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Abstract
Context: Methylation changes observed in Prader-Willi
syndrome (PWS) may impact global methylation as well as
regional methylation status of imprinted genes on
chromosome 15 (in cis) or other imprinted obesity-related
genes on other chromosomes (in trans) leading to
differential effects on gene expression impacting obesity
phenotype unique to (PWS).
Objective: Characterize the global methylation profiles
and methylation status for select imprinted genes
associated with obesity phenotype in a well-characterized
imprinted, obesity-related syndrome (PWS) relative to a
cohort of obese and non-obese individuals.
Design: Global methylation was assayed using two
methodologies: 1) enriched LINE-1 repeat sequences by
EpigenDx and 2) ELISA-based immunoassay method
sensitive to genomic 5-methylcytosine by Epigentek.
Target gene methylation patterns at selected candidate
obesity gene loci were determined using methylationspecific PCR.
Setting: Study participants were recruited as part of an
ongoing research program on obesity-related genomics
and Prader-Willi syndrome.
Participants: Individuals with non-syndromic obesity
(N=26), leanness (N=26) and PWS (N=39).
Results: A detailed characterization of the imprinting
status of select target genes within the critical PWS
15q11-q13 genomic region showed enhanced cis but not
trans methylation of imprinted genes. No significant
differences in global methylation were found between
non-syndromic obese, PWS or non-obese controls.
Intervention: None.
Main outcome measures: Percentage methylation and
the methylation index.
Conclusion: The methylation abnormality in PWS due to
errors of genomic imprinting effects both upstream and
downstream effectors in the 15q11-q13 region showing
enhanced cis but not trans methylation of imprinted
genes. Obesity in our subject cohorts did not appear to
impact global methylation levels using the described
methodology.
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Introduction
Obesity characterized by a body mass index (BMI) over 30 is
a pervasive global health problem that is increasing in
frequency and severity [1]. Genetic predispositions for obesity
combined with increasing environmental changes likely drive
the increase in obesity rates with growing numbers of obese
individuals living in the United States and around the world.
The role of genetics in obesity can be emphasized by
examining rare genetic syndromes with obesity as a core
feature such as fragile X, Prader-Willi, Alström, and BardetBiedl syndromes [2-5]. Obesity is one of the cardinal features
in Prader-Willi syndrome (PWS), a neurodevelopmental
disorder due to errors in genomic imprinting usually as a result
of a paternally derived deletion of the chromosome 15q11q13 region [6-9]. Almost all individuals with PWS are
considered obese, with the average age of onset of obesity
occurring after 2 years of age leading to significant health
problems linked to most health issues found in PWS including
heart failure, type 2 diabetes, and a fatty liver [7,9].
Genomic imprinting is an important gene regulatory process
emerging as a contributor to obesity and several diseaseassociated disorders. Nearly all imprinted genes have CpG-rich
differentially methylated regions (DMR) typically arranged in
clusters or domains on different chromosomes and under
control of an imprinting center. Methylation status at these
centers and nearby elements regulates gene expression often
important for cellular growth, development and viability [10].
Methylation is typically associated with a repression of gene
expression. Parental origin impacts methylation status with the
paternal or maternal genomes exerting counteracting
influences on gene expression and often involved with
embryonic development and growth [11].
Approximately 1% of all mammalian genes are thought to be
imprinted with about 150 imprinted genes identified and
distributed across at least 115 chromosome bands within the
genome [12]. The expression of imprinted genes is often tissue
and stage specific. But, the monoallelic expression of an
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imprinted gene is not absolute and may incorporate
