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ABSTRACT. Introduction. In the practice of a pediatric endocrinologist, there is a well-developed algorithm of
actions to assess the causes and decide on treatment options for a patient with true premature sexual development
(iPPR). After eliminating the volumetric formation of the central nervous system, cyclic suppressive therapy with
triptorelin is prescribed. The purpose of this study was to study the formation of puberty in girls after the end of
iPPR therapy with triptorelin. To achieve this goal, tasks were set, including the analysis of medical records of
girls with iPPR who had previously received triptorelin therapy; conducting an online questionnaire of patients on
the formation of their puberty period with an assessment of growth, determining the time of menstruation after
drug withdrawal; studying family history concerning the start of puberty in relatives. A literary search on the topic
of the study revealed that in recent years information has appeared about the genetic basis of iPPR. The results
of the study showed that the duration of cyclic suppressive therapy with triptorelin iPPR affects the timing of the
appearance of the first menstruation in patients. With therapy for more than 5 years, menstruation occurs later
than in patients using the drug for a shorter period of time. In most patients, an important goal of therapy was
achieved — the prevention of accelerated bone differentiation with premature closure of growth zones and stunting.
With delayed initiation of therapy, stunting could not be prevented. Conclusions. Clinical manifestations of sexual
development in patients after completion of treatment with triptorelin prove the reversibility of its antigonadotropic
effect. The formation of the menstrual cycle after discontinuation of treatment occurs later in those who have
used the drug for more than 5 years. Timely initiation of iPPR treatment helps to avoid stunting in most patients.
To verify the genesis of iPPR, it is advisable to conduct a molecular genetic study, given the high frequency of
familial forms of this disease. It is important to know the long-term results of the use of suppressive therapy of
iPPR, its possible impact on the reproductive period of patients’ lives.

