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Abstract 

Background: Isolated hypogonadotropic hypogonadism (IHH) is a rare disorder be-

ing classified as Kallmann syndrome (KS). The present study was conducted to 

study the genotype and relative proportion of different genetic mutations in IHH and 

to assess its correlation with phenotype. 

Methods: Eleven consecutive subjects presenting to the Department of Endocrinol-

ogy were retrospectively analyzed during May 2017 to December 2018 with IHH. 

Phenotypic features and hormonal studies were analyzed along with clinical exome 

by targeted gene sequencing (Next generation sequencing). Thirty-nine relevant 

genes were tested in the analysis. 

Results: Of the 11 patients studied, five had KS and six had nIHH. At diagnosis, 

mean chronological age was 25 years. There were associated anomalies in KS group 

including bimanual synkinesia (n=2), unilateral renal agenesis (n=1) and submucosal 

cleft palate (n=1). Absence or hypoplasia of the olfactory bulb/sulci was found in 4/5 

patients with KS. Genetic mutations in KAL1, CHD7, FGFR1, GNRHR, PROKR2, 

HS6ST1 genes were found in nine of the eleven subjects. Of the five subjects with 

KS, two had mutations in KAL1 gene. Two siblings who had bimanual synkinesia 

had CHD7 mutation. The genotype of nIHH subjects (n=6) was more heterogeneous. 

Conclusion: This study analyzed the clinical, endocrinological, and genetic features 

in IHH patients. Detectable genetic mutations were seen in a large proportion of cas-

es. A considerable heterogeneity was seen in the genotype with new variants detect-

ed. A definite correlation of phenotype-genotype was not possible, and significant 

overlap was seen between CHD7 and KAl1, and FGFR1 phenotypes. 
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Introduction 

ormal pubertal development depends on the 

pulsatile release and action of hypothalamic 

gonadotropin releasing hormone (GnRH).  
 

Isolated hypogonadotropic hypogonadism (IHH) 

caused by defective secretion or action of hypo-

thalamic GnRH is a rare genetic disease that pre-

sents as impaired pubertal development and infer-

tility. When hyposmia or anosmia is seen along 

with hypogonadotropic hypogonadism, the condi- 
 

 

 

 
 

tion is called Kallmann syndrome (KS). This dis-

ease induces a defect in developmental pathways 

and embryonic origins of olfactory and GnRH ne-

urons. The disease associated with a normal olfac-

tion, occurring in 45% of IHH patients, is called 

normosmic idiopathic hypogonadotropic hypogo-

nadism (nIHH). Several congenital abnormalities 

such as midline defects (cleft lip/palate), anosmia/ 

hyposmia, renal agenesis and bimanual synkinesia 
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(Or mirror movements) can be found in patients 

with IHH, implicated by specific gene mutation 

(1, 2). 

IHH is genetically heterogeneous, and most cas-

es are seen in a sporadic form. In familial cases, 

autosomal recessive, autosomal dominant, and X-

chromosomal recessive inheritance have been de-

scribed. Recently, oligogenic inheritance (Muta-

tions in more than one IHH gene) is being recog-

nized as contributing to incomplete penetrance 

and variable expressivity seen in IHH families (3). 

Also, families with persons having full KS, nIHH, 

and isolated anosmia within a single sibship have 

been reported (1, 3). It has been demonstrated that 

autosomal genes are clearly responsible for the 

majority of both familial and sporadic KS and that 

these cases have clinical and neuroendocrine phe-

notypes that distinguish them from the X-linked 

form (6). 

The KS occurs due to defects in migration of 

GnRH and olfactory neurons. Mutations in WDR 

11, HS6ST1, CHD7, NELF, PROK2/PROKR2, 

FGFR1/FGF8, and KAL1 are associated with neu-

ronal migration defects, leading to KS. Defects in 

WDR11, CHD7, PROKR2, FGF8, and FGFR1 

genes are also linked to IHH, without any olfacto-

ry involvement (nIHH); however, the frequency is 

lower. GNRH1/GNRHR, TAC3/TACR3, and KI-

SS1R mutations are exclusively seen in nIHH pa-

tients.  

