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Introduction

Abstract

Patients with Prader-Willi Syndrome (PWS) are known to have
variable pubertal development with most having delayed or incom-
plete puberty. This study aims to evaluate the activity of the Hy-
pothalamic-Pituitary-Gonadal (HPG) axis in individuals with PWS.
Thirty-five patients (18 males, 17 females) ages ranging from 3 to
38 years with genetically verified PWS underwent GnRH stimula-
tion testing using gonadorelin along with clinical evaluations. Of
patients in the typical age range for initiation of puberty, six had LH
peak >51U/L, indicating activation, but the remaining six had vari-
able peaks, indicating lack of, or indeterminate activation. In some
females, physical examination noted breast development to Tanner
stage Il to lll, despite apparent lack of HPG axis activation, while in
some males testicular volumes were smaller than expected despite
apparent activation of the HPG axis. We studied genotype differ-
ences (deletion vs UPD) with respect to HPG axis activation. Mean
LH levels were nearly double for PWS females with UPD compared
to PWS females with deletion. Both peak LH and peak FSH levels
appear to be higher in males with deletion compared to UPD. In-
consistency between physical examination and stimulation testing
results and the high variability in the age at activation of the HPG
axis accentuates the need for the evaluation of pubertal staging in
patients with PWS, and consideration of sex-steroid supplementa-
tion.
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Prader-Willi Syndrome (PWS) is a complex, multi-system syn-
drome that occurs at a frequency of approximately 1/10,000-
1/30,000 and is equally distributed among males and females
of all ethnic groups [1]. PWS results from loss of expression of
paternally inherited genes on the chromosome 15(15q11.2-
g13) by a variety of mechanisms which include large deletions
(70-75%), maternal uniparental disomy for chromosome 15,
UPD15 (20-30%), imprinting defects (2-5%), or rarely balanced
translocations [1]. The deletion subtype of parental chromo-
some 15 is further divided into type | and type Il deletions de-
pending on chromosome breakpoint assignments [2]. Some of
the patients with UPD 15 have both copies of the two maternal
chromosomes 15 (heterodisomy: one copy each from the ma-

ternal grand-mother and one from the maternal grand-father),
where as others inherit a duplicated single maternal 15(isodi-
somy). Duplication of deleterious genes in isodisomy could also
cause differences between those patients and others with PWS
and could point to candidate genes in the region. Clinical diag-
nosis in infancy and early childhood can be made on the basis
of hypotonia with poor suckling in infancy, dysmorphic features
including bitemporal narrowing, upslanting palpebral fissures,
high palate, small chin, small hands and feet, and gonadal hy-
poplasia.

PWS is associated with multiple variable endocrine abnor-
malities, including hypogonadism, central hypothyroidism,
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Growth Hormone (GH)/insulin-like growth factor | axis dysfunc-
tion, and occasional central adrenal insufficiency. These are felt
to be due to hypothalamic dysfunction and can result in short
stature and delayed pubertal development. The most significant
complications of PWS are related to uncontrollable hyperphagia
due to hypothalamic dysfunction which results in severe obe-
sity and increased risk of developing type 2 diabetes mellitus if
food intake is not controlled externally. This has been reported
in 25% of the adult PWS population [3,4]. Decreased lean body
mass is common due to the combination of growth hormone
deficiency and hypogonadism [1,5-7]. Obesity resulting from
PWS in adult patients is distinguishable from exogenous obesity
through the dominance of fat mass over lean body mass [6].
Active treatment with GH beginning prior to two years of age
has been shown to improve body composition, motor function,
cognition, height, and lipid profiles [5,7,8].

