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Abstract

Plasma gamma-aminobutyric acid (GABA) levels were measured in 14 subjects with Prader-Willi 

syndrome, 9 subjects with Angelman syndrome, and matched control subjects. Mean levels in both 

patient groups were 2 to 3 times higher than in nonretarded moderately obese or retarded nonobese 

control subjects. Levels in each patient group differed significantly from both control groups. 

Neither the two patient groups nor the two control groups differed. GABA levels seemed unrelated 

to genetic status (chromosome 15 deletion or disomy). These preliminary findings of elevated 

plasma GABA levels possibly represent a compensatory increase in presynaptic GABA release in 

response to hyposensitivity of a subset of GABA receptors and could produce increased 

postsynaptic activation of other normal GABA receptor subtypes, resulting in complex alterations 

of GABAergic function throughout the brain.

Prader-Willi syndrome (PWS) was first identified by Prader et al.,1 and subsequently more 

than 700 subjects have been reported.2,3 PWS is characterized by infantile hypotonia, 

obesity in early childhood, mental deficiency, small hands and feet, hypogonadism, and 

characteristic minor abnormalities.2,4,5 A chromosomal deletion (15q11q13) of paternal 

origin is found in 60% of PWS subjects. Ten to 15 percent of PWS patients have 

submicroscopic deletions, and 20% to 25% have maternal uniparental chromosome 15 

disomy (that is, both members of the chromosome pair 15 come from the mother).2,3,5–7 In 

addition, 5% to 10% of subjects exhibiting PWS characteristics have biparental inheritance 

of normal-appearing chromosome 15’s,6 although the clinically typical PWS patient has 

either a deletion or maternal disomy of chromosome 15.8 A similar deletion on chromosome 

15 (15q11q13) of maternal origin produces an entirely different clinical condition, 

Angelman syndrome (AS), which is characterized by severe mental retardation, absent 

speech, brachycephaly, ataxic gait, large mouth, and bouts of inappropriate laughter. The 

15q11q13 deletion of maternal origin is observed in 70% of AS patients.3,7,9–11 Paternal 

uniparental disomy of chromosome 15 is seen in 2% to 3% of AS patients, and normal-

appearing chromosomes are seen in the remaining AS patients. PWS and AS represent the 

first examples of genetic imprinting in humans; that is, the differential expression of genetic 
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material from the mother versus the father.12 Recurrence of PWS rarely occurs in families, 

but 20% of AS families have more than one affected family member.

Although considerable effort has been devoted to a further understanding of the precise 

genetic deficits that underlie these syndromes, comparatively little is known about 

genetically induced alterations in neurochemical and physiological function involved in 

mediating the various signs and symptoms of these disorders. A large number of gamma-

aminobutyric acid (GABA) receptor subunit genes have been identified,13,14 and various 

combinations of these subunits constitute the functional GABA-A receptor. However, the 

precise subunit composition and stoichiometry of GABA-A receptors in vivo and the 

relationship of these different constructs to function is not well understood. Similarly, 

although the GABA-B receptor has been isolated, the primary structure and functional 

significance of the GABA-B receptor in brain remains to be clarified.14 Wagstaff et al.15 first 

reported that the GABA-A beta 3 receptor subunit gene was located on the proximal long 

arm of chromosome 15. Since then, the alpha 5 and gamma 3 GABA receptor subunit genes 

have also been localized to the 15q11q13 region.16 These GABA receptor genes are usually 

deleted in PWS and AS patients, the observed chromosome deletion being identified by 

cytogenetic or karyotypic analysis. Thus, alterations in GABAergic function resulting from 

deletions or imprinting of these genes, or other as yet unidentified GABAergic receptor 

subunit genes localized on chromosome 15, may be involved in aspects of PWS and/or AS.
3,15,17

There is substantial evidence supporting a relationship between plasma GABA levels and 

CNS GABAergic function. Cerebrospinal fluid (CSF) GABA originates in the brain, it is 

indicative of central GABAergic function,18 and a significant positive correlation exists 

between CSF and plasma GABA levels in normal humans.19 Pharmacological manipulations 

of GABA levels in the brain result in similar alterations in plasma GABA levels,20–23 

whereas significant elevations of plasma GABA in fulminating hepatic failure in humans24 

or portocaval shunting in rats25 failed to alter brain GABA levels. In more recent studies, 

both Rundfeldt and Loscher26 and Petty et al.27 concluded that plasma GABA levels could 

be used as a peripheral marker for central GABAergic function. To test whether central 

GABAergic function is altered, plasma GABA levels were measured in PWS and/or AS 

patients and in control subjects of similar age, weight, and cognitive ability.