KEYWORDS: true premature sexual development, outcomes of suppressive cyclic therapy with triptorelin, puberty
formation, molecular genetic studies
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PE3IOME. BBegeHne. B npakTuke AETCKOro 3HAOKPMHOJIOrA A5 OLEHKWN NPUYMH W NPUHATUS PELLEHUS O Ba-
pUaHTax IeYeHus nauneHTa ¢ UCTUHHbIM NpeXAeBpeMeHHbIM NonoBbiM passutueM (MIMP) cywecTtyeT oT-
paboTaHHbIi anroputM AeicTBuii. [locne NCKoYeHNUst 06bEMHOI0 06pa3oBaHNA LLeHTPanbHOW HEPBHOW CUCTe-
Mbl Ha3HavatT LUKANYECKYH CYNPECCUBHYIO TEPANUIO TPUNTOPENUHOM. Ljeabio faHHOTO uccnefoBaHus 6blo
M3y4yeHune CTaHOBNEHMA NybepTaTHOro Nepmoja y AeBoYEK nocsie OKoHYaHus Tepanuu UIMMP TpunTopeNmHoM.
[na AOCTUXXEHNs Lenmn Gbin NOCTaBNEHbI 3a,a4M, BKNIOYALOLWMe aHann3 MegULMHCKUX KapT geBoyek ¢ uMMP,
paHee MoJsiyyaBLWMX Tepanuio TPUNTOPEINHOM; NPOBEAEHNE OHNANH-aHKETUPOBaHNSA MaLMEeHTOK No Bonpocam
CTaHOBJIEHUSA Y HUX NY6EPTaTHOro NepKUofa C OLIEHKOI pocTa, onpeAeieHMeM BPEMEHMN NOsSIBNEHUS MEHCTPYaLIMH
nocne oTMeHbl Npenapara, M3yyeHne CeMetHOro aHaMHesa, Kacatollerocs ctapta nybepraray poCTBEHHUKOB.
JInTepaTypHbIi NOMCK NO TEME UCCNeL0BaHMA BbISIBUI, YTO B NOC/EAHME FOAbl NOSIBUIaCb MHPOPMALIMA O FeHeTH-
yeckux ocHoBax UIIP. PesynbTaTbhl NPOBELEHHOIO UCCNEAOBAHUS, MOKA3aNK, YTO AIMTENbHOCTb LIUKNUYECKOA
cynpeccuBHOi Tepanuu TpuntopenmHom ulllP BauseT Ha CPOKM NOSIBIEHUSA NMEPBO MEHCTPYaL MK Y NaLUEHTOK.
lMpw Tepanuu 6onee 5 NeT MEHCTPyaLUM HACTyNaloT NO3Xe, YeM Y NaLMEHTOK, NPUMEHAKOLWMX NpenapaT 6onee
KOPOTKMIA nepuog. Y 60MblWMHCTBA NALMUEHTOK Oblna AOCTUIHYTA BaXKHas Liefib Tepanuu — npeaynpexpeHue
YCKOPeHHoii aAnddepeHLMpoBKN KOCTel C NpeXAeBpeMeHHbIM 3aKpbITUEM 30H POCTa M HU3KOPOCNOCTbI0. Mpu
OTCPOYEHHOM Havasne Tepanuu NpesoTBpaTUTb HU3KOPOCAOCTb He yaanoch. BoiBogbl. KnuHnyeckue npossne-
HUMS MOJIOBOr0 Pa3BUTUS Y NALMEHTOK NOC/e 3aBEPLIEHNS NeYeHNs TPUNTOPEMHOM A0Ka3biBalOT 06paTUMOCTb
ero aHTUroHafoTPONHOro AeicTeusA. CTaHOBMIEHUE MEHCTPYasibHOrO LMK/a NoCNe OTMEHbI NeYeHMa HacTynaet
Mo3)e Yy Tex, KTo NpuMeHsn npenapat 6onee 5 net. CBoeBpeMeHHOe Hayano nedenus ulllP nomoraet usbexartb
HM3KOPOCNOCTH Y 6ONbLWIMHCTBA NaLneHToK. [na Bepudukauum reHesa ulMP yenecoobpasHo NpoBefeHNe MO-
NeKynsapHO-TeHeTUYECKOro MCCNeA0BaHUS, YYNTbIBash BbICOKYIO YacTOTY CEMEeNHbIX (OpM 3TOro 3abosieBaHus.
BaKHO 3HaTb JOATOCPOYHbIE pesynbTaTbl UCNOb30BaHMA CynpeccuBHoi Tepanum uIMP, BO3MOXHOE ee BNuS-
HWE Ha PenPOAYKTMBHbIN NEPUOS, XKM3HU NaLUEHTOK.

KJIIOYEBDBIE CJIOBA: ucTuHHOE npexzgeBpeMeHHoe oJioBOe pasBUTUE, UCXOAbl CYNPECCUBHON UMKITNYECKON
Tepanuu TpUNTOPENNHOM, CTaHOBJIEHUE My6epTaTHOro Nepuosa, MONEeKyNsPHO-reHeTUYeCKUe MCCaeoBaHus
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INTRODUCTION

The incidence of gonadotropin-dependent, or true pre-
cocious puberty (TPP) ranges from 1:5000 to 8:10,000 in
the pediatric population. TPP is characterized with the
appearance of secondary sexual characteristics in girls
before the age of 8 years and in boys before the age of 9.
Girls are significantly more often affected [1]. If organic
pathology of the central nervous system (tumors, hamar-
tomas, residual-organic lesions of the central nervous
system (CNS)), as well as TPP stimulated by excessive
sex steroids in congenital hyperplasia of the adrenal cor-
tex is excluded, the cause of premature activation of the
hypothalamic-pituitary-gonadal axis (HPGA) in 50 to 90%
of cases remains unclear and is designated as idiopathic
precocious sexual development [2].

