Their findings suggested that genetic 

variants of the OB gene (measurable by the D7S1875 locus) are causally involved in hum an 

obesity and possibly in behavior disorders (e.g. anxiety, depression) sometimes found in 

obese subjects. They concluded that their results were consistent with a polygenic 

inheritance of obesity with greater involvement of genetic factors, particularly in women and 

younger individuals.

Because of our interest in the role of genetic factors and obesity, particularly in subjects with 

PWS, we sought to examine the association between genetic variants of the hum an OB gene 

(D7S1875) and obesity in subjects with PWS and to compare with lean and obese 

comparison subjects without PWS.
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Subjects and methods

Subjects

This investigation was approved by the institutional review board of Vanderbilt University. 

We analyzed the D7S1875 locus, a dinucleotide repeat polymorphism close to the OB gene, 

in three groups of subjects (Table 1). The study included: a) 51 subjects with PWS (25 

females and 26 males, mean age ± standard deviation (SD) = 17.7 ± 9.5 years, range = 2–44 

years); b) 50 non-PWS obese subjects (27 females and 23 males, mean age = 18.2 ± 10.8 

years, range = 3–47 years); and c) 53 non-PWS lean subjects (27 females and 26 males, 

mean age = 17.8 ± 9.5 years, range = 2–42 years). Obesity was defined as BMI ≥ 27 for 

subjects older than or equal to 15 years of age and ≥ 23 for ages 10–14 years. The threshold 

for obesity classification for children less than 10 years of age was calculated as BMI being 

equivalent to age in years plus 13 for males, and age in years plus 14 for females (23). The 

proportion of children (i.e. subjects < 18 years of age) was highly comparable in the three 

subject groups: a) 52% of females and 50% of males were < 18 years of age in the PWS 

group; b) 56 and 52% in the obese comparison group; and c) 59 and 58% in the lean 

comparison group.

Twenty-nine subjects with PWS had the 15q11q13 deletion identified by high resolution 

chromosome analysis and/or fluorescence in situ hybridization (FISH) using 15q11ql3 

probes (e.g. SNRPN). Fourteen PWS subjects had uniparental maternal disomy of 

chromosome 15 (both 15s from the mother) determined by polymerase chain reaction (PCR) 

using DNA microsatellites from chromosome 15q following protocols described by Butler et 

al. (24). Two subjects with PWS were determined to have imprinting mutations by DNA 

methylation analysis but with no recognizable chromosome 15 deletion or uniparental 

disomy. One individual with PWS was found to have a translocation involving chromosome 

15 [i.e. t(13; 15)] and 5 patients were classified only as non-deletion PWS subjects (parental 

DNA was not available). All subjects in our study were unrelated Caucasians without 

significant health problems. Height and weight were obtained on all subjects and BMI was 

calculated (weight in kilograms divided by the height in meters squared). PWS subjects 

judged to be non-obese were on diet restriction and engaged in exercise programs and were 

not treated with hormone therapy (e.g. growth, testosterone or estrogen), and/or were young 

individuals before the onset of childhood obesity.

Molecular analysis

We used the D7S1875, a polymorphic dinucleotide repeat, close to the OB gene on 

chromosome 7 in this study (22). The heterozygosity index for D7S1875 is 80%. The 

primers for this locus were purchased from Research Genetics (Huntsville, AL). The 

forward primer was end-labeled with gamma 32P-ATP (Amersham Cooperation, Arlington 

Heights, IL).

Briefly, genomic DNA was used with PCR for 25 cycles beginning for 1 minute at 94°C, 2 

minutes at 57°C, and 10 minutes at 72°C following protocols described previously (24). The 

PCR products were run on a 6% polyacrylamide gel and then exposed to an X-ray film. The 

fragment size was determined by comparison with a DNA sequence of PUC18 of known 
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size from Gibco BRL (Gaithersburg, MD) and allele size recorded for each subject. The 

PCR fragment sizes were classified according to Comings et al. (22) as: a) both alleles < 208 

bp; b) one allele < 208 bp and one ≥ 208 bp; or c) both alleles ≥ 208 bp.

