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Abstract
We describe a 9-year-old male referred for genetic evaluation for Prader-Willi syndrome (PWS).
PWS is the most common genetically-defined cause of life-threatening obesity and results from a
functional loss of paternally-expressed genes from the chromosome 15q11-q13 region. The patient
presented with pervasive developmental disorder, delayed speech and rapid onset of obesity at age
4 years, all features similar to PWS. However, chromosome 15q11-q13 methylation testing and
fragile X studies were normal. GTG-banding and fluorescence in situ hybridization with whole
chromosome 3 paint probe and a chromosome 3p subtelomeric probe suggested a duplication of
3p25.3p26.2, a finding supported by comparative genomic hybridization. This region of
chromosome 3p contains genes which contribute to obesity and behavioral problems, most
notably, ghrelin (GHRL), an oxytocin receptor (OXTR), solute carrier family 6 members (GABA
neurotransmitter transporters, SLC6A1 and SLC6A11) and peroxisome proliferator-activated
receptor, gamma (PPARG). To characterize these obesity and behavior related genes in our
subject, we performed quantitative RT-PCR and compared expression levels with similarly aged
male subjects (four nonobese males, four obese males and four PWS males - two with 15q11-q13
deletions and two with maternal disomy 15). Our studies suggest increased expression of several
genes in the 3p duplication region, including GHRL and PPARG, which may contribute to the
phenotypic features in our 3p duplication subject.
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INTRODUCTION
Prader-Willi syndrome (PWS) is characterized by infantile hypotonia, feeding difficulties,
hypogonadism, small hands and feet, mental deficiency, behavioral problems, hyperphagia
leading to obesity in early childhood, and a particular facial appearance [Cassidy, 1997;
Butler and Thompson, 2000]. Recently, abnormal levels of neuroendocrine peptides have
been reported in PWS involved in regulating eating behavior, such as ghrelin produced by
the stomach and peptide YY produced by the intestine [Cummings et al., 2002; Haqq et al.,
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2003; Butler et al., 2004]. A deletion of the paternal 15q11-q13 region is found in about
70% of PWS subjects, maternal disomy 15 or UPD in approximately 25%, and a defect in
imprinting in the remaining subjects [Butler and Thompson, 2000]. The chromosome 15q11-
q13 region is known to contain imprinted sequences that are differentially expressed
depending on the parent of origin. Imprinted gene expression is coordinately controlled in
cis by an imprinting center (IC) which regulates the establishment of parental specific allelic
differences in DNA methylation, chromatin structure, and expression [Brannan and
Bartolomei, 1999; Nicholls and Knepper, 2001]. The 15q11-q13 region contains about 5
million base pairs of DNA, and recent evidence supports the existence of at least 30
presumed genes in the region [Bittel et al., 2003; Chai et al., 2003]. However, no single gene
has as yet been conclusively shown to account for the PWS phenotype. Furthermore, it is
unclear how changes in gene expression resulting from both loss of imprinted genes and
reduced expression of non-imprinted genes lead to the clinical manifestations associated
with PWS.

Although the chromosome 15q11-q13 region is involved with obesity and behavioral
problems, there are many other involved genes outside of this chromosomal region. Some of
these genes are located on chromosome 3p including: ghrelin (GHRL), an endogenous
ligand for the growth hormone secretagogue receptor involved in regulating growth
hormone and appetite; an oxytocin receptor (OXTR), involved in regulating the specificity of
oxytocin action; gamma-aminobutyric acid (GABA) transporters, SLC6A1 and SLC6A11 -
GABA is an important inhibitory neurotransmitter; and peroxisome proliferator-activated
receptor, gamma (PPARG).

The PPARG gene, which produces two isoforms (PPARG 1 and PPARG2; Sewter et al.,
2002), has received considerable attention because of its association with obesity [Doney et
al., 2002; Cock et al., 2004; Hegele, 2004; Kintscher and Law, 2005; Kota et al., 2005]. For
example, heterozygous Pparg-deficient mice showed overexpression and hypersecretion of
leptin despite the smaller size of adipocytes and decreased fat mass. In addition,
heterozygous Pparg-deficient mice were less susceptible to insulin resistance due to
adipocyte hypertrophy suggesting reduced Pparg expression was protective [Kubota et al.,
1999]. Multiple reports have documented that activated PPARG induces the expression of
genes involved in lipid metabolism in both skeletal muscle and adipose tissue [Lowell,
1999; Tong et al., 2000; Chawla et al., 2001; Chawla et al., 2001; Rosen et al., 2002].
Furthermore, an inverse relationship between the PPARG1 isoform expression in adipose
tissue and body mass index (BMI) has been shown but not for the PPARG2 isoform [Sewter
et al., 2002].

