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Abstract

Objective—To analyze the GNRHR in patients with normosmic isolated hypogonadotropic

hypogonadism (IHH) and constitutional delay of growth and puberty (CDGP).

Design—Molecular analysis and in vitro experiments correlated with phenotype.

Setting—Academic medical center.

Patient(s)—110 individuals with normosmic IHH (74 males) and 50 with CGDP.

Intervention(s)—GNRHR coding region was amplified and sequenced.

Main Outcome Measure(s)—Novel variants were submitted to in vitro analysis. Frequency of

mutations and genotype-phenotype correlation were analyzed. Microsatellite markers flanking
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GNRHR were examined in patients carrying the same mutation to investigate a possible founder

effect.

Result(s)—Eleven IHH patients (10%) carried biallelic GNRHR mutations. In vitro analysis of

novel variants (p.Y283H and p.V134G) demonstrated complete inactivation. The founder effect

study revealed that Brazilian patients carrying the p.R139H mutation shared the same haplotype.

Phenotypic spectrum in patients with GNRHR mutations varied from complete GnRH deficiency

to partial and reversible IHH, with a relatively good genotype-phenotype correlation. One boy

with CDGP was heterozygous for the p.Q106R variant, which was not considered pathogenic.

Conclusion(s)—GNRHR mutations are a frequent cause of congenital normosmic IHH and

should be the first candidate gene for genetic screening in this condition, especially in autosomal

recessive familial cases. The founder effect study suggested that the p.R139H mutation arises from

a common ancestor in the Brazilian population. Finally, mutations in GNRHR do not appear to be

involved in the pathogenesis of CDGP.
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INTRODUCTION

Normal pubertal development and reproductive function depends on the intact release and

action of hypothalamic gonadotropin-releasing hormone (GnRH), the fundamental regulator

of the gonadotropic axis. The beginning of puberty is characterized by reactivation of

pulsatile GnRH secretion, after a period of quiescence during childhood (1).

Delay in the normal timing of pubertal onset is the underlying feature of constitutional delay

of growth and puberty (CDGP) (2). CDGP is considered to be an extreme of the normal

spectrum in pubertal timing, with individuals spontaneously starting and attaining complete

pubertal development 2.5 SD later than the mean age (2). Although CDGP represents the

single most common cause of delayed puberty within the general population, it can be

diagnosed only after other underlying conditions have been ruled out. The main differential

diagnosis of CDGP is congenital normosmic isolated hypogonadotropic hypogonadism

(IHH). Congenital IHH is characterized by failure of gonadal function secondary to deficient

GnRH-induced gonadotropin secretion (3). IHH is a clinically and genetically heterogeneous

condition, which can be sporadic or inherited as an autosomal trait (4). The phenotypic

spectrum of patients with normosmic IHH varies from complete lack of secondary sexual

characteristics and absent gonadotropin secretion to incomplete pubertal development (4).

When IHH is associated with olfactory abnormalities, it characterizes Kallmann syndrome,

associated with defects in the migration of olfactory and GnRH neurons during fetal life.

GnRH receptor (GNRHR) inactivating mutations were the first recognized monogenic cause

of normosmic IHH (5). Since the first description by de Roux et al. (1997) (5), more than 20

mutations distributed throughout the coding sequence of the receptor have been reported in

patients with sporadic or familial forms of normosmic IHH, in a classical autosomal
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recessive mode of inheritance (5–14). In addition, a number of other genes have been

implicated in the pathogenesis of IHH (15).

In contrast to IHH, no specific genes have been identified in association with the molecular

pathogenesis of CDGP to date. Nevertheless, genetic variation is known to influence the

normal spectrum of pubertal timing. CDGP frequently aggregates in families, with a

reported incidence of 50 to 75% of patients with a family history of delayed puberty,

suggesting that it may be at least in part genetically determined (2, 16). Mutations in genes

underlying IHH have been reported in families with a wide phenotypic spectrum, varying

from pubertal delay to severe IHH. CDGP may represent a mild phenotype of IHH and

defects in GNRHR could contribute to this phenotype.

