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Context: LH gene mutations are rare; only four mutations have been described. The affected
individuals are hypogonadal.

Patient: We describe the clinical features of a 31-yr-old man who presented with delayed
puberty and azoospermia and was found to have hypogonadism associated with an absence
of circulating LH.

Main Outcome Measures and Results: The patient had a 12-bp deletion in exon 2 in the LH
�-subunit gene and a mutation of the 5� splice site IVS2�1G3T in the same gene present in a
compound heterozygous state. The first mutation predicts a deletion of four leucines of the hy-
drophobic core of the signal peptide. The second mutation disrupts the splicing of mRNA, gener-
ating a gross abnormality in the processing. The patient’s heterozygous parents were clinically
normal. The phenotype of a 16-yr-old sister of the proband, carrying the same mutations, was
characterized by normal pubertal development and oligomenorrhea.

Conclusion: This report unravels two novel mutations of the LH gene critical for synthesis and
activity of the LH molecule. The insight gained from the study is that normal pubertal maturation
in women can occur in a state of LH deficiency, whereas LH is essential for maturation of Leydig cells
and thus steroidogenesis, puberty, and spermatogenesis in man. These mutations should be con-
sidered in girls and boys with selective deficiency of LH. (J Clin Endocrinol Metab 97: 3031–3038,
2012)

LH plays a central role in pubertal development and
regulation of reproductive functions in males and fe-

males. LH is a heterodimeric glycoprotein that consists of
two noncovalently linked subunits—the �-subunit com-
mon with FSH, chorionic gonadotropin, and TSH, and a
hormone-specific �-subunit (1). Homozygous mutations
that abolish the activity of LH have been reported in six
men and two women (2–7). The genotypic abnormalities

were: a missense mutation that impaired the receptor
binding (2); a point mutation that disrupted a vital cystine
knot motif and abrogated the heterodimerization of LH
(3); a nine base deletion in exon 2 that impairs the cystine-
knot folding motif (7); and a G to C substitution in intron
2 that disrupts the splicing, generating an abnormality in
the processing of the LH �-subunit mRNA (4). Despite the
different genotypic abnormalities, the patients with inac-
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tivating mutations of the LH �-subunit had broadly sim-
ilar clinical phenotypes. In affected men, sexual differen-
tiation was normal, but the absence of LH restrained the
induction of puberty and altered Leydig cells’ prolifera-
tion and maturation, impairing the onset of normal sper-
matogenesis, which depends on high levels of intratestic-
ular testosterone (8–11). Infertility and very low levels of
spermatogenesis generally persist in the affected men, de-
spite long-term exposure to gonadotropin therapy. The
two women described so far, who harbor an inactivating
mutation in the LH �-subunit gene, had normal pubertal
development and menarche at the age of 14 yr, followed
by oligomenorrhea and secondary amenorrhea (4, 7). In
one of these patients, after estrogen treatment, a dominant
follicle was formed although ovulation remained im-
paired, suggesting that in the absence of LH, estrogen is
sufficient to induce dominant follicular growth until the
early preovulatory stage (4).

Here, we describe a man with hypogonadotropic hy-
pogonadism due to an isolated deficiency of LH caused by
a compound heterozygous mutation in the LH �-subunit
gene. The clinical and hormonal features of a sister car-
rying the same mutation are also described.

Case Report

A 31-yr-old, 46,XY man from Chile was referred for in-
vestigation of sexual infantilism. He was 182 cm tall,