METHODS

Plasma GABA Analysis

Peripheral blood was collected in ethylenediamine-tetraacetic acid (EDTA) tubes from each 

subject in the course of routine clinic visits to the Vanderbilt University Medical Center. The 

plasma was separated by centrifugation and stored at −70°C until analysis. Plasma GABA 

levels were measured by a modification of the high-performance liquid chromatography-

electrochemical method previously reported by Donzanti and Yamamoto28 using the ESA 

Coulometric Electrode Array System (ESA Inc., Chelmsford, MI). Briefly, a 200–400 μl 

aliquot of plasma was mixed with an equal volume of 0.4 mol perchloric acid and 

centrifuged to remove precipitated proteins. The supernatant was then filtered by 

centrifugation through a Microcon-10 filter (Amicon Inc., Beverly, MA) to remove 
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remaining high-molecular-weight compounds. The orthophthalaldehyde (OPT) derivative of 

GABA was prepared immediately prior to sample injection by the autoinjector, using OPT 

and thioethanol reagents as described by Donzanti and Yamamoto.28 Quantitation was 

accomplished by comparing the peak heights obtained from similar analysis of authentic 

GABA to the peak heights obtained from the filtered plasma. The system was calibrated 

with the GABA standard at the beginning of the analysis and after each five plasma samples.

Subjects

Fourteen PWS subjects (8 females and 6 males, age range 2–21 years) and 9 AS subjects (2 

females and 7 males, age range 2–17 years) were studied. Diagnostic criteria for PWS 

included neonatal hypotonia, early childhood onset of obesity, hypogonadism, mental 

deficiency, and small hands and feet. AS diagnostic criteria included mental retardation, 

seizures, ataxia, inappropriate laughter, and a particular facial appearance.2,3,5 Informed 

consent was obtained from all subjects (or in the case of children, from the parent or legal 

guardian) by use of a consent form containing a complete description of the procedure that 

had been approved by the institutional internal review board. Six PWS and 4 AS subjects 

showed the 15q11q13 deletion with high-resolution chromosome analysis. The deletion was 

confirmed with quantitative Southern hybridization of proximal 15q DNA probes (for 

example, 3–21, 34,189–1, 1 IR-39, 43R, and/or IR-10) by using H2-26 or H2-42 as internal 

control probes or polymerase chain reaction (PCR) amplification of short-tandem DNA 

repeats from 15q11q13 (for example, D15S128, D15S122, D15S210, D15S113, GABRB3, 

GABRA5, D15S11, D15S541, D15S542, and/or MN-1) following established protocols.
6,12,29–33 The remaining PWS patients showed either maternal uniparental disomy 15 (5 

patients) or normal chromosome 15’s with no evidence of submicroscopic deletions and 

biparental inheritance (3 patients). The remaining 5 AS patients showed normal 

chromosome 15’s with no evidence of submicroscopic deletions and biparental inheritance. 

Seven non-mentally retarded moderately obese control subjects (5 males and 2 females, age 

range 2–20 years) were studied for comparison with the PWS and AS patients. In addition, 5 

subjects without obesity, but with mental retardation (4 males and 1 female, age range 3–17 

years) were also studied. Obesity, a cardinal feature in PWS subjects, was present in most 

PWS patients in this study with the exception of younger subjects (females ages 2, 3, and 6 

years old) and 1 diet-controlled 16-year-old female. The range of percentage of ideal body 

weight (expressed as [subject’s weight divided by average weight expected for age and sex] 

multiplied by 100) was 90% to 380% for the PWS patients and 100% to 210% for the non–

mentally retarded moderately obese control subjects. Relevant clinical and genetic data for 

all subjects are given in Table 1.

RESULTS

The individual plasma GABA values obtained from the PWS, AS, and control subjects are 

presented in Figure 1. The mean plasma GABA levels in both PWS and AS subjects are 

approximately 2 to 3 times higher than in the obese and mentally retarded control groups, 

and some PWS and AS subjects had GABA values in excess of fourfold higher than the 

mean seen in the control subjects. Significant differences were found in plasma GABA 

levels between PWS and non–mentally retarded moderately obese subjects (Mann-Whitney 
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U-test, P < 0.001), PWS and mentally retarded nonobese individuals (Mann-Whitney U-test; 

P = 0.018), AS and mentally retarded nonobese subjects (Mann-Whitney U-test; P < 0.001), 

and AS and nonretarded obese subjects (Mann-Whitney U-test; P < 0.001). However, plasma 

GABA levels did not differ significantly when comparing PWS and AS subjects 

(independent t-test; P = 0.26) or between the mentally retarded nonobese and nonretarded 

moderately obese control subjects (independent t-test; P = 0.11). The plasma GABA levels 

in these latter groups, which serve as our controls, are in the range of plasma GABA levels 

reported in normative human controls (100–130 pmol/ml) by other investigators.19,34

There was no obvious relationship between GABA levels and the genetic status (deletion, 

disomy) of the patients; no such relationship would be expected if one or more GABA 

receptor subunit genes were deleted in the 15q deletion patients or imprinted or functionally 

inactivated in disomy chromosome 15 patients.