In the present study, we examined the frequency and phenotype-genotype correlation of

GNRHR mutations in a large cohort of patients with pubertal delay, including normosmic

IHH and constitutional delay of growth and puberty. We also performed a founder effect

study of a recurrent GNRHR mutation.

MATERIAL AND METHODS

Patients

The protocol was approved by the Ethical Committee of Hospital das Clinicas, Sao Paulo

University. Written informed consent was obtained from all patients or their parents. 160

patients with pubertal delay were studied: 50 with CGDP (41 (82%) boys and 9 (18%) girls)

and 110 with normosmic IHH (74 (67.3%) males and 36 (32.7%) females). Twenty patients

(18%) had familial IHH. GNRHR had been previously sequenced in 15 patients from this

cohort (8). Other genes associated to the IHH phenotype, including TAC3, TACR3, KISS1,

KISS1R, GNRH1, FGF8, FGFR1, PROK2, PROKR2 and WDR11, have been previously

sequenced in the IHH group (17–24). The control population was composed of 150 healthy

Brazilian adults of both sexes, with normal pubertal development.

The diagnosis of CDGP was based on lack of breast development (Tanner stage 2) by the

age of 13 and absent menarche by the age of 15 years in girls, and testicular volume < 4.0

mL by the age of 14 years in boys, delayed bone age, absence of other identifiable causes of

delayed puberty, as well as spontaneous and complete achievement of puberty development

by age 18 years during follow-up. The diagnosis of normosmic IHH was based on the

following criteria: incomplete or absent pubertal development after 18 yrs in males and 16

yrs in females, prepubertal or low testosterone (T) or estradiol (E2) levels for age, and low

or normal basal gonadotropin levels, otherwise normal pituitary function, normal

hypothalamic-pituitary imaging and normal olfaction confirmed by a formal olfactory test

(Smell Identification Test Philadelphia, PA or Alcohol Sniff Test, San Diego, CA) (25).

Hormone assays

Serum LH and FSH concentrations were measured by radioimmunoassay (RIA) up to 1991

or immunofluorometric assays (IFMA, AutoDELFIA hLH Spec and AutoDELFIA hFSH,

Wallac Oy, Turku, Finland) after 1991. The sensitivity for IFMA was set at 0.1 IU/L for LH

and 1.0 IU/L for FSH. Serum T and E2 concentrations were measured by commercial solid
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phase fluoroimmunoassay (FIA) (AutoDELFIA Testosterone, PerkinElmer, Turku, Finland).

The interassay coefficient of variation was 5% or less for all assays. For the acute GnRH

stimulation test, serum LH and FSH were measured at −15, 0, 15, 30, 45, and 60 min after

intravenous (i.v.) administration of 100 μg GnRH.

DNA analysis

Genomic DNA was extracted from all patients and the three exons of GNRHR

(NM_000406.2) were amplified by polymerase chain reaction (PCR) using specific intronic

primer pairs (8). PCR products were purified and automatically sequenced in an ABI Prism

Genetic Analyzer 3100 (Perkin- Elmer, Foster City, CA, USA) (26).

In silico analysis

Mutation Taster (http://www.mutationtaster.org/), PolyPhen-2 (http://

genetics.bwh.harvard.edu/pph2/) and SIFT - Sorting Intolerant from Tolerant Human

Protein (http://sift.jcvi.org/www/SIFT_enst_submit.html) programs were used to predict the

putative impact of an amino acid substitution on protein structure and function and to predict

the pathogenicity of the missense variants (27).