differential transcription rates balanced between the two
parental alleles [13]. Genes also appear to be clustered under
the regulation of a single imprinting-controlling element which
may involve higher order regulatory factors. Maternally
contributed genes are usually replicated or expressed at
different rates than paternal genes. Paternally expressed genes
generally enhance growth of the fetus while maternally
expressed genes inhibit growth. However, methylated or
inactive genes are not absolute and these genes can be
reactivated in male and female gametogenesis [14]. Cytosine
methylation occurs in 60-80% of all mammalian somatic cell
CpG dinucleotides, but most CpG islands are methylation free
in the promoter regions of most active genes. Areas that are
more heavily methylated (e.g., heterochromatin or repetitive
sequences regions) contribute to gene silencing [15-17].
Global methylation processes are impacted by repetitive
sequences that are selectively methylated and widely
distributed across the genome which may have significance in
the regulation of gene expression. About one-half of the
human DNA sequences are noted to have repetitive elements
[18]. For example, Alu repeats are short interspersed elements
(SINE) that are less than 300 base pairs in size and rich in CG
nucleotides at CpG islands. They are ancestral in nature,
derived from small cytoplasmic RNAs and are the most
abundant transposable elements in humans leading to
mutations [19]. Approximately 30% of Alu sites with potential
CpG islands are actual CpG sites that can be methylated. They
are implicated in inherited diseases and malignancies. Long
interspersed elements (LINE-1) distributed throughout the
genome are rich in AT nucleotides and at locations or sites for
gene regulation [20-22]. These elements constitute a
significant proportion of the human genome (e.g., LINE-1
consists of 18% and Alu repeats at 10% of the genome).
Changes in methylation of these elements typically correlate
with global methylation patterns impacting gene expression
and play a role in human development, disease and possibly
obesity [23-26]. Global methylation has been linked to obesity
status and weight loss in prior investigations [27,28]. An
inverse relationship between global methylation and central
obesity has been reported in boys that predict both obesityrelated problems (e.g., diabetes and cardiovascular disease)
and obesity development [29]. A separate case report of a
Korean woman found a U-shaped relationship between Alu
methylation status and BMI, but a paucity of DNA methylation
studies in obesity exist and even fewer studies in syndromic
obesity such as PWS, a focus of our study [30].
The present study tests the hypothesis that global DNA
methylation is related to obesity status and correlated with
measures of known imprinted single genes (e.g., H19, GNAS)
linked to obesity-related conditions and genes on chromosome
15 in the region involved in the causation of Prader-Willi
syndrome, the most common known cause of life-threatening
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obesity in humans [31]. PWS is characterized by nearly 100%
methylation of SNRPN (e.g., Butler et al., 2015 [5]), but the
impact of this methylation change on regional and global
methylation status is not fully characterized or understood in
relationship to other imprinted genes on chromosome 15 (in
cis) or other imprinted obesity-related genes on other
chromosomes (in trans). We chose to examine the global
methylation patterns of individuals with non-syndromic and
syndromic obesity relative to lean individuals by targeting
LINE-1 elements within the genome involved in gene activity
and regulation. We utilized two different global methylation
analysis methods and analyzed gene specific methylation
patterns for imprinted, non-imprinted and obesity-related
genes using targeted gene methylation methods. To further
understanding and describe the methylation effects in human
obesity in either cis or trans states, we compared genomic
DNA isolated from whole blood specimens from a cohort of
lean and obese individuals and those diagnosed with nonsyndromic obesity and PWS.