weighed 89 kg, had an arm span of 187 cm, and his waist
circumference was 108 cm. He was phenotypically male at
birth, with descended testes. He had bilateral gynecomas-
tia, scant normally distributed pubic and axillary hair
(Tanner stage 2), and a juvenile voice. Penile length was 4
cm, and testicular volume was 8 ml. The results of the
initial laboratory tests are summarized in Table 1. The LH
level was not detectable; FSH was normal; testosterone,
ACTH, and estradiol levels were low; and inhibin B, pro-
lactin, IGF-I, cortisol, and TSH were normal. After iv ad-
ministration of GnRH (100 �g), the patient’s level of FSH
rose from 8.7 to 10.7 mIU/ml at 60 min, whereas LH
remained undetectable. Serum testosterone increased after
5000 IU human chorionic gonadotropin administration
from 0.49 to 4.32 ng/ml. The patient had azoospermia
with low semen volume (0.2 ml). Magnetic resonance im-
aging of the brain and pituitary gland showed no abnor-
malities. A diagnosis of hypogonadism due to selective LH
deficiency was made. Treatment with im testosterone (250
mg every 3 wk) (Sustanon; Organon, Roseland, NJ) was
initiated. Over a 6-month period, the testosterone induced
virilization, penile growth to 8 cm in length, and an in-
crease in testicular volume to 18 ml. During testosterone
replacement therapy, the plasma levels of testosterone and
17�-estradiol increased, reaching the normal adult range
(5.8 � 1.0 ng/ml and 30 � 1 pg/ml, respectively; mean �

SD of four determinations), LH remained undetectable. All

TABLE 1. Serum hormone levels in the proband with LH �-subunit gene mutation, his affected sister, and their
parents

Subject no.a Sex

Age

(yr)

LH (mIU/ml) FSH (mIU/ml)

Testosterone

(ng/ml)

IGF-I

(ng/ml)

17�-

estradiol

(pg/ml)

Progesterone

(ng/ml)

Inhibin B

(pg/ml)

Cortisol

(nmol/

liter)

TSH

(mIU/

liter)

Prolactin

(ng/ml)

ACTH

(pg/ml)

Baseline

or range Peakb
Baseline

or range Peakb
Baseline

or range Peakc

II-1 (proband) M 30 ND ND 8.7 10.7 0.49 4.32 112 19.0 0.12 88 90 4.33 11.6 9
II-2 (affected) F 16 ND 4.9 0.19 120.9 0.18 110 2.59 18.2
I-1 (unaffected) M 65 3.2 2.8 3.8 47 0.1 99 3.6 6.7
I-2 (unaffected) F 60 28.1 46.2 0.2 12.3 0.1 2.8 4.6
Normal range

Male 1.8–8.16 1.38–9.58 2.8–11.0 100–415 25–107 �0.1–0.2 80–380 66–720 0.35–4.9 2.6–13.13 10–90
Female 2.89–21.72d 3.35–21.63d 0.15–0.7 100–415 35–169d �0.1–0.3d 5–200 66–720 0.35–4.9 2.7–19.64 10–90

1.78–92.10e 2.58–150.53e �18–110e �0.1–0.2e

To convert values for testosterone to nanomoles per liter, multiply by 3.467. To convert values for IGF-I to micrograms per liter, multiply by 1.0. To
convert values for 17�-estradiol to picomoles per liter, multiply by 3.671. To convert values for progesterone to nanomoles per liter, multiply by
3.18. To convert values for inhibin B to nanograms per liter, multiply by 1.0. To convert values for prolactin to picomoles per liter, multiply by 44.
To convert values for ACTH to picomoles per liter, multiply by 0.22. M, Male; F, female; ND, Not detectable.
a Data for the proband (subject II-1) are from the initial laboratory assays performed during the first consultation. Data for subject II-2, the
proband’s sister who had oligomenorrhea, are from tests performed on follicular phase of her menstrual cycle. The peak values recorded after
GnRH and human chorionic gonadotropin administration in the proband are from tests performed 1 and 2 months after the first consultation.
b The peak value was the maximum level measured within 120 min after iv administration of 100 �g GnRH. In a normal male, after GnRH
administration, the serum FSH and LH levels rise by about 10 to 50% and 20 to 100%, respectively.
c The peak value was the maximum level measured within 72 h after im administration of 5000 IU of human chorionic gonadotropin. In normal
conditions, after human chorionic gonadotropin administration, a 2- to 9-fold increase in testosterone is observed.
d Normal range for follicular phase.
e Normal range for menopause.
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the other hormones, assayed on three to four occasions,
were within the normal range.