In vitro analysis

Two distinct GnRHR mutants were generated by site-directed mutagenesis with the

QuikChange Site-Directed Mutagenesis Kit (Agilent Technologies, Wilmington, DE), using

pcDNA3 containing the HA-tagged wild type (WT) human GnRHR as the template. The

mutations were verified by direct DNA sequencing (Dana Farber/Harvard Cancer Center

Sequencing Facility, Boston, MA).

COS-7 cells were grown and maintained in Dulbecco's Modified Eagle Medium (DMEM)

supplemented with 10% fetal bovine serum, 100 U/ml of penicillin and 100 μg/ml of

streptomycin sulfate in 5% CO2 humidified air at 37°C. The cells were transiently

transfected using GenePorter transfection reagent (Gelantis, San Diego, CA) in six-well

plates with 100 ng/well of WT, p.V134G, or p.Y283H GnRHR, or empty vector (pcDNA3)

as a negative control. To evaluate transfection efficiency, COS-7 cells transfected with WT,

V134G, or Y283H GnRHR were co-transfected with a GFP expression vector and DNA

extracted from transfected cells were submitted PCR using primers designed based on the

GnRHR cDNA sequence (Supplement). Inositol phosphate (IP) assays were performed as

previously described (8). In brief, 24 hours after transfection, media on the cells was

changed to 1 ml/well inositol-free DMEM containing 1 μCi myo-[2-3H]-inositol

(PerkinElmer, Waltham, MA), and the cells were cultured overnight. The next day, cells

were pretreated with 10 mM LiCl for 15 minutes and then stimulated with increasing

concentrations of GnRH (Sigma-Aldrich, St. Louis, MO) (10−10 to 10−7 M) for 1 hour. After

stimulation, the cells were lysed in ice-cold 20 mM formic acid. The lysates were collected

and neutralized to pH 7.5 with 300 μl of 7.5mM HEPES containing 150 mM KOH. 3H-IP

products were isolated through prepared AG 1-X8 resin (Bio-Rad, Hercules, CA) anion

exchange columns by washing with 5 ml H2O, and then 5 ml of solution containing 5mM

Borax and 60 mM sodium formate, followed by elution with 3 ml of solution containing 0.9

M ammonium formate and 0.1 M formic acid. The radioactivity in the eluates was measured
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using a scintillation counter (Beckman, Danvers MA). All assay points were performed in

triplicate, and each experiment was repeated at least three times. Statistic analysis was

performed by two way ANOVA.

Haplotype mapping

GNRHR haplotype mapping was performed in five unrelated normosmic IHH cases

harboring the p.R139H mutation, belonging to four Brazilian pedigrees and one Polish

family (8, 12). Family members with available genomic DNA and a control group composed

of 50 individuals with normal pubertal development were also studied. However, as the

DNA of parents was not available in the Brazilian families, haplotype phasing was not

performed. Three microsatellite markers flanking the GNRHR gene were genotyped:

D4S3018 (202/316, 278 kb centromeric to the GNRHR gene), D4S409 (278–294, 10 kb

telomeric to the GNRHR gene), and D4S2387 (256/259, 480 kb telomeric to the GNRHR

gene). The three microsatellite markers were genotyped by Gene Scan technology.

RESULTS

Normosmic Isolated Hypogonadotropic Hypogonadism

Mutational analysis—Nine GNRHR mutations were identified in eleven unrelated

individuals with normosmic IHH in either a homozygous or compound heterozygous state

(p.N10K, p.Q11K, p.Q106R, p.V134G, p.R139H, p.C200Y, p.R262Q, p.Y283H and

p.Y284C) (Table 1). Only one variant, p.Q106R, was identified in the heterozygous state in

a male IHH patient. Except for the novel p.V134G and p.Y283H variants, all other mutants

have been reported previously and functionally characterized in vitro, leading to varying

degrees of GnRH receptor function impairment (5, 6, 8, 9, 11, 28).