Materials and Methods
Participant Characteristics
Study participants were recruited as part of an ongoing
research program on obesity-related genomics and PraderWilli syndrome. All study procedures were performed in
accordance with guidelines for the ethical conduct of research
on humans with oversight from the local Institutional Review
Board and written consent was obtained from all participants
or their guardians. Peripheral blood samples were collected
from a total of 91 adult participants [46 males, 45 females;
mean age=35.1±9.2 (19-55) years] - see Table 1.
Table 1: Participant characteristics.
Characteristic

Lean,
N=26

Obese,
N=26

PWS,
N=39

Male, N (percent)

12 (46%)

14 (54%)

20 (51%)

38.4(8.1)
24-51

37.0(10.1)
19-54

31.6(8.2)
20-55

23.2(0)

42.6(15.4)

34.4(9.1)

Caucasian

24

25

34

African-American

1

1

3

Other

0

0

2

Age, Mean (SD) years
Age range in years
BMI, [mean(SD) kg/m2]
Race

The PWS genetic subtypes for individuals with Prader-Willi
syndrome included 18 (46.2%) typical 15q11-q13 type I or II
deletion subtypes, 20 (51.3%) uniparental, maternal disomy
(UPD) 15, and one (2.6%) with an imprinting center (IC) defect.
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Global DNA Methylation
DNA extraction was performed on all peripheral blood
specimens collected in EDTA vacutainer tubes using the
DNeasy Blood & Tissue Kit obtained from Qiagen (Valencia, CA)
following instructions provided by the manufacturer and
described elsewhere [32]. Global DNA methylation was
assessed using two different methodologies performed on the
same DNA samples. The first method incorporated the use of
the Human LINE-1 retrotransposable element commercially
analyzed through EpigenDx (Worchester, MA), a company
specializing in genomic methylation assays. EpigenDx
performed the assay, validation, bisulfite conversion, PCR
amplification and pyrosequencing to detect cytosine [C] to
thymine [T] conversion from [uracil (U)] in the unmethylated
(active) allele at CpG islands. The degree of methylation was
analyzed as a ‘C/T SNP’ using AQ mode of computer analysis
software
program
(http://epigendx.com/d/service/
pyrosequencing/global-dna-methylation/). Additionally, four
CpG island sites were studied using PCR primers which
represent the DNA methylation status for select genes with
methylation grouped accordingly (high, medium, or low)
relative to lean controls, utilizing previously established
protocols with detailed explanation described elsewhere [33].
The degree (amount) of unknown original target sequence was
then compared with the sequence after bisulfite conversion
[34].
The second approach for global methylation analysis was
developed and commercially available through Epigentek
(Farmingdale, NY) using a 5-methylcytosine based
immunoassay platform (MethylFlashTM Global DNA
Methylation (5-mC) ELISA Kit, (https://www.epigentek.com/
catalog/methylflash-global-dna-methylation-mc-elisa-easy-kitcolorimetric-p-5370.html). Purified sample DNA (100 ng) and
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unmethylated (negative) control DNA (10 ng) was incubated in
strip wells with a specially developed solution to promote DNA
binding and adherence to the sample well. Sample wells were
treated with dilute 5-mC capture and detection antibodies to
measure the methylated fraction of DNA which was quantified
colorimetrically by absorbance readings using a microplate
spectrophotometer. The percentage of methylated DNA was
calculated as a proportion of the optical density (OD).
5�� (��) =

5��% =

Sample OD‐ NC OD
����� × 2

5 − �� Amount(ng)
� 100%
�

S=mass of input sample DNA in ng; NC= normal control

2 is a normalization factor for the positive control which
contains 50% of the 5-mC.

Target gene assay
Methylation status was further analyzed for individual target
genes known to be associated with obesity or with the
causation of features seen in PWS. The complex SNRPN locus
representing an important imprinted gene in the 15q11-q13
region plays a significant role in PWS and was examined using
both the EpigenDx and Epigentek services. The SNRPN gene
was used as a positive causative imprinted PWS gene control
[6]. Other known imprinted genes, H19 and GNAS outside of
chromosome 15 [35,36], along with a constituently active
housekeeping gene, GAPDH [37], and a known obesity-related
gene, BDNF [38] were tested and analyzed using the EpigenDx
methodology and DNA methylation status of identified
restriction sites quantified by PCR pyrosequencing using
primers designed for LINE-1 elements (Table 2).

Table 2: EpigenDx target gene methylation analysis flowchart.
Other representative imprinted genes from the 15q11-q13
region (NDN, MAGEL2, MRKN3, IPW), non-imprinted 15q11q13 genes (GABRB3, P) and the maternally expressed UBE3A
© Copyright iMedPub

gene were evaluated using the Methylation-Specific (MS)-PCR
assay through the Epigentek laboratory services (http://
www.epigentek.com/services/dna-methylation-analysis/methylation-

3

specific-pcr/). Input DNA was subjected to bisulfite treatment

according to standard protocols and MS-qPCR performed using
the Methylamp MS-qPCR Kit with the following primers:
GABRB3 (117bps) #L04311
F : 5'-CGGCGGCGGTAGTAGTTAG-3'
R : 5'-AAAACCTTCCTCCCGCAA-3'
IPW (119 bps) #NG_021193
F: 5'-TTAACGTAGTTATTAGTTGG-3'
R: 5'-ACACGAAAATTACTAAACC-3'
MAGEL2 (120 bps) #NM_016776
F: 5'-TTTTATTCGTGATTCGTTAG-3'
R: 5'-GAATCAACGACGAAACCT-3'
MKRN3 (115 bps) #NM_005664
F: 5'-AATATAACGAAGCGTGTATGA-3'
R: 5'-CCTCTACTTCGCTATATTCC-3'
NDN (97 bps) #AB007828
F: 5'-TTTAGTCGTTGGTTAAGGTCG-3'
R: 5'-TTACTAACGCAACGCCTTC-3'
P (133 bps) #U19152
F: 5'-GTCGAGTGGGGAGTGTTGT-3'
R: 5'-CGCACCTCCGCTCTAAATA-3'
SNRPN (101 bps) #U41384
F: 5'-TCGTTGTAGTAGCGGTAGGT-3'
R: 5'-CCCTACACTACGACAAACAAA-3'
UBE3A (79 bps) #AH005553
F: 5'-CGGGGTGATTATAGGAGACG-3'
R: 5'-AATACGCGAACGAACGAAAC-3''