KAL1 gene is mapped to Xp22.32 chromosome. 

It has 14 exons.  Most KAL1 mutations are nucle-

otide insertions or deletions which result in fra-

meshift mutations or premature stop codons. As-

sociated anomalies of synkinesia and unilateral 

renal agenesis have been suggested to be specific 

to the X-linked form of KS. However, synkinesia 

has also been reported in autosomal dominant 

forms of IHH as well (4). Additional phenotype-

genotype correlations identified in recent studies 

are dental agenesis and digital bony abnormalities 

in FGF8/FGFR1 mutation and hearing loss in 

CHD7 mutation (5). Considering the rarity of IHH, 

this study analyzed the clinical, endocrinological, 

and molecular characteristics in patients with IHH. 

 

Methods 

Eleven consecutive subjects with IHH presenting 

to the Department of Endocrinology were ana-

lyzed during May 2017 to December 2018. Insti-

tutional ethical clearance and written informed 

consent was obtained from all the subjects. Base-

line characteristics of age at presentation, sex, 

consanguinity and family history, pubertal stag-

ing, anthropometry, anosmia and additional fea-

tures were collected. The inclusion criteria for 

IHH included clinical signs/symptoms of hypo-

gonadism, age >18 years, estradiol levels (<20 pg/ 

ml), pre-pubertal testosterone (<100 ng/dL), inap-

propriately normal or low levels of gonadotropin, 

normal baseline and reserve testing of other ante-

rior pituitary hormones (1). The GnRH agonist 

stimulation test was performed in all patients. Af-

ter injection of leuprolide 20 μg/kg, the levels of 

LH and FSH at 0.2 and 4 hr were measured. The 

stimulated level of LH less than 5 mIU/L was 

suggestive of IHH.  FSH, LH and gonadal steroids 

were analyzed in chemiluminescence immunoas-

say by ADVIA Centaur Siemens. 

Targeted gene sequencing: Five milliliter of blood 

sample was collected from all the subjects, DNA 

was extracted and clinical exome sequencing cov-

ering hypogonadotropic hypogonadism gene pan-

el was carried out using illumina sequencing plat-

form. The panel included a set of 39 genes viz  

KAL1, CHD7, DUSP6, FEZF1, FGF17, FGF8, F-

GFR1, FLRT3, FSHB, GNRH1, GNRHR, HE-

SX1, HS6ST1, IL17RD, KISS1, KISS1R, LEP, 

LEPR, LHB, LHX4, NR0B1, NSMF, OTUD4, 

PCSK1, PLXNA1, PNPLA6, PROK2, PROKR2, 

PROP1, RNF216, SEMA3A, SEMA3E, SEMA-

7A, SOX10, SOX2, SPRY4, TAC3, TACR3, and 

WDR11. 

The results obtained were reported as per Amer-

ican College of Medical Genetics recommenda-

tions (7) as either variant (V), pathogenic (P), 

likely pathogenic (LP) and variant of uncertain 

significance (VUS): 

1. A variant describes change in a gene that can be 

either benign or pathogenic. 

2. Pathogenic: Disease causing genetic variation-

explaining the patients' clinical features. 

3. The likely pathogenic variant could be patho-

genic; however, the scientific evidence is insuffi- 

cient to prove this conclusively. This assertion is 

expected to be confirmed by additional evidence. 

4. Variant of uncertain significance: Variant that  

has been detected, but it is challenging to classify 

it as benign (Non-disease causing) or pathogenic 

(Disease causing) based on current available sci-

entific evidence. 

Mutations of clinical relevance were explained 

using published variants in literature and diseases 

databases including HGMD, ClinVar, SwissVar, 

OMIM and GWAS (8-12) and common variants  

were filtered based on allele frequency in 1000  
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Genome Phase 3, ExAC, EVS, dbSNP147, 1000  

Japanese Genome and internal Indian population 

database (13-15). 

