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Abstract Prader–Willi syndrome (PWS) is a complex,

genetic, multisystem disorder. Its major clinical features

include neonatal hypotonia and failure to thrive, mental

retardation, hypogonadism, short hands and feet, hyper-

phagia-caused obesity, and characteristic appearance. The

genetic basis of PWS is also complex. It is caused by the

absence of expression of the active paternal genes such as

the SNRPN, NDN, and possibly others in the PWS critical

region on 15q11–13. PWS is in effect a contiguous gene

syndrome resulting from deletion of the paternal copies of

the imprinted. Consensus in clinical diagnostic criteria was

established in 1993. However, identifying relevant patients

for tests remains a challenge for most practitioners, as

many features of the disorder are nonspecific, and others

can be subtle or evolved over time. Consequently, molec-

ular genetic tests can be used to diagnose PWS accurately,

allowing early diagnosis of the syndrome. High resolution

G-banding, high resolution cytogenetic methylation-spe-

cific PCR (MS-PCR), and fluorescence in situ hybridiza-

tion (FISH) are routinely used to diagnose PWS. In this

study, four Chinese patients, with typical PWS features,

were detected by MS-PCR and FISH. Three were cytoge-

netically normal, but lacked paternal expression of proxi-

mal chromosome 15q because of maternal uniparental

disomy (UPD). The other one, however, demonstrated an

unbalanced de novo translocation 46, XX, t (7; 15).
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Introduction

Prader–Willi syndrome (PWS) is a genetic disorder that

was first described by Down [1] and was reported by Prader

et al. [2]. It is characterized by severe hypotonia and

feeding difficulties in early infancy, followed by infancy or

early childhood excessive eating (hyperphagia) that leads

to gradual development of morbid obesity, variable mental

retardation, delayed development, distinctive behavior,

hypogonadism, or even infertility. Short stature and char-

acteristic facial features are often present [2, 3]. Although

symptoms caused by excessive food intake are a hallmark

of the disorder, other psychiatric manifestations are com-

mon and can lead to significant interference in the devel-

opment and normal functioning of the affected individual.

Characteristic behavioral symptoms may include temper

tantrums, rebelliousness and stubbornness, emotional
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lability, obsessive ruminations, and compulsive behaviors

such as skin-picking [3]. In light of its distinctive behav-

ioral, psychiatric, and genetic findings, PWS has emerged

as a model among genetic and neurodevelopmental disor-

ders. The genetic basis of PWS is known to be associated

with the chromosome 15q11–13 region, also known as the

Prader–Willi Syndrome/Angelman Syndrome (PWS/AS)

region; which contains genes that are epigenetically

imprinted. In the 15q11–13 region, normally a set of

maternal genes and a set of paternal genes are active. If an

abnormal occurrence such as a chromosomal deletion or

maternal uniparental disomy (UPD) would inactivate the

active paternal genes in this region, leading to PWS [4].

The consensus criteria for diagnosis were first established

by Holm et al. [5] and subsequently simplified according to

the age of early onset; PWS is the most frequent cause of

syndromatic obesity occurring in 1/25000 births, however,

this statistic is likely an underestimate; more realistic

estimated prevalence of this disease is 1/10,000–22,000

[6]. PWS affects both sexes equally without racial bound-

ary. Early diagnosis and multidisciplinary care with growth

hormone (GH) treatment have been shown to improve the

developmental outcome of affected children and particu-

larly to reduce the incidence of obesity [7]. Morbility and

mortality of PWS are mainly related to severe obesity.

Because of the wide phenotypical variability of the PWS,

in which severe obesity [8], childhood polyphagia, sleep

apnea, and hyperinsulinemia have been reported [9],

molecular testing to rule out the syndrome would have

been useful or, probably, should be mandatory. Cytoge-

netic and molecular genetic diagnosis can detect and con-

firm this disease at an early stage and provide useful

information for genetic counseling for families of the

affected [10]. Approximately, in 70% of the cases, PWS is

the result of deletion of the paternal 15q11–13 region;

approximately 28% attribute to maternal UPD; in \2%, it

is the result of mutation, deletion, or other defect in the

imprinting center [4, 11–15]. Currently, methylation-spe-

cific PCR (MS-PCR) and high resolution cytogenetic

analysis are commonly used for PWS diagnosis, but FISH

is performed for identifying maternal UPD.