The treatment with testosterone was discontinued
because of worsening of gynecomastia, and the therapy
was shifted to chorionic gonadotropin 2000 IU three
times a week (Gonasi HP; Amsa, Como, Italy). Al-
though the treatment was irregular because of poor ad-
herence, after 12 months the testicular volume was 18.6
ml, testosterone secretion was maintained within the
normal adult range (4.92 � 0.98 ng/ml; mean � SD of six
determinations), and the patient became oligospermic
(0.38 � 106 spermatozoa per ejaculate; semen volume,
0.38 ml), although the spermatozoa predominantly had
abnormal shape and motility. All the other hormones
studied were within the adult normal range except for
LH, which remained undetectable.

Specimens from a bilateral testicular biopsy showed
heterogeneous seminiferous tubules separated by fibrous
tissue, containing few Leydig cells (Fig. 1). Half the tubuli
were hyalinized or hypoplastic, with a thickened lamina,
immature Sertoli cells, and spermatogonia. In the remain-
ing tubules, spermatogenesis was present, albeit greatly
reduced. The parents of the proband were not consan-
guineous and had normal hormonal values for their age
(Table 1).

The proband’s siblings were two 16- and 33-yr-old fe-
males. The younger sister had menarche at 14 yr followed by
oligomenorrhea (three to four menstruations per year). Re-
cent assays showed undetectable LH, progesterone levels
within the low-to-normal range for the follicular phase, and
normal levels of 17�-estradiol, prolactin, testosterone, TSH,
inhibin B, and FSH (Table 1). The older sister had no sons,
detailed anamnestic information was lacking, and she was

unavailable for study. However, infor-
mation collected from her mother and
from the attending physician revealed
that during the first 2 yr after puberty she
had infrequent menstruation (one to two
menstruations per year) and then amen-
orrhea, which lasted for 5 yr and was fol-
lowed by normal menses thanks to estro-
gen and progestin treatment. This study
was approved by the institutions in-
volved, and written informed consent
was obtained from the patient and his
family members.

Materials and Methods

Hormonal assays and
histopathological evaluation

A chemiluminescent immunometric as-
say (Architect i2000; Abbott Diagnostics, Abbott Park, IL) was
used to measure LH, FSH, TSH, testosterone, progesterone, pro-
lactin, and 17�-estradiol. Cortisol (Beckman Coulter, Inc., Ful-
lerton, CA) and IGF-I (DIAsource ImmunoAssays, Nivelles, Bel-
gium) were detected with the use of a RIA. Inhibin B (Pantech
Inc., Adaltis Personal Lab, Rome, Italy) and ACTH (Cisbio Bio-
assay, Codolet, France) were measured with an enzyme-linked
immunoassay. The intraassay and interassay variations for all
hormones were less than 6% and less than 10%, respectively.
Specimens of testicular biopsy from the proband were fixed in
Bouin’s solution and embedded in paraffin. Sections (3 �m)
stained with hematoxylin and eosin were studied with light
microscopy.

DNA sequencing and analysis
Genomic DNA was extracted from blood leukocytes with

commercially available reagents (Wizard Genomic DNA purifi-
cation kit; Promega, Madison, WI). DNA from one normal vol-
unteer was used as a wild-type control. The primers used in this
study spanned exon 2, intron 2, and exon 3 of the LH �-subunit
gene. The 5� primer was 5�-GGGAATTCTCTTTGTGGGTG-
GTGTACCACGC-3� (LHB1) and the 3� primer was 5�-GGAG-
GATCCGGGTGTCAGGGCTCCA-3� (LHB2).