A number of population studies have noted a corre-
lation between the age of onset of puberty in children
and their parents. Moreover, the timing of sexual de-
velopment features (including menarche) is more con-
sistent in monozygotic twins. The genetic regulation
of HPGA involved in puberty has been actively studied
[3-5].

In recent decades, there has been significant pro-
gress in the study of hereditary variants of TPP, which
is primarily due to the expanding capabilities of mo-
lecular genetics. Emerging publications show that
25-27.5% of cases of gonadotropin-dependent TPP are
familial forms of the disease, which have a monogenic
nature [6].

Identification of genetic markers of TPP has shown
that mutations in the KISS7, KISSTR, MKRN3, and DLK1
genes are most often associated with premature acti-
vation of HPGA in childhood [2, 7].

The neuropeptide kisspeptin (KISS1 gene, cytoge-
netic localization of the gene — 1g32.1, OMIM no.
603286) is an endogenous ligand of the KISS1R recep-
tor (GPR54 gene, cytogenetic localization — 19p13.3,
OMIM no. 604161) [8].Kisspeptin binds to its receptor
on hypothalamic and adeno-hypophysial neurons and
stimulates the activity of these receptors. Kisspeptin
is currently recognized as the most important regulator
of puberty onset, sex hormone-mediated gonadotropin
secretion, and fertility [9, 10].

The MKRN3 gene is localized on the long arm of
chromosome 15 (15q11.2, OMIM no. 603857) [8].
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Mutations in the MKRN3 gene are believed to be
the leading mutation among familial forms of TPP.
Geneticists believe that when this gene is mutated,
abnormalities develop in cases when the defect is
inherited in both paternal and maternal lines [11]. It
is possible that MKRN3 has a suppressive effect on
gonadotropin-releasing hormone (GnRH)-secreting
neurons during childhood, whereas its loss of func-
tion contributes to the activation of GnRH secretion
and the premature onset of puberty [6]. Asymptoma-
tic carriage of pathogenic variants of the gene has
also been reported, confirming the possibility of in-
complete penetrance [12].

TPP can be inherited by three mechanisms: autoso-
mal dominant, autosomal recessive, and additive ones.
These mechanisms depend on mutation that results in
the manifestation of a certain disorder. The MKRN3 and
DLKT genes are characterized by an imprinting pattern
of inheritance. Epigenetic modifications that alter the
expression of these genes are also considered among
the causes of precocious puberty [7]. DLK1 (cytogenetic
location: 14q32.2, OMIM no.176290) [8] is expressed
from the father [13, 14].

Obviously, there is a special demand for genetic
screening of children from families with an aggravated
hereditary history of TPP.

Information about genes associated with TPP is be-
ing supplemented by other candidate genes: MAPK8IP3
(OMIM no. 605431), POUTF1 (OMIM no. 173110) and
NPFF1R (cytogenetic location: 10922.1, OMIM no.
607448) [6, 8]. MAPK8IP3 gene is localized on the short
arm of chromosome 16 (16p13) and is characterized by
autosomal dominant type of inheritance. Heterozygous
mutations of this gene are often associated with vari-
ous variants of neurodevelopmental disorders, in 50%
of cases combining with brain anomalies [15].

Both autosomal recessive and autosomal dominant
types of inheritance can occur in TPP caused by a mu-
tation of the POUTFT gene mapped on the short arm
of chromosome 3 (3p11.2). Moreover, interaction of
POUTF1 with a number of transcription factors is ne-
cessary for targeted and selective differentiation of
thyroid and gonadotropic cell lines of adenohypophy-
sis. Therefore, pathogenic variants of POUTFT genes
can also lead to deficiency of other adenohypophysis
hormones [16].
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The product of NPFFRT gene expression is a neu-
ropeptide receptor that is localized on GnRH-secreting
hypothalamic neurons. Aberrations in NPFFRT may also
contribute to premature activation of HPGA.

Unfortunately, the method of genetic analysis of
TPPis still in early use in our domestic clinical practice.