Statistical methods

Statistical analyses were conducted on the basis of trichotomous and dichotomous, 

genotype-based classifications: a) homozygous < 208/< 208 bp, heterozygous ≥ 208/< 208 

bp, homozygous ≥ 208/≥ 208 bp; and b) homozygous < 208/< 208 bp, ≥ 208/≥ 208 bp. 

These classification strategies address different perspectives on the potential effect of the 

smaller allele on obesity: a) whether an increasing presence of the smaller allele (i.e. 0, 1 or 

2 alleles < 208 bp) exerts an effect; and b) whether the presence of the homozygous 

condition (< 208/< 208 bp) exerts an effect.

Summary statistics (e.g. frequencies, means, standard deviations) were calculated. Tests of 

between-group differences were conducted via one-way and factorial analysis of variance 

(ANOVA), via non-parametic methods and Pearson and point-biserial correlations were 

calculated as appropriate. Directional hypotheses were tested when warranted on the basis of 

previous research.

Results

General characteristics of the three subject groups are presented in Table 1. The average 

BMIs (± SD) were 19.5 ± 2.9, 33.3 ± 9.5, and 29.7 ± 8.3 for the lean, obese and Prader–

Willi subjects, respectively. There was no statistically significant difference in BMI between 

the PWS and obese comparison subjects; the expected difference was observed between the 

lean subjects and both the PWS and obese comparison subjects (p < 0.01).

A histogram representing the distribution of the D7S1875 alleles in the three subject groups 

(PWS, non-PWS obese, and non-PWS lean) is shown in Fig. 1. The allele size ranged from 

195 to 223 bp. The distribution of allele sizes in each of the three subject groups suggested a 

bimodal pattern. Non-parametric statistical analyses (the median test) of the distributions of 

alleles by size (i.e. numbers of base pairs) evaluated whether groups (PWS, obese 

comparison, lean comparison) differed in terms of distribution location and shape. The lean 

comparison group exhibited a significantly different distribution than did the obese 

comparison group (p = 0.05) with the preponderance of lean subjects’ alleles being greater 

than the median and a preponderance of obese subjects’ alleles being less than or equal to 

the median. The alleles of the 50 obese comparison subjects included 63 which were smaller 

than 208 bp and 37 which were larger than 208 bp. The alleles of the 53 lean comparison 

subjects included 60 which were smaller than 208 bp and 46 which were larger than 208 bp. 

No difference in allele size distribution was found among the obese versus lean PWS 

subjects (p = 0.85). These observations provide further evidence that the obesity associated 

with PWS was not influenced by the size of the D7S1875 allele. The allele distribution was 

similar to that reported by Comings et al. (22) in their 211 adult, non-Hispanic Caucasian 

subjects (98 males and 113 females) with an average of 54 years and an age range of 29–75 

years. The most frequent allele size reported by Comings et al. (22) was 199 bp, which was 

also true for our three groups of subjects. There was no difference in the number of 
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individual D7S1875 alleles (< 2 0 8 or > 208 bp) between the males and females within each 

of our three subject groups (Table 1). In addition, no significant differences were observed in 

the number of alleles in the PWS subgroups (i.e. deletion or maternal disomy).

Fig. 2 depicts BMI and weight for the PWS and (combined) comparison subjects and the 

comparison with D7S1875 allele sizes. Body weights and BMIs (mean ± SD) of the 

(combined) lean and obese comparison subjects by allele size genotypes were: a) < 208/< 

208 bp, n = 33, weight = 74.6 ± 36.0 kg, BMI = 28.5 ± 11.6 kg/m2; b) < 208/≥ 208 bp, n = 

57, weight = 61.9 ± 31.1 kg, BMI = 25.1 ± 8.0 kg/m2; and c) ≥ 208/≥ 208, n = 13, weight = 

60.9 ± 37.7 kg, BMI = 25.1 + 11.5 kg/m2. Comparable data for the PWS subjects were: a) < 

