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Purpose: Prader-Willi syndrome (PWS) is a well-known genetic disorder, and
microdeletion on chromosome 15 is the most common causal mechanism. Several
previous studies have suggested that various environmental factors might be
related to the pathogenesis of microdeletion in PWS. In this study, we investigated
birth seasonality in Korean PWS.

Methods: A total of 211 PWS patients born from 1980 to 2014 were diagnosed
by methylation polymerase chain reaction at Samsung Medical Center. Of the
211 patients, 138 were born from 2000-2013. Among them, the 74 patients of a
deletion group and the 22 patients of a maternal uniparental disomy (UPD) group
were compared with general populations born from 2000 using the Walter and
Elwood method and cosinor analysis.

Results: There was no statistical significance in seasonal variation in births of the
total 211 patients with PWS (x2=7.2522, P=0.2982). However, a significant difference
was found in the monthly variation between PWS with the deletion group and the
at-risk general population (P<0.05). In the cosinor model, the peak month of birth
for PWS patients in the deletion group was January, while the nadir occurred in
July, with statistical significance (amplitude=0.23, phase=1.2, low point=7.2). The
UPD group showed the peak birth month in spring; however, this result was not
statistically significant (x2=3.39, P=0.1836).

Conclusion: Correlation with birth seasonality was identified in a deletion group of
Korean PWS patients. Further studies are required to identify the mechanism related
to seasonal effects of environmental factors on microdeletion on chromosome 15.

Keywords: Prader-Willi syndrome, Microdeletion, Birth, Seasonality

Introduction

Prader-Willi syndrome (PWS) is a genetic disorder caused by a deficiency of imprinted
gene expression from the paternal chromosome 15q11-15q13. PWS has a prevalence of 1
in 10,000-20,000 individuals. This disease is clinically characterized by neonatal hypotonia,
poor feeding in infancy (often associated with failure to thrive), followed by obesity beginning
around age 2", Patients with PWS exhibit short stature, cognitive impairment, hypogonadism,
hyperphagia, morbid obesity, behavioral problems, and diabetes”.

The frequencies of different genetic subtypes in PWS are usually given in the literature as
70% paternal interstitial deletion of the 15q11-13 region, 25%-30% maternal uniparental
disomy (mUPD) of chromosome 15, 3%-5% imprinting center (IC) defects (microdeletion of
PWS-IC, primary epimutation),and unbalanced translocations involving the PWS region™”.

A group of 97 Korean patients with PWS (median birth year of 2001; interquartile range,
1998-2007; male:female, 58:39) who were diagnosed using methylation analysis were classified
in our previous report” into several detailed genetic subgroups by stepwise genetic analysis:
deletions in 66 patients (68%), mUPD in 28 patients (29.9%), and primary epimutation in two
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patients (2.1%). The proportions of genetic subgroups were
similar to those given in other literature”.

Consistent with the findings of previous studies, deletion
is the most common genetic mechanism in PWS. It has been
suggested that the particular genomic architecture of the
15q11-q13 region, characterized as flanked by low copy repeats,
could predispose it to nonallelic homologous recombination
(NAHR)”. Molina et al.” suggested that increased susceptibility
of some PWS fathers to generating 15q11-q13 deletions is
probably related to the particular genomic architecture of
the region. This indicates that some environmental or genetic
factors promote meiotic NAHR at multiple genomic regions.

Ayabe et al.” and Butler et al.” studied birth seasonality in
PWS patients with chromosome 15 deletion. In these studies,
the common peak of birth frequencies was autumn, but the
trough seasons differed, as spring and winter, respectively.
These results suggested that one or more environmental factors
stimulate the development of microdeletions in the autumn-
born patients.

In the present study, we investigated seasonal variability
caused by both deletion and UPD in Korean patients with PWS,
comparing the two groups with the general population.

Materials and methods

This study protocol was approved by the Institute Review
Board Committees at the Samsung Medical Center. A total of
211patients (129 males, 82 females) born from 1980 to 2014
were diagnosed with PWS at Samsung Medical Center using
methylation analysis. All patients met the consensus clinical
criteria for PWS. Molecular diagnosis for the deletion group
was based on the findings of fluorescence in situ hybridization
(FISH) using a probe for the Small nuclear ribonucleoprotein
polypeptide N region at 15q11.2, and diagnosis for the UPD
group was based on the results of microsatellite analysis for
several loci on chromosome 15.

