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CemeiiHblii Ciy4aii HOpMOCMHYECKOTO THIIOTOHAI0TPOIIHOTO
TMIIOrOHAIM3MA B COYECTAHUM C MOJUAAKTHINEH, ACCOLMUPOBAHHBIN

¢ n1eexkrom rena FGFR1
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Bpoxxa€HHbIA M30AMPOBaHHbI TMNOrOHAAOTPOMHbIA MMMIOFOHAAM3M — FPyMNMa MNPeUMyLIeCTBEHHO MOHOMeHHbIX 3ab0AeBaHMiA,
CBSI3aHHbIX C HapyLUeHWEM BbIPabOTKM, cekpeLmmn u/MAn AercTeust THPT, NPMBOASILUMX K BbIPAXXEHHOM 3aAep>KKe AWM OTCYTCTBUIO
nybepTata. AAg AQHHOW FPyNMbl 3ab0AeBaHMI XapakTepHa KAMHUYeCKas M reHeTuyeckas reTeporeHHOCTb. Ha ceroaHswHnii aeHb
13BeCTHO nopsiaka 30 reHoB-KaHAMAAQTOB, aCCOUMMPOBAHHBIX C Pa3BUTUEM Pa3AMYHbLIX (DOPM BTOPUYHOTO rMNoroHaamsma. Be-
pudukaumns popmbl BPOXKAEHHOIO MMMOFOHAAOTPOMHOrO FMMOTOHAAM3MA BO3MOXHA AWILIL C MOMOLLBIO MOAEKYASAPHO-FeHeTH-
YeCKOW AMarHOCTMKKM. TOYHAs AMArHOCTMKA HeODXOAMMA AAS MPOTHO3MPOBaHUSA TeudeHust 3aboAeBaHUA M BbIOOpa KOPPEKTHOM
TaKTUKM BeAeHWs nauneHTa. [puBoAMM onMcaHMe CeMEeRHOro CAyHask HOPMOCMMYECKOrO FMMNOrOHaAOTPOMHOIO MMMOrOHaAU3Ma
1 nosaHero nybepraTa, acCOUMMPOBAHHOrO C AedekToM reHa FGFRT. AaHHbI CAyYaidt MHTEpPeCeH PKUMKU (PEHOTUMNYECKMMM
NPOSABAEHUAMM U MX BbICOKO KOHLEHTpaumein B POAOCAOBHOM NpobaHaa. Takxe MHTepec Bbi3bIBa€T HETUMUYHDIA AAS ADEKTOB
B AAHHOM reHe PeHOTUMN. MOAEKYyASpPHO-FeHeTUYECKOe MCCAEAOBaHNE MPOBEAEHO METOAOM CEKBEHMPOBAHUSA HOBOIO MOKOAEHMS
C WUCMOAb30BaHWEM aBTOPCKOW MaHeAM MpanMepoB M MOAYNPOBOAHMKOBOroO cekBeHaTopa PGM (lon Torrent). MoaTBepxaeHme
BbISBAEHHON MyTaLIMKU U UCCAEAOBAHME POACTBEHHMKA NpobaHAa BbiMOAHeHO Mo MeToay CeHrepa. Y 060mnx NauMeHTOB BbisBAEHA
reTeposnroTHas mytaums B rede FGFR1, paHee onucanHas npu cuHapome Kaabmana.

KatoyeBble croBa: HOPMOCMMYECKMI TMITOrOHaAOTPOHbIA runoroHasnsm, FGFR1, noanaakTuamns, no3aHmi nybeprat, cemesiHbli
CAyHai, KAMHU4EeCKUIA CAydai, CeKBEHMPOBaHUE HOBOIO MOKOAEHMSI.

Familial case of normosmic hypogonadotropic hypogonadism with polydactyly, associated
with defect of FGFR1 gene
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Congenital isolated hypogonadotropic hypogonadism refers to a group of predominantly monogenic diseases associated with
impaired production, secretion, and/or action of the gonadotropin-releasing hormone (GnRH), which leads to a pronounced
delay or absence of puberty. Clinical and genetic heterogeneity is typical of this group of diseases. To date, about 30 candidate
genes associated with the development of various forms of secondary hypogonadism are known. Congenital hypogonadotropic
hypogonadism can be verified only using molecular genetic diagnostics. The correct diagnosis is necessary for predicting
the disease course and choosing the proper approach for managing the patient. We describe a familial case of normosmic
hypogonadotropic hypogonadism and late puberty associated with a mutation in the FGFR1 gene. The case is interesting because
of pronounced phenotypic manifestations and their high concentration in the proband’s family history. Also of interest is the
phenotype untypical of mutations in this gene. The molecular genetic study was performed using new generation sequencing with
the authors’ panel of primers and a PGM semiconductor sequencer (lon Torrent). The Sanger method was used to confirm the
identified mutation and examine the proband’s relative. In both patients, a heterozygous mutation in the FGFR1 gene, previously
described in Kallmann syndrome, was detected.
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Topicality

Congenital hypogonadotropic hypogonadism (HH)
is a group of monogenic diseases caused by mutations in
more than 30 genes. Identification of the exact molecular
genetic cause of the disease enables both predicting the
course of the disease (because delayed spontaneous dis-
inhibition of the hypothalamic-pituitary system can oc-
cur in some disease forms) and expecting concomitant
disorders of other organs and systems.