The Methylation Index (MI) was calculated for each gene
target relative to β-actin using the following equation and
water as a control:
�� = 100 ×

2−(���� �� − ���� ������� ��)
−(���������
�� − ���������������� ��)
2

Statistical Analysis

Summary data (% Methylation and MI) were received from
both EpigenDx and Epigentek laboratory services and analyzed
statistically using the Statistical Analyses System (SAS)
software (version 9.4) (SAS Institute Inc, Cary, NC). Global and
target sequence DNA methylation signal intensities were
examined using analysis of variance (ANOVA) with Bonferroni
correction to assess main and interactive effects of group,
gender and target gene on DNA methylation readings from
both LINE-1 and 5-methylcytosine based targeting
immunoassay platforms.
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Results
We utilized two different methods to evaluate the global
DNA methylation patterns among individuals with nonsyndromic obesity, lean and PWS as well as gene methylation
patterns at selected candidate obesity gene loci. Methylation
status was assessed via LINE-1 elements within the genome at
selected sites by EpigenDx and with the use of methylation
detection by 5-methylcytosine based immunoassay methods
of the CpG islands undertaken by Epigentek. Each service
provided methylation levels from the same DNA samples.

LINE-1 methylation analysis
The results of the LINE-1 assay for global methylation
relative to select target gene loci for SNRPN, imprinted (GNAS,
H19) and low methylation (GAPDH, BDNF) active control genes
are shown in Figure 1.
Global methylation levels were about 80% among all subject
groups or about 1 fold higher than the imprinted target genes
(GNAS, H19) and about 25 fold higher than the non-imprinted
target genes (BDNF, GAPDH). The level of DNA methylation at
GNAS and H19 were 40% and 50%, respectively and
approximately 16 fold higher than the 3% methylation levels
observed for BDNF and GAPDH loci independent of subject
group or sex of participants. The methylation level for SNRPN
was elevated at about 1.4 fold among PWS subjects relative to
lean and obese participants. The overall regression model of
methylation levels for global and target markers (SNRPN,
GNAS, H19, GAPDH and BDNF) was significant (F=2880, df=18,
p<0.0001). There was a significant difference by subject group
(F=421, df=2, p<0.0001), target gene marker (F=9253, df=5,
p<0.0001) and a subject group by marker interaction (F=473,
df=10, p<0.0001) effect. However, there were no differences
associated with participant gender (F=0.19, df=1, p=0.66).
These results reflected the well-characterized effects of the
imprinting error leading to PWS that produces significantly
elevated methylation at the SNRPN locus among PWS subjects
relative to both obese and lean participants. Methylation at
the H19 locus was also significantly higher than at the GNAS
locus but no evidence of trans effects on imprinting status
were noted outside of the SNRPN locus. Subgroup analyses
modeling the effects of group, sex and group*sex on individual
target genes further supported the significantly elevated
methylation levels for the imprinted SNRPN gene locus among
PWS participants (F=3363, df=2, p<0.0001) with PWS
participants showing 1.3 fold higher levels of methylation for
SNRPN than lean and obese subjects. There were no significant
differences between the three subject groups for the other
two imprinted genes, H19 or GNAS. When comparing PWS
genetic subtypes, PWS subjects having the UPD genetic
subtype showed a slight but significantly increased
methylation level (0.4 fold) compared to subjects with the
deletion status at the H19 gene locus found on chromosome
11 (F=8.11, p=0.01).
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Figure 1: LINE-1 global methylation by subject group.

5-mC immunoassay, calculation and global
DNA quantification/MS-PCR target gene
analysis
Global methylation levels determined by the Epigentek
methodology were 2.2 ± 1.1% (0.06-5.6%) and did not differ by
participant group (Figure 2). The statistical model of global
methylation considering group, sex and age was not significant
(F=1.3, df=6, dferorr=76, p<0.28) with no independent effects of
age or gender.
Methylation levels for target genes measured by Epigentek
were reported as a methylation index relative to β-actin and
thus were not directly comparable to levels obtained from
EpigenDx. PWS participants showed significantly greater