In this study, we report four Chinese patients with typ-

ical PWS features. Combining MS-PCR with FISH and

high resolution G-banding, we detected maternal UPD of

chromosome 15 in three of the patients, and the other one,

however, demonstrated an unbalanced de novo transloca-

tion 46, XX, t (7; 15).

Materials and methods

The study protocols were approved by the Hospital Ethics

Committee for Human Research, and informed consent

was obtained from every subject participating in the study.

The study was approved by the Institutional Review Board

of Rui-Jin Hospital, Shanghai Jiao Tong University Med-

ical School, P.R. China.

Subjects

Patient 1

The patient was a 16-year-old girl who was the second

child born to nonconsanguineous parents, weighing 2.5 kg

at birth, with Apgar’s score at 7. The mother remembered

that the fetus had not been as active as her healthy elder

sister. For the first couple of months, she presented with

weak cry and neonatal hypotonia with poor sucking

motion, and she was therefore drip-fed. Since the age of 4,

she had insatiable appetite, food-foraging behavior, and an

excessive sleeping pattern, gaining weight at an alarming

speed, and at the age of 6, she had onset of obesity, but

with delayed development. She could sit up, walk, and say

the first words at the ages of 1, 3, and 4, respectively. She

had behavior problems that included temper tantrums and

severe aggressiveness. She suffered from massive obesity

(height 142 cm, weight 61 kg, BMI 30.25 kg/m2), diabetes

mellitus (FBG 12 mmol/l, PBG 16 mmol/l), and gonado-

tropin deficiency (LH 0.63 IU/l, FSH 1.53 IU/l) with pri-

mary amenorrhea, short distal extremities, and mental

retardation. Growth hormone arginine stimulation test

showed that GH cannot be stimulated. No specific endo-

crine causes were found. She also had other dysmorphisms:

narrow bifrontal diameter, almond-shaped eyes, down-

turned mouth with thin upper lip, and small hands and feet.

There were no special neuropathological features observed.

The family history recorded no unusual event, and the

patient has an older sister who was still healthy at the age

25 years. Genetic testing corroborated the diagnosis of

PWS. The results of high-resolution chromosome analysis

and FISH with the SNRPN probe were normal. Deletion of

the paternal 15q11–13 region was detected by MS-PCR.

Patient 2

The patient was a 15-year old girl who was the second

child of a full-term gestation born to nonconsanguineous

parents, weighing 2.6 kg at birth. In retrospect, the preg-

nancy was unusual because of decreased fetal movement.

Her Apgar’s score was 6. She also presented with weak cry,

neonatal hypotonia, and poor sucking ability; she was then

bottle-fed at the first couple of months. She had insatiable

appetite and food-foraging behavior since the age of 4 and

onset of obesity at the age of 5, gaining weight at an

alarming speed, yet her development was delayed. She

could sit up at age 4, and at age 5, she could walk, and say
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the first words in the same year. She had behavior problems

that included temper tantrums and severe aggressiveness.

She suffered from massive obesity (height 144 cm, weight

69.1 kg, BMI 33.3 kg/m2), gonadotropin deficiency (LH

0.46 mIU/l, FSH 1.63 mIU/l) with primary amenorrhea,

short distal extremities, and mental retardation. She also

had other dysmorphisms: narrow bifrontal diameter,

almond-shaped eyes, down-turned mouth with thin upper

lip, and small hands and feet. There were no special

neuropathological features that were observed. The family

history recorded no unusual event, and the patient has an

elder sister who was healthy. Genetic testing confirmed the

diagnosis. The results of high-resolution chromosome

analysis and FISH with the SNRPN probe were normal.

Deletion of the paternal 15q11–13 was detected by MS-

PCR.

Patient 3

The proband was a boy of 12 years of age, about 130 cm

tall, and weighed 55 kg (BMI 32.54 kg/m2). He had neo-

natal hypotonia and lethargy, with poor sucking ability,

requiring special feeding techniques. He had alternating

esotropia as an infant. His development was also delayed;

he could sit up at age 18 months, at age 5, he could walk,

and say the first used words at age 8. He had onset of

obesity at age 8 with insatiable appetite and food-foraging

behavior. He had behavior problems that included temper

tantrums and severe aggressiveness. The patient had a

squared nasal tip, narrow bifrontal diameter, and down-

turned mouth with thick viscous saliva. Initial examination

revealed micrognathia, a 2.5-cm penis, and cryptorchidism.

