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The pituitary and placental glycoprotein hormone receptors be-
long to the G-protein-coupled receptor (GPCR) superfamily that
contains seven transmembrane helices [1, 2]. Of these, the human
luteinizing hormone/chorionic gonadotropin receptor (LHCGR)
binds two structurally related hormones: luteinizing hormone
(LH) and human chorionic gonadotropin (hCG), derived respec-
tively from pituitary gonadotropes and placental syncytial tro-
phoblasts [1, 2]. In the male LHCGRs are expressed primarily on
Leydig cells, although their expression in prostate/prostate cell
lines has also been reported [1—6]. In the female, LHCGRs are
expressed on ovarian granulosa and thecal cells and regulate
ovulation, corpus luteum function, and maintenance of pregnan-
cy [1, 2, 7, 8]. Several studies indicate that LHCGRs are also
expressed on various non-gonadal human tissues including the
female reproductive tract [1, 2, 7-11]. Stimulation of LHCGRs
by LH/hCG ligands results in cAMP production and steroido-
genesis depending on cell type, ovary developmental stage and
physiological context [7, 8, 12]. Various other intracellular sig-
naling pathways are also affected, although much less is clear
regarding their in vivo significance [7, 8]. In the adult female,
signaling via LHCGRs is primarily required for ovulation.

CAPSULE Discovery of a novel mutation in the LHCGR will prompt new
strategies for the detection of human reproductive diseases based on
gonadotropin insensitivity and their clinical management for infertile
patients.

T. R. Kumar (<)

Department of Molecular and Integrative Physiology, Department of
Pathology and Laboratory Medicine, Center for Reproductive
Sciences, Institute of Reproductive Health and Regenerative
Medicine, University of Kansas Medical Center, 3901 Rainbow
Boulevard, Kansas City, KS 66160, USA

e-mail: tkumar@kumc.edu

LHCGRs are under a tightly regulated ligand-mediated desensi-
tization pathway that involves an LH receptor binding protein
whose molecular identity, mechanism of action and regulation
have been extensively studied in recent years [13—15].

A single gene designated LHCGR encodes the LHCGR
that is essential for normal gonadal and reproductive function
in both sexes [8, 13, 16, 17]. Although initially considered
rare, in the past two decades, various mutations and polymor-
phisms have been identified in the human LHCGR (located on
chromosome 2) that consists of 11 exons and 10 introns
[18-23]. These include unique SNPs, or deletions, or point
mutations identified throughout the LHCGR resulting in a
spectrum of fertility/infertility phenotypes including sex re-
versal [18-23]. In this issue of JARG, Mitri et al., report a
novel compound heterozygous mutation in the LHCGR and
present interesting clinical phenotypes that manifest in the
affected female patient (Mitri et al., A novel compound het-
erozygous mutation of the luteinizing hormone receptor: im-
plications for fertility, doi:10.1007/s10815-014-0249-5).

A novel compound heterozygous mutation in the LHCGR
Clinical phenotypes and hormone profiles

The patient that Mitri et al. studied was a 33-year-old woman
without any pediatric medical problems. She attained normal
puberty, and was identified with primary amenorrhea during
her adolescent years. She underwent progesterone treatment for
several days and was maintained on monthly oral contraceptive
pills for several years to curtail hot flashes. She was trying to
conceive for 5 years. Her actual diagnosis was uncertain; she was
suspected to have polycystic ovarian syndrome. Physical exam-
ination and ultrasound imaging confirmed she had normal repro-
ductive tract development and accessory reproductive organs and
displayed normal size uterus and ovaries containing several
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follicles. Laparoscopic ovarian drilling, intrauterine artificial in-
seminations, GnRH agonist, recombinant FSH, and hCG stimu-
lation therapy were all performed without any success. Histolog-
ical evaluation of ovarian biopsy revealed only early stage (pri-
mordial, primary, and intermediary) but not secondary, preantral,
and antral (late stage mature) follicles. Interestingly, she became
pregnant following transplantation of donor eggs and delivered a
full-term baby girl without any complications during gestation.

The Authors next quantified baseline hormone levels (go-
nadotropins, androstenedione, free and total testosterone, and
17-hydroxy progesterone) using immunoassays. They did not
find any significant differences and all hormones tested were
within normal range. The patient exhibited poor or no re-
sponse to stimulation by hCG and did not elicit an increased
testosterone production.