The primer LHB2 has specific 3�-end mismatches to discrim-
inate between LH �-subunit gene and the highly homologous
human chorionic gonadotropin �-subunit gene and pseudo-
genes. The PCR amplification was performed in a total volume
of 25 �l reaction mixture containing 1.5 mM of MgCl2, 0.2 ml of
each deoxynucleotide triphosphate, 1 �g of genomic DNA, 10
pmol of each primer, and 1 U of Exact Taq polymerase (5 Prime,
Hamburg, Germany). The cycling profile consisted of 35 cycles,
denaturation at 94 C for 1 min, annealing at 65 C for 40 sec, and
extension at 72 C for 1 min. The amplified products (785 bp)
were sequenced in both the sense and antisense orientations us-
ing LHB1 or LHB2 primers, by an ABI PRISM DyeDeoxy Ter-
minator Cycle Sequencing kit and an ABI 3100 Genetic Analyzer
(Applied Biosystems, Warrington, UK).

FIG. 1. Testicular biopsy specimen from the patient’s testes (hematoxylin and eosin). A,
Representative hypoplastic seminiferous tubules and a fibroedematous interstitium. Few
Leydig cells are found in the interstitium (empty arrow). Some tubules have a conspicuous
thickening of the basal membrane and Sertoli cells only (asterisk). Some other tubules show
spermatogonia (white arrow), pachytene spermatocytes (arrow), and round spermatids
(arrowhead). B, A section with a seminiferous tubule with the greatest differentiation. In this
tubule, the thickness of the basal membrane containing some extent of seminiferous
epithelium is reduced (arrowheads) compared with the other tubules, and scattered clusters
of elongated spermatids are present (arrow). The remaining tubules show thickened basal
membrane with either Sertoli cells only or spermatogonial arrest. Testicular specimens were
obtained after 12 months of therapy with chorionic gonadotropin, 2000 IU administered
three times a week.
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Amplification and analysis of leukocytes LH
�-subunit mRNA

Because LH �-subunit mRNA, but not human chorionic go-
nadotropin �-subunit mRNA, was previously shown to be de-
tectable by a reverse-transcriptase-PCR (RT-PCR) assay of un-
stimulated human blood leukocytes (12), total RNA was
collected from a 0.5-ml buffy-coat sample from proband and
family members, using Manual PerfectPure RNA Blood kit (5
Prime).

Synthesis of cDNA was performed with the use of the Mas-
terscript RT-PCR system (5 Prime). The cDNA (5-�l samples)
was subsequently amplified in advance of the PCR assay (35
cycles of 1 min at 94 C, 1 min at 60 C, and 1 min at 72 C) with
primers 3F5�-GCACCAAGGATGGAGATGCTCCAG-3�
(LHB3) and LHB2 and Perpetual Taq DNA Polymerase (EURx,
Gdañsk, Poland). Half-nested PCR was then performed with
the preamplification product (1-�l samples), the internal primer
1F5�-GGCGGGGCATGGGCATCCAG-3� (LHB4), and the
LHB2 primer under the preamplification conditions. The se-
quences and the specificity of the assay were verified by direct
sequencing.

Functional analysis of mutant LH �-subunit
The expression vectors were constructed by separately clon-

ing the coding sequences of the wild-type LH �- and �-subunits
and the two different proband mutated �-subunits into the
pCMV6 vector (Origene Technologies Inc., Rockville, MD). LH
�-subunit carried a C-terminal HA epitope, and all LH �-subunit
coding sequences carried a C-terminal Myc-DDK epitope, all
known not to affect LH �- and �-subunit heterodimerization
(13). Plasmid constructs were verified by sequencing. Human
embryonic kidney (HEK) 293T cells were transiently transfected
with the expression vectors (2 �g per plasmid) in 10-cm dishes
using TransIT-293 Transfection Reagent (Mirus Bio LLC, Mad-
ison, WI). Each dish was transfected with the wild-type LH
�-subunit expression vector and one of the �-subunit expression
vectors. Cell lysates and concentrated medium were prepared
72 h after transfection, and Western blotting was performed.
Then, 100 �g of total protein per sample was denatured by heat-
ing, subjected to 15% SDS-PAGE under reducing conditions,
and electroblotted onto a nitrocellulose membrane. The mem-
brane was then probed with either a mouse monoclonal anti-HA
antibody (Covance, Inc., Princeton, NJ) or a monoclonal mouse
anti-DDK antibody (OriGene Technologies, Inc.). The mem-
brane was then incubated with a secondary horseradish perox-
idase-coupled antibody, and blots were visualized with an en-
hanced chemiluminescence detection system (ECL Plus; GE
Healthcare, Chalfont St. Giles, UK).