Endocrinological evaluation revealed diabetes mellitus

(FBG 11.2 mmol/l, PBG 14.1 mmol/l) and gonadotropin

deficiency (LH 0.15 mIU/l, FSH 2.66 mIU/l, T 0.18 ng/ml)

with descended testicles. The family history recorded no

unusual event, and the patient has two older sisters who are

healthy. The results of a high-resolution chromosome study

were normal (46, XY), including those for FISH analysis

with probe A (D15S11) and probe B (GABRB3) (Oncor).

Deletion of the paternal 15q11–13 was also detected by

MS-PCR.

Patient 4

She was a 20-year-old girl with short and morbidly obese

(height 145 cm, weight 73.5 kg, BMI 34.96 kg/m2). She

was born to nonconsanguineous parents, and her Apgar’s

score was 6. The pregnancy was noted for decreased fetal

movement. Her medical history showed neonatal failure to

thrive and hypotonia. For the first couple of months, she

presented with weak cry and neonatal hypotonia with poor

sucking motion and hence, she was drip-fed. She had onset

of obesity with insatiable appetite and food-foraging

behavior since age 4. She gained weight at an alarming

speed but with delayed development. She could sit up at

age 4, and at age 5 she could walk and say the first words in

the same year. She had behavior problems that included

temper tantrums and severe aggressiveness. She had peri-

ods of somnolence at the age of 6, becoming more frequent

with age. Then she suffered from massive obesity, short

distal extremities, and mental retardation. She also had

many dysmorphisms: obesity, small hands and feet, narrow

bifrontal diameter, scoliosis. She was mentally retarded

and had primary amenorrhea, diabetes mellitus, hypogo-

nadism, and some other metabolic syndromes such as

hypertension and albuminuria. There were no special

neuropathological features observed. The family history

recorded no unusual event. The results of a high-resolution

chromosome study were normal (46, XX). MS-PCR of

SNRPN gene was also normal. However, FISH with the

SNRPN probe found an unbalanced de novo translocation

46, XX, t (7; 15).

Cytogenetic studies

For each patient, complete karyotype analysis of high-

resolution chromosomes G-banding was performed, and

special attention was paid to the possibility of chromosome

15 abnormalities.

MS-PCR

Genomic DNA from peripheral blood leukocytes of the four

patients and their family members were extracted using a

commercially available kit (Qiagen, Hilden, Germany)

according to the manufacturer’s instruction. MS-PCR was

performed using the CpGenomeTM Prader–Willi/Angelman

Amplification Kit of Chemicon (Temecula, CA, USA). PCR

products were obtained using either the M or the P primer

sets (GenBank accession No. L 32702) after the bisulfite

modification of genomic DNA. M primer sets contained M-F

(50-TAAATAAGTACGTT TGCGCGGTC-30) and M-R

(50-AACCTTACCCGCTCCATCGCG-30). P primer sets

contained P-F (50-GTAGGTTGGTGTGTATGTTTAGG

T-30) and P-R (50-ACACAAACATCTCCAACAACCA-30).
Thermo-Start DNA polymerase was commercially obtained

from AB gene (Epsom, KT199AP, UK). The bisulfite-

modified genomic DNA was amplified in 25-ll volume

of mixture containing standard PCR buffer 2 ll, 25 mM

dNTP 0.5 ll, genomic DNA 200 ng, 0.5 ll of each specific

primer, and 2.5 l/ll Taq DNA polymerase 0.3 ll (Sangon,

Shanghai, China)., with an initial denaturation for 15 min at

95�C. Then, 35 cycles were run with denaturation for 30 s
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at 95�C, annealing for 30 s at 62�C, and extension for 30 s at

72�C. The final extension was for 10 min at 72�C. The PCR

products obtained after the bisulfite modification of

normal control DNA generated a maternal 174-bp product

and a paternal 100-bp product. The PCR products obtained

after the bisulfite modification of PWS patients’ genomic

DNA generated only the maternal 174-bp product.