The fibroblast growth factor receptor type 1 (FGFRI)
gene is one of the genes, mutations in which lead to the
development of HH. The FGFRI1 protein encoded by
this gene simultaneously participates in the development
and differentiation of several organs and systems. The fi-

broblast growth factor (FGF) family and appropriate li-
gands are expressed in almost all tissues of the body and
play an important role in embryogenesis, organogenesis,
and cell proliferation, differentiation, and migration; in
the postnatal period, they function as homeostatic (auto-
crine or paracrine) factors regulating metabolism [1—6].
Members of the FGF family are highly conserved mole-
cules and differ in the Ievel of expression in different tis-
sues. The full protein structure is necessary for axial
growth of the body in the embryonic period and develop-
ment of the skeletal system and GnRH-producing neu-
rons.

Most of the identified mutations in the FGFRI gene
are associated with the development of Kallmann syn-
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drome (concomitant manifestations include unilateral/
bilateral renal agenesis, bimanual synkinesis, tooth agen-
esis, gothic palate, and distal skeleton pathologies in the
form of clinodactyly/polydactyly); less often, these mu-
tations are associated with normosmic hypogonadotropic
hypogonadism. The type of disease inheritance is autolo-
gous-dominant; digenic inheritance in combination with
other genes is also possible.

This article presents a rare familial case of puberty
impairment with varying degrees of penetrance (delayed
puberty or normosmic hypogonadotropic hypogonad-
ism) in combination with bilateral polydactyly of the
hands and feet caused by a mutation in the FGFR1 gene.

CASE REPORT

The patient was referred to the Endocrinology Re-
search Center (ERC) for the first time at the age of 17.5
years due to complaints of underdeveloped external geni-
talia and delayed puberty. There were no complaints of
hyposmia. An early medical history was normal; there
were no traumas and surgery of the head or genitalia.

The proband’ parents and available 2nd degree rela-
tives were apparently healthy; however, the maternal
grandfather and his siblings (great uncles of the patient)
had a history of delayed puberty and bilateral polydactyly
of the hands and/or feet. At the age of 17 years, the grand-
father was examined for low growth and lack of puberty;
he received hormone replacement therapy for 1 year,
which had no effect; at the age of 20 years, there was
spontaneous growth spurt and the onset of puberty. The
grandfather’s brothers were also known to have delayed
puberty (18—20 years).

On examination of the patient, the height was 160.5
cm (SDS=-2.11); the body weight was 46 kg (SDS
BMI=—1.75); he had a eunuchoid body build: a trunk
length of 81.7 cm (SDS=—3.49) and a lower limb length
of 78.8 cm (SDS —0.57). The phenotype was unusual,
with multiple stigmas of dysembryogenesis: macrotia, a
prominent position combined with dysplasia of the auri-
cles, a wide neck, a long medial cleft, hypoplasia of the
zygomatic bones, moderate micrognathia, scoliosis, ab-
normal bite, bilateral polydactyly of the hands and feet in
medical history (at the time of examination, surgical
scars were present at the sites of removed extra fingers),
brachydactyly, and flatfoot. Sexual maturation: Tanner
(G1, P2); micropenis; testicles in the scrotum, d=s=3—4
mL. The patient’s maternal grandfather had a similar
phenotype with multiple small developmental anomalies.

According to laboratory-instrumental tests, the pa-
tient’s bone age was 12 years; the LH level was reduced to
0.2 U/L (reference interval, 2.5—10.0); the FSH level
was reduced to 0.5 U/L (2.0—9.2); the testosterone level
was 0.25 nmol/L (12.1—30.0); levels of other tropic pitu-
itary hormones were normal. On the basis of these data,
we excluded hypopituitarism and supposed, at the time
of patient’s examination, the presence of hypogonado-

CASE REPORT

tropic hypogonadism. To confirm secondary hypogo-
nadism, a GnRH analogue test was performed, during
which the maximum rise of LH and FSH was 4.5 U/L
and 28.1 U/L, respectively. On the one hand, these data
confirmed the diagnosis, but on the other hand, the high
FSH rise might indicate a later onset of puberty, espe-
cially given the significant bone age delay.