Herein, we describe a 9-year-old Caucasian male with obesity and learning/behavioral
problems presenting for genetic services to rule out Prader-Willi syndrome. DNA testing for
PWS and fragile X syndrome was normal. However, chromosome analysis showed a rare
observation of a chromosome 3p25.3p26.2 duplication which was confirmed by comparative
genomic hybridization (CGH) studies. Because of the clinical overlap with PWS in our
subject, we examined the gene expression pattern of selected genes from the chromosome
3p25.3p26.2 region known to be involved with obesity and behavior as well as genes on
15q11-q13 which contribute to PWS. We compared gene expression patterns using
quantitative RT-PCR of RNA isolated from actively growing lymphoblastoid cell lines
derived from our chromosome 3p duplication subject and similarly aged subjects (four
nonobese males, four obese males and four PWS males (two with 15q11-q13 deletions and
two with maternal disomy 15).
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SUBJECTS and METHODS
Subjects

All subjects involved agreed to participate and signed an informed consent document
approved by the local institutional review board.

Chromosome 3p duplication subject—Our patient was born at 42 weeks gestation by
spontaneous vaginal delivery, weighing 3.52 kg (50th centile) and was 45.7 cm long (3rd
centile). There was no exposure to drugs, alcohol, tobacco, medications or other substances
during the pregnancy. The family history was noncontributory (i.e., no history of obesity,
mental retardation, behavioral problems or miscarriages). Developmentally, he sat at 4
months, crawled at 6 months, walked and had his first words at about 12 months. He had
myringotomy tubes placed at 3 years. Fragile X DNA testing and Prader-Willi syndrome
methylation analysis were normal. Routine chromosome studies revealed an apparent
duplication of chromosome 3p25.3p26.2. His hemogram, glucose and electrolytes were
normal as well as thyroid function tests.

At 9 years of age he presented to the genetics clinic with obesity and a mild pervasive
developmental disorder with anxiety and learning impairment. His body mass index (BMI)
was 30.5 (+5 sd). His height was 133.8 cm (50th centile), weight was 53.7 kg (+5 sd) and
head circumference was 52.4 cm (50th centile). His blood pressure was 128/72 and pulse
was 105. He had a relatively small penis and a poorly rugated scrotum with descended
prepubertal testicles (each 1 cm in length). He had tapering digits with normal sized hands
and feet with a total hand length of 14.4 cm (25th centile) and middle finger length of 6.1
cm (25th centile). He had a round appearing face with full cheeks, an ear length of 6.2 cm
(50th centile) and inner and outer canthal distances at the 50th centile (Figure 1). His
dentition was normal without sticky saliva. His eye and ear exams were normal, as well as a
normal oropharynx. A chest examination revealed normal auscultation without murmur. He
had central obesity with normal muscle tone, strength and reflexes. There were no hernias,
organomegaly or abdominal tenderness. There were no tremors or abnormal movements. He
was alert, verbal and active during the examination. He swims one to two hours per day and
had no history of food foraging. He attends the third grade which places him one year
behind his peer group. He receives occupational, speech and behavioral therapy and is in a
90% inclusion group with special attention for reading and math. The onset of obesity
occurred rapidly at 4 years of age when he gained 5 kg in 6 weeks. He gained additional
weight despite dietary restriction by history of 1500 kcal per day.

Comparison subjects—RNA from lymphoblastoid cells derived from four nonobese
males (average BMI = 21) ranging in age from 8 years to 20 years and four obese males
(average BMI = 32) with normal chromosome and fragile X studies and normal methylation
testing ranging in age from 5 to 18 years were used for comparison with our 3p duplication
subject. In addition, RNA from four PWS males (average BMI = 27), two with 15q11-q13
deletions and two with maternal disomy, with an age range of 8 to 17 years, were also used
for comparison. Methylation testing, chromosome studies and microsatellite analysis in the
PWS males were obtained on DNA from peripheral blood samples and were consistent with
the diagnosis. None of the comparison males had a history of diabetes.