208/< 208 bp, n = 17, weight = 55.5 ± 29.1 kg, BMI = 29.1 ± 7.0 kg/m2; (b) < 208/≥ 208 bp, 

n = 22, weight = 64.8 ± 26.4 kg, BMI = 30.1 ± 9.7 kg/m2; and c) ≥ 208/≥ 208, n = 12, 

weight = 63.1 ± 26.5 kg, BMI = 29.8 ± 7.7 kg/m2. When allele sizes were classified as a 

dichotomy (homozygous < 208/< 208 or not), an association between homozygosity for the 

smaller D7S1875 allele size and body size (BMI, one-tailed p = 0.05; weight, one-tailed p < 

0.05) was demonstrated among the (combined) lean and obese comparison subjects. This 

association was not observed among the PWS subjects.

The lean and obese comparison subjects and PWS subjects are distinguished in Fig. 3. In 

comparison to the non-PWS obese subjects, a progressive but not statistically significant 

decrease in BMI and weight is suggested among the non-PWS lean subjects across the three 

genotypes. Among the lean comparison subjects BMI averaged 20.4 kg/m2 for the < 208/< 

208 bp homozygotes, 19.4 kg/m2 for the heterozygotes, and 18.3 kg/m2 for the 208/208 bp 

homozygotes; among the obese comparison subjects BMI averaged 35.2, 29.4, and 36.0 

kg/m2, respectively. Among lean subjects without PWS, weight averaged 58.0 kg for the < 

208/< 208 bp homozygotes, 47.4 kg for the heterozygotes, and 42.4 kg for the ≥ 208/≥ 208 

bp homozygotes; among the obese comparison subjects weight averaged 88.5, 78.0, and 

90.4 kg, respectively. When the genotypes are classified as dichotomies (homozygous < 

208/< 208 bp or not) and data are analyzed via directional t tests, the trend is further 

suggested for BMI (p = 0.08) and the effect is significant for weight (p < 0.01) among the 

non-PWS lean subjects. A comparable trend was not observed among the age- and gender-

matched obese comparison subjects.

Fig. 4 depicts BMI and weight by gender and genotype among the (combined) lean and 

obese comparison subjects and the PWS subjects. When genotype is classified as a 

trichotomy and data analyzed via two-way ANOVA, an interaction effect between genotype 

and gender is suggested among the comparison subjects (F = 2.95, p = 0.06). The trend 

among males was that of a reduction in BMI with decreasing presence of the smaller allele. 

BMI averaged 32.0, 24.6, and 19.5 kg/m2 for the homozygous < 208/< 208 bp, 

heterozygous, and homozygous ≥ 208/≥ 208 bp conditions, respectively. Female comparison 

subjects exhibited stability across the three respective genotypes (average BMI = 26.2, 25.8, 

and 28.6 kg/m2, respectively). When the genotypes are classified as a dichotomy 

(homozygous < 208/< 208 bp or not) the interaction effect of gender and genotype on BMI 

is statistically significant (F = 4.17, p < 0.05). Comparable analyses for weight demonstrated 

a statistically significant gender by genotype interaction effect when the genotype is 

classified as a trichotomy (F = 3.5, p < 0.05) and a similar trend (F = 3.3, p = 0.07) when 
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genotype is dichotomized. No such interaction effects of gender by genotype were observed 

for either BMI or weight among the PWS subjects under either genotypic classification.

In keeping with previous research (22), data were analyzed via a correlational model to 

examine the potential association between adiposity (BMI) and genotype as a function of 

age group (with our age groups being defined as < 1 8 years or ≥ 1 8 years). Separate age 

group-specific analyses were conducted among the (combined) lean and obese comparison 

subjects and those with PWS. When genotype is expressed as a trichotomy, correlation 

coefficients express the association between BMI and the number of small alleles possessed 

(i.e. 0, 1, or 2 alleles < 208 bp). When the approach of Comings et al. (22) is employed, the 

association between BMI and genotype is expressed as point-biserial coefficients (i.e. 

genotype is dichotomized as homozygous < 208/< 208 bp or not). While the correlation 

coefficients are low (r = 0.22) when statistically significant, they are comparable to those 

observed by Comings et al. (22) among their younger subjects. The data in Table 2 

demonstrate an association between genotype and adiposity among subjects without PWS 

who are less than 18 years of age, but not among those who are greater than 18 years of age. 

