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Abstract.

Familial male-limited precocious puberty (FMPP) is a rare disease caused by constitutively activating

mutations in the luteinizing hormone receptor (LH-R) gene. In the present study, we analyzed the LH-R gene in
members of a Japanese FMPP family. Two males of the family were affected and had a heterozygous M398T
mutation; one patient developed pubertal signs as early as 2 years of age, and the other at 6 years of age. Both
patients had elevated serum testosterone levels and prepubertal gonadotropin secretions. The father of the latter
patient carried the M398T mutation, but lacked history of precocious puberty. Thus, phenotypic differences were
observed in the three males with the same LH-R mutation belonging to the same family. In summary, we have

described a Japanese family with FMPP.
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FAMILIAL male-limited precocious puberty
(FMPP) is a form of precocious puberty that is
limited to males, and the puberty is gonadotropin-
independent characterized by low levels of serum
luteinizing hormone (LH) and prepubertal LH and
follicular-stimulating hormone (FSH) responses to
gonadotropin-releasing hormone (GnRH) [1]. Re-
cent studies demonstrated that FMPP is caused by
mutations in the LH receptor (LH-R) gene which
result in the constitutive activation of the LH-R
[2, 3]. In Japan, four “sporadic” cases with male-
limited precocious puberty have been reported [4]
and the genetic analyses revealed that they are heter-
ozygous for activating mutations in the LH-R gene
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The present study is the report of a first Japanese
family with FMPP and describes the phenotypic
heterogeneity of the FMPP family.

Case Report

The family tree is given in Fig. 1. The proband
(Patient 1) was the first child of healthy unrelated
Japanese parents. He was born in 1974 by vaginal
aspiration delivery at 39 weeks and 6 days of gesta-
tion after uncomplicated pregnancy. His birth
weight was 3730 g and length 51.5 cm. His growth
chart is given in Fig 2A. By the age of 2 years it was
noticed that he had accelerated increase in height,
rapid penile enlargement and appearance of pubic
hair. When first seen at 2 years and 4 months, his
height was 93.3cm (+1.7SD) and his weight was
15.0 kg; Tanner stages were G3 and PH2. Testicular
sizes were 32 X 21 mm on the right and 22 X 15 mm on
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Family tree. The arrow indicates an index case.
Family members included in the genetic analysis are
surrounded by the lines.

Fig. 1.

the left, penile length was 73 mm. Bone age was
3 years. Serum testosterone was 300 ng/dl (normal
range for prepubertal boys: <10 ng/dl). Serum LH
and FSH levels were <1.0 (normal range for
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Fig. 2. Longitudinal growth record of the FMPP patients.

SHINAGAWA et al.

prepubertal boys: 1.1-7.5) mIU/ml and 1.15 (normal
range for prepubertal boys: <9.7) mIU/ml, respec-
tively. After administration of GnRH, they in-
creased to 9.8 (normal range for prepubertal boys:
6.8-22.4) mIU/ml and 7.4 (normal range for
prepubertal boys: 6.9-26.5) mIU/ml, respectively.
He was treated with medroxyprogesterone acetate
and/or cyproterone acetate until 12years and
3 months, when he was 156.3 cm tall (+0.9 SD). He
is 160.5 cm tall (—1.8 SD) and at full puberty. He
has two younger sisters. His parents and sisters
presented normal pubertal development.