In case hypothalamic-sellar volumetric masses are
detected, a neurosurgeon together with an endocrino-
logist decide whether neurosurgical intervention is ne-
cessary and appropriate.

In case of CNS neoplasms that do not require sur-
gical treatment, as well as in all other cases of TPP,
conservative therapy is indicated. The main goal of
therapy for TPP is to suppress the development of se-
condary sexual characteristics that cause psychologi-
cal discomfort and social difficulties for the child and
his or her parents, as well as to normalize the rate of
linear growth, slow the rate of ossification, and prevent
stunting [1].

Prolonged GnRH analogs are used for the pharma-
cologic treatment of TPP [2]. Regular cyclic administra-
tion of luliberin agonists promotes desensitization of
pituitary gonadotrophs and suppression of luteinizing
hormone (LH), follicle stimulating hormone (FSH) se-
cretion. As a result, there is a decrease in the formation
of sex steroids in gonads. Such therapy is widely used
in the world and has a long history (more than 30 years)
[17,18].

In the Russian Federation, the GnRH analog triptore-
lin has been registered and has been clinically tested.
The drug is administered intramuscularly, the frequen-
cy of administration is once every 28 days. For chil-
dren weighing less than 20 kg — 1.875 mg, more than
20 kg — 3.75 mg. There are prolonged analogs of GnRH
in Russia. Triptorelin has a longer action, it is adminis-
tered in 11.25 mg once every 12 weeks [2].

Both foreign and domestic publications have pre-
viously reported the high efficacy of this therapy by
blocking the secretion of gonadotropic hormones and
the progression of puberty [19-21].

In some countries, an implant with a GnRH ago-
nist, histrelin (Supprelin) is inserted, its effect lasts
for 1 year [22, 23]. However, this requires surgical in-
tervention and regular monitoring of efficacy. After
12 months, the current implant should be removed and
replaced with another to continue treatment. Permis-
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sion to use this method in domestic medicine has not
yet been obtained.

The question of whether the long-term use of sup-
pressive therapy with gonadoliberins in TPP can affect
puberty remains relevant for practical health care. The
effects of these drugs with respect to final growth, ti-
ming of therapy completion and recovery of the hypotha-
lamic-pituitary axis, and safety of therapy are debated.

AlM

To study pubertal maturation in girls after comple-
tion of cyclic suppressive therapy for TTP with tripto-
relin.

MATERIALS AND METHODS

There have been analyzed medical records of
17 girls with TPP. All girls were examined in the endo-
crinology department of St. Petershurg State Pediatric
Medical University and received cyclic suppressive
therapy with triptorelin until the age of 12 years.

All patients aged 3-8 years were diagnosed with
TPP based on the characteristic clinical picture and the
results of the test with a synthetic short-acting GnRH
analog. After the exclusion of a volumetric mass based
on the results of magnetic resonance imaging of the
brain with pituitary contrasting, TPP of central genesis
was considered idiopathic, and suppressive therapy
with triptorelin was prescribed. The drug administration
regimen was cyclic, according to the clinical recom-
mendations that were valid at the time of treatment
[2]. After the start of therapy blocking LH and FSH se-
cretion, all patients underwent regular monitoring by
an endocrinologist, including in-depth examination in
an endocrinologic hospital once a year. Therapy with
GnRH analogs had an effective and persistent effect on
suppressing puberty: it led to a decrease in the volume
of breast glands, regression of sexual characteristics,
and disappearance of menstruation. In addition, the ef-
fectiveness of the therapy was evidenced by the results
of ultrasound examination of the pelvic organs (uterus
and ovaries volume reduction, decrease in the size and
number of follicles), inhibition of bone age. LH, FSH, es-
tradiol levels reached pre-pubertal values. It should be
noted that the parents of four girls also entered puberty
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early. The duration of GnRH treatment depended on the
age when secondary sexual characteristics appeared
and the time therapy was started. All children comple-
ted therapy at the age of 12 years.

