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SUMMARY

Premature ovarian failure (POF) is the occurrence of hypergonadotropic hypoestrogenic amenorrhea
in women under the age of forty years. It is idiopathic in 74-90% patients. Known cases can be divided
into primary and secondary POF. In primary POF genetic aberrations can involve the X chromosome
(monosomy, trisomy, translocations, deletions) or autosomes. Genetic mechanisms include reduced
gene dosage and non-specific chromosome effects impairing meiosis, decreasing the pool of primordial
follicles and increasing atresia due to apoptosis or failure of follicle maturation. Autoimmune ovarian
damage is caused by alteration of T-cell subsets and T-cell mediated injury, increase of autoantibody
producing B-cells, a low number of effector/cytotoxic lymphocyte, which decreases the number and
activity of natural killer cells. Bilateral oophorectomy, chemotherapy, radiotherapy and infections cause
the secondary POF. Symptoms of POF include irritability, nervousness, loss of libido, depression, lack of
concentration, hot flushes, weight gaining, dry skin, vaginal dryness, frequent infections etc. The diagnosis
is confirmed by the level of FSH of over 40 IU/L and estradiol below 50 pmol/L in women aged below 40
years. Biochemical and other hormonal analysis (free thyroxin, TSH, prolactin, testosterone), karyotype (<30
years of age), ultrasound of the breasts and pelvis are advisable. Optimal therapy is combined estrogen
progestagen therapy given in a sequential rhythm, after excluding absolute contraindications. Testosterone
can be added to adnexectomized women and those with a low libido. Sequential estrogen progestagen
replacement therapy is the first line therapy for ovulation induction in those looking for pregnancy and
after that oocyte donation will be advised. Appropriate estro-progestagen therapy improves the quality
of life and prevents complications such as cardiovascular diseases, osteoporosis, stroke etc.
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INTRODUCTION decreased number of follicles being found dur-
ing the ovarian development or increased rate
of follicle loss or accelerated atresia. Proposed

etiological factors of POF are shown in Table 1.

Premature ovarian failure (POF) is a heterog-
enous disorder of multifactorial origin defined
as the occurrence of secondary amenorrhea,
hypergonadotropism and hypoestrogenism in
women under the age of 40 years. The incidence
is 1:10,000 women at the age of 20, 1:1,000 at
the age of 30 and 1:100 at the age of 40 years
[1]. It can be sporadic or familial (4-33%) [2, 3].

PRIMARY POF

Primary POF represents a group of disorders
induced by changes in some specific genes or
autoimmune process or enzymatic disorder.

ETIOLOGY
Genetic aberrations
Most cases of POF are idiopathic [4]. Abnormal
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pairing in meiosis resulting in oocyte apopto-
sis at a check point has been suggested as an
etiological factor [5]. POF may result from a

Table 1. Etiology of premature ovarian failure (POF)

Genetic mechanism of POF includes reduced
gene dosage and non-specific chromosome
effects that impair meiosis. These can lead to

Primary POF Genetic aberrations X-linked (monosomy, trisomy, deletions, translocations,
fragile X)
Autosomal dominant (FSH receptor gene polymorphism,
inhibin B mutation, etc.)
Enzyme deficiency Metabolic
Autoimmune disease
Secondary POF Surgical Bilateral oophorectomy
Hysterectomy without oophorectomy /uterine artery
embolisation

Chemotherapy or radiotherapy

Infections
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Table 2. Genes implicated in premature ovarian failure

Categories Chromosomes Gene

Identified mutations X

FMR1, 2, BMP15

Autosomal genes

FOXL2, FSHR, LHR, FSHB, LHB, inhibin A, GALT, AIRE, NOGGIN, POLG

Unidentified mutations | X

AT2, c-kit, sox 3

Autosomal genes MIS

Candidate genes X

DIAPH2, DFFRX, XPNPEP2, 2FX, FSHPRH1, XIST

Autosomal genes WT1, ATM

ovarian failure by causing decrease in the pool of primor-
dial follicles, increased atresia of the follicles due to apop-
tosis or failure of follicle maturation (Table 2).

X-linked
X monosomy - Turner syndrome

Opvarian follicles degenerate at birth as a result of the lack
of a diploid dosage of one or more vital genes, both al-
leles of which are active in oogenesis. Oogenesis proceeds
normally in these individuals until diplotene oocytes begin
to be incorporated into nascent follicles. There is a subse-
quent block of production of complete follicles manifest-
ing as fetal follicular atresia. Loughlin et al. [6] found that
in 80% of cases the paternally derived X is lost. Turner
syndrome is characterized by primary amenorrhea, short
stature and characteristic phenotypic features. Cytogenetic
data indicate that most Turner syndrome features map to
the short arms of the X (Xp) and Y (Yp) chromosomes [7].