In silico and in vitro analysis of p.V134G and p.Y283H variants—The novel

variants, p.V134G and p.Y283H, were absent in the control group. Both affect well-

conserved residues and in silico analysis using three different bioinformatic tools suggested

that they were deleterious. In order to confirm the effects of the p.V134G and p.Y283H

mutations on GnRHR function, in vitro signaling analysis was performed. IP production was

measured in COS-7 cells transiently transfected with WT or mutant (p.V134G or p.Y283H)

GNRHR or empty vector, and the response to stimulation with increasing concentrations

(10−10–10−7 M) of GnRH was measured. The wild type GnRH receptor responded to GnRH

stimulation in a dose dependent manner, with an EC50 of 0.75 nM. Dose–response curves

did not elicit any response with the mutant receptors, showing complete loss of activity of

both the p.Y283 and p. V134G mutants (Figure 1). Cells transfected with empty vector

(pcDNA3) as a negative control failed to show any IP induction in response to GnRH

treatment (not shown). Levels of GFP expression were similar in cells co-transfected with

WT, V134G, or Y283H GnRHR, or empty vector (Suppl. Figure 1). Amplified GnRHR

PCR products were detected in cells transfected with WT, V134G or Y283H GnRHR, but

not in cells transfected with pcDNA3 (Suppl. Figure 1). These data indicate equivalent

transfection efficiency in all cells, excluding variability in transfection efficiency as a factor

contributing to the lack of response to GnRH in cells transfected with V134G or Y283H

GnRHR.
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Founder effect study—Three microsatellite markers (D4S409, D4S2387, D4S3018)

were analyzed in six IHH patients carrying the GNRHR variant encoding the p.R139H

mutation, belonging to four families, and in their unaffected relatives. One consanguineous

Polish family, with two siblings homozygous for the p.R139H mutation, was also studied

(Figure 2). Although haplotype phasing was not performed duet to unavailability of the trios

(parents and child), the genotypes detected are consistent with the same haplotype (294, 259,

216) being present in all of the affected Brazilian patients harboring the p.R139H mutation,

especially considering that all of them, except one, were homozygous for the same

genotypes. In the control population comprised of 150 Brazilian subjects, this haplotype was

found in only one subject. On the other hand, the affected Polish family presented with a

different haplotype (278,256,216) (Table 2).

Clinical characterization and genotype/phenotype correlation—Considering all

affected IHH patients, with and without mutations, the mean age at diagnosis was 21.5 yrs.

Spontaneous pubarche was observed in 51% of the affected patients. All males had

micropenis before treatment (mean penile length: 5.7 ± 1.9 cm (−5.4 ± 1.2 SD)). Unilateral

or bilateral cryptorchidism was present in 23%. Median hormone levels were T = 32 ng/dL

(range < 14–239), E2 < 13 pg/mL (range < 13–40.2) and LH < 0.6 U/L (< 0.6–3.82). All

females had hypoplastic uteri (<3 0 mL) and ovaries (< 3 mL), but 34% had spontaneous

thelarche. No phenotypic differences were observed between patients with and without

GNRHR mutations. On the other hand, a relatively good genotype-phenotype correlation

was observed in the patients with GNRHR mutations (Table 1). The p.R139H and p.C200Y

mutations had been shown previously to cause complete loss of function of the receptor in

vitro and the p.Y284C severely affects the receptor signaling capacity, with minimal activity

retained, whereas the [p.N10K;p.Q11K], p.Q106R, and p.R262Q are partially inactivating

mutations (5, 6, 8, 9, 11, 28). Functional analysis of the novel p.Y283H and p.V134G

mutations demonstrated that both are completely inactivating. All individuals homozygous

for loss-of-function mutations (p.R139H, p.C200Y and p.Y284C) had a phenotype of

complete IHH. Patients bearing two partially inactivating mutations had partial IHH,

including four siblings (two males and two females) compound heterozygous for the

[p.N10K; p.Q11K] and p.Q106R mutations and a male homozygous for the p.Q106R.