We studied differences in the seasonal distribution of births
between the deletion group and the Korean general population
(Annual Vital Statistics Data from the Statistics Korea website
[http://www.kostat.go.kr/] obtained from 6,911,111 individuals
born between 2000-2013; data were only available from the year
2000), and between the UPD group and the general population.
Because the at-risk population (reference population) was
available for the years 2000-2013, 138 patients with PWS who
were born from 2000-2013 were compared with the general
population.

The birth months of the patients were grouped into four
seasons: spring (March—May), summer (June-August), autumn
(September—November), and winter (December—February).

In addition, we studied the seasonal distribution of the
estimated conception days for 99 patients whose hospital
records of gestational age at birth were available. The 14th day
after the mothers last menstrual period was considered as the
day of estimated conception.

We first analyzed whether there was a nonuniform distribu-
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tion in the season of birth using the chi-square test. Then, to
investigate potential seasonal patterns, we used the Walter and
Elwood method9) (R environment version 2.11.1; http://www.
r-project.org/) and a cosinor model10) to confirm a sinusoidal
(parametric) seasonal pattern of PWS patients. The data were
compared with the pattern of total live births from 2000-2013
in Korea (n=6,911,111). Full details of this technique can be
found in earlier reports that have used this approach to model
the seasonality of childhood leukemia"""?.

In addition, we used Fisher exact test to determine whether
there are nonrandom associations between season and PWS
group (deletion and UPD) based on the date of conception.
In all analyses, a P-value of less than 0.05 was considered to be
statistically significant.

Results

1. Proportion of genotype characteristics in study subjects

A total of 211 patients with PWS (birth year: 1980-2014)
were diagnosed at Samsung Medical Center. Among them, 122
(57%) had 15q11.2-q13 microdeletion (deletion group), and 35
patients (17%) had UPD(15) mat (UPD group). FISH was not
performed in the other 52 patients (25%). Two patients (1%)
were determined to have IC defects (Table 1).

Of the 211 patients with PWS, 138 (65%) were born from
2000-2013. Among these 138 patients, 74 (54%) were classified
into a deletion group and 22 (16%) into a UPD group. FISH was

Table 1. Proportions of group of patients with Prader-Willi
syndrome (PWS)

Patients with PWS (birth year)

Group 1980-2014 2000-2013 2000-2013
(h=211)  (n=138)  (n=99)"
Del 122(58)  74(53) 53 (54)
UPD 35(16) 22(16) 53 (54)
Not determined subtype” 52(25) 41(31) 32(32)
Imprinting 2(1) 1(1) 0(0)

Values are presented as number (%).

Del, microdeletion group; UPD, maternal uniparental disomy group.
“Patients with PWS who were born from 2000-2013 whose hospital
records of gestational age at birth were available (total 99 patients).
YPatients with PWS were diagnosed by methylation PCR, but did
not undergoe fluorescence in situ hybridization.

Table 2. Monthly variation of the Prader-Willi syndrome (PWS)
group compared with the at-risk population®

Group Test statistics” P-value
Del 6.04 0.0489
UPD 3.39 0.1836
Total 0.96 0.6189

Del, microdeletion group; UPD, maternal uniparental disomy group;
Total, total patients with PWS.

?At-risk population indicates total live births during 2000-2013 in
Korea (n=6,911,111). "Walter and Elwood test.

'P<0.05, statistically significant difference.
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Fig. 1. Monthly distribution of births of patients with Prader-Willi syndrome. In the total group of 138 patients,
March was the peak month, with 18 patients (13%). In the deletion group, birth rate was highest in January and
March; each month had 11 patients (14.86%). In contrast, the lowest birth rate was seen in June and July (3 patients
each; 4%). In the UPD group, there was no apparent systematic distribution. Total, total patients with PWS; Del,
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microdeletion group; UPD, maternal uniparental disomy group.