Trisomy X

It occurs in 1:900 women and does not influence the fertil-
ity rate significantly. Jacobs et al. [8] described a woman
with XXX and POE According to Goswami et al. [9] 3.8%
patients with POF had the triple X.

Mosaicism

Women having mosaicism (45X/46XX and 45X/47XXX)
carry mixed germ lines and manifest phenotypic abnor-
malities and POF. Simpson and Rajkovic [10] found that
12% of them menstruate.

Deletions

They are more common than translocations. Deleted X
chromosome necessarily leave a portion of normal un-
paired X and isodicentrics probably interfere with pair-
ing, resulting in atresia of oocytes. Ovarian function is
preserved when distal deletions occur. Proximal deletions
induce ovarian failure. Deletion at Xp11 results in 50%
primary and 50% secondary amenorrhea, while the dele-
tion of Xq13 induces primary amenorrhea. Merry et al.
[11] found that a large deletion that removes the whole
critical region for POF in Xq21 is not associated with ova-
rian failure.

Translocations

In the X short arm the proximal region is of the greatest
importance for normal ovarian functioning. Women with
deletions in Xp11.1 to Xp21 usually show either complete
or premature POF. The critical region for normal ovarian
function has been proposed for Xq13-26 [12, 13]. Within
this region the most frequent breakpoints involve POF1
loci Xq26-qter [14] and POF2 loci Xq13.3-21.1 [15].

Distal deletions involving POF1 loci are associated with
POF at ages 24-39 years, and translocations involving the
POF2 locus cause POF at an earlier age of 16-21 years.
Chromosome dynamics in this region is sensitive to struc-
tural changes and unpaired chromosomes provoke oocyte
apoptosis.

Fragile X

Normal length of CGG repeats in 5’-UTR is <50 repeats,
premutation occurs in 50-200 repeats and full mutation
>200 repeats. FMR1 is expressed in the granulose cells of
the primary follicles but only in a part of the preantral-
antral follicles [16]. The premutation allele of the FMR1
gene is at the FRAXA locus in Xq27.3. The FMRI premu-
tation is found in 5% of all POF [16]. They have 50-200
copies of the CGG repeats in the 5’ untranslated region of
the FMR1 gene. Fragile X sy is due to CGG expansion >55
repeats resulting in POF in female careers and in mental
retardation in males.

Autosomal dominant genes

Autosomal traslocations are uncommon in women with
POF. Most reports of translocations document X/auto-
some balanced translocations with no common autosomal
breakpoint. Follicle stimulating hormone and luteinizing
hormone receptor gene polymorphism were reported.

FOXL2 (forkhead transcription factor) is associated
with blepharophimosis, ptosis and epicantus inversus
syndrome. EIF2B (mutant in the eukeryotic translation),
the initiation factor 2B, is a family of genes associated with
CNS leukodystrophy and ovarian failure.

Enzyme deficiency (metabolic)

Deficiency of 17 hydroxylase and galactosae-1-phosphate
uridyl transferase (GALT) can induce POE
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According to Waggoner et al. [17] a study of 81% affect-
ed women developed ovarian failure with primay amen-
orrhea or secondary amenorrhea shortly after puberty.
Typical characteristics of women with 17 OH deficiency
includes primary amenorrhea, high levels of FSH, LH, pro-
gesterone, deoxycorticosteron, hypertension and hyperka-
lemic alkalosis. Intracellular accumulation of metabolites
of galactose or glycolization deficiency induce disturbance
of germinal cell migration leading to deficiency of the ger-
minal cell pool [18].

Autoimmune disease

Autoimmune mechanism is involved in the pathogenesis
of up to 30% of cases of POF [19]. Evidence of oophoritis
is rare (<3%) in POF in the absence of adrenal involve-
ment [20].

Alterations of T cell subsets and T cell mediated injury
is likely to play an important role in the pathogenesis of au-
toimmune POEF. A statistically significant increase in CD8
density on T cells [21], an increase of antibodies producing
B cells and a low number of effector suppressor/cytotoxic
lymphocytes, reduced natural killer (NK) cell number and
impaired NK cell activity have been documented. Oopho-
ritis can be transferred by cells with a T helper phenotype.
The role of cytokines has also been described in causing
follicular atresia in POF.

POF can be associated with endocrine and non-endo-
crine diseases (Table 3).