However in the case of completely inactivating mutations (p.R139H, p.Y283H and

p.V134G) identified in the compound heterozygous state together with partially inactivating

mutations (p.Q106R, p.R262Q and p.[N10K; Q11K]) the severity of the hypogonadism

varied from complete GnRH deficiency to partial IHH with sustained reversal of

hypogonadism.

Hypogonadism reversal—Two males with biallelic GNRHR mutations and partial IHH

had reversal of hypogonadotropic hypogonadism. IHH reversal was defined as the presence

of normal adult testosterone levels after hormone replacement was discontinued for an

appropriate washout period (3 to 6 months for testosterone injections), and no symptoms of

hypogonadism after cessation of treatment (29, 30). The male patient compound

heterozygous for the p.R139H/p.Q106R mutations was on testosterone replacement for 3

years. During routine examination, an increase in testicular volume was noted (3.5 × 2.0

cm), therapy was discontinued, and he had a sustained reversal of hypogonadism, which has
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been maintained for 4 years. The male homozygous for p.Q106R had spontaneous fertility

during testosterone replacement. Further evaluation showed an increase in testicular size

(4.0 × 2.5 cm bilaterally) and a sperm count of 17×106/ml. He maintained normal

testosterone levels after treatment discontinuation, but hypogonadism relapsed after one

year.

Constitutional Delay of Growth and Puberty

Of the 50 CDGP patients studied, 82% were males, 31% had family history of delayed

puberty, 94% had short stature (mean height SDS, - 2.9) and none of them had

cryptorchidism or micropenis. All had delayed bone age (mean −2.8 yrs) and the pubertal

development stage was compatible with the bone age. The p.Q106R GNRHR mutation was

identified in the heterozygous state in a boy with CDGP. This partially inactivating mutation

has been described previously in patients with autosomal recessive normosmic IHH, either

in a homozygous state or in a compound heterozygous state with other variants (5). This boy

was first evaluated at 14 years of age due to short stature (height SDS, −2.8) and pubertal

delay, with no other associated conditions. LH and T levels were pre-pubertal and bone age

was delayed (12.6 yrs). He was born from non-consanguineous parents and denied similar

cases in the family. The patient was not treated and attained spontaneous complete pubertal

development.

DISCUSSION

In the normosmic IHH group, we described two novel GNRHR mutations, p.V134G and

p.Y283H, both completely inactivating, as demonstrated by in vitro functional analysis. The

p.V134G was identified in the compound heterozygous state with p.Q106R and p.R262Q in

two males with sporadic complete and partial IHH, respectively. The p.Y283H was

identified in the compound heterozygous state with the [p.N10K; p.Q11K] mutations in a

patient with partial IHH. This is the third time that the p.N10K and p.Q11K mutations have

been described together (8, 11). In the case described here, familial segregation showed that

the patient's father, with normal sexual development, harbored the [p.N10K; p.Q11K]

mutations in the heterozygous state, confirming that these variants were inherited on the

same allele, and are not sufficient to cause the IHH phenotype in the heterozygous state.

This finding might be ascribed to a founder effect or to the existence of a hotspot region

involving these two codons.

In total, nine GNRHR mutations were identified in eleven unrelated individuals with

normosmic IHH, resulting in a frequency of 10% of all affected patients. Considering only

the familial cases, the frequency of GNRHR mutations increased to 30%. Mutations in other

genes associated with the IHH phenotype, including TAC3, TACR3, KISS1, KISS1R,

GNRH1, FGF8, FGFR1, PROK2, PROKR2 and WDR11, were present in 17.3% of all cases

altogether (data presented elsewhere and not within the scope of the current study) (6). The