Patient 2 is a maternal cousin of Patient 1. He
was the first child of healthy unrelated Japanese
parents. He was born in 1985 by vaginal natural
delivery after uncomplicated 39-week gestation. His
birth weight was 3060 g and length 48.0cm. His
growth chart is given in Fig 2B. At 3 years of age
he was pointed out to have undescended testes, and
was referred to the Department of Urology in our
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hospital. He was diagnosed as having migratory
testes, and has been followed up since then. Because
he started to grow rapidly and present second sexual
characteristics at the age of 6 years, he was referred to
us. When first seen at 7 years and 5 months of age,
his height was 126.0 cm (40.8 SD) and his weight
was 24.0 kg; Tanner stages were G3 and PH2. Testes
have descended into the scrotum. Testicular
volumes were 6 ml on the right and 5 ml on the left,
penile length was 64 mm. Bone age was 8 years and
6 months. Serum testosterone was 379 ng/dl. Se-
rum LH and FSH levels were 0.03 (normal range for
prepubertal boys: 0.02-0.15) mIU/ml and 0.1 (nor-
mal range for prepubertal boys: 0.38-1.11) mIU/ml,
respectively. After the administration of GnRH,
they increased to 0.65 (normal range for prepubertal
boys: 1.70-3.77) mIU/ml and 1.2 (normal range for
prepubertal boys: 4.38-9.48) mIU/ml, respectively.
He was treated with cyproterone acetate until
13 years and 6 months, when he was 160.0 cm tall
(+0.2S8SD). He has one younger brother, who was
born in 1988 and is still prepubertal at the age of
11 years. His father is a younger sibling of the
mother of Patient 1 (Fig. 1) and 166.5cm tall
(—0.8SD). The father as well as the mother of
Patient 2 is said to have entered puberty normally.

Bone age estimation

Bone age was measured by the RUS method using
the Japanese specific bone age standard on TW2 [8].

Hormone measurements
Serum LH and FSH in Patient 1 were measured by

the double antibody radioimmunoassay (RIA)
method using kits from Daiichi Radioisotope In-

stitute, Tokyo, Japan. Serum LH and FSH in
Patient 2 were determined by the immunofluoromet-
ric assay method using Delfia kits from Pharmacia
Biosystems, Tokyo, Japan. Serum testosterone was
measured by specific RIA.

Materials and Methods

DNA amplification and sequence analysis of the
LH receptor gene

Family members included in the genetic analysis
are indicated in Figure 1. Genomic DNA was iso-
lated from peripheral blood of the family members
by proteinase K digestion and phenol/chloroform
extraction. Exon 11 of the LH receptor gene was
amplified in three overlapping fragments. The
primer sequences are listed in Table 1. Polymerase
chain reactions (PCR) were performed in a 100-zl
mixture containing 0.2 pg genomic DNA, 0.001%
gelatin, 10mM Tris-HCl (pH 8.3), 50 mM KCl,
1.5 mM MgCl,, 100 #M of each dNTP, and 250 nM
of the sense primer and the antisense primer, and
2.5U Taq DNA polymerase (Takara Shuzo Co.,
Ltd., Otsu, Japan). After an initial step of denatu-
ration at 95°C for 4 min, 30 cycles of denaturation at
95°C for 1min, annealing at 57°C for 1 min, and
extension at 72°C for 0.5 min were followed by an
additional extension at 72°C for 3 min. The am-
plified PCR products were fractionated on a 1%
agarose gel (Bio-Rad Laboratories, Richmond, CA,
USA), and electroeluted from the gel and purified [9].
The purified PCR products were directly sequenced
using [a-33S]-dATP (NEN Life Science Products,
Inc., Boston, MA, USA) and a Sequenase kit
(Amersham Japan Ltd., Tokyo, Japan) with the

Table 1. Primer sequences
Primer Direction Sequence Location
LH-R S1 Sense 5 TTATTCTTCCATGCTTGCTGAGAGT-3' 1038-1062
LH-R AS1 Antisense 5-TAATCGCAGCTTTTGGTCCAGGTGA-3’ 1440-1416
LH-R S2 Sense 5'-CACTGCTGGCTTTTTCACTGTATT-3' 1320-1343
LH-R AS2 Antisense 5" TGAAGGCAGCTGAGATGGCAAAAA-3 1783-1760
LH-R S3 Sense 5"-ATGGCAATCCTCATCTTCACCGATT-3' 1711-1735
LH-R AS3 Antisense 5-TAGAGGTCTCTTGCCTAATGTACCT-3’ 2235-2211
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same primers as those used for PCR.
Restriction analysis

The mutation found in the patients turned out to
create a new restriction site for Pm/1. Therefore, we
confirmed the mutation in the patients and their fa-
mily members by digestion of the PCR products with
the restriction enzyme Pml/ I (New England Biolabs
Inc., Beverly, MA, USA) and subsequent separation
on a 1% Nusieve GTG (FMC BioProducts, Rock-
land, ME, USA)/1% agarose gel.