FISH

MS-PCR was used for routine screening, FISH then fol-

lowed for a positive test to determine whether a deletion

was present. PWS and AS are genetically distinct and have

been linked to deletion of the 15q11–13 region. Both

syndromes may also have resulted from UPD which is not

detectable by FISH analysis. DNA FISH probes can be

used in metaphase and interphase cells to detect deletion in

these specific regions. The LSI Prader–Willi/Angelman

Region SNRPN probe identifies deletion of the SNRPN

locus, also located within the 15q11–13 region. The

Spectrum Green CEP 15 (D15Z1) and Spectrum Orange

LSI PML serve as control probes for the chromosome 15 p

and q arms and may be helpful in detecting deletions or

translocations of 15q. The LSI SNRPN Spectrum Orange

probe is available for detection of the 15q11–13 region and

does not contain the control probes CEP 15 or LSI PML.

The normal chromosome 15 shows two fluorescent signals,

one from the fluorescence-tagged SNRPN probe within

15q11–13 and the other from a fluorescence-tagged control

probe (PML) localized to 15q22.

Results

Typical findings on physical examination and characteristic

facial features of these patients with PWS are summarized

(Table 1). All the four patients (3 girls and 1 boy, age range

12–14 years) were clinically assessed as PWS after careful

examination and scoring; they all demonstrated delayed

development, typical facial features, hypotonia, obesity,

and small hands and feet. The results of the diagnostic

testing are summarized in Table 1. Standard chromosome

analysis was performed and all the patients showed normal

karyotypes. FISH showed two normal signals for the

SNRPN region in three patients (P-1, P-2, P-3). Further

MS-PCR results showed that the PCR products obtained,

after the bisulfite modification of genomic DNA of the

three PWS patients, generated only the maternal 174-bp

product, suggesting that these three patients were mUPD

(Fig. 1). Whereas MS-PCR of SNRPN gene was normal

(Fig. 1) in patient 4, while FISH of the SNRPN probe found

an unbalanced de novo translocation 46, XX, t (7; 15)

(Fig. 2).

Discussion

PWS is a genetic disorder characterized by mental retar-

dation, dysmorphic features, and behavioral dysfunction,

most notably food-related problems such as hyperphagia,

food-seeking obsession, and a high risk for obesity [2]. It is

a sporadic genetic disorder representing the most common

diagnosable genetic obesity syndrome.

Initially, as reported by Prader et al. [2], PWS was

conceptualized as a syndrome of obesity, short stature,

cryptorchidism, and mental retardation following severe

hypotonia in the neonatal period (decreased activity in

utero, ‘‘floppy’’ at birth, marked feeding difficulties). With

accumulated clinical experience and research studies,

behavioral characteristics such as hyperphagia, outbursts of

temper, obsessional traits, and stubbornness, and clinical

features such as central adiposity, sleep disorders, abnor-

malities of temperature, and pain perception were added in

the Consensus Diagnostic Criteria [5]. These criteria are

grouped into major (hypotonia and feeding problems dur-

ing infancy, dysmorphic facial features, hypogonadism,

developmental delay, and hyperphagia with obesity), minor

(reduced foetal movements, behavioral problems, sleep

disturbance, short stature, hypopigmentation, small hands

and/or feet, eye abnormalities, thick viscous saliva, artic-

ulation defects, skin picking), and supportive (high-pain

threshold, decreased vomiting, temperature-control prob-

lems, scoliosis, kyphosis, early adrenarche, osteoporosis,

unusual skill with jigsaw puzzles, and normal neuromus-

cular studies) accordingly. The presence of a manifestation,

‘‘small hands and feet,’’ in the patients was judged using

the same criteria if their hands sizes were\25th percentile

and/or feet sizes \10th percentile compared to height–age

standards. Questionnaire-based studies have shown that

people with PWS have a characteristic behavioral profile in

which outbursts of temper (including aggressive behavior

and screaming), self-harm (especially skin picking), mood

swings, and repetitive speech are common [16], whereas

repetitive questioning, compulsive behaviors, and hoarding

are relatively more common; it has been proposed that

people with PWS are at increased risk for obsessive/com-

pulsive disorder [17]. Adaptive behaviors (Vineland

Adaptive Behavior Scales) [18] show strengths in the Daily

Living Skills domain and weaknesses in the Socialisation

domain [19]. The most striking behavior is severe and

persistent overeating which, if unrestricted, leads to life

threatening obesity. It has been proposed that this is the

result of a failure of the normal feedback mechanisms that

leads to a state of satiation following food intake [20].