Results

Sequence analysis of LH �-subunit from the proband (sub-
ject II-2) revealed a 12-base deletion in exon 2 (28_39del),
predicted to result in a deletion of amino acids 10 to 13
(L-L-L-L) of the hydrophobic core of the signal peptide in
the mutant LH �-subunit and a G3T substitution at the
�1 position of intron 2 (IVS2 � 1G3T), a 5� splice-donor
site. The father of the proband was heterozygous for the

12-base deletion in exon 2, and the mother was heterozy-
gous for the IVS2 � 1G3T substitution (Fig. 2A). Se-
quencing of the LH �-subunit of the proband’s younger
sister was identical to that of the proband. The effects of
both the 28_39 deletion and the IVS2 � 1G3T substitu-
tion on splicing of the mRNA transcripts are shown in Fig.
2B. We detected RT-PCR products of the expected size in
both the control and the normal heterozygotes. In the fa-
ther and the affected siblings, a PCR product barely
shorter than that expected for the normal LH �-subunit
mRNA was consistently obtained (family pedigree of the
proband is provided in Fig. 2C). Direct sequencing of these
amplicons revealed that the observed difference in size was
due to the absence of a portion of exon 2 containing 12
nucleotides (Fig. 2D). In the mother and the affected sib-
lings, a larger PCR product was also found. Directed se-
quencing of these amplicons revealed that the observed
difference in size was due to the presence of the entire
intron 2, containing 236 nucleotides. The effect of the
mutations on splicing of the mRNA transcript is shown in
Fig. 2E. None of these mutations were reported in single
nucleotide polymorphism database. LH �-subunit and LH
�-subunit proteins were both correctly synthesized in
HEK 293T cells cotransfected with the wild-type expres-
sion vectors (Fig. 2F). Western blots of lysates from cells
transfected with the proband’s mutated LH �-subunits
showed barely detectable bands of the expected size (Fig.
2F), which were absent in the concentrated culture me-
dium (data not shown).

Discussion

Mutations in glycoprotein hormone genes are rare, but
they help define their physiological roles and can reveal
important structural domains within the hormones. The
proband was a compound heterozygote for two novel mu-
tations in the LH �-subunit gene, each of which precludes
effective synthesis and function of LH. The patient had
clinical and laboratory evidence of severe hypogonadism,
and serum LH was undetectable. Analogous to previously
described male patients with LH-inactivating mutations,
the proband was phenotypically male at birth but failed to
develop spontaneous puberty. These observations con-
firm that LH is not necessary for normal masculinization
in utero, provide evidence of the role of chorionic gonad-
otropin in directing fetal testicular development and ste-
roidogenesis, and are consistent with data from studies of
LH �-subunit knockout mice, which are phenotypically
normal at birth but fail to undergo sexual maturation (14,
15). In contrast to the effect in eugonadal men, the patient
had an increase in testicular volume after testosterone-
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replacement therapy. This effect, although curious, is in
line with previous reports on two hypogonadal men car-
rying mutations in the LH �-subunit gene (4), on eight
patients with hypogonadotropic hypogonadism (16, 17),

and on gonadotropin-deficient hypogonadal mice (18,
19), which had testicular growth while receiving testos-
terone-replacement therapy only. The precise mechanism
of testicular growth during androgen therapy in our pa-