An online questionnaire was administered to girls.
It contained questions about puberty, estimated growth
estimation, menstrual timing after drug withdrawal, and
family history of pubertal onset in relatives. The age of
the girls at the time of interview ranged from 12 years
9 months to 17 years 4 months.

Patients were divided into two groups according to
the duration of triptorelin therapy: Group 1 (58.8%) re-
ceived the drug for less than 5 years (from 1 year to
4 years 3 months), Group 2 (41.2%) — from 5 years and
up to 7 years 10 months. The growth of the patients
was analyzed according to standard deviations. Height
within £1 SDS was considered average; 1 to +2 SDS
was considered above and below average, respectively;

ORIGINAL PAPERS

more than -2 SDS was considered stunted and more
than +2 SDS was considered tall. The time of onset of
menstruation was determined.

RESULTS

Follow-up monitoring of the patients after discon-
tinuation of treatment indicated a gradual recovery of
gonadal function, manifested by enlargement of breast
glands, progression of pubic and axillary hair loss. Af-
ter discontinuation of triptorelin therapy, menstruation
started in 6 months in 23.5% of the patients, including
17.6% in Group 1 and 5.9% in Group 2. The onset of
menstruation in the period from 6 months to 1 year af-
ter the end of treatment was noted in 52.9% of patients,
including 35.3% in Group 1 and 17.6% in Group 2. La-
ter onset of periods (1.5-2 years later) was observed in
17.6% of patients, including 5.9% in Group 1 and 11.8%

52,9%

23,5%
17,69

17,69

|

11,7%

i

6,0%

Yepes 6 mec /
After 6 months

Bcero / In total

Or6 mecpolropa/ Yepes 1,5-2ropa/ He Havaaucs /
From 6 months to 1 year After 1.5-2 years Have not started

M 1rpynna/ Group 1l M 2rpynna/ Group 2

Fig. 1. The appearance of menarche depending on the duration of suppressive therapy

Puc. 1. lNosiBAEHWE MeHapxe B 3aBUCUMOCTU OT MPOAOAKUTEABHOCTU Cyl'lpeCCMBHOVI Tepannn

BbicokopocaoCTb /

0,
Height 59%

HuskopocaocTb /
Stunting

Hwxe cpeaHero /
Below average

B npeaenax cpepHmx
3HauYeHUn /

Within the average ‘ ‘
values

Fig. 2. Growth at the time of the survey

Puc. 2. POCT Ha MOMEHT aHKeTUPOBaHMSA

17,6%
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in Group 2 (Fig. 1). One girl aged 16 years had no men-
struation, which was explained by polycystic ovary syn-
drome (PCOS) diagnosed during the examination.

The relatively later development of menstrual func-
tion in girls who received GnRH suppressive therapy
for more than 5 years (in group 2) can be associated
with the fact that after longer treatment the body needs
more time to restore the natural cycle of hormonal re-
gulation.

The height of the patients at the time of the ques-
tionnaire was within average values in 47.1% of girls,
below average in 29.4%, low height in 17.6%, and high
height in 5.9% of patients (Fig. 2).

Girls who started triptorelin suppressive therapy
within the first year of the TPP onset (64.7%) showed
average growth in 54.5% of cases, below average
growth in 36.4%, and stunting in 9.1% of cases. At a
later start of therapy, 2-3 years after the first signs of
TPP (35.3%), average height was observed in 33.3% of
patients, below average —in 16.7%, stunting — in 33.3%
of patients, and in one case high stature was observed
(Fig. 3).

When treatment duration was less than 5 years, 30%
of the patients had average height, 30% had height be-
low average, 30% had stunting, and 10% had high sta-
ture. In case of prolonged therapy (more than 5 years),

OPUTUHAANDHBIE CTATbHU

average height was registered in 71.4% of the patients
in this group, below average — in 28%, stunting was not
registered (Fig. 4).