 

Results 

Clinical characteristics: Of the eleven (n=11) cas-

es studied, five were KS (Numbered HH1 to 

HH5) and six were nIHH (Numbered HH6 to 

HH11). Nine of the eleven subjects were male. At 

diagnosis, mean chronological age was 25 years, 

ranging between 22 years to 29 years. None of 

them had consanguineous parentage. Two sub-

jects were siblings (HH3 and HH4) and none of 

the others had family history of hypogonadism or 

isolated anosmia. All the cases presented with 

severe reproductive phenotype and lack of sec-

ondary sexual characteristics with Tanner stage 1. 

All male cases had micropenis but none had any 

history of cryptorchidism. Subjects HH3 and HH4 

had bimanual synkinesia. In addition, subject 

HH3 had unilateral renal agenesis while subject 

HH4 had submucosal cleft palate. No subject in 

nIHH group had any non-reproductive phenotypic 

features. Table 1 shows the baseline clinical char-

acteristics of the study subjects. 

Brain MRI was performed in all cases to detect 

the presence of an abnormal olfactory structure or 

other brain lesions. Absence or hypoplasia of ol-

factory bulb/sulci was found in four of the five KS 

patients. One case (HH2) had normal olfactory 

apparatus on MRI in spite of anosmia. No abnor-

mality in the olfactory structures was observed in 

the 6 patients with nIHH; however, a Rathke’s 

cyst in HH9 and incidentally detected microade-

noma of 2 mm in HH11 were detected. 
 

Endocrinologic profile: The GnRH agonist stimu-

lation test with leuprolide was performed in all the 

cases. The baseline LH and FSH levels were 0.55 

mIU/ml (Range, 0.02–1.72 mIU/ml) and 1.25 

mIU/ml (Range, 0.07–2.36 mIU/ml), respectively. 

Peak LH was 1.51±0.66 (Range, 0.5-2.8 mIU/ml) 

(Table 2). The results suggest prepubertal patterns 

of gonadotropin secretion by GnRH stimulation. 
 

The average basal testosterone level was 12.6 ng/ 

dL (Range, 8–19 ng/dL) in males. The levels of  
 

Table 1. Genotype-phenotype characteristics of the 11 study subjects 
 

Case 
Age/ 

sex 
Gene involved Anosmia US:LS 

Arm span/ 

height 

(cm) 

TV/SPL 
Pubertal 

stage 

Other associated 

features 

Peak 

LH 

MRI olfactory 

bulb/brain 

HH1 29/M KAL1 (-) Yes 0.78 173/182 3 ml/4 cm G1P1A1 None 1.3 
Absent  

olfactory bulbs 

HH2 26/M 

Contiguous 

deletion of 

KAL1 gene 

Yes 0.74 171/178 3 ml/4.5 cm G1P1A1 Gynecomastia 1.9 Normal 

HH3 29/M CHD7 (+) Yes 0.82 175/178 1 ml/3.5 cm G1P2A1 

Synkinesia, 

unilateral renal 

agenesis 

0.8 
Absent  

olfactory bulbs 

HH4 26/M CHD7 (+) Yes 0.83 179/180 1 ml/3 cm G1P2A1 

Synkinesia, 

submucosal cleft 

palate 

1.5 
Absent  

olfactory bulbs 

HH5 26/M No mutation Yes 0.84 187/196 2 ml/3.5 cm G1P2A2 None 1.2 
Absent  

olfactory bulbs 

HH6 25/M FGFR1 (-) No 0.73 170/180 1 ml/3 cm G1P1A1 None 0.5 Normal 

HH7 23/M GNRHR (-) No 0.8 155/160 2 ml/3 cm G1P1A1 None 1.1 Normal 

HH8 24/M KAL1 (-) No 0.92 173/184 3 ml/4 cm G1P1A1 None 2 Normal 

HH9 24/M No mutation No 0.76 182/185 3 ml/4 cm G1P1A1 None 2.2 Rathke’s cyst 

HH10 22/F 
PROKR2 (-) 