Otherwise, many individuals with PWS show a distinctive,

although not necessarily unique, profile of cognitive

strengths and weaknesses. Some PWS patients show rela-

tive strengths in spatial-perceptual organization and visual
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processing tasks; these strengths may relate to the profi-

supportive finding in the clinical criteria for PWS. By

contrast, common weaknesses are noted in sequential

processing and short-term memory tasks, including visual,

motoric, and auditory short-term memory [17].

Genomic imprinting refers to differential epigenetic

modification dependent on the sex of the parent from which

the gene allele is inherited; it determines the activity of the

gene [21]. PWS is a well-studied genomic imprinting disease

and caused by the absence of the paternally derived PWS/AS

region of chromosome 15. PWS is considered the most

common syndroma cause of life-threatening obesity.

Because of the presence of repeated DNA elements flanking

the chromosome region 15q11–13, the region is unstable and

many types of rearrangements may occur in this region of the

genome. Several genes in this area have been implicated as

causative of PWS, including SNRPN, ZNC127, NDN, and

IPW [22, 23]. The exact role of these genes is still contro-

versial, however. Several cytogenetic and molecular meth-

ods have been developed in PWS diagnosis. High-resolution

G-banding can detect the chromosomal deletion and rare

translocation or ring chromosomes in the PWS/AS region. In

a significant minority of PWS cases, deletions are too small

to be visualized in this manner. In such instances, DNA

Table 1 The diagnostic testing of the four patients

Diagnostic Criteria for PWS/subjects 1 2 3 4

Major Criteria (1 point)

1. Neonatal and infantile central hypotonia with poor suck reflex, which improves over

time

H H H H

2. Characteristic behavior problems—temper tantrums, violent outbursts, and

obsessivecompulsive

H H H H

3. Excessive or rapid weight gain (crossing two centile channels in weight for length

charts) after 12 months but before 6 years of age; central obesity in the absence of

intervention

H H H H

4. Short stature for genetic background by age 15 (in the absence of growth hormone

intervention)

H H H H

5. Hypogonadism—with any of the following depending on age: genital hypoplasia or

delayed or incomplete gonadal maturation with delayed pubertal signs in the absence

of intervention after 16 years of age

H H H H

6. Global developmental delay in children younger than 6 years of age; mild to

moderate mental retardation or learning problems in older children

H H H H

7. Hyperphagia, food foraging, or obsessions with food H H H H

8. Deletion of 15q11–13 on high resolution (greater than 650 bands) or other

cytogenetic or molecular abnormality of the Prader–Willi chromosome region,

including maternal disomy

H H H

Minor Criteria (0.5 point)

1. Decreased fetal movement or infantile lethargy or weak cry in infancy, improving

with age

H H H H

2. Characteristic behavior problems—temper tantrums, violent outbursts, and obsessive

compulsive behavior; tendency to be argumentative, oppositional, rigid,

manipulative, possessive, or stubborn; perseverating, stealing, or lying (more than

five required)

H H H H

3. Sleep disturbance or sleep apnea H H H H

4. Short stature for genetic background by age 15 (in the absence of growth hormone

intervention)

H H H H

5. Hypopigmentation—fair skin and hair compared to family H

6. Small hands (\25 percentile), feet (\10 percentile), or both, for height and age H H H H

7. Narrow hands with straight ulnar border H H H

8. Eye abnormalities (esotropia, myopia) H H H H

9. Thick, viscous saliva with crusting at corners of mouth H H H H

10. Speech articulation defects H H H H

11. Skin picking H

Score 13 12.5 12.5 11.5

Note: A diagnosis of Prader–Willi syndrome should be suspected in children younger than 3 years with a score of at least 5; and in children

3 years and older with a score of at least 8, with 4 points from major criteria
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probes are available to search for defects in 15q11–13.