GNRHR was the most affected gene in the population studied, in accordance with the

literature (9, 13, 39). Only one heterozygous p.Q106R GnRHR mutation was identified in a

male IHH patient in the present study. Heterozygous GnRHR mutations have been identified

in rare sporadic IHH patients, but it is not known if these mutations alone are responsible for
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the reproductive phenotype (13, 36, 40). In fact, no phenotype has been observed in

heterozygote parents or siblings of nIHH patients bearing biallelic inactivating GnRHR

mutations (13). To date, all cases of loss-of-function GnRHR mutations reported in the

literature, confirmed to cause normosmic IHH, were transmitted as an autosomic recessive

trait (13). This recessive transmission confirms the genetic model observed in Gnrhr

knockout mice (41). Taken together, these findings suggest that heterozygous GnRHR

mutations are not sufficient to cause a reproductive phenotype and it is likely that additional

variants in other genes contribute to disease pathogenesis in IHH patients heterozygous for

GnRHR mutations. Indeed, mutations in more than one gene accounting for the IHH

phenotype have been reported in 11% of patients, characterizing a digenic or oligogenic

inheritance (36, 42). However, no digenic defects were identified in our cohort of

normosmic IHH patients.

Examining the severity of GnRHR functional impairment caused by the mutations and the

spectrum of reproductive phenotypes of the affected individuals, a relatively good genotype-

phenotype correlation was observed. All individuals homozygous for complete loss-of-

function mutations (p.R139H and p.C200Y) or with severe impairment of receptor function

(p.Y284C) had a phenotype of complete normosmic IHH. Patients bearing two partially

inactivating mutations had a milder GnRH deficiency phenotype. However, this correlation

was not so clear in individuals bearing a combination of a complete and a partially

inactivating mutation. These patients presented with a variable phenotypic spectrum,

ranging from complete GnRH deficiency to partial and reversible IHH, suggesting that the

phenotype depends on the interaction between the mutant receptors (43). Other authors have

observed a similar correlation in individuals with biallelic GnRHR mutations (13, 44).

It is noteworthy that two males harboring the p.Q106R, one homozygous and the other

compound heterozygous with the inactivating p.R139H, presented with reversal of GnRH

deficiency, denoted by an increase in testicular volume during androgen replacement and

maintenance of normal gonadotropins and T values after interruption of treatment. The

homozygous p.Q106R patient presented with spontaneous fertility, but later had a relapse of

hypogonadism. Interestingly, Pitteloud et al. (31) described a 26-yr-old male homozygous

for the p.Q106R mutation, with a mild phenotypic form of IHH, the fertile eunuch syndrome

(IHH in the presence of normal testicular size and some degree of spermatogenesis).

Reversibility has been described in 10% of the IHH cases after sex steroid replacement,

especially in patients with the partial IHH phenotype. However, in some patients the reversal

was not sustained indefinitely after discontinuation of therapy (29, 30, 45, 46). As the

reported incidence of reversal is relatively high, we suggest temporary discontinuation of

hormonal therapy to assess reversibility of hypogonadism, particularly if spontaneous

testicular growth occurred during androgen therapy. Nevertheless, even in cases of reversal,

follow-up needs to be continued due to the possibility of relapse. The mechanism of reversal

is not known, and it has been suggested that androgen exposure may up-regulate the

neuroendocrine regulation of GnRH secretion (29, 45).

The p.R139H mutation is particularly common in the Brazilian population. It was first

described in 2001 (8) and in five other patients belonging to three unrelated Brazilian

families in the present study. A Polish family carrying the p.R139H was included in this
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study, given that there was considerable Polish immigration to Brazil in 19th century and

early in the 20th century. For the haplotype mapping analysis three microsatellite markers

flanking the GNRHR gene were genotyped. Although a larger number of markers could be

more informative, these were selected for being the closest to the GNRHR gene, decreasing

the possibility of recombination, and the results were consistent with all affected Brazilian

patients with the p.R139H mutation sharing the same haplotype, suggesting inheritance from

a common ancestor. Although these families were not known to be related, a detailed

interview revealed that all of them had family members originating from the same region in

the Northeast of Brazil (Itabaiana-SE), consistent with the hypothesis of a common ancestor.