FIG. 2. LH �-subunit molecular analysis of the family members available, pedigree of the patient, and functional analysis of the mutations.
A, Automatic sequencing of genomic LH �-subunit DNA from a normal homozygous (top) and from the parents of the proband (bottom).
Nucleotide sequencing reveals the heterozygous 28_39 in-frame deletion in exon 2 for the father of the proband and the heterozygous
substitution IVS2 � 1G3T in intron 2 for the mother of the proband (double peaks); the wild-type nucleotide sequence is shown in capital
letters, and the mutant sequence is in lowercase letters. B, Results of half-nested RT-PCR assay. Wild-type PCR products of the expected size
were found for the control and the heterozygous parents of the proband (I1 and I2). The father of the proband (subject I1), also showed a
PCR product shorter than the wild-type, whereas a PCR product distinctly longer was found for the mother of the proband (subject I2). The
proband (subject II2) and his sister (subject II3) both had the altered PCR products detected in their parents and lacked the PCR products of
the expected size. C, The pedigree of the proband (subject II-2, arrow). Squares indicate men, circles women. For the family members who
underwent genetic testing (denoted with an asterisk), black indicates the 28_39del LH �-subunit mutation, and gray indicates the IVS2 �
1G3T LH �-subunit mutation. D, Automatic sequencing of the mRNA transcript of LH �-subunit from a normal control (top) and from the
proband, subject II2 (bottom). The transcription product of the 28_39del in exon 2 consists in a deletion of 12 bases from the mRNA.
The IVS2 � 1G3T mutation disrupts the splicing of mRNA, leaving the entire intron 2 in place. For wild-type and mutant LH �-subunit, the
three-base codons are listed below the corresponding amino acid, represented by its single-letter symbol. E, Schematic representation of the
coding region of the LH �-subunit gene, including exons E1 through E3, introns I1 and I2, and normal and mutant forms of spliced LH �-
subunit mRNA. One of the mutant transcripts contains the 236 nucleotides from intron 2, which results in a frame shift in exon 3 (red dot
indicates the substitution at the 5� splice-donor site). The second mutant transcript, 12-base deletion in exon E2, results in the deletion of
four amino acids from the protein signal peptide (depicted in gray). Forward (F) and reverse (R) primers were used in the PCR-restriction-
fragment-length polymorphism analysis as indicated. F, Intracellular levels of mutant LH �-subunit proteins in HEK 293T transfected cells.
Western blot analysis was performed on cell lysates. The wild-type �-subunit and �-subunit proteins are correctly synthesized in the HEK
293T cells transiently transfected with DDK-tagged �-subunit and HA-tagged �-subunit expression vectors, and immunodetection with anti-
DDK and anti-HA antibodies reveals bands of the expected size (lanes 1 and 5). Protein expression in cells transiently transfected with DDK-
tagged 28_39del or IVS2 � 1G3T constructs and wild-type HA-tagged �-subunit shows minute amounts of the mutated proteins (lanes 2
and 3, predicted size 14 and 24 kDa, respectively) and LH �-subunit expression comparable with the wild-type (lanes 6 and 7). Cell lysates
from mock-transfected cells were used as negative control (lanes 4 and 8). An anti-�-actin antibody was used as a loading control.
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tient is unclear; the mechanism may involve a synergistic
action of exogenous testosterone and FSH on prolifera-
tion of Sertoli cells that are the major determinant of tes-
ticular size (20, 21).

In response to the administration of chorionic gonad-
otropin, our patient had a further increase in testicular
volume and an enhanced production of testosterone, sug-
gesting that the few Leydig cells observed in the testicular
biopsy, although reduced in number and size, remained
capable of steroidogenesis. Furthermore, the therapy with
chorionic gonadotropin allowed for some spermatogene-
sis to take place. Thus, the absence of exposure to endog-
enous LH only partially altered the subsequent capacity
for spermatogenesis. This treatment success improved the
quality of life of the patient substantially.

