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What is already known on this topic?
Familial male-limited precocious puberty (FMPP) is a very rare cause of precocious puberty seen exclusively in males, which results in
early onset puberty, rapid skeletal maturation and compromised final adult height, if not treated. Very limited data is available regarding
treatment and there are no consensus guidelines.

What this study adds?
We report a novel mutation in the luteinizing hormone/chorionic gonadotropin receptor LHCGR gene causing FMPP in a very young
child who presented with puberty at six months of age and is being successfully treated. Our report adds to the very scarce information
available about this condition.

Abstract
Familial male-limited precocious puberty (FMPP), also known as testotoxicosis, is a rare cause of precocious puberty in males. It is caused
by a mutation in the luteinizing hormone/chorionic gonadotropin receptor (LHCGR) gene, resulting in the receptor being constitutively
activated. This causes excessive production of testosterone, leading to precocious puberty in males. Generally, boys present with signs
of puberty, such as pubic hair growth, acne, and increased height velocity around the age of 2-4 years old. Like any other cause of
precocious puberty, the goal of treatment is to prevent virilization and also delay closure of the epiphyseal plates to maintain adult height
potential. Treatment, therefore, is aimed at decreasing the effects of testosterone, as well as stopping the conversion of testosterone to
estrogen. Little is known about the long-term effects of treatment because the disorder is so rare. However, studies using bicalutamide
and anastrozole have been promising. In this report, we present a boy with FMPP with a novel mutation in the LHCGR gene, who has
been responding well to therapy using both drugs.
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Introduction
The luteinizing hormone/chorionic gonadotropin receptor
(LHCGR), a G-protein coupled receptor, is present on multiple
cell types, including ovarian theca cells, granulosa cells,
and testicular Leydig cells (1). Under normal conditions,
it is activated by LH and human chorionic gonadotropin
(hCG). It is important for normal sexual development and
production of sex steroids (1). The gene for the LHCGR

is located on chromosome 2p21, and is the genetic basis
of familial male-limited precocious puberty (FMPP), also
known as testotoxicosis.
An activating mutation in the LHCGR gene may occur
de novo or may be inherited in an autosomal dominant
manner. The commonly reported genetic mutation is due
to a substitution of an A to a G, which causes a change
from aspartate to glycine, in position 578 of the LHCGR (2).
This small change causes the protein to be constitutively
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activated without any input from LH, leading to excessive
sex hormone production.

by his pediatrician, that was reported as 12-18 months at a
chronologic age of 12 months.

Interestingly, activating LHCGR mutations only affect
phenotype in males. There are two proposed theories as to
why females are not affected: LH and follicle stimulating
hormone are both required to stimulate hormone synthesis,
and that the activation of LH receptor (LHR) alone would
not cause symptoms (2). Additionally, it is proposed that the
degree of dysfunction is simply not high enough to cause
symptoms (3). Regardless, the excessive production of
testosterone causes early signs of puberty, such as pubic hair
growth, increased penile length and acne, from direct effects
of testosterone and dihydrotestosterone on the testosterone
receptor, as well as increased height velocity with significant
bone age advancement from conversion of androgens to
estrogen by the enzyme aromatase. Boys generally present
with symptoms around the age of 2-4 years old. Without
treatment, rapid skeletal maturation occurs with a negative
impact on final adult height.

Initial lab evaluation revealed normal serum levels
of
17-hydroxyprogesterone,
androstenedione
and
dehydroepiandrosterone sulfate with a slightly elevated
serum LH level [0.7 mIU/mL (prepubertal <0.3 mIU/
mL)], and a significantly elevated serum testosterone level
[289 ng/dL (<5 ng/dL)]. A leuprolide stimulation test was
performed that ruled out central precocious puberty and
an adrenocorticotropic hormone stimulation test was also
performed that ruled out congenital adrenal hyperplasia. His
baseline serum testosterone during the test was 550 ng/dL.
A magnetic resonance imaging study of the abdomen and
pelvis was reported to be normal. Scrotal ultrasound was
obtained that revealed pre-pubertal testes with no testicular
masses but testicular microliths were noted bilaterally. An
α-fetoprotein level was initially elevated, but repeat was
normal, and serum β-hCG level was normal. Serum insulinlike growth factor-1 and thyroid function were also normal.
Rapid skeletal maturation was noted with his bone age
advanced to six years at a chronological age of 21 months
and to eight years by 26 months of age. At 26 months of
age, his stretched penile length was 11 cm. At this time,
the likely differential diagnoses were FMPP and McCuneAlbright syndrome. LHR testing was therefore obtained,
which revealed a novel heterozygous missense mutation in
the LHCGR gene (c.1733A>C; p.Asp.578Ala). The mutation
was reported to be a variant of unknown significance though
likely in the pathological end of the spectrum by variant
analysis with SIFT and PolyPhen.