METHODS
Metaphase cells were characterized by fluorescence in situ hybridization (FISH). FISH was
performed with a whole chromosome 3 paint probe (WCP3; Cytocell, Cambridge, UK) to
identify the origin of the additional chromatin on the abnormal chromosome 3. FISH was
also performed with a p-arm subtelomeric sequence (D3S4459; Vysis, Downers Grove, IL)
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to determine the distal extent of the abnormality. FISH was performed according to the
recommendations of the manufacturer. Comparative genomic hybridization (CGH) was
performed commercially in duplicate by Spectral Genomics (Houston, TX) using genomic
DNA isolated from blood from our subject with the chromosome 3p duplication and
compared to a chromosomally normal male.

Quantitative RT-PCR was performed on five genes from the 3p25.3p26.2 region (GHRL,
OXTR, SLC6A1, SLC6A11 and PPARG) using a QuantiTect SYBR Green one step RT-PCR
kit (Qiagen, Valencia, CA) according to the manufacturer's directions. We used the primers
specific to the two recognized isoforms (PPARG1 and PPARG2) as described by Sewter et
al. [2002]. In addition, we amplified total PPARG using primers from the 3′ end of the
message. Primers were chosen with the aid of MacVector sequence analysis software
(Accelrys, San Diego, CA) as done previously [Talebizadeh et al., 2005]. Total RNA was
isolated from cell lines using Trizol reagent (Invitrogen, Inc. Carlsbad, CA) and quantified
by spectroscopy. An equal quantity of total RNA (500 ng) from each subject, together with
primers specific to the gene being quantified were added to a reaction mix containing all
components necessary for reverse transcription and PCR. The reaction was carried out in an
ABI 7000 system (Applied Biosystems, Foster City, CA) beginning with a 30 minute step at
50 °C to allow for reverse transcription, followed by 15 minutes at 95 °C. The PCR followed
for 45 cycles during which the intensity of the SYBR Green fluorescence was measured at
the extension step of each PCR cycle. The point at which the intensity level crossed the PCR
cycle threshold (CT, defined as the narrowest point between individual reactions in the
logarithmic phase of the reaction) was used to compare individual reactions. At least 5
replicates were performed on each sample for each gene. A dissociation curve was generated
for all reactions and reactions were run on agarose gels to verify the presence of a single
band. Quantitative RT-PCR was also done using primers specific to GAPD, a control gene,
on all RNA samples. All 12 samples were normalized individually to GAPD expression by
dividing the mean GAPD gene expression (CT) value from each subject (4 nonobese, 4
obese and 4 PWS) to the mean GAPD gene expression (CT) value of the 3p duplication
subject to produce a correction value. Each mean CT value for the other genes was divided
by the correction value to produce the normalized value. The normalized CT values were
averaged to produce the mean CT value for each gene in the Table. A t-test was performed to
determine statistically significant differences in gene expression (mean CT values).

Copy number of the PPARG gene was determined by quantitative PCR with primers specific
to the first intron of PPARG. Equal quantities of genomic DNA from the 3p duplication
male and a chromosomally normal male were added to a hot-start QRT-PCR mix including
SYBR green (Invitrogen, Inc. Carlsbad, CA) and PCR performed in an ABI 7000
thermocycler according to the manufacturer's instructions. Five replicates of each sample
were run.

Peripheral blood was collected (4 to 6 hours after eating) in a refrigerated vacutainer tube
containing aprotinin, a specific preservative for gastrointestinal proteins, and plasma
separated. Ghrelin and peptide YY (PYY) levels were obtained commercially (InterScience
Institute, Englewood, CA) as previously reported [Butler et al., 2004]. Ghrelin is a
neuropeptide produced by the stomach which stimulates eating and PYY produced by the
intestine inhibits eating [Druce and Bloom, 2003; Small and Bloom, 2004].

RESULTS
We describe a 9-year-old male referred for genetic evaluation for obesity and PWS. Genetic
analysis showed normal methylation of the PWS imprinting center and a normal
chromosome 15 analyzed by FISH using the SNRPN probe and normal GTG banding of
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chromosome 15. However, GTG-banding revealed a rearrangement at the distal end of
chromosome 3p (Figure 2a). The rearrangement appeared to be a duplication. FISH with
whole chromosome paint probes (Figure 2b) confirmed that the additional chromatin was
derived from chromosome 3 and a normal hybridization pattern with a subtelomeric probe
for chromosome 3p (D3S4459) revealed that the duplication did not extend in this region.