The proband’s sister with proven LH deficiency un-
derwent normal pubertal feminization and menarche at
the age of 14 yr, as had two previously described women
with a homozygous inactivating mutation in the LH
�-subunit gene (4, 7). We presume that the amount of
estradiol produced was sufficient for the development
of normal breasts and, in the absence of LH activity, the
androgenic substrates would probably be sufficient for
aromatization to estradiol. This may have accounted
for the normal serum estrogen despite the absence of
LH. She had oligomenorrhea still lasting 2 yr after men-
arche, further suggesting an occasional gonadotropin-
independent steroid production in the ovary. Besides,
sporadic menses occurred during the first 14 yr after
menarche in one of the woman with LH deficiency al-
ready described (4). The phenotype of the female pa-
tients with LH �-subunit mutations described until
now, including the patient described here, is very similar
to that observed in women carrying inactivating muta-
tions of the LH receptor (22). All these subjects have
female external genitalia, spontaneous normal pubic
hair and breast development at puberty, normal to late

menarche, followed by oligoamenorrhea (22). A major
difference is the absent or very low LH in patients with
LH �-subunit mutations as opposed to the high LH
levels in those with LH receptor mutations. As a con-
sequence, women with LH �-subunit mutations may be
treated with LH or human chorionic gonadotropin re-
placement therapy, whereas women with LH receptor
mutations are resistant to LH, and there is no effective
treatment to recover their fertility (4, 23–26).

The IVS2 � 1G3T point mutation found in one
allele of the affected siblings and their father closely
resembles a previously reported IVS2 � 1G3C substi-
tution (4). In both cases, the mutation involves the
highly conserved 5� splice donor site of the intron 2,
resulting in a gross abnormality in the LH �-subunit
mRNA transcript that contains an extra 236 nucleo-
tides, which leads to the inclusion of the entire intron 2
and a frameshift in exon 3. On the basis of the mutant
nucleotide sequence, it has been postulated that the
translated protein contains 79 amino acids in excess
coded by intron 2; this insertion could alter the tertiary
structure of the protein, preventing a correct assembly
of the mutant LH �-subunit with the LH �-subunit and
the secretion of the heterodimer. However, the ex-
tremely low levels of expression of the mutant protein
in the cells transfected with the IVS2 � 1G3T substi-
tution found here, in light of undetectable protein in
culture medium, suggest either an impairment of the
translational efficiency of the corresponding mRNA or
a decreased stability of the protein itself. We found the
mutated LH �-subunit mRNA in the proband, his af-
fected sister, and his father. Our findings are in keeping
with those in previous studies showing that similar ab-
normal transcripts could be detected in the homozy-
gotes, although, unlike us, they failed to detect abnor-
mal transcripts in the heterozygotes (4). The mutation
seen in the other LH �-subunit allele was a 12-bp de-

FIG. 2. Continued.
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letion leading to a lack of four leucines of the hydro-
phobic core of the signal peptide. This mutation, short-
ening the hydrophobic region, should impair the ability
of the LH �-subunit to translocate into the endoplasmic
reticulum, impairing the maturation processes. We de-
tected only minute traces of the mutated protein in the
lysates of the cells transfected with the corresponding
recombinant construct and no protein in the culture
medium, again suggesting either a defect in translation
or a quite rapid cytosolic degradation.

This report expands our understanding of the genet-
ics of hypogonadism and the knowledge of the mutation
spectrum in isolated hypogonadotropic hypogonadism.
Both affected siblings were compound heterozygous,
whereas their unaffected parents were heterozygous
and had a normal phenotype. This indicates that one
copy of the LH �-subunit gene is sufficient for normal
LH secretion and function of the gonadotropic axis,
ruling out haploinsufficiency. In conclusion, the LH
�-subunit mutations reported here are probably rare;
however, they should be considered in girls with oli-
gomenorrhea and boys with delayed puberty and selec-
tive deficiency of LH.
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