No 0.81 160/166 NA B1P1A1 None 1.4 Normal 
IL17RD (-) 

HH11 24/F HS6ST1 No 0.78 164/172 NA B1P1A1 None 2.8 
Microadenoma 

of 2 mm 
 

TV: Testicular volume, SPL: Stretched penile length, US:LS: Upper segment to lower segment ratio, Pubertal staging (sexual maturity rating), For males: Geni-

talia development (G), pubic hair (P) and axillary hair (A) development. For females: Breast development (B), pubic hair (P) and axillary hair (A) development 

Table 2. Endocrinological profile of the study subjects 
 

Hormones Results 

Basal LH (mIU/ml) 0.55±0.64 

Basal FSH (mIU/ml) 1.25±0.99 

Peak LH (mIU/ml) 1.51±0.66 

Testosterone (ng/dl) 12.6±3.8 
 

   Values are presented as mean±standard deviation 
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testosterone in male subjects and estradiol levels 

in females were lower than the age and sex-

matched reference range. Other anterior pituitary 

hormone profiles were normal in all the cases. All 

the cases underwent supervised treatment to as-

sess the recovery of GnRH axis activity for 2 

years and no subject had any reversal of the dis-

ease. 
 

Molecular genetic analysis: Clinical exome se- 

quencing results demonstrated molecular defects 

in nine subjects while two did not reveal any mu-

tation. The variations obtained were either patho-

genic (1/9), likely pathogenic (4/9) or variant of 

uncertain significance (4/9) and were inherited 

either in autosomal dominant, autosomal recessive 

or X-linked recessive pattern. Of the detected mu-

tations, two subjects (HH1 and HH8) had hemi-

zygous mutation in KAL1 gene, one (HH7) had 

compound heterozygous mutation in GNRHR 

gene, while the rest had heterozygous mutations 

(Table 3). 

Of the five subjects clinically labelled as KS, 

subjects HH1 and HH2 had mutations in the KAL1 

gene. In subject HH1, a hemizygous eight base 

pair duplication in exon 5 of the KAL1 gene, that 

results in a frameshift and premature truncation of 

Table 3. Genetic analysis of isolated hypogonadotropic hypogonadism cases 
 

Case Gene transcript Location Variation 
Mutation 

type 
Inheritance 

Classif-

ication 

gnomAD 

freq (%) 

ExAC 

freq 

(%) 

In silico 

analysis 

HH1 
KAL1 (-) 

(ENST00000262648) 
Exon 5 

c.587_594dup 

AGTCTGGA 
(p.Gln199Serfs Ter20) 

Hemizygous X-LR P NR NR 
Damage by 

MT2 

HH2 

contiguous deletion of 

exon 3 of KAL1 gene 

(ENST00000262648) 

Exon 3 NA NA NA LP NA NA NA 

HH3 
CHD7 (+) 

(ENST00000423902) 
Exon 2 

c.1565G>T 

(p.Gly522Val) 
Heterozygous AD VUS 0.2 0.2 

Damage by 
LRT and 

MT2 

HH4 
CHD7 (+) 

(ENST00000423902) 
Exon 2 

c.1565G>T 

(p.Gly522Val) 
Heterozygous AD VUS 0.2 0.2 

Damage by 

LRT and 

MT2 

HH5 No Mutation detected NA NA NA NA NA NA NA NA 

HH6 
FGFR1 (-) 

(ENST00000425967 
Exon 16 

c.2140G>T 
(p.Val714Leu) 

Heterozygous AD LP NR NR 

Probable 

damage by 
PP2, LRT, 

SIFT, MT2 

HH7          

 
GNRHR (-) 

(ENST00000226413) 
Exon 1 

c.356delA 

(p.Tyr119PhefsTer2) 