A duplication of distal chromosome 3p was supported by comparative genomic
hybridization (Figure 3). The probes identified as duplicated were RP11-91K16,
RP11-33E18, RP11-21J23, RP11-91K4, RP11-115G3, and RP11-105H19 which extends
from nucleotide number 4.4Mb to 11.3Mb. The proximal breakpoint occurred between
RP11-105H19 and RP11-57D6, which may extend the duplicated region to 13.2Mb
including PPARG (NT position 12.30Mb to 12.45Mb). However, the precise location of the
breakpoint was unknown; therefore, we performed quantitative RT-PCR using genomic
DNA from our 3p duplication subject to determine if PPARG was duplicated. The mean CT
(5 replicates) for our 3p subject using primers from within the first intron of PPARG was 0.7
cycles less than the mean CT for a chromosomally normal comparison male. By comparison,
the mean CT for genomic primers within the GHRL gene was 0.6 cycles less than the
comparison subject. These data support a total of three copies for each gene.

Quantitative RT-PCR showed an approximate 2 fold increase in GHRL gene expression in
our 3p duplication subject relative to the mean values of our nonobese and obese
comparison males (Table). Interestingly, GHRL expression in our 3p duplication subject was
similar to that of our four PWS males and significantly higher than in our obese and
nonobese comparison males (Table). Plasma ghrelin levels are known to be higher in PWS
individuals than in unaffected subjects [Cummings et al., 2002;Haqq et al., 2003;Butler et
al., 2004;Goldstone et al., 2004]. However, the plasma ghrelin and peptide YY levels in our
3p duplication subject obtained commercially were 250 pg/ml and 104 pg/ml, respectively,
which are in the normal range for obese children (Haqq et al., 2003).

We also compared the expression of the OXTR gene in repeated measures using quantitative
RT-PCR in our 3p duplication subject relative to an obese male and two of our PWS males.
There was a 2 to 3 fold increase in OXTR expression detectable in our 3p duplication male
relative to three other comparison subjects commensurate with a duplication of this gene.
OXTR expression was not significantly different when compared with two PWS males and
an obese male. Likewise, the expression of SLC6A1 and SLC6A11 genes was increased (2
fold and 16 fold, respectively) in our 3p duplication male relative to an obese male (Table).

PPARG is a transcription factor involved in multiple metabolic processes and expressed in a
wide variety of tissues (see the GeneCards website for summary:
http://bioinfo1.weizmann.ac.il/genecards/index.shtml ). We examined PPARG expression in
available lymphoblastoid cells which may be subject to regulatory mechanisms distinct from
other tissues (e.g., adipose) more appropriate for study but unavailable in our subjects. Total
PPARG expression was found to be greater in lymphoblastoid cells from our 3p duplication
subject than in any of the other males examined which probably reflects the gene duplication
status (see Table). The level of gene expression in our 3p duplication subject was 12 fold
greater than the mean of four nonobese males examined, 28 fold greater than the mean of the
four obese males and 24 fold greater than the mean of the four PWS males.

DISCUSSION
Reports describing the clinical presentation of individuals with chromosome 3p trisomy
reflect a range of characteristics often compounded by translocations involving other
chromosomes [Charrow et al., 1981; van Essen et al., 1991; Conte et al., 1995]. Reports of
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individuals with duplications restricted to only chromosome 3p are much more rare [Gillerot
et al., 1987; Kurtzman et al., 1987]. The common malformations seen in partial trisomy 3p
include psychomotor and mental retardation, a short neck, hypertelorism and/or telecanthus,
cleft lip/palate, microcephaly, short stature, a characteristic face with full cheeks,
gastrointestinal malformations and congenital heart defects [Conte et al., 1995]. Nearly half
of the reported cases died before 6 months of age. All reports of affected children surviving
beyond one year of age had developmental delay and mental retardation [Charrow et al.,
1981]. Our chromosome 3p duplication subject shares the behavioral problems and reduced
cognitive ability similar to other reported cases of partial trisomy 3p; however, central
obesity is not commonly reported. In addition, our 3p duplication subject had no heart
defects and gene(s) involved in heart development may be unaffected by the 3p25.3p26.2
duplication. Thus, our subject with a rare interstitial 3p duplication had a milder phenotype
than is commonly reported for others with partial trisomy 3p which may reflect the small
size of the duplication or lack of involvement of other chromosomes.