Table 3. Cosinor model of patients with Prader-Willi syndrome
(PWS) to confirm sinusoidal (parametric) seasonal pattern

Group Amplitude Peak phase  Low phase Signiﬁcapt
(mo) (mo) seasonality
Del 023 12 7.2 TRUE”
UPD 0.06 4.0 10.0 FALSE
Total 0.14 1.6 7.6 FALSE

“Deletion group in the cosinor model was presumed to be
significant because peak (maximum) month of cosine curve
is January (month, 1.2), whereas low phase (minimum) is July
(month, 7.2).

Del, microdeletion group; UPD, maternal uniparental disomy
group; Total, total patients with PWS.

not performed in 41 patients out of the 138 (29%). IC defects
were identified in one patient (1%) (Table 1). The 74 patients in
the deletion group and the 22 patients in the UPD group were
compared with the at-risk general population.

2. Monthly and seasonal distributions of birth dates

To assess whether month of birth influences susceptibility
to PWS disorders, we initially compared the distribution of all
patients with PWS who were born in 2000 or later with that
of the general population. The observed frequencies of birth
month in patients with PWS by month and season are shown in
Figs. 1 and 2, respectively. There was no statistical significance in
seasonal variation in births over the complete PWS population
(X’=7.2522,P=0.2982).

However, statistical significance was found in the monthly
variation of the PWS deletion group compared with the at-risk
population (P=0.0489) (Table 2). For the UPD group, birth dates
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Fig. 2. Seasonal distribution of births of patients with Prader-Willi syndrome
(PWS). The peak season of PWS in the deletion group was winter,with 23
patients (31%); summer was the lowest, with 10 patients (13%). For the total
of 138 patients with PWS (birth year: 2000-2013), spring was a peak season
with 39 patients (28%), and summer was the lowest, with 28 patients (20%).
In the uniparental disomy (UPD) group, peak season was spring, with seven
patients (31%), and trough season was autumn, with four patients (18%). The
relationship between the PWS group (deletion, mUPD, total) and seasonality
was not statistically significant (chi-square test, P=0.2982). Spring (March-May),
summer (June—August), autumn (September—November), winter (December—
February). Total, total patients with PWS; Del, microdeletion group; UPD, maternal
uniparental disomy group.

occurred most frequently in spring, especially in April, but this
result was not statistically significant (X’=3.39, P=0.1836).

Based on these results, we applied the cosinor model to
patients with PWS (Table 3). The peak birth month for PWS
patients with deletion was January, while the nadir occurred
in July. This result was statistically significant (amplitude=0.23,
phase=1.2, low point=7.2). In contrast, neither the total PWS



apem

group nor the mUPD group results were statistically significance
when analyzed with the cosinor model.

3. Monthly and seasonal distributions of estimated
conception dates

We studied the seasonal distribution of the estimated
conception days for 99 patients who were born from 2000 to
2013 whose hospital records of gestational age at birth were
available (The meantstandard deviation gestational age was
38.8+2.0 weeks).

Of the 99 patients, 53 (54%) were classified into a deletion
group and 14 (14%) into a UPD group. FISH was not performed
in 32 patients (32%). No patients with IC defects were identified
(Table 1). Because no data related to the estimated conception
day were available for the general population, we analyzed the
53 patients in the deletion group and the 14 patients in the UPD
group.

Deletion group incidence was much higher in spring and
lower in autumn, compared with the other seasons. These
findings were statistically significant (Fisher exact test, P=0.0168)
(Supplementary Fig. 1A).

On a monthly basis, April and May were the highest months
of conception, whereas October and February were the lowest
(Supplementary Fig. 1B).

Discussion

This is the first study addressing correlations of seasonal
variability with Korean PWS patients. In this study, a clear
seasonal birth distribution was observed, with a peak in winter
and a trough in summer in the PWS deletion group compared
with the general population. Birth distribution was lowest in
July and peaked in January. The distribution of UPD group
births was not seasonal.

Studying the pathogenesis of deletion on chromosome
15 is important because the deletion group accounts for
70% of the PWS population. Our results differ from those of
previous studies addressing the seasonal variability of the PWS
populations with deletion in the United States (US) and Japan”.
The peak season of the deletion group was autumn in the US
and Japan, but winter in our study. The study in Japan had used
only Walter and Elwood's test statistics, but we additionally
employed cosinor analysis to confirm sinusoidal seasonal
pattern. The US study had analyzed only a 61 patients in the
deletion group without comparison with the general population;
in contrast, we compared PWS patients with the general
population. Nevertheless, differences in the various prevalence
rates of the PWS deletion might be related to differences in
ethnicity, nation, and environmental factors present in these
various studies.

