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Семейный случай нормосмического гипогонадотропного 
гипогонадизма в сочетании с полидактилией, ассоциированный 
с дефектом гена FGFR1
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Врожденный изолированный гипогонадотропный гипогонадизм — группа преимущественно моногенных заболеваний, 
связанных с нарушением выработки, секреции и/или действия ГнРГ, приводящих к выраженной задержке или отсутствию 
пубертата. Для данной группы заболеваний характерна клиническая и генетическая гетерогенность. На сегодняшний день 
известно порядка 30 генов-кандидатов, ассоциированных с развитием различных форм вторичного гипогонадизма. Ве-
рификация формы врожденного гипогонадотропного гипогонадизма возможна лишь с помощью молекулярно-генети-
ческой диагностики. Точная диагностика необходима для прогнозирования течения заболевания и выбора корректной 
тактики ведения пациента. Приводим описание семейного случая нормосмического гипогонадотропного гипогонадизма 
и позднего пубертата, ассоциированного с дефектом гена FGFR1. Данный случай интересен яркими фенотипическими 
проявлениями и их высокой концентрацией в родословной пробанда. Также интерес вызывает нетипичный для дефектов 
в данном гене фенотип. Молекулярно-генетическое исследование проведено методом секвенирования нового поколения 
с использованием авторской панели праймеров и полупроводникового секвенатора PGM (Ion Torrent). Подтверждение 
выявленной мутации и исследование родственника пробанда выполнено по методу Сенгера. У обоих пациентов выявлена 
гетерозиготная мутация в гене FGFR1, ранее описанная при синдроме Кальмана.

Ключевые слова: нормосмический гипогонадотропный гипогонадизм, FGFR1, полидактилия, поздний пубертат, семейный 
случай, клинический случай, секвенирование нового поколения.

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 (Ion 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.

Keywords: normosmic hypogonadotropic hypogonadism, FGFR1, polydactyly, delayed puberty, familial case, case report, next-
generation sequencing.
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Topicality
Congenital hypogonadotropic hypogonadism (HH) 

is a group of monogenic diseases caused by mutations in 

more than 30 genes. Identifi cation 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 fi broblast growth factor receptor type 1 (FGFR1) 

gene is one of the genes, mutations in which lead to the 

development of HH. The FGFR1 protein encoded by 

this gene simultaneously participates in the development 

and diff erentiation 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, diff erentiation, 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 diff er in the level of expression in diff erent 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 identifi ed mutations in the FGFR1 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 fi rst 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 eff ect; 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 fi ngers), 

brachydactyly, and fl atfoot. 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-

tropic hypogonadism. To confi rm 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 

confi rmed the diagnosis, but on the other hand, the high 

FSH rise might indicate a later onset of puberty, espe-

cially given the signifi cant 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: CHD7, 

DNMT3L, DUSP6, FGF17, FGF8, FGFR1, FLRT3, 

GNRH1, GNRHR, HS6ST1, IL17RD, INSL3, KAL1, 

KISS1, KISS1R, LHB, NELF, POLR3B, PROKR2, 

RBM28, SEMA3A, SPRY4, TACR3, WDR11, GREAT, 

TAC3, KAL4, NR0B1, 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: 

e164, 2010]. A heterozygous mutation c.304G>Ap.V102I 

in the FGFR1 gene was identifi ed, 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 FGFR1 gene leading to complete 

loss of the protein function were fi rst 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 KAL1 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 
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normosmic hypogonadotropic hypogonadism; three of 

them were detected with heterozygous mutations leading 
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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 fi nding 

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 FGF8).

To date, 153 defects in the FGFR1 gene have been 

described, most of which are missense mutations 

(n=116); there are also a small number of splicing defects 
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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 insuffi  ciency that manifests, since birth, as 

underdeveloped external genitalia, anosmia, and lack of 

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 

signifi cantly 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: Hartsfi eld syndrome, Jackson-

Weiss syndrome, Pfeiff er syndrome, osteoglophonic dys-

plasia, encephalocraniocutaneous lipomatosis, and 

trigonocephaly 1 [14]. All these are autosomal dominant 

inherited syndromes.

The mutation identifi ed 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.

ADDITIONAL INFORMATION
Funding. The study was carried out with the assistance of the 

Foundation for Support and Development of Philanthropy “KAF”.

Consent of the patient. The patients provided voluntary consent for 

publication of personal medical information in an impersonal form in 

the journal Problems of Endocrinology.

Confl ict of interests. The authors declare no obvious and potential 

confl icts of interest related to the publication of this article.

Acknowledgements. The authors are grateful to the Foundation for 

Support and Development of Philanthropy “KAF” for assistance in 

conducting this study.

Authors’ contribution: the concept and design of the study, acqui-

sition and analysis of the data, and manuscript preparation were per-

formed by M.V. Naumova and N.Yu. Kalinchenko; molecular-genetic 

studies were conducted by E.V. Vasiliev, V.M. Petrov, and A.N. Tiulpa-

kov.