Compound 

heterozygous 

AR LP 

NR NR 
Damage by 

MT2 

c.251C>C/A 

(p.Thr84Asn) 
Heterozygous 0.0004 NR 

probable 

damage by 

PP2, LRT, 
SIFT, and 

MT2 

HH8 
KAL1 (-) 

(ENST00000262648) 
Exon 13 

c.1955C>T 
(p.Thr652Met) 

Hemizygous X-LR VUS 0.004 0.004 

probable 

damage by 

PP2, LRT, 

SIFT, and 
MT2 

HH9 No Mutation detected NA NA NA NA NA NA NA NA 

HH10          

 

PROKR2 (-)  
(ENST00000546004.1) 

Exon 3 
 

c.561_563dup 
(p.Ser188dup) 

Heterozygous AD VUS 0.001 0.001 
Damage by 

MT2 

IL17RD (-) 

(ENST00000296318.7) 
Exon 7 

c.676G>A 

(p.Gly226Ser) 
Heterozygous AD/AR VUS 0.009 0.007 

probable 

damage by 

PP2, LRT, 
SIFT, MT2 

HH11 HS6ST1 Exon 2 
c.745C>A, 

p.(Arg249Ser), 
Heterozygous AD LP 0.11 0.11 

Probable 

damage by 
PP2, SIFT, 

and MT2 
 

XLR: X-linked recessive, AD: Autosomal dominant, AR: Autosomal recessive, P: Pathogenic, LP: Likely pathogenic, VUS: Variant of uncertain significance, 
NA: Not applicable, NR: Not reported, Freq: Frequencies, PP2; PolyPhen-2, MT2: Mutation Taster2, SIFT: Sorting intolerant from tolerant, LRT: Likelihood ra-

dio test 
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the protein, was detected while in subject HH2, 

contiguous region corresponding to exon 3 of 

KAL1 gene had hemizygous deletion. Both sub-

jects with KAL1 gene mutation had no associated 

features except for gynecomastia in HH2. 

Subjects HH3 and HH4 were siblings and had 

the same mutation with autosomal dominant in-

heritance. A heterozygous missense variation in 

exon 2 of the CHD7 gene (chr8) with variant p. 

Gly522Val was detected in both cases. The ob-

served variation has previously been reported 

along with another variant in the FGFR1 gene in a 

patient affected with disorder of sex development 

(16). The p.Gly522Val variant has a minor allele 

frequency of 0.06%  in the South Asian popula-

tion in  the gnomAD database. However, the pres-

ence of phenotypic features in these cases de-

mands consideration. Subject HH5 had no detect-

ed mutation. 

The genotype of nIHH subjects (n=6) was more 

heterogeneous with five subjects having different 

mutations. In subject HH6, p.Val714Leu variant 

in the protein tyrosine kinase domain of the 

FGFR1 protein was detected. In HH7, a heterozy-

gous single base pair deletion in exon 1 of the 

GNRHR, that results in frameshift and premature 

termination of the protein, was seen. Both variants 

observed in HH6 and HH7 have not been reported 

till date in the gnomAD and ExAC databases. In 

HH8, a hemizygous missense variation in exon 13 

of the KAL1 gene with variant p.Thr652Met was 

detected. The p.Thr652Met variant has not been 

reported in the gnomAD database and has a minor 

allele frequency of 0.005% in ExAC database. 

The respective case had nIHH with no phenotypic 

features typical of KAL1 gene mutation. The spe-

cific mutations along with their significance are 

shown in table 3.  

Table 4 summarizes the relative proportions of 

reproductive, non-reproductive phenotypes, and 

the various genetic mutations detected. 
 

Discussion 

This study analyzed the clinical, endocrinologi-

cal characteristics, and the molecular genetic spec-

trum of IHH which is a rare disorder with an inci-

dence of 1-10 cases per 100,000 births (17). KS is 

genetically heterogeneous and most cases present 

as sporadic. The common genetic mutations in KS 

are KAL1 and FGFR1 (KAL2) account for about 

15% of this condition. In this study, as mutation 

screening included a large number of genes known 

to cause IHH, molecular defects were identified in 

relatively large proportions of subjects. Also, mu-

tations detected in HH1, HH6 and HH7 have not 

been reported in major databases till date. 
 