DISCUSSION

If one or more GABA receptor subunit genes are not being expressed in the brain of PWS 

and AS subjects because of genetic alterations, it is likely that the functional status of one or 

more subsets of postsynaptic GABA receptors will be altered. A decrease in the ability of 

these altered receptors to bind to GABA and/or to initiate the normal postsynaptic signal 

might result in a homeostatic feedback-induced increase in presynaptic GABA release to 

overcome postsynaptic subsensitivity and thus might result in the elevated GABA levels. 

However, it is unlikely that all of the multiple GABA receptor subtypes in the CNS would be 

adversely affected by the absence of one or two receptor subunit genes. The elevated GABA 

release in response to a subset of hyposensitive GABA receptors could result in increased 

postsynaptic activation of normal GABA receptor subtypes. This would produce a complex 

mosaic of altered function at GABAergic receptors throughout the brain, with equally 

complex physiological and behavioral consequences. Ninety-nine percent of the total GABA 

and 95% of its synthesizing enzyme, glutamic acid decarboxylase, occur in the brain and 

spinal cord.35 GABA is the primary inhibitory transmitter in the CNS, it is present in 

virtually every brain region, and it is active at approximately 20% to 40% of brain synapses.
36 GABA is known to be involved in the regulation of a wide variety of behaviors, including 

regulation of eating and satiety, aggressive behavior, motor function, and seizures. The 

distribution of GABA receptors and the physiological and behavioral systems thought to 

involve GABAergic mechanisms have been reviewed by Matsumoto.37

There were no obvious differences between GABA levels in PWS patients with a deletion of 

chromosome 15, in which one or more receptor subunit genes are likely to be missing, and 

in subjects with maternal uniparental disomy of chromosome 15. Such a difference would 

not be expected if GABA receptor function in disomy subjects was also altered owing to 

nonexpression of one or more GABA receptor subunit genes because of imprinting. The 

GABRB3 gene, which is localized to the 15q11q13 region, may be paternally imprinted in 

humans38 and thus may play a role in the pathophysiology of AS. Additional GABA 

receptor genes have also been identified in this chromosome region, specifically GABRA5, 

and GABRG3.16 The order of the three recognized GABA receptor genes in the 15q11q13 

region from proximal (centromere) to distal (telomere) is GABRB3, GABRA5, and 
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GABRG3, respectively. It seems reasonable to speculate that additional GABA receptor 

genes maybe grouped in this region and that one or more may be either maternally or 

paternally imprinted in humans. Studies have shown that most PWS and AS patients with a 

recognizable cytogenetic deletion of 15q11q13 region show loss of GABRB3 and GABRA5 

genes16,39 The PWS and AS subjects in this study with a recognizable 15q11q13 deletion 

also showed a deletion of the GABRB3 and GABRA5 subunit genes (data not presented). 

There also was no relationship between weight and plasma GABA levels in PWS subjects. 

This, along with normal GABA levels in obese control subjects, suggests that elevated 

plasma GABA levels are not directly related to presence of obesity.

Treatment of individuals with PWS is mostly limited to diet restriction and increased 

physical activity to control weight gain, and treatment of AS subjects is currently limited to 

control of seizures. Early diagnosis and intervention (such as physical therapy and infant 

stimulation programs) can be useful to avoid the marked, potentially life-threatening obesity 

frequently seen in PWS subjects. Clearly, a better understanding of the role of CNS 

neurotransmitters such as GABA in mediating the physical and behavioral problems of PWS 

and AS will be essential in order to devise more rational and effective uses of 

psychopharmacological agents to treat these devastating disorders.

In summary, we propose that the elevation of plasma GABA levels indicates that a 

significant alteration in central GABAergic function is present in PWS and AS subjects and 

that these alterations may be involved in mediating aspects of the pathophysiology of these 

genetic disorders. We recognize that our sample sizes are comparatively small and these 

results should thus be considered preliminary, especially in view of the 5 PWS subjects who 

had GABA levels within the range observed in the nonretarded obese subjects. Studies in 

additional patient and control groups are currently under way.
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FIGURE 1. 
Plasma γ-aminobutyric acid (GABA) levels in Prader-Willi syndrome (PWS), Angelman 

syndrome (AS), and control subjects. Individual data and mean values of plasma GABA 

levels (pmol/ml plasma) as determined by high-performance liquid chromatographic 

(HPLC) analysis are presented. The mean values of both the PWS and the AS subjects were 

significantly different from those of the controls (mentally retarded nonobese and non–

mentally retarded moderately obese subjects), but no difference was found between non–

mentally retarded moderately obese and mentally retarded nonobese subjects. Subject 

numbers correspond to the subject numbers in Table 1.
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