While there is a significant variability in the reproductive
phenotype of those with PWS, there is commonly dysfunction
of the HPG axis that is notable at birth [9]. Individuals with PWS
often show clitoral and labia minora hypoplasia in females and
a small penis with hypoplastic scrotal sac in males [7]. Also,
unilateral or bilateral cryptorchidism is detected in 80—-90% of
males [2]. Further, hypogonadism represents a common finding
in adolescence leading to a range of outcomes from normal pu-
berty to stalled puberty to complete or partial pubertal failure
due to insufficient secretion of the pituitary gonadotropins LH
and FSH and gonadal sex steroids. In adulthood, those with PWS
are generally infertile with rare exceptions. Most women have
either lack of or irregular menstruation and most men have ei-
ther undetectable or low testosterone levels [10].

The aim of the current study is to determine the frequency
of reproductive dysfunction based on GnRH agonist stimulation
testing in a cohort of 35 individuals with PWS, comparing the
incidence among the common subtypes, deletion vs UPD, and
correlation with physical examination of pubertal status.

Materials and Methods

Subjects: Research protocols were approved by UC Irvine
Institutional Review Board, and written informed assents and
consents were obtained from all eligible participants or their
legally responsible caregivers. Affected subjects aged 3 years
to adulthood of both sexes were recruited into the study. Data
was collected on 35 individuals with PWS who underwent GnRH
stimulation testing to assess for pubertal development as part
of a phenotype-genotype correlation study. Participants had a
genetically and clinically confirmed diagnosis of PWS by meth-
ylation, and FISH and UPD analysis. Individuals who were FISH
negative had UPD analysis if parents were available and those
who had negative FISH and UPD analysis but were methylation
abnormal were presumed to have imprinting center defects and
eliminated from analysis because of the small sample size.

Thirty-five individuals with genetically verified PWS under-
went GnRH stimulation testing using gonadorelin (2.5ug/kg. up
to 100ug). GnRH stimulation testing involves giving a GnRH ana-
log (gonadorelin or leuprolide) to stimulate the pituitary and
then monitoring of LH and FSH levels occurred over time. Blood
was drawn at baseline, 30 minutes, 60 minutes and 90 minutes
post-gonadorelin administration through a standard protocol to
measure serum LH and FSH levels at each time interval. If the
HPG axis has been activated, there would be an increase in the
LH and FSH levels after administration. Lack of rise implies ab-
sent activation of the HPG axis [10].

Physical examinations to gather data on breast Tanner stag-
ing or testicular volume in all 35 individuals were completed
concurrently with the gonadorelin testing. Physical examina-
tions were conducted uniformly by the Same Clinical geneticist
(SC).

Data analysis: All data had a normal distribution, based on
a p-value>0.05 with Levene’s test for normal distribution. The
effect of genetic subtype was tested in pertinent variables of
interest between groups using two-tailed, two-sample equal
variance t-tests. Statistical significance was based on a p-value
of <0.05 for all tests. The results were presented as mean +/-SD.

Results

Thirty-five patients underwent GnRH stimulation testing
with gonadorelin. Of these, 18 were male and 17 were female
(Table 1). A total of 16 had UPD and 19 had classic 15q dele-
tions. The age range was slightly wider for the female patients
with a maximum age of 38 years. All patients below 9 years of
age had undetectable LH levels indicating lack of GnRH activa-
tion. An LH peak >5IU/L indicates activation of the HPG axis and
onset of pubertal development. There was high variability in
the group between 9 and 17 years, indicating lack of pubertal
development in some patients, and activation of the HPG axis
in others. In patients over 18 years, all but one male had an
LH peak >5IU/L, indicating activation of the HPG axis in these
adults (Table 2 & 3). We did not note precocious puberty in in-
dividuals in this cohort.

Table 1: Cohort of 35 individuals with PWS.