Informed consent for the genetic analysis was ob-
tained from each subject according to the institu-
tional guidelines of the National Children’s Medical
Research Center.

Results

The PCR products amplified by each set of the
primer pairs were of expected sizes. The direct se-
quencing of the PCR products from the patients
revealed a heterozygous missense mutation changing
codon 398 (ATG) encoding Met to ACG encoding
Thr (M398T) (Fig. 3A).

Since the M398T mutation creates a new recogni-
tion site for a restriction enzyme Pml I (CACGTG),
the PCR products from the family members were
digested with the enzyme and analyzed on a 1%
Nusieve GTG/19% agarose gel. As shown in Fig. 3B,
the patients, the mother of Patient 1, and the father
of Patient 2 were heterozygous for the M398T mu-
tation. The mother and the brother of Patient 2
were homozygous for the wild-type allele.

Discussion

The functional consequences of the M398T mutant
LH-R were previously studied by Kraaji et al. [10]
and Yano et al. [7]. Both studies demonstrated that
the expression of the M398T mutant LH-R causes
markedly increased cyclic AMP production in the
absence of the ligand. Therefore, the M398T muta-
tion is considered to be the cause of FMPP in our
patients.

Yano and his colleagues analyzed the LH-R gene in
four Japanese patients with “sporadic” male-limited
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Fig. 3. Genetic analysis of the LH-R gene. A, Direct se-
quencing of the LH-R gene. Patient 2 is heterozy-
gous for a T to C transition at nucleotide 1193. This
mutation results in substitution of Thr for Met at
amino acid residue 398 (M398T mutation). B, Pm/1
restriction enzyme analysis of PCR products. Only
DNA containing the M398T mutation is digested by
Pml 1. DNAs from the patients, the mother of
Patient 1 and the father of Patient 2 yielded un-
digested (493-bp) and digested (246- and 247-bp)
fragments, indicating they are heterozygous for the
mutation. DNAs from the mother and the brother
of Patient 2 remained undigested, indicating they are
homozygous for the wild-type allele. ¢ X indicates
Hae I11-digested ¢ X174 RF DNA, which was used as
size markers.

precocious puberty and demonstrated that two of
them are actually hereditary cases without family
history [5-7]. Therefore, it was clearly demonstrated
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that there exist hereditary patients with male-limited
precocious puberty in Japan, but familial occurrence
of male-limited precocious puberty in Japan has not
been described. In the present study, we reported
the familial occurrence of male-limited precocious
puberty for the first time in Japan.

It is interesting to note that three males with the
M398T mutation in our family presented quite
different phenotypes; Patient 1 developed signs of
precocious puberty as early as 2 years of age, Patient
2 at 6 years of age, whereas the father of Patient 2
lacked history of precocious puberty. Similar
differences in phenotype were observed in the FMPP
families caused by the M398T mutation [7, 17]. The
phenotypic differences seem to be unique to the
M398T mutation, since no phenotypic heterogeneity
was reported in FMPP families caused by the other
mutations in the LH-R gene [2, 3, 11-16]. The rea-
son for the phenotypic differences cannot be cur-
rently explained, but other genetic or environmental

factors must have affected the clinical presentation.

In summary, we have described a Japanese family
with FMPP caused by the M398T mutation in the
LH-R gene and demonstrated that there exist pheno-
typic differences in the family.
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