Clinical characteristics: The most commonly as-

sociated abnormalities in IHH include reproduc-

tive phenotypes (Micropenis, cryptorchidism) and 

nonreproductive phenotypes (Anosmia/hyposmia, 

synkinesis, hearing loss, renal anomalies, cleft lip/ 

palate, and dental agenesis). In our series, all the 

eleven subjects had severe reproductive pheno-

type irrespective of genetic mutations. Other asso-

ciated features differed. A French study involving 

46 boys with IHH reported that cryptorchidism 

was detected in 69.6% (18). Importantly, placental 

hCG, not LH, controls androgen production dur- 

Table 4. Proportion of reproductive and non-reproductive phenotypes 
 

 KS (n=5) nIHH (n=6) 

Male: Female 100% male 2:1 

Severe reproductive phenotype All cases All cases 

Non-reproductive phenotype   

 Bimanual synkinesia 2/5 None 

 Cleft lip/palate 1/5 None 

 Renal agenesis 1/5 None 

 MRI-Absent olfactory bulb 4/5 None 

Mutations/variants detected   

 

KAL 1-(2/5) FGFR1-(1/6) 

CHD7-(2/5) GNRHR-(1/6) 

No mutation detected-(1/5) KAL1-(1/6) 

 HS6ST1-(1/6) 

 Digenic-PROKR2 and IL17RD (1/6) 

 No mutation detected-(1/6) 
 

KS: Kallmann Syndrome, nIHH: normosmic Idiopathic Hypogonadotropic Hypogonadism  
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ing the first half of pregnancy when the trans-

abdominal phase of testicular descent takes place 

and differentiation of male external genitalia oc-

curs. This might explain why cryptorchidism is 

not found in all patients with hypogonadotropic 

hypogonadism like in this series. Micropenis was 

noted in up to 65% of males with KS by Abujbara 

et al., while in our series, all male cases had mi-

cropenis (19). 

A coronal view of MRI is the best suited plane 

for overview of the olfactory tract. Olfactory bulbs 

are structures that lie on cribriform plate. Olfacto-

ry sulci are well seen between the gyrus rectus 

and the medial orbital gyrus. Abujbara et al. re-

ported olfactory tract agenesis on MRI in 80% of 

cases (19/24) of KS (19). Quinton et al. indicate 

that a normal MRI does not rule out Kallmann 

syndrome as normal olfactory bulbs can be pre- 
 

sent in up to 25% of cases (20). In this study, ab-

sence or hypoplasia of olfactory bulb/sulci was 

found in 4  of 5 (80%) KS patients. 
 

Genetic analysis and phenotype-genotype correla-

tions: In isolated hypogonadotropic hypogonad-

ism, there is clinical heterogeneity within each 

genetic mutation, even within the affected fami-

lies. It likely indicates that the phenotype is de-

pendent on not just the mutated gene but also oth-

er factors, which could be epigenetic factors and/ 

or modifier genes. Oligogenic inheritance may 

contribute to some extent to the partial penetrance 

and heterogeneity in families (22). Despite the he-

terogeneity, some phenotype-genotype correlations 

have been made from clinical observations in the 

patients affected by different genetic forms. Ex-

tent of hypogonadism is more variable in patients 

with mutations in FGF8, FGFR1, PROK2 or PR-

OKR2, than KAL1 patients (15, 21). 