. Mean Age UPD Deletion
Number of patients (n | Gen-
=35) der Age Range Total=  Total =
- (years) | (years) 16 19
18 Male 7.5 3.75-26 6 12
Fe-
17 20.5 3.2-38 10 7
male
Table 2: LH and FSH values in adolescent and adult females.
Baseline Peak | Baseline
Age Genet-  Peak LH Tanner
( ) . (Iu/y) LH FSH FSH B ¢
ears ics reas
Y (UL (U (/L
14 UPD 0.3 0.3 8.5 5.5 2
14 2/12 UPD 28.3 2.1 15.9 6.1 2
14 4/12 UPD 4.2 0.1 19.5 4.9 3
17 UPD 60.7 3.5 24.5 8 3
217/12 UPD 14.7 <2.0 16.3 5.3 3
292/12 UPD 15.1 3.2 13.8 9.6 4
295/12 UPD 6.95 0.82 12.3 5.21 4
Dele-
95/12 i 2.6 <2.0 9.9 <1.0 1
tion
Dele-
1211/12 i 2.8 <2.0 9.8 5.2 1
tion
Dele-
16 8/12 X 2.3 <2.0 18.5 4.3 2
tion
Dele-
38 i 26.9 9.1 48.4 34.9 4
tion

Individuals with elevated Peak LH levels indicated in bold
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Table 3: LH and FSH values in adolescent and adult males.

Baseline = Peak | Baseline 3 )
Testicular Size
Age ) Peak LH LH FSH FSH
Genetics
(years) (1u/1)
(lu/L) (/L) (u/L) (cm)
111/12 UPD 5.4 <2.0 7.6 1.6 3.5
181/6 UPD 9.5 2.1 8.2 5.2 3
185/12 UPD 2.8 2.3 4.1 3.8 3
211/3 UPD 24.7 20 8.8 3.4 not reported
12 1/6 | Deletion 26.3 <2.0 7.5 2.4 2.5
13 Deletion <2.0 <2.0 3.3 <1.0 1.25
13 3/4 | Deletion 37.2 37.2 52.2 52.2 3
151/12 | Deletion 11.5 3 32.6 231 2.5
26 1/4 | Deletion 20.7 9.5 73.1 62.7 2

In females between 9 and 17 years of age (Table 2), two out
of seven had LH levels greater than 51U/L indicating HPG axis
activation and five females had no activation of the HPG axis.
Three females in the 9-17 age group with no apparent biochem-
ical activation were noted to have Tanner 2 to 3 breast develop-
ment, implying either previous estrogen exposure or poor cor-
relation between Tanner staging and HPG axis activation.

An FSH level greater than 30I1U/L and an estradiol level less
than 60pmol/L is considered indicative of ovarian failure [12].

High LH levels (>30I1U/L) are commonly seen in post-meno-
pausal women and may interfere with fertility [13,14].

All of the adult females had peak LH levels >5IU/L demon-
strating activation of the HPG axis and expected correlation of
Tanner Breast staging that is consistent with puberty. One fe-
male had a peak FSH level =48.41U/L and an estradiol level of
44pmol/L, and another female had a peak LH level of 60.7IU/L
and elevated FSH level of 24.51U/L, suggesting ovarian failure.

In the nine males between 9 and 17 years of age (Table 3),
four showed activation of the HPG axis with LH peaks >5IU/L.
Two of these males had elevated FSH levels (>18IU/L), with one
adult male having an elevated FSH levels of

73.11U/L consistent with primary gonadal failure [15]. In
adult males, three of four had peak LH levels consistent with
puberty [15].

Testicular volumes in all males were consistent with the early
stages of puberty (2.5cm or greater in the longest dimension).
Of note, all adult males had testicular sizes that were smaller
than expected for an adult, and one individual had testicular
sizes in the pre-pubertal range (<2cm). Testosterone levels were
not available for analysis to determine correlation.

We also explored a possible association between the genetic
subtypes of the individuals and peak LH levels above and below
5IU/L. There were 22 patients with peak LH <5IU/L, 8 of those
patients had UPD and 14 had a deletion.

There were 13 patients with peak LH >5IU/L (indicating acti-
vation of the HPG axis), 8 of those patients had UPD and 5 had
a deletion (Tables 2 & 3).