1. Ornitz DM, Itoh N. The Fibroblast Growth Factor signaling 

pathway. Wiley Interdiscip Rev Dev Biol. 2015;4(3):215-266. 

 doi: 10.1002/wdev.176

2. Goetz R, Mohammadi M. Exploring mechanisms of FGF signal-

ling through the lens of structural biology. Nat Rev Mol Cell Biol. 
2013;14(3):166-180. doi: 10.1038/nrm3528

3. Goetz R, Dover K, Laezza F, et al. Crystal structure of a fi broblast 

growth factor homologous factor (FHF) defi nes a conserved sur-

face on FHFs for binding and modulation of voltage-gated sodium 

channels. J Biol Chem. 2009;284(26):17883-17896. 

 doi: 10.1074/jbc.M109.001842

4. Powers C. Fibroblast growth factors, their receptors and signaling. 

Endocr Relat Cancer. 2000;7(3):165-197. doi: 10.1677/erc.0.0070165

5. Ornitz DM, Itoh N. Fibroblast growth factors. Genome Biol. 
2001;2(3):REVIEWS3005. PMC138918

6. Eswarakumar VP, Lax I, Schlessinger J. Cellular signaling by fi -

broblast growth factor receptors. Cytokine Growth Factor Rev. 

2005;16(2):139-149. doi: 10.1016/j.cytogfr.2005.01.001

7. Albuisson J, Pecheux C, Carel JC, et al. Kallmann syndrome: 

14 novel mutations in KAL1 and FGFR1 (KAL2). Hum Mutat. 
2005;25(1):98-99. doi: 10.1002/humu.9298

8. Dode C, Levilliers J, Dupont JM, et al. Loss-of-function muta-

tions in FGFR1 cause autosomal dominant Kallmann syndrome. 

Nat Genet. 2003;33(4):463-465. doi: 10.1038/ng1122

9. Pitteloud N, Acierno JS, Jr., Meysing A, et al. Mutations in fi bro-

blast growth factor receptor 1 cause both Kallmann syndrome and 

normosmic idiopathic hypogonadotropic hypogonadism. Proc 
Natl Acad Sci USA. 2006;103(16):6281-6286. 

 doi: 10.1073/pnas.0600962103

10. Seminara SB, Beranova M, Oliveira LM, et al. Successful use of 

pulsatile gonadotropin-releasing hormone (GnRH) for ovulation 

induction and pregnancy in a patient with GnRH receptor muta-

tions. J Clin Endocrinol Metab. 2000;85(2):556-562. 

 doi: 10.1210/jcem.85.2.6357

11. Pitteloud N, Quinton R, Pearce S, et al. Digenic mutations ac-

count for variable phenotypes in idiopathic hypogonadotropic 

hypogonadism. J Clin Invest. 2007;117(2):457-463. 



41

ИНФОРМАЦИЯ ОБ АВТОРАХ
*Герасимова Мария Владимировна [Maria V. Gerasimova, MD]; адрес: Россия, 117036, Москва, ул. Дм. Ульянова, д. 11 [11 Dm. Ulyanova 

street, Moscow, 117036, Russia]; ORCID: http://orcid.org/0000-0003-1599-6632; eLibrary SPIN: 4958-2870; e-mail: keiden1988@mail.ru 

Калинченко Наталья Юрьевна — к.м.н. [Natalya U. Kalinchenko, MD, PhD]; ORCID: http://orcid.org/0000-0002-2000-7694; 

eLibrary SPIN: 6727-9653; е-mail: kalinnat@rambler.ru 

Васильев Евгений Витальевич — к.б.н. [Evgeniy V. Vasiliev, PhD]; ORCID: http://orcid.org/0000-0003-3780-3758; eLibrary SPIN: 5767-1569; 

e-mail: vas-evg@yandex.ru 

Петров Василий Михайлович — к.х.н. [Vasiliy M. Petrov, PhD]; ORCID: http://orcid.org/0000-0002-0520-9132; eLibrary SPIN: 4358-2147; 

e-mail: petrov.vasiliy@gmail.com

Тюльпаков Анатолий Николаевич — д.м.н. [Anatoliy N. Tiulpakov, MD, PhD]; ORCID: http://orcid.org/0000-0001-8500-4841; 

eLibrary SPIN: 8396-1798; e-mail: anatolytiulpakov@gmail.com

ИНФОРМАЦИЯ
Рукопись получена: 11.07.17. Одобрена к публикации: 21.08.17.

КАК ЦИТИРОВАТЬ:
Герасимова М.В., Калинченко Н.Ю., Васильев Е.В., Петров В.М., Тюльпаков А.Н. Семейный случай нормосмического гипогонадо-

тропного гипогонадизма в сочетании с полидактилией, ассоциированный с дефектом гена FGFR1. // Проблемы эндокринологии. — 

2018. — Т. 64. — №1. — С. 38—41.  doi: 10.14341/probl8706

TO CITE THIS ARTICLE:
Gerasimova MV, Kalinchenko NYu, Vasiliev EV, Petrov VM, Tiulpakov AN. Familial case of normosmic hypogonadotropic hypogonadism with 

polydactyly, associated with defect of FGFR1 gene. Problems of Endocrinology. 2018;64(1):38-41. 

doi: 10.14341/probl8706

 doi: 10.1172/JCI29884

12. Raivio T, Sidis Y, Plummer L, et al. Impaired fi broblast growth 

factor receptor 1 signaling as a cause of normosmic idiopathic 

hypogonadotropic hypogonadism. J Clin Endocrinol Metab. 

2009;94(11):4380-4390. doi: 10.1210/jc.2009-0179

13. The Human Gene Mutation Database at the Institute of Medical 

Genetics in Cardiff . Fibroblast growth factor receptor 1 [Internet]. 

http://www.hgmd.cf.ac.uk/ac/gene.php?gene=FGFR1

14. Online Mendelian Inheritance in Man. Fibroblast growth factor 

receptor 1; FGFR1 [Internet]. 

 http://omim.org/entry/136350?search=FGFR1&highlight=fgfr1

DOI: http://dx.doi.org/10.14341/probl8706 

PROBLEMS of ENDOCRINOLOGY 2018;64(1):38-41

CASE REPORT