Artificial Reproductive Technology (ART) protocols

After achieving pregnancy with donor eggs, the patient desired
to conceive with her own eggs. Having identified that the patient
had impaired ovarian folliculogenesis, the Authors sought ovar-
ian stimulation protocol, in vitro fertilization (IVF) and
intracytoplasmic sperm injection (ICSI). They have initiated

Fig. 1 LHCGR is located on
short arm of human chromosome
2. In the report by Mitri et al., a
female patient likely inherited
each of the two heterozygous
mutations in LHCGR from her
parents. The paternal mutation is a
2 bp deletion predicted to result in
a premature stop codon and
truncated receptor. The maternal
mutation is a 27 bp deletion in
exon | encoding the signal peptide
and results presumably in soluble
or misrouted receptor that could
get ER-retained. The parents were
heterozygous carriers of a single
mutation and did not display any
fertility defects. The patient
(daughter) carrying the
compound heterozygous LHCGR
exhibited severe fertility defects.
She was able to achieve normal
pregnancy when in vitro fertilized
donor eggs were transplanted
indicating normal uterine
function. Colored stars indicate
mutation on each of the alleles
designated numerically 1 and 2
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the IVF cycle with recombinant FSH stimulation, GnRH antag-
onist treatment, followed by multiple daily injections of recom-
binant FSH and finally GnRH agonist stimulation to induce
ovulation. Because these protocols resulted in immature oocyte
retrieval from smaller follicles, additional treatments were per-
formed to obtain oocytes from larger follicles and mucify the
cumulus—oocyte complexes. Ultimately, 7 oocytes were re-
trieved in 2 days, of which one was mature in MII stage and 6
were at germinal vesicle stage. In vitro maturation was then
attempted in presence of amphiregulin (epidermal growth factor
analogue) and this resulted in two additional oocytes that
reached MII stage. Three embryos resulted upon ICSI but they
did not reach the blastocyst stage and were arrested on day 5.
Hence, embryo transfer was not performed.

DNA sequencing

As is the case with analysis of many mutations, the next logical
step was to sequence the DNA of the patient, siblings and
parents. The patient’s poor response to hCG, ovarian
folliculogenesis defects, low E2 levels, and her older sister’s
clinical history of inguinal gonads all pointed that LHCGR could
be a likely suspect. The entirce LHCGR was bi-directionally
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sequenced. The DNA sequencing analysis revealed interesting
characteristics. First, both sisters and the patient’s mother showed
a 27 bp deletion in exon 1 in one allele at position 34-60. This
deletion is within the signal peptide encoding sequence and thus
should produce a soluble or an ER-trapped receptor. Second,
both sisters and the patient’s father showed an additional 2 bp
(TC) heterozygous deletion in exon 11 resulting in a frame shift
mutation, emergence of a premature stop codon and presumably
truncated receptor. Finally, a missense mutation (Asn A Ser) in
exon 10 at position 312 was also identified in both sisters and
father. Thus, the patient separately inherited both the mutant
alleles in heterozygous condition (and hence is compound het-
erozygous) from parents who are heterozygous for a single
mutation (and hence are normal) that would likely result in
production of abnormal LHCGRs and rendering the patient
completely LH/hCG hormone-insensitive.

Final remarks and future directions

The report by Mitri et al. typifies the classical clinical
phenotype—genotype analysis. This ultimately led to iden-
tifying the molecular basis of the infertility phenotype as a
result of a novel compound heterozygous mutation in the
LHCGR (Fig. 1). The Authors have also persistently and
systematically followed the single patient, and received
consent from family members. Although mutations in
gonadotropins/gonadotropin receptors are considered rare
[19, 20, 24, 25], the Authors have gone on to demonstrate
that both the LHCGR alleles are “hit” with two different
mutations in heterozygous condition, an event considered
even more rare. Moreover, in the present study they also
identified a novel mutation in exon I in the signal peptide
encoding sequence that had never previously been report-
ed. The report by Mitri et al. constitutes a series of
emerging novel compound heterozygous mutations in a
single gene [26-28]. A compound heterozygous mutation
was reported nearly 2 years ago in luteinizing hormone
beta subunit encoding gene (LHB) in a man [29]. His
parents who carried individual heterozygous mutations
of the gene were phenotypically normal and did not
demonstrate any fertility defects [29].

Mitri et al. also performed a variety of ART protocols, and
succeeded in a patient achieving donor egg-derived pregnancy
without any gestational complications. Although controversy
exists on functional relevance of uterine LHCGRs with the
existing Lhcgr mutant mouse models [30, 31], the present
results by Mitri et al. establish that uterine LHCGRs are not
indispensible for implantation and pregnancy maintenance in
a single patient.

What remains to be studied with this interesting mutation
reported by Mitri et al.? First, biochemical characterization of

the individual and compound heterozygous mutant receptors
expressed in vitro using cell lines and their intracellular dis-
tribution and trafficking could be studied [32]. Second, cases
of sex reversal resulting in Leydig cell defects that could have
been misdiagnosed as androgen-insensitivity could be re-
visited and genetic screening of these patients for any potential
mutations in LHCGR could be undertaken [33]. Third, di-
genic and oligo-genic mutations in several genes that act in
concert are known to cause a variety of human reproductive
disorders [33-37]. It is likely that some forms of idiopathic
infertility cases could result from heterozygous mutations in
one allele of LHCGR and another yet unidentified gene (s).
One could begin to analyze DNA samples from such pa-
tients using the emerging high-throughput sequencing ap-
proaches [33-37]. Finally, if indeed the 27 bp mutation in
LHCGR exon 1 results in mis-routing and ER trapping of
the mutant LHCGRs, attempts to rescue these misfolded/
ER-trapped receptors in vitro [38] and eventually in pa-
tients using a pharmacoperone-based therapeutic approach
should be feasible [25, 39, 40].
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