Interestingly, there are several genes within the chromosome 3p25.3p26.2 region which may
contribute to the clinical findings seen in our patient and similar to PWS. For example,
PPARG and GHRL are known to be associated with obesity and the oxytocin receptor gene,
OXTR, has been associated with autism [Muhle et al., 2004]. In addition, the GABA
transporters, SLC6A1 and SLC6A11 are located in the duplicated region and are involved in
central nervous system function.

The most obvious similarity of gene expression between our PWS subjects and our 3p
duplication subject was an increase in GHRL relative to the control subjects. Although
misregulation of GHRL results from different mechanisms in our PWS individuals and our
3p subject, it represents an interesting parallel between the gene expression data and
phenotypic similarities. Our 3p duplication subject did not have an increase in plasma
ghrelin level but further investigations are needed to assess the relationship (if any) between
the increased GHRL mRNA in lymphoblastoid cells and plasma ghrelin concentration.

An inverse relationship between PPARG1 gene expression has been observed in adipose
tissue and BMI [Sewter et al., 2002]. Although we saw a trend toward an inverse
relationship between PPARG1 expression and BMI, it was not significant and may indicate
a small sample size. However, the PPARG1 expression level in lymphoblastoid cells in our
nonobese group was significantly greater than found in our obese group as similarly seen in
reported studies on adipocytes (Sewter et al., 2002) suggesting a similar pattern of
expression. Furthermore, we detected higher levels of PPARG1 compared to PPARG2
(Table) in our lymphoblastoid cells suggesting that total PPARG expression was primarily
due to PPARG1.

We know that gene expression in relevant tissues (brain, adipose) in our subject is not
perfectly represented by lymphoblastoid cells but the DNA copy number will be the same in
all tissues. Regardless of the relationships between our comparison groups, it is clear that
lymphoblastoid cells from our 3p duplication subject expressed more PPARG than any of
the comparison males which may be a direct result of the chromosome duplication. Thus,
several of the misregulated genes we examined are of interest because of their potential
contribution to obesity and behavior which presents an opportunity to expand the number of
genes examined through genome wide microarray expression to search for gene network
interactions.
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Figure 1.
Frontal and facial views of the 9-year-old male with a duplication of chromosome
3p25.3p26.2.
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Figure 2.
Figure 2a. GTG-banded chromosome 3s (* designates chromosome with 3p duplication).
Figure 2b. Whole chromosome painting for chromosomes 3, 15 and 17.
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Figure 3.
Comparative genomic hybridization DNA microarray results of chromosome 3 from our 3p
duplication subject. Arrow indicates region of duplication.
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Figure 4.
Representative quantitative RT-PCR using primers specific for a. GHRL and b. PPARG.
Total RNA was extracted from actively growing lymphoblast cells and equal quantities were
used in a QuantiTect all-in-one RT-PCR using SYBR green fluorescence to quantify the
amplicon. The CT was set at the narrowest portion of the logarithmic phase of PCR cycle
amplification at which the signal intensity exceeds the detection threshold. Fold change is
calculated as 2|3p – Comp|, (3p = CT of the 3p duplication subject and Comp = CT of the
comparison subject). a. Representative quantitative RT-PCR for the GHRL gene. The CTs
were 23.2, 23.7, 24.4 and 24.9 for the 3p duplication, PWS, nonobese and obese subjects,
respectively. The difference in CT value used to determine gene fold expression change
between the 3p duplication subject and the PWS, nonobese and obese subjects represent 1.4,
2.3 and 3.3 fold less expression respectively relative to the 3p duplication subject. b.
Representative quantitative RT-PCR for the PPARG gene. The CTs were 20.8, 25.4, 24.4
and 25.6 for the 3p duplication, PWS, nonobese and obese subjects, respectively. The
difference in CT value used to determine gene fold expression change between the 3p
duplication subject and the PWS, nonobese and obese subjects represent a 24.3, 12.1 and
27.9 fold less gene expression respectively relative to the 3p duplication subject.
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