Given the family history (combination of delayed
puberty with bilateral polydactyly and multiple small de-
velopmental anomalies in the maternal grandfather and
grand uncles), a monogenic disease with autosomal
dominant inheritance was suggested. The patient was
subjected to molecular genetic tests for a panel of genes
associated with the development of hypogonadotropic
hypogonadism. Molecular genetic testing was carried out
using high-throughput parallel sequencing with a primer
panel developed in a laboratory of the Department of
Hereditary Endocrinopathies of the ERC (Ion Ampliseq
Custom DNA Panel, Life Technologies, USA). The pan-
el includes coding regions of the following genes: CHD?7,
DNMT3L, DUSP6, FGF17, FGFS, FGFRI, FLRT3,
GNRHI, GNRHR, HS6STI1, ILI7RD, INSL3, KALI,
KISS1, KISSIR, LHB, NELF, POLR3B, PROKR2,
RBM28, SEMA3A, SPRY4, TACR3, WDRI11, GREAT,
TAC3, KAL4, NROBI, POLR3A, and MKRN3. Sequenc-
ing was performed on a PGM semiconductor sequencer
(Ion Torrent, Life Technologies, USA). Bioinformatic
processing of the sequencing data was performed using
the Torrent Suite 4.1 software (Ion Torrent, Life Tech-
nologies, USA) and Annovar package software (version
2014 Nov 12) (http: /www.openbioinformatics.org/an-
novar/) [Wang K, Li M, Hakonarson H. ANNOVAR:
Functional annotation of genetic variants from next-gen-
eration sequencing data Nucleic Acids Research, 38:
el64, 2010]. A heterozygous mutation ¢.304G>Ap.V1021
in the FGFRI gene was identified, which had been de-
scribed in Kallmann syndrome [7]. Sanger direct se-
quencing revealed a similar mutation in the proband’s
maternal grandfather.

For the purpose of masculinization and improve-
ment of psychosocial adaptation of the patient, testoster-
one replacement therapy at a half-age dose was pre-
scribed. The chosen treatment approach and refusal of
gonadotropins were related to possible spontaneous pu-
bertal development at a later age (given the results of
GnRH analogue tests and spontaneous delayed puberty
of the grandfather carrying a similar mutation).

DISCUSSION

Mutations in the FGFRI gene leading to complete
loss of the protein function were first described in pa-
tients with Kallmann syndrome in 2003 [8]. The same
study reported mutations characteristic of craniosynosto-
sis, which did not lead to loss of the protein function. The
authors supposed that X-linked KALI encoding anos-
min-1 actively participated in FGF-mediated signal
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transduction; this may explain a higher prevalence of the
disease among males. Pitteloud et al. [9] studied the
FGFRI1 gene structure in seven unrelated patients with
normosmic hypogonadotropic hypogonadism; three of
them were detected with heterozygous mutations leading
to the loss of protein function. Two of these patients had
relatives with isolated anosmia and midline defects of the
palate. Seminara et al. [10] examined two sisters with
normosmic hypogonadotropic hypogonadism, and both
had combination of a heterozygous missense mutation in
the FGFRI gene with previously identified heterozygous
mutations inthe GNRHR gene. A similar defect of FGFR1
was detected in their father who had a history of delayed
puberty. In 2007, Pitteloud et al. [11] found the identical
heterozygous missense mutation in the FGFR1 gene in a
proband with Kallmann syndrome, his father (history of
delayed puberty, pronounced anosmia), mother (clinod-
actyly, Duane syndrome), sisters (midline defects of the
palate), and brother (clinodactyly) [11]. This finding
clearly demonstrated the variability of phenotypic mani-
festations associated with a single genetic defect. In a
study by Raivio and co-workers [12], out of 134 patients
with normosmic isolated hypogonadotropic hypogonad-
ism, heterozygous mutations in the FGFR1 gene were de-
tected in 9 (7%) cases, with 5 of them having digenic de-
fects (involving GNRHR, PROKR2, and FGFS).

To date, 153 defects in the FGFRI gene have been
described, most of which are missense mutations
(n=116); there are also a small number of splicing defects
(n=12), various deletions (n=14), and insertions (n=8).
The vast majority of defects are associated with Kall-
mann syndrome (n=110), and a much smaller number
(n=30) are associated with normosmic isolated hypogo-
nadotropic hypogonadism [13]. Phenotypic manifesta-
tions of hypogonadism range from delayed puberty to
severe GnRH insufficiency that manifests, since birth, as
underdeveloped external genitalia, anosmia, and lack of
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spontaneous puberty. There is no correlation between the
mutation type as well as severity of hypogonadism and
the presence of concomitant defects. The phenotype can
significantly vary within a single genotype. A distinctive
feature is combination of hypogonadism with limb devel-
opment defects, in particular with clinodactyly and poly-
dactyly. Also, a number of rare phenotypes are associated
with defects in this gene: Hartsfield syndrome, Jackson-
Weiss syndrome, Pfeiffer syndrome, osteoglophonic dys-
plasia, encephalocraniocutaneous lipomatosis, and
trigonocephaly 1 [14]. All these are autosomal dominant
inherited syndromes.

The mutation identified in the present study had
been earlier described for a family case of Kallmann syn-
drome [7]. However, that study did not report accompa-
nying developmental anomalies (distal skeletal defects)
revealed in our patient. The described case demonstrates
the importance of genetic counseling of families with any
monogenic nosology. The risk of having children with
this pathology in patients with mutations in the FGFR1
gene is 50%. In this regard, patients should be informed
about consequences of genetic disorders and all possible
clinical manifestations of the disease.
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