© Copyright iMedPub

overall methylation of paternally imprinted genes (SNRPN,
IPW, NDN, MAGEL2, MKRN3) within the 15q11-q13 region
than lean and obese participants. Methylation levels for NDN
were significantly greater than SNRPN at the p=0.05 level of
alpha for all groups (Figure 3). ANOVA comparison of
methylation for the imprinted genes (SNRPN, IPW, NDN,
MAGEL2, MKRN3) from the 15q11-q13 region with Bonferroni
correction controlling for group, gender and age was
significant (F=14.8, df=16, p<0.0001) and showed significant
differences between subject groups (F=17.8, df=2, p<0.0001)
and imprinted target genes (F=41.8, df=4, p<0.0001), but no
significant interaction effects between subject group and
imprinted gene (F=1.6, df=8, p=0.13), gender (F=1.2, df=1,
p=0.26) or age (F=0.13, df=1, p=0.72).
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Figure 2: Epigentek assay of methylated DNA (5-mC) as a percentage of total DNA by subject group.
Methylation of downstream target genes within the 15q11q13 region (SNRPN, UBE3A, GABRB3, P) showed uniformly
high levels of methylation at the UBE3A locus and significantly
reduced methylation at the GABRB3 locus among all study
groups (Figure 4). PWS participants showed significantly
increased methylation at the SNRPN locus relative to lean and
obese subject groups and significantly reduced methylation at
the GABRB3 locus. ANOVA with Bonferroni correction
controlling for gender and age was significant (F=19, df=13,
p<0.0001) but showed no significant differences between
subject groups (F=0.82, df=2, p<0.44). Differences between
downstream target genes were statistically significant (F=70,
df=3, p<0.0001) with a significant interaction between subject
group and marker gene (F= 2.9, df=6, p=0.01). The effects of
age and gender were not significant.

6

The relationship between methylation index and PWS
genetic subtype was modeled in PWS participants alone and
considering the effects of target gene, gender and age. The
overall model was significant (F=9.8, df=17, p<0.0001) and
indicated a significant main effect of PWS genetic subtype
(F=16.2, df=1, p<0.0001), gender (F=6.1, df=1, p<0.02) and
target gene (F=20.4, df=7, p<0.0001) (Figure 5). Methylation
index for PWS individuals with deletion subtype was
consistently higher than for participants with the UPD15
genetic subtype. Furthermore, these effects appeared to
select for paternally imprinted genes (e.g., MAGEL2, MKRN3)
rather than maternally imprinted (e.g., UBE3A) or nonimprinted (e.g., P) genes.
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Figure 3: Epigentek SNRPN locus target gene methylation analysis by subject group.

Discussion
The purpose of the current study was to analyze DNA
methylation patterns among obese and lean individuals and
individuals with PWS to test if obesity status is related to
methylation levels, both globally and among selected single
genes. We used two different methods through EpigenDx and
Epigentek laboratory services to assess global methylation
levels through the assay of two distinct genomic elements. The
EpigenDx technology targeted methylation within LINE-1
repeat sequences which are known to be enriched in 5methylated cytosine. Alternatively, Epigentek utilized an ELISA
based immunoassay and antibodies sensitive to 5-methyl
cytosine to detect all 5 mC distributed across the genome.
Targeted examination of methylation at LINE-1 repeat
sequences yielded higher global methylation levels (%
methylation) than the more general antibody-mediated
methodology - assessing all CpG islands in the genome.
However, no differences in global methylation levels were
observed between obese, lean and PWS participants using
either methodology. Further, no significant disturbances were
evident in the responses of obese individuals which correlated
with measures for lean individuals in global and target gene
assessments. There also were no significant differences in
global methylation or target gene methylation between males
© Copyright iMedPub

and females. The relatively high methylation levels obtained
from the LINE-1 assay were consistent with previous reports of
methylation rates for this target sequence. The 5-methyl
cytosine immunoassay probed a larger total number of CpG
islands within the genome, and consequently, yielded lower
overall methylation percentages which were also consistent
with previous reports utilizing this technique. Neither
methodology identified global methylation differences related
to disease state or obesity status.
Both laboratory services were able to detect and confirm
the methylation error at the SNRPN locus diagnostic of PWS.
Further, selected positive and negative control genes of known
imprinting status showed normal methylation profiles in PWS
and obese individuals relative to lean. Genes that are
imprinted are susceptible to environmental influences as these
factors can alter gene expression and activity without changing
the DNA molecule sequence [39]. Imprinted gene disturbances
have been connected with human diseases including cancer,
obesity, and neurological disorders with different aspect of
behavior and language development [40-42], as well as genetic
disorders such as Prader-Willi and Angleman syndromes. It has
been estimated that more than 100 conditions result from
disturbances in genetic imprinting. There is also evidence to
suggest that assisted reproductive technology (ART) may alter