Treatment goals are twofold: to decrease the effects of
testosterone, typically through the use of anti-androgen
agents; and to inhibit the conversion of testosterone to
estrogen through the use of aromatase inhibitors. Multiple
different medications have been trialed, but most recent
studies show promising results using bicalutamide (an
anti-androgen agent), and anastrozole (a third-generation
aromatase inhibitor) (4,5,6,7,8). Little is known about the
long-term effects of treatment because the disorder is so
rare. However, studies using bicalutamide and anastrozole
have shown improved height potential (5,6). In one study,
final adult height was only 0.4 standard deviations below
that of the general US male population (6).
Here, we present a boy with FMPP, with a novel mutation
in the LHCGR gene, who has been responding well to
bicalutamide and anastrozole therapy with marked decrease
in growth velocity, pubertal progression and skeletal
advancement.

Case Report
A 16-month-old male presented to our pediatric endocrinology
clinic due to concerns about precocious puberty. His parents
noticed presence of pubic hair at six months of age and also
reported rapid growth acceleration. Parents denied exposure
to creams, gels, or medications containing testosterone
and there was no known history of early puberty or short
stature in the family. Upon presentation, his height was over
the 99th percentile while his target height was at the 50th
percentile. Physical examination revealed prepubertal testes
with pubic hair at Tanner stage 2. A bone age was obtained
240