The AIRE gene is responsible for autoimmune poly-
endocrinopathy-candidiasis ectodermal dystrophy
(APECED) leading to ovarian insufficiency. It is assigned
to the chromosome 21q22.3 and more than 40 mutations
are reported [22].

Positive adrenal antibodies can be found in some cases
of POE. About 2-10% of POF cases are known to be associ-
ated with adrenal autoimmunity [23].

Autoimmune polyglandular syndrome (APS) can be
divided into APS 1, 2 and 3 (Table 4).

Vujovi¢ S. et al. Premature Ovarian Failure

SECONDARY POF
Surgical

Secondary POF is caused by some interventions (oopho-
rectomy or chemo and radiotherapy, infections); bilateral
oophorectomy or surgical menopause, histerectomy with-
out oophorectomy/uterine artery embolization. Uterine
artery embolization has also a potential to result in POF
by compromising the vascular supply to the ovary [24].

Chemotherapy and radiotherapy

Before therapy of malignancy it is necessary to take care of
preserving fertility by conserving the ovarian tissue or oo-
cytes. Ovarian radiation of 9 Gy renders humans infertile.
Complete ovarian failure occurs with a dose of 20 Gy. There-
fore, ovariopexy (transposition of ovaries from the radiation
field) preserves ovarian function in 60-100% patients [25].

POF can be sequellae of cytotoxic chemotherapy which
is gonadotoxic in drug- and dose-dependent way.

Thus, POF can be caused by the therapy for myeloid
leukemia, in non-Hodgkin lymphoma, Hodgkin disease
and breast cancer in 50% of women. The use of gonado-
trophin releasing analogue to suppress ovarian activity in
order to protect it is as yet not supported by randomized
controlled trials [26].

Infections

Ovaries can be exposed to viruses and toxins. Mumps oo-
phoritis occurs in 2-8% of women with POF [27]. Other
causes include TBC, malaria, varicella, shigella, CMV,
herpes simplex, etc. The mechanism by which chemi-
cals (heavy metals, solvents, pesticides, plastics, cigarette
smoke etc.) affects ovarian function may involve hormonal
and immune disruption, DNA adduct formation, altered
cellular proliferation or inappropriate cellular death [28].

Table 3. Endocrine and non-endocrine diseases associated with premature ovarian failure

Endocrine

Hypo/hyperthyroidism, hypoparathyroidism, diabetes mellitus type Il, hypophysitis, Addison’s disease

Non-endocrine

hepatitis etc.

Idiopathic thrombocytemic purpura, chronic candidiasis, vitiligo, alopecia, hemolytic or pernicious anemia,
systemic lupus erythematodes, rheumatoid arthritis, cirrhosis, Sjogren’s sy, primary biliary cirrhosis, chronic

Table 4. Type, inheritance, involvement and age of appearance of autoimmune polyglandular syndromes

no clinical differences compared to type Il

Type Inheritance Autoimmune involvement Age

| Autosomal recessive mutation in AIRE gene | Candidiasis + Addison’s disease + hypoparathyroidism 3-5years

r Polygenic dominant HLADR3 Addlson§ disease + Autmmmune thyr0|d|t’|s (Schmidt’s sy) 3rd or 4th decade
and/or diabetes mellitus type | (Carpenter’s sy)

i Apart from the absence of adrenal failure, Hypothyroidism and other immune syndromes with Adults

EXCLUSION of Addison’s disease

doi: 10.2298/SARH1212806V
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PRESENTATION AND ASSESSMENT

Young women who experience loss of menstrual regularity
for three or more consecutive months should have appro-
priate evaluation of POF at their first visit [29]. Most of
women do not have any symptoms. However, in untreated
POF, typical symptoms of estrogen deprivation may be
present. They include nervousness, irritability, hot flushes,
restlessness, insomnia, depression, loss of libido, loss of
concentration, etc. Physical examination may reveal thin-
ness of the skin or weight gain, painful bones, stiffness,
etc. After history taking and physical examination, blood
samples have to be taken for the biochemical analysis [30].
Hormone analysis (FSH, LH, prolactin, estradiol, proges-
terone, testosterone, free thyroxin, TSH) is necessary, as
is autoimmune screening for polyendocrinopathy. FSH of
over 40 IU/L and estradiol below 50 pmol/L in women
aged below 40 years confirm the diagnosis. Adrenocorti-
cotropin hormone stimulation test is optional if Addisons
disease is suspected. Chromosome analysis is advised in
women with POF younger than 30 years. There is no role
for a routine ovarian biopsy. Pelvic and breast ultrasounds
are advisable. Co-existing diseases must be detected. Dual
X-ray absorptiometry (DXA) is optional.