No association between adiposity and genotype was evident among subjects with PWS in 

either age group. These data may be interpreted as evidence that among subjects less than 18 

years of age who do not have PWS, approximately 5% of the variance in adiposity is 

associated with genetic variation in the hum an OB gene. Obesity among non-PWS adults 

and among PWS subjects of all ages is not similarly associated with OB gene variants.

Discussion

Our data compare favorably with the obesity and D7S1875 allele size data reported by 

Comings et al. (22). They reported a significant association with weight and allele size with 

a progressive decrease across the three D7S1875 genotype groups (< 208 homozygotes, 

heterozygotes and ≥ 208 homozygotes) for the whole group of male and female non-

Hispanic Caucasian adults. However, we found a stronger association between both BMI 

and weight and allele size among males without PWS than among females without PWS. 

Males showed a statistically significant, progressive decrease in BMI and weight across the 

three genotypes. This finding was not observed among PWS males or females. As reported 

by Comings et al. (22), we also found that the younger non-PWS subjects showed more of 

an effect of D7S1875 allele size on adiposity than did the adults. The proportion of 

covariance (r2) between D7S1875 allele size and BMI observed among younger non-PWS 

subjects in our investigation (5%) is in keeping with the 3–6 % reported by Comings et al. 

(22) among subjects aged 16–20 years and 26–30 years. As they reported (in subjects ages 

16–70 years) and from adoption studies, genetic factors are more likely to be involved in 

obesity in the young than in older subjects. The incidence of obesity increases for a larger 

percentage of the aging population where acquired factors such as a sedentary life style may 

become more important.

Although our data demonstrate and Comings et al. (22) reported an association with genetic 

variants (D7S1875) of the leptin or OB gene and obesity, previous studies have generally 

failed to identify any mutations of the hum an OB gene in obese subjects (25). However, 

evidence suggests that mutations involved in polygenic disorders may be outside of gene 
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exons and that polymorphic nucleotide repeats could play a role in regulating expression of 

genes which are close by (22, 26–28). This assumption led Comings et al. (22) to test for 

associations between alleles of dinucleotide repeats in the vicinity of the human leptin or OB 
gene and variables relating to weight, eating and other behaviors. Our study followed up on 

this assumption. In addition, they reported that the OB gene had a primary effect on 

psychiatric symptoms and may play a direct causal role in depression and anxiety associated 

with obesity.

In summary, our data support an earlier observation of genetic variants of the leptin or OB 
gene detectable by the D7S1875 locus and an association with weight or BMI and allele size 

with a progressive decrease of BMI or weight with increasing allele size in subjects without 

PWS. This investigation demonstrates that no such association is present among subjects 

with PWS, the most common genetic form of morbid obesity in man. Although subjects 

with PWS have a recognized chromosome 15 abnormality which is associated with severe 

obesity, our study demonstrates that variation in D7S1875 allele size of the OB gene on 

chromosome 7 does not exert a detectable effect on obesity in these subjects.
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Fig. 1. 
The distribution of D7S1875 allele sizes among PWS, lean, and obese subjects.

Butler et al. Page 9

Clin Genet. Author manuscript; available in PMC 2019 September 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ex. 2044-009



Fig. 2. 
Average BMI across D7S1875 allele groups among PWS and control (lean and obese) 

subjects (top panel). Average weight across D7S1875 allele groups among PWS and control 

(lean and obese) subjects (bottom panel).
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Fig. 3. 
Average BMI across D7S1875 allele groups among PWS, lean, and obese control subjects 

(top panel). Average weight across D7S1875 allele groups among PWS, lean, and obese 

control subjects (bottom panel).
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Fig. 4. 
Average BMI across D7S1875 allele groups among PWS and control subjects by gender 

(top panel). Average weight across D7S1875 allele groups among PWS and control subjects 

by gender (bottom panel).
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