Therefore it appears that in the group of patients with peak
LH >5IU/L a majority of them were in the UPD group and in the
group of patients with peak LH <5IU/L a majority of them were
in the deletion group (Figure 1).

LH Peak
(a)

FSH Peak
1 -1
(b)
Figure 1: Legend: Square=Males Circle=Females Yellow=UPD
Blue=Deletion (a) Peak LH values after gonadorelin administration
plotted against age (b) Peak FSH values after gonadorelin admin-
istration plotted against age. Dashed line indicates an LH of 5IU/L
heralding onset of puberty.

Mean LH levels appear to be higher for PWS females with
UPD compared to those with the deletion subtype. Mean LH
levels for PWS females with UPD was 13.03+/-19.15IU/L and for
those with deletion it was 4.94+/-9.77IU/L, however this was
not significant (p-value 0.324) (Table 4).

We ran an analysis of the entire dataset (n=35) and also of
the subjects over the age of 9 years (n=19), as expected initia-
tion of puberty is expected to begin at the age of 9 years. Both
peak LH and peak FSH levels appear to be higher in males with
deletion compared to UPD.

Mean peak FSH level for PWS males in all ages was 18.22+/-
22.68 with deletion compared to 8.90+/-3.89 with UPD. Differ-
ences were significant only in the peak FSH levels in the >9y.
Group p-<0.05) (Table 4), suggesting differences in release of
gonadatropins amongst genetic subtypes.
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Table 4: Genetic Analysis of LH and FSH peaks in PWS with UPD vs Deletion.

PWS Deletion (over age PWS UPD (over age 9 | T-Test (Over age PWS Deletion (all ages,| PWS UPD (all ages, T-Test
9y., n=8) y., n=11) 9vy.) n=19) n=16) (all ages)
Sex
) Mean +/- Sample Mean +/- Sample Mean +/- Sample Mean
Sample Size ) P Value . ) P Value
SD Size SD Size SD Size +/-SD
Peak LH 4 8.65 +/- 7 18.61 +/- 0.408 7 4.94 +/- 10 13.03 +/- 0.324
(1lU/L) 12.17 20.7 9.77 19.15
Female Peak 4 21.65 7 15.83 +/- 0.435 7 21.13 +/- 10 12.57 +/- 0.127
FSH +/- 5.15 14.22 7.06
(1U/L) 18.29
Peak LH 4 23.92 4 10.60 +/- 0.117 12 8.14 +/- 6 7.07 +/- 0.859
(1lU/L) +/- 9.8 12.95 9.36
10.75
Male
Peak FSH 18.22 +/-
4 41.35 4 7.17 +/- 0.051 12 6 8.90 +/- 0.339
(1lu/L) 22.68
+/-27.98 2.11 3.89
Discussion

Since patients with PWS have other evidence of hypothalam-
ic dysfunction, the dysfunction of their HPG axis has been as-
sumed to be hypothalamic as well. However, prior studies have
found mixed results. Hirsch et al. (2015) studied 106 individuals
with PWS (49 males and 57 females) [16], and found evidence
of hypergonadotropic hypogonadism (primary gonadal failure),
with high FSH and low testosterone levels in about half of the
adult men. They also found low inhibin B levels (which have a
strong positive correlation with sertoli cell function) in most of
the men, indicating gonadal dysfunction [17]. Among the group
of females, they found normal FSH and LH in over half of the
individuals, however, all the adult women had low inhibin B lev-
els, indicating a decrease in ovarian function. Siemensma et. al.
studied 61 girls and found that LH and FSH increased after age
10 years as expected and that these girls had an average age of
onset of puberty, but had a significantly slower progression to
Tanner stage 3 and 4. They also found that maturation of ovar-
ian follicles was impaired, but found no evidence of hypogonad-
otropic hypogonadism. They hypothesized that girls with PWS
may have dysregulation of LH secretion due to the loss of Ma-
gel2 resulting in low LH and estradiol levels [18,19]. Mercer and
Wevrick studied Magel 2, a candidate gene for PWS, in mice and
found that inactivation disrupts circadian rhythm and reduces
fertility in both males and females. Irregular estrous cycles in
females and decreased testosterone levels in males were found
[18].