Among the various non-reproductive and non-

olfactory features, some cases were reported hav-

ing specific genetic forms of the disease. Unilat-

eral renal agenesis was reported in about 30% of 

KAL1 patients (23), but has not been reported in 

patients with FGFR1, FGF8, PROKR2 or PROK2 

mutations. Bimanual synkinesia is highly preva-

lent in KAL1, seen in approximately 75% of cases 

(20, 24). In our case series, 3 subjects had KAL1 

mutation. Two of them had anosmia with no ol-

factory bulbs and the other one had no abnormal 

phenotype. None of them had non-reproductive 

and non-olfactory abnormal phenotypes. 

KAL1 gene mutation remains a less frequent 

cause of IHH. Table 5 highlights the frequency of 

mutations found in previous studies. Of the three 

mutations detected in our series including an eight 

base pair duplication in exon 5, a contiguous dele-

tion of exon 3 region and a missense mutation in 

exon 13 are most likely to be causative mutations. 

Although KAL1 gene mutation is also known to 

cause nIHH, Bhagavath et al. found no mutations 

in 75 cases of IHH without anosmia/hyposmia 

when screened for KAL1 gene (23). 

FGFR1 mutations are identified in approximate-

ly 10% of individuals with KS, with variable phe-

notypic expression, including cleft palate, dental 

agenesis, anomalies of nasal cartilage, ear and 

digits. Cleft palate may occur in up to 25–30% of 

the cases (24). Vizeneux et al. found heterozygous 

FGFR1 mutations in 2/46 boys, without any other 

malformation (18). Our subject with FGFR1 mu-

tation (HH6) had no abnormal phenotype. 

In PROKR2 or PROK2 gene mutation, there was 

a report of severe sleep disorder and marked obe-

sity in one patient (25), which could be related to 

the known function of prokineticin-2 signaling in 

Table 5. Frequency of mutations in comparison to previous studies 
 

Gene Our cohort Literature Reference 

KAL-1 3/11 6/135 Nair et al. (35) 

  7/101 Oliveira et al. (6) 

  2/26  Shin et al. (36) 

  1/26 Vizeneux et al. (18) 

FGFR1 1/11 6/135 Nair et al. (35) 

  9/80 Trarbach et al. (24) 

  2/26 Vizeneux et al. (18) 

GNRHR 1/11 9/135 Nair et al. (35) 

  5/108 Beranova et al (37) 

  1/26 Vizeneux et al. (18) 

CHD7 2/11 2/26 Shin et al. (36) 

Digenic-PROKR2 and IL17RD 1/11   
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behavioral circadian rhythms, including sleep-

wake and ingestive behavior (25, 26). Vizeneux et 

al. reported PROKR2 mutation in 1/46 boys with 

normal olfaction and no other non-reproductive 

phenotype (18). Similarly, in our study, one of the 

subjects had digenic mutation, involving PROKR2 

and IL17RD genes with no abnormal non-repro-

ductive phenotype. Mutations in GnRHR gene 

seems to be the most frequent cause of familial 

IHH with normal olfaction (Nearly 40% of cases 

in some series), but they are rarely found (<5%) in 

sporadic cases (27). A GnRHR gene mutation was 

found in one sporadic case who had two muta-

tions in the same gene and had no abnormal non-

reproductive phenotype. 

Several lines of evidence support a role for 

HS6ST1 as a gene associated with the pathogene-

sis of nIHH/KS. Tornberg et al. sequenced the 

coding exons of HS6ST1 from 338 GnRH-defi-

cient patients and identified 7 subjects with se-

quence variants, indicating that 2% of IHH pa-

tients harbor HS6ST1 mutations (30). In our se-

ries, one case with HS6ST1 mutation was found. 

Mutations were detected in large proportions of 

cases (9/11) in this series. Shin et al. (36) reported 

mutations in 5/26 cases while Vizeneux et al. (18) 

reported mutations in 5/26 boys analyzed for ge-

netic mutations. 
 