7

imprinted gene regulation and increase chances of imprinting
defects.
The GNAS gene located at chromosome 20q13.11 is a
hormonally regulated, imprinted gene implicated in an obesity
phenotype and syndrome (e.g., Albright hereditary
osteodystrophy), and uses alternative promoters and splicing
mechanisms to produce multiple transcripts which may be
expressed biallelically or monoallelically from either the
paternal or the maternal GNAS allele. The H19 gene located at
chromosome 11p15.5 was the first imprinted non-coding RNA
(ncRNA) transcript identified and abnormal methylation of H19
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is associated with overgrowth and obesity [e.g., seen in
Beckwith-Wiedemann syndrome (BWS)]. Disturbances in GNAS
expression have been reported in individuals with BWS
indicating a generalized methylation problem [43], involving
the separate chromosome segments on different
chromosomes with trans effects. Methylation status of these
imprinted markers in our study appeared to be normal in PWS
and obese individuals relative to lean showing no evidence of
obesity-related disturbance or trans effects of the PWS genetic
lesion.

Figure 4: Epigentek SNRPN locus target gene methylation analysis by subject group.
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Figure 5: Epigentek SNRPN locus PWS subtype methylation analysis by PWS genetic subtype.
Targeted examination of genes within the PWS critical
15q11-q13 genomic region confirmed an impact of the PWS
genetic lesion on methylation of upstream and downstream
effectors in PWS (so called cis effects), but the change in
methylation level of nearby genes did not appear to be related
to the proximity to the imprinting loci. As a maternally
imprinted gene, UBE3A, showed the highest methylation index
of downstream genes profiled. GABRB3 showed the lowest
levels with significantly reduced methylation consistent with
the paternally biased expression pattern. The PWS genetic
subtype also appears to differentially impact gene expression
in the region with significantly greater methylation observed
for the imprinted target genes among deletion vs. UPD15 PWS
subtypes. There are several possible hypothetical mechanisms
which may be proposed to account for this observation. A
chromosome deletion and associated copy number change
may produce an increased proportional methylation response
(per total input DNA) relative to the balanced copy number in
UPD15 from the contributions of two maternal alleles.
However, the selection for imprinted genes and those with
paternally biased gene expression is not consistent with a
copy-number related imbalance theoretically impacting the
entire region. It is also possible that the methylation signal in
UPD15 engages feedback regulatory mechanisms leading to
relaxation of the imprint in neighboring genes - partially
© Copyright iMedPub

normalizing methylation in the region. Alternatively, the
deletion defect may engage regulatory mechanisms that
promote methylation of the region as a means to mitigate the
impact of the genetic error through processes analogous to
the inactivation of fragile X syndrome gene as an example.
Such a subtype-mediated variation in regional genomic
imprinting in PWS could further complicate assessments and
add variation to the observed PWS phenotype.

Conclusion
The purpose of the current study was to further advance
our understanding of the connection between genetics and
obesity by analyzing differences and similarities in global and
gene methylation patterns in known imprinted syndromes
(i.e., PWS) or in disease states (i.e., obesity) and lean
individuals. Hence, we compared methylation patterns of
obese and lean individuals with those diagnosed with PWS.
Our results showed no global methylation change among nonsyndromic obese and PWS individuals, as compared to lean
controls using technology described in our study. Our analysis
also provided a more detailed characterization of the
imprinting status in the critical 15q11-q13 PWS genomic region
and a framework to gauge the regional impact of the PWS
genetic lesion on neighboring genes and we confirmed an

9

impact on upstream and downstream effectors in PWS. The
results of our analysis may provide the framework for larger
studies for an expanded characterization of methylation
disturbances in those with PWS and obesity and further
examine methylation and PWS genetic subtypes as well as the
influence of obesity level, age and gender on methylation
status. Broader assessments should examine the
interrelationship between DNA methylation, obesity status
and hormone levels (e.g., estrogen) in the hope of developing
novel treatment strategies and interventions to improve
quality of life for PWS individuals and possibly reduce obesity
rates in the general population as related to gene interaction
and methylation status impacting gene function.
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