Several hypotheses about the pathogenesis of the PWS
deletion group suggest some supportive clues. PWS is a genomic
disorder caused by meiotic chromosomal rearrangements of
unstable regions flanked by Low Copy Repeats (LCRs)'”. The
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15q11-q13 region is flanked by three LCRs (LCR15-1, LCR15-
2, and LCR15-3) in which most of the deletion breakpoints in
a PWS case occur'”. The 15q11-q13 LCRs called END-repeats
act as hot-spots that could predispose the particular genomic
architecture of the 15q11-q13 region to NAHR®"”. The interch-
romatid NAHR is the predominant mechanism involved in
the generation of sperm deletions and duplications'”. The rate
of sperm deletion and duplication in 15q11-q13 is considered
relevant to particular haplotypes and interchromatid exchange
events'. In particular, a significant percentage of PWS
fathers have an increased susceptibility to generate 15q11-
q13 deletions in spermatozoa, suggesting the participation of
intrachromatid NAHR exchanges”. NAHR plays a central role
during meiosis and recombination. Furthermore, frequency at
hotspots is sensitive to environmental conditions, such as high
temperature, nitrogen starvation, ultraviolet (UV) radiation,
oxidative stress,and high osmolarity'”.

In addition, homologous recombination (HR) is an important
pathway in mammalian cells as both a pathway for DNA
repair and a cause for genomic rearrangements aftected by UV
radiation'”””. Bishop and Schiest]'” suggested that “correct”
HR initiated by appropriate UV radiation can repair DNA
damage, in contrast to “aberrant” HR, which can cause genomic
rearrangements such as deletion. In this regard, the presence of
vitamin D receptors in human sperm’” and the relationship
between vitamin D levels reflecting the UV radiation and sperm
parameters™*” are interesting. Hammoud et al.*” found that low
vitamin D levels were correlated with lower total sperm count
and reduced sperm motility.

A study on the analysis of vitamin D levels of Koreans, based
on The Korea National Health and Nutrition Examination
Survey 2008, is relevant to this discussion. This study assessed
2,504 men over the age of 20. Vitamin D level was the lowest in
men aged from 20-29 years. Mean serum 25 (OH)D level was
the lowest in spring (17.8 ng/mL), followed by in winter (18.4
ng/mL). In addition, the summer season was the highest (24.4
ng/mL), followed by autumn (23.9 ng/mL)*".

Considering that spermatogenesis occurs at approximately
the same time as the conception day, and that the gestational
age of most of the PWS with deletion patients in our study was
near full term, their season of conception was spring. This is
consistent with our results as shown in supplementary Fig.1A, B.

Based on the finding that the season with the lowest vitamin
D level and the peak season of conception of the Korean
PWS deletion group are the same (i.e., both are spring), we
can suggest a new hypothesis that NAHR-induced deletion
through spermatogenesis defects from vitamin D insufficiency
occur most often in spring. In other words, it is expected that
the vitamin D level of a PWS father might be related to a defect
of spermatogenesis, including copy number abnormalities
resulting in microdeletion with PWS. However, we need
to examine the relationship between vitamin D level and
microdeletion in PWS through the further study of vitamin D
level status in PWS fathers.

The present study has some limitations. Statistical analysis was
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not performed for the seasonality of the estimated conception
day because of the lack of Korean reference data for comparison.
However, in contrast to previous studies that evaluated the
seasonal variability of patients with PWS, we applied not
only the Walter and Elwood method that is commonly used
statistical analysis of seasonal variation, but also applied the
cosinor test, which compensates for limitations in the Walter
and Elwood method. This use of two analysis methods imparts
high reliability to our results.

In conclusion, we have investigated seasonal distribution of
the PWS population in Korea. The information reported here
may serve as a helpful baseline study for future work relating
PWS patients with deletion to environmental factors, such as
vitamin D level. Further study of the correlation between the
deletion group of the PWS population and seasonal distribution
will be required to provide more useful information about
detection and prevention of PWS.
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