Clinical peculiarities of sexual development after
completion of triptorelin treatment prove reversibility
of an antigonadotropic effect of triptorelin. The func-
tion of sex glands is successfully restored after the end
of treatment. However, one of the observed patients
aged 16 years had no menstruation, and during the
examination she was diagnosed with polycystic ovary
syndrome, primary amenorrhea, normogonadotropic
ovarian dysfunction, normoprolactinemic variant. Fur-
ther, this patient was initiated treatment with a con-
traceptive combined drug (estrogen+gestagen) with
antiandrogenic effect by a gynecologist.

Longer-term results (ovulation, fertility) in individ-
uals who received suppressive therapy with triptorelin
in childhood have not yet been sufficiently studied due
to the lack of a long follow-up period [22-24]. Never-
theless, it is important to understand the long-term
outcomes of suppressive therapy and TPP. Medical Ii-
terature has reported pregnancy in women treated with
GNnRH [25, 26].

Thus, the problem of TPP in girls is extremely impor-
tant since this condition and the choice of its treatment
may affect the future reproductive function of female

64,7%

54,5%

35,3% 36,4%

33,3%

33,3%

1

16,7%

I N

Bcero / In total
Average height

B teuenune 1 ropa / Within 1 year

CpepHuit poct/  Huxe cpepHero/  HuskopocaocTb/  BblCOKOPOCAOCTb /
Below average

Stunting Height

W Cnycta 2-3 ropa / After 2-3 years

Fig. 3. The dependence of growth on the time on the initiation of therapy after the appearance of the first signs of

precocious puberty
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Fig. 4. The dependence of growth on the duration of treatment

Puc. 4. 3aBMCMMOCTb pOCTa OT AAMTEABHOCTU AEUYEHUSA

patients. The lack of data regarding associated patho-
genic genes in the examined patients with TPP neces-
sitates further inclusion of a molecular genetic study to
verify possible causes of TPP.

CONCLUSION

Clinical manifestations of sexual development in
female patients after completion of triptorelin treat-
ment prove the reversibility of an antigonadotropic ef-
fect of triptorelin. The menstrual cycle establishment
occurs later after treatment withdrawal in those who
used the drug for more than 5 years. Timely initiation
of TPP treatment helps to avoid stunting in the majo-
rity of patients. Molecular genetic study is advisable to
verify the genesis of TPP, given the high frequency of
familial forms of this disease. It is important to know
the long-term results of using suppressive therapy for
TPP and its possible impact on the reproductive period
of patients' life.
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AOMNOAHUTEAbHAA UHOOPMALIUA

Bknap aBTOpOB. BCe aBTOPLI BHEC/IM CYLLECTBEH-
Hblii BKNaj B pa3paboTky KOHLENLMK, NPOBEAEHNE UC-
CnefoBaHMsa U NOArOTOBKY CTaTby, MPOYAN U 0806pK-
nu GMHaNbHYO Bepcuto nepep nybnukawmei.

KoHnMKT MHTepecoB. ABTOpbI AeKNapupyoT oT-
CYTCTBME SIBHbIX M NOTEHLMANbHbIX KOHDIMKTOB UHTE-
PECOB, CBSI3aHHbIX C Ny6AMKaLMeN HaCTosLWeli CTaTby.

UcTouHKK puHaHCcMpoBaHuA. ABTOPbI 3aABNAIOT 06
OTCYTCTBMU BHELIHEro GMHAHCMPOBAHUA MpW NpoBe-
LEHUM UCCNef0BaHuS.

WHdopmupoBaHHoe cornacue Ha ny6nukauymio.
ABTOpbI NOMYYUIN NUCbMEHHOE COrNacue 3aKOHHbIX
npeacTaBuTENel NaLWEHTOB Ha My6IMKaALNI Meau-
LMHCKNX AQHHbIX.
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