Conversely, the affected Polish family had a different haplotype (278, 256, 216), with only

the closest microsatellite marker to the GNRHR (D4S3018 - 216) in common with the

Brazilian patients. Indeed, most of the Polish population settled in Southern Brazil, and not

in the Northeast area. Nevertheless, the possibility of a more remote common ancestry

cannot be totally discarded. The p.R139H has also been reported in five other unrelated

cases of different geographic origins worldwide, which were not evaluated here, and further

studies would be necessary to determine if they too have a common ancestor (12, 30, 44, 47,

48). On the other hand, another mutation affecting the same codon (p.R139C) was described

in two cases, raising the possibility that this may be a hotspot region (48, 49).

Genes involved in the pathogenesis of IHH, including GNRHR, have been associated with a

broad phenotypic spectrum, from complete IHH to more subtle phenotypes, such as the

fertile eunuch syndrome, IHH reversal and hypothalamic amenorrhea (31–35). In the

hypothesis that CDGP might represent a mild phenotypic variation of normosmic IHH, we

investigated the presence of GNRHR rare variants in this group of patients and identified a

boy heterozygous for the p.Q106R mutation. Vaaralahti et al. in 2011 (33) studied 146

individuals with CDGP and also identified one female heterozygous for the same variant.

This partially inactivating mutation has been described previously and in the present study in

patients with normosmic IHH in the homozygous or compound heterozygous state (5, 33). It

has also been identified in heterozygous state in unaffected patients, parents, and siblings,

and in control individuals with a similar frequency as in CDGP and IHH patients (13, 33,

36). Considering these results, it is very unlikely that the p.Q106R mutation is involved in

the pathogenesis of CDGP. Other authors have screened CDGP patients for GnRHR

variants, but no consistent alteration was found (37, 38). Overall, these data suggest a

distinct molecular etiology between normosmic IHH and CDGP.

In conclusion, although there are no particular phenotypic characteristics associated with

GnRHR defects, GNRHR is one of the most commonly affected genes in normosmic IHH

and should be the first candidate for genetic analysis, especially in autosomal recessive

familial cases. GNRHR mutations are associated with a broad phenotypic spectrum of

normosmic IHH, from complete GnRH deficiency to a partial and reversible phenotype,

with a relatively good genotype-phenotype correlation. However, GNRHR defects do not

seem to be involved in the pathogenesis of CDGP, and this appears to be a condition with a

distinct molecular mechanism, rather than a milder form of IHH.
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Figure 1. GnRH stimulation of inositol phosphate (IP) accumulation by wild type (WT), V134G,
and Y283H mutant GnRHR
COS-7 cells were transiently transfected with WT, V134G, or Y283H GnRHR as indicated.

GnRH-stimulated IP accumulation was measured following stimulation with increasing

concentrations of GnRH. Data points represent the mean ± SEM of triplicate samples and

are presented as the percentage of the maximum response. *, P<0.05; ***, P<0.001

compared to WT GnRHR. The results shown are from a representative of three independent

experiments.
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Figure 2.
(A) Schematic representation of the location of the microsatellite markers in relation to the

GNRHR gene on chromosome 4. *Distance from the marker to GNRHR. (B) Pedigrees of

the families carrying the p.R139H mutation and showing haplotypes obtained by

microsatellite analysis. Pedigrees A, B, C and D: Brazilian families; Pedigree E: Polish

family.
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TABLE 2

Haplotypes of the patients carrying the p.R139H GNRHR mutation

Origin Brazil Brazil Brazil Brazil Poland

Family 1 2 3 4 5

Genotype R139H/R139H R139H/+ R139H/R139H R139H/R139H R139H/R139H

D4S409 294/294 294/294 294/294 294/294 278/278

D4S2387 259/259 259/262 259/259 259/259 256/278

D4S3018 216/216 216/202 216/216 216/216 216/216
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