Recent literature has changed the way we think about re-
productive function in those with PWS, but there are still many
questions. This is the first study to our knowledge of GnRH stim-
ulation testing for the evaluation of puberty in PWS. While there
are reports of precocious puberty in PWS, there were none in
this group. Delayed puberty is defined as testicular volume re-
maining less than 4mL (<2.5cm in diameter) at 14 years in a
boy or absence of any breast development at 13 years in a girl
[20,21], was seen in half the individuals in our group. In contrast
to the findings in Hirsch et. al. [16] where hypergonadotropic
hypogonadism was found in about half of the men in the study,
our study only had three males who had elevated FSH levels
greater than 18IU/L consistent with primary gonadal failure. In
females, Tanner breast staging was not sufficient to predict HPG
axis activation making laboratory evaluation a necessity in de-
termining true pubertal development. This may be due to diffi-

culty determining staging in individuals with obesity or to initial
true breast development with lack of progression, both making
physical examination less useful. In males, testicular volumes
appear to be smaller than expected for adult males with nor-
mal HPG axis function. This may be due to lack of seminiferous
tubules during embryonic development or to incomplete pu-
bertal progression. Adults with PWS do appear to have normal
response to GnRH stimulation testing after 18 years of age, but
it is unclear if this predicts true gonadal function as we do not
have testosterone levels or estrogen levels for all patients.

Although we did not find a statistically significant correlation
between genetic subtypes (deletion vs UPD) and HPG axis ac-
tivation, we observed trends within this data. Brandau et. al.
(2008) studied gonadal hormone data from 26 females (age
16-50 years) and 24 males (age 16-45 years) with genetically
confirmed PWS and found mean LH levels were nearly double
for PWS females with UPD compared to PWS females with dele-
tion, though not significantly different [22]. This finding was mir-
rored in our data set, with mean LH for PWS females with UPD
being 13.03+/-19.15IU/L and deletion being 4.94+/-9.77IU/L,
however this was not significant (p-value 0.324) (Table 4). We
note that we had a small sample size and great degree of vari-
ability within our sample. Our study serves as a pilot study and
therefore further research analyzing data from a larger sample
size is needed to note differences in genetic subtypes. A bet-
ter understanding of differences between the genetic subtypes
holds the potential to allow more personalized medicine with
targeted treatments to meet the specific needs of each patient.
The more we know about PWS, the better we can educate our
patients and their families about the disease, helping them
know what to expect when given a diagnosis as well as treat-
ment options.

Lack of phenotype-genotype correlation, inconsistency be-
tween physical examination and stimulation testing results and
the high variability in age at activation of the HPG axis accen-
tuate the need for the evaluation of pubertal stage in patients
with PWS. First morning gonadotropins testing may be used to
determine pubertal staging and assess if an individual may ben-
efit from sex-steroid supplementation.

Sex-steroid supplementation may be needed in those who
have delayed or incomplete puberty for appropriate growth,
bone health and lean body mass. More research into the ap-
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propriate timing and impact of sex steroid supplementation is
needed. Limited clinical trials exist that have studied sex steroid
supplementation in individuals with PWS [23]. It is clear that ad-
vanced research is needed to better understand the impact of
sex-steroid supplementation on individuals with PWS through
the stages of puberty and into their adult lives. Further assess-
ment of pubertal staging in PWS holds the potential to direct
the establishment of guidelines for the timing of inducing pu-
berty in individuals with PWS via sex steroid supplementation.
In addition to the biological benefits of growth that one gains as
they progress through puberty, including increased bone den-
sity and lean body mass, there are psychosocial benefits as well.

Without complete physical maturation, an individual may
feel socially disconnected amongst their peers of the same age.
Therefore, the completion of puberty may lead to more positive
mental health outcomes.
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