MANAGEMENT

Patients must be provided with adequate information
(education, understanding and counseling). Management
includes hormone replacement therapy for the prevention
of long term complications and therapy for fertility [31].

HORMONE REPLACEMENT THERAPY

Sequential estrogen progestogen replacement therapy is
the mainstay of treatment for women with POFE. Proposed
combination of estro-progestogens are Ethynilestradiol
0.03 mg and Drospirenone 3 mg or estradiol valerat 2
mg and norgestrel 0.5 mg or estradiol valerat 2 mg and
noretistheron acetate 1 mg. It is recommended until the
average age of natural menopause. The dose of estrogen
therapy should be higher than the average dose for the
menopausal therapy. There is no evidence to show that
ERT increases the risk of breast cancer in women with
POF. Hence, women with POF do not need to start mam-
mography screening early. Additional treatment with
testosterone is advised in adnexectomized women and
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MpespemeHa MHcypULMjeHUM]a jajHMKa

CBeTnaHa Byjosuh'?, Muomupa Neosuh?, Munuta Tanuuh-Tajuh?, Jbumbana MapuHa?, Mapuja bapah? 3opaHa Apr3aHosuh?,
AHa HeHe3uh?, Maja MBaHunwesuh?, JeneHa Muunh?®, Cunsuja Cajuh'#, [paraH Muyuh'?

'MegununHcku dakyntet, YHuBep3uteT y beorpagy, beorpag, Cpbuja;

2KnuHuKa 3a eHAoKprHonorujy, anjabetec n 6onectn metabonuama, KnuHuuku Lentap Cpbuje, beorpap, Cpbuja;
*KnuHuKa 3a ruHeKonorujy 1 akywepctso, KnuHnyki uentap Cpbuje, beorpag, Cpbuja;

*YHuBep3uTeTCKa Aeyja KnuHuka, beorpag, Cpbuja

KPATAK CAAPXAJ

MpeBpemeHa nHcyduumjeHUMja jajHKKa (MTNJ) je xneproHa-
JOTPOIHa XMNOeCTporeHa aMeHopeja Kog »eHa mnahmx og 40
rogvHa. Mianonarcka je kog 74-90% nauujeHTKMba. Mo3HaTK
y3pouu gene M) Ha npumapHy 1 cekyHaapHy. Koa npumap-
He M) reHcke abepaumje MOry YKIbyunT X-XpOMO30M (MOHO-
30MUja, TPM30MWja, TPaHCIoKaLwja, Aeneuwja) unm aytosome.
[eHeTCKM MexaHM3aM YK/byuyje CMakbeHO Ao3Mparbe reHa u
HecrneyuduyHe XpoMo3oMcKe edekTe Koju owTtehyjy Mejosy,
YMMe JOBOJE 10 CMatbetba 6poja NprMopAnjanHyx Gonnkyna
1 noBeharba aTpesyje 360r anonTo3e uin MHcybrLmjeHLmje Ma-
Typauuje donukyna. AyToumyHCKM y3poLy HacTajy 36or antepa-
umje T-henwja n tomxosor owTehetba, noBeharba ayToaHTUTENA
Koja cTBapajy b-henuje n manor 6poja edeKTop-LUTOTOKCUYHIX
numoouunTa, WTO CMakbyje 6poj henwja npupogHmx ybuua. Ce-
KyHaapHa MJ HacTaje 36or 060CcTpaHe agHeKceKToMmje, Xemu-
oTepanuje, paguotepanuje n uHdekumja. CUMnToMn 1 3HaLUM
MWJ cy: nprtabunHocT, HepBO3a, rybuTak NMbuga, fenpecuja,
CMarbetbe KOHLieHTpaLmje, cyBoha Koxe 1 ciy3okoxa (noceb-
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HO BarunHasnHe), noBehame TenecHe TeXHe, rMaBobosbe, yecte
nHdekumje. [injarHo3a ce nocraB/ba Ha 0CHOBY HUBOa FSH Beher
of 40 U/l v H1Boa ecTpagmona maker og 50 pmol/l Kog eHa
mnahux og 40 roguHa. MotpebHo je pa ce ypage bruoxemujcke
1 XOPMOHCKe aHanu3e (LH, nponakTuH, CnobofHM TECTOCTEPOH,
cnobofHu TMPOKCUH, TSH, kopTnson, ACTH). OpgpehuBatbe Ka-
proTuna ce BpLUK >keHama