Based on the patient’s classic presentation along with the
genetic testing results, he was diagnosed to have FMPP
and started on treatment with anastrozole 1 mg daily and
bicalutamide 25 mg daily at two years and nine months
of age. There was some parental hesitation in starting
treatment, which delayed it by a few months.
The patient has been tolerating treatment well for over two
years at the time of writing with a significant improvement
in his linear growth, skeletal maturation and final height
prediction (see Figure 1). The bone age to chronological
age ratio has decreased from 4.5 at treatment initiation
to 3.2 at two years after treatment. His predicted adult
height as has improved from significantly below the 3rd
percentile to 162.5 cm which is at the 3rd percentile. Annual
scrotal ultrasound testing has revealed stable testicular
microliths. Testes have remained prepubertal on exam with
prepubertal early morning serum LH levels and prepubertal
response to annual leuprolide stimulation testing. After
approximately 14 months of treatment, he developed
minimal gynecomastia bilaterally, which is a known side
effect of androgen receptor antagonists.
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Figure 1. Patient’s growth chart indicating height measurements with corresponding bone age readings before and after treatment
initiation
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Discussion
FMPP is a rare cause of peripheral precocious puberty,
exclusively affecting males. Affected males present with
early onset of puberty, typically by the age of three years,
accompanied by accelerated skeletal maturation resulting
in premature epiphyseal fusion and compromised final
adult height. The overall goal of treatment in FMPP is the
same as for any cause of precocious puberty - to minimize
virilization and maximize adult height potential.
In the short term, treatment efficacy is monitored using two
criteria: physical examination to assess clinical progression;
and bone ages to assess skeletal maturation and growth
potential. The rarity and differences in phenotype of the
condition make it difficult to do widespread clinical trials.
Treatment has, however, evolved over the years but there is
still no consensus on the optimal treatment.
Prior to the discovery that FMPP was due to an activating
mutation of the LHCG receptor gene, gonadotropin-releasing
hormone (GnRH) agonists were the primary treatment. Once
the pathophysiology was better understood, anti-androgen
medications such as Medroxyprogesterone acetate and
cyproterone initially, and ketoconazole later, became the
mainstay for treatment. The former two medications
failed to show an improvement in height potential and
the latter was associated with serious side effects, such as
hepatotoxicity and adrenal suppression (9).
It was during this time that adding aromatase inhibitors
was trialed in order to prevent early growth plate closure
(8,10,11). Spironolactone (a weak anti-androgen) and
testolactone (an aromatase inhibitor) were trialed with
moderate success, and resulted in improvements in skeletal
maturation, acne, aggressive behavior, and spontaneous
erections (10,11). However, in one study, all boys ended
up with secondary central precocious puberty (10). The
development of central precocious puberty was likely due
to continued elevated poor androgen receptor blockade
(6,12,13). The fact that patients needed to discontinue
spironolactone during gastro-intestinal illnesses, and the
fact that it requires multiple daily doses, likely lead to poor
compliance. All patients then required addition of deslorelin
(a GnRH agonist) (10). Since that trial, more specific and
potent medications have become available.
Most recent studies have shown good outcomes with
anti-androgens such as bicalutamide and third generation
aromatase inhibitors such as anastrozole (4,6,7,8). These
treatments, in conjunction with one another, have shown
better adult height potential preservation than either alone
(5). In one study, anti-androgens alone did not prevent
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early growth plate closure (5), and in another, anastrozole
was ineffective in treating continued aggressiveness (7).
Bicalutamide and anastrozole offer the additional advantage
of a prolonged half-life that allows for convenient once-daily
dosing while other anti-androgen agents would require
multiple daily doses.
The data is somewhat variable in regards to long-term
outcomes, but results are promising. Adult height is
improved following treatment, though adults with FMPP
are still slightly below average in height (5,6). Long-term
effects on fertility are still unknown, however one study did
not show any differences in sperm count between patients
taking anastrozole and controls (14). Patients seem to have
preserved fertility in case reports (15). Until long-term
data on adult height, fertility and bone health are available
from a larger sample of patients, this combination therapy
should be used judiciously. Endocrinologists should also
keep in mind that the cost of therapy using bicalutamide
and anastrozole is relatively more expensive than previous
treatments (4).
Some studies have attempted to establish an association
between phenotype and genotype (16,17), which may
alter treatment strategy due to variability in medication
effectiveness. The traditional mutation in FMPP is
Asp578Gly, resulting in an activation of LHCGR (2). However,
other mutations have been known to cause FMPP (13).
Approximately 55% of these “other” activating mutations
occur at the 578 position, changing the aspartate residue a
tyrosine, histidine, glycine, or glutamine (1).
To our knowledge, our patient has a novel mutation in the
LHCGR gene, with a change from an A to a C, changing
aspartate to alanine in the 578 position. Our patient has
been responding well to therapy, likely because he has a
mutation in the “typical” spot. However, this new mutation
could explain some of the phenotypic differences in our
patient compared to the typical FMPP patient. Typically,
FMPP presents at the age of 2-4 years. Our patient had
initial symptoms much earlier than that at six months of
age, which has only been documented in a handful of cases
(13).
What remains unknown is what long-lasting effects remain
from these increased hormone levels. It is known that
testosterone has effects on the brain and on behavior, and
increased levels can lead to aggressiveness, attention deficit
hyperactivity disorder and developmental issues (3). Though
duration of the androgen exposure may be related to level
of aggressiveness in children (18), and this aggressiveness
tends to disappear with treatment (11), there are no studies
examining the long-term effects.
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Additionally, our patient had bilateral testicular microlithiasis.
Typically found incidentally, testicular microliths occur
with a prevalence of 2.4-5.6% in asymptomatic pediatric
patients (19). Their cause is unknown, but it is thought to be
a degenerative process in the seminiferous tubules leading
to accumulation of cellular debris, and then accumulation of
glycoproteins surrounding the debris, which then calcifies
(20,21). It is noted that testicular microliths do not typically
affect Leydig cells, and maybe associated with Sertoli cell
dysfunction (19). However, there is some evidence that
microliths are associated with Leydig cell hyperplasia in rats
(22). They are seen more frequently in children with Down
syndrome and associated with testicular torsion, varicocele,
retractile testes, cryptorchidism, inguinal hernias, and
testicular neoplasms, though there is no evidence that they
are premalignant (19,20).
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The microliths in our patient may well be an incidental
finding. However, testicular changes have been observed
in FMPP in more than one case. Premature differentiation
in all major testicular cell types, seminomas, and germ
cell neoplasia in situ (13,15), and in particular, Leydig cell
hyperplasia (2,3,13), have all been reported. Given the
recent findings of microliths being associated with Leydig
cell hyperplasia, and the known association between FMPP
and Leydig cell hyperplasia, there may be a link between the
two (2). Despite this, there has only been one other report of
testicular microlithiasis (13).
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