Similarities between Kallmann syndrome and CHA-

RGE syndrome: CHARGE syndrome is a non-

random clustering of congenital anomalies includ-

ing Coloboma of the eye, heart defects, Choanal 

Atresia, retarded growth and development, genital 

hypoplasia and ear abnormalities. While truncat-

ing loss-of-function mutations in CHD7 (chromo-

domain helicase DNA-binding protein-7) typical-

ly cause the full CHARGE phenotype, missense 

mutations in CHD7 occur in both isolated KS and 

nIHH patients, accounting for 5 to 6% of cases 

(29). 

It is reported that most CHARGE syndrome pa-

tients have hypogonadotropic hypogonadism and 

olfactory bulb aplasia, both being the defining 

features of KS. Bergman et al. performed CHD7 

analysis in a cohort of 36 patients with KS, and 

identified three heterozygous CHD7 mutations, 

with additional features of CHARGE syndrome, 

the constant feature being bilateral hearing loss 

(29). There has been no systematic evaluation of 

IHH/KS patients without a diagnosis of CHARGE 

syndrome for the presence of CHD7 mutations. It 

is hypothesized that IHH/KS could be a milder  

 

allelic variant of CHARGE syndrome. In our se-

ries, subjects HH3 and HH4 had heterozygous 

mutation in CHD7 gene with classic Kallmann 

phenotype, without any features of CHARGE 

syndrome. 
 

Similarities between FGFR1 mutations and CHAR-

GE syndrome: CHARGE syndrome shares addi-

tional traits with FGFR1 mutation, including cleft 

lip or palate (seen in 20–35% of FGFR1 and 

CHARGE patients), hypoplasia or aplasia of ex-

ternal ear, noted in many CHARGE patients and a 

few FGFR1 cases, and Coloboma, which was re-

ported in at least one FGFR1 patient (22). In our 

series, two male subjects, who were siblings, had 

CHD7 mutation. Both of them had anosmia, ab-

sent olfactory bulbs and bimanual synkinesia. One 

of them had unilateral agenesis of kidney and the 

other had submucosal cleft palate. These features 

were considered typical of KAL1 and FGFR1 

gene mutations, but none of our KAL1 or FGFR1 

gene mutation subjects had those features while 

both CHD7 mutation subjects had the mentioned 

features. Because of the similarity between CHA-

RGE and FGFR1 phenotypes, it could be hypoth-

esized that CHD7 haploinsufficiency results in 

reduced transcription of FGFR1 or genes involved 

in the FGFR1 signaling pathway. Alternatively, 

insufficient signaling through FGFR1 could de-

crease CHD7 activity (31). 

Recovery of hypothalamic-pituitary-gonadal 

(hpg) axis function can occur in few cases after 

normalizing the sex steroid milieu. Patients with 

IHH who undergo reversal can harbor IHH muta-

tions–indicating that the effects of a genetic defect 

can be overcome. Considering all reports in the 

literature, mutations in GNRHR appear to be the 

leading genetic causes among cases of reversal 

(32, 33). Additionally, a digenic IHH case has 

been documented wherein a proband exhibiting 

reversal carries heterozygous mutations in both 

FGFR1 and PROKR2 (34). In our series, there 

was no reversal observed after a supervised follow 

up of two years after beginning the treatment. 

Comprehensive and systematic studies on larger 

cohorts of reversible IHH are needed to identify 

genetic causes predicting reversal. 

In our series, majority of patients had genetic 

mutations, most of them being autosomal. There 

was significant diversity in the mutations and phe-

notype. Few new variants were found as a large 

number of genes were analyzed. A definite corre-

lation of phenotype-genotype was not possible, 

https://e-apem.org/articles/search_result.php?term=author&f_name=Sun-Jeong&l_name=Shin
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and significant overlap was seen between CHD7 

and KAl1, FGFR1 phenotypes as described in pre-

vious series.  

 

Conclusion 

This study analyzed the clinical, endocrinologi-

cal, and genetic features in IHH patients. However 

a definite correlation of phenotype-genotype was 

not possible. A larger series of IHH genotype and 

phenotype analysis might better address the issues 

of complexity of multiple genotypes, oligogenic 

inheritance and clinical heterogeneity.  
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