Probes with nucleotide sequences complementary to those in

the Prader–Willi region, including SNRPN, can be visualized

when linked to a fluorescent marker, a technique called

FISH. Despite the much greater resolution afforded by FISH,

the approach cannot identify cases of UPD [24]. MS-PCR

[25] could then be used to detect abnormal parent-specific

imprinting within the Prader–Willi critical region on chro-

mosome 15, increasing the detection capability to more than

99% of the affected individuals. With MS-PCR, the three

patients were confirmed with PWS.

Unfortunately, diagnosis of PWS is overlooked, despite

the clinical criteria. Management of the syndrome requires

a multidisciplinary approach; treatment implications

involve medical and dietary management as well as psy-

chiatric intervention. Infants may require supplemental

tube feedings to avoid failure to thrive. Early intervention

for motor skills, speech, and language is necessary, and

individualized education plan at the start of school should

be arranged for the affected children. GH therapy in chil-

dren with PWS increases muscle tone and enhances growth

[26, 27]. On the other hand, GH is thought to have other

significant benefits, such as allowing certain patients to

moderately increase daily caloric intake without incurring

substantial weight gain, thus mitigating some of the diffi-

culties associated with maintaining highly restrictive diets.

For nonfood-related behavioral problems in PWS, there are

few guidelines from psychopharmacology. The relatively

174

100

Patient 2 
 bp         Normal  Patient 2  Father   Mother 

174

100

Patient 3 
  bp         Normal    Patient 3    Father    Mother   Sister 1    Sister 2 

174

100

B Patient 4 
  bp             Normal      Patient 4        Father        Mother 

174

100

A Patient 1 
bp Normal Patient 1 Father Mother Sister 

Fig. 1 MS-PCR shows that the

three patients (P1, P2, P3)

lacked the paternal 100-bp

band. a MS-PCR of Patient 4

was normal which showed both

the paternal and the maternal

bands, b M DNA marker, P and

M in the samples indicated the

paternal and maternal products,

respectively
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high rate of anxious and depressive presentations among

Prader–Willi syndrome patients has led to the frequent use

of serotonin re-uptake inhibitors (SSRIs). Even with the

clinical success seen with SSRIs and GH, the mainstay of

management for behavioral difficulties—both food- and

non-food-related—remains with behavior modification.

Efforts to restrict food intake by careful dietary planning,

close supervision, and limiting food access must extend

from home into school, work, and community settings.

The four patients in this study presented with almost all

the clinical features of PWS with severe hypotonia and

feeding difficulties in early infancy, persisted in later infancy

or early childhood by excessive eating (hyperphagia) and

gradual development of morbid obesity, variable mental

retardation, delayed development, distinctive behavior,

hypogonadism, or even infertility, fulfilling the diagnostic

consensus criteria for PWS. Standard chromosome analysis

was performed for all the cases, and all showed normal

karyotypes. After performing FISH and MS-PCR of SNRPN,

we found that three cases with nondeleted FISH and the

absence of the paternal band in the MSP test. The cytoge-

netic results subsequently confirmed mUPD of chromosome

15. However, MS-PCR of SNRPN gene in patient 4 was

normal, while FISH of the SNRPN probe found an unbal-

anced de novo translocation 46, XX, t (7; 15).We did not

continue the investigation on this de novo translocation, as

there might be other abnormalities on some other genes

which may require much further investigations, which is

beyond our ability. Our patients were treated symptomati-

cally for their diabetes mellitus, albuminuria, and hyper-

tension. Simultaneously, we made efforts to help restrict

their food intake by careful dietary planning, close super-

vision advice given to the parents, and suggested that lim-

iting food access must extend from home into school, work,

and community settings. They were not treated with GH or/

and SSRIs, since the patients were too old to be effectively

treated and not to present many mental symptoms.

In summary, we describe the clinical and genetic fea-

tures of four patients with PWS. Although previous studies

had gained some advances in PWS, our knowledge about

this disease is still limited. PWS is a complicated genetic

disorder with many manifestations, which are being dis-

covered increasingly with new investigative technology, as

well as improvement in life expectancy. Therefore, more

researches should focus on understanding the molecular

basis of the disease, and a more complete picture with

respect to the global distribution of PWS correlative genes

mutations is required. We hope this information we show

here will open new horizons to future genetic and molec-

ular investigations that may lead to a better elucidation of

the pathophysiology of PWS, and hopefully, help improve

in the prevention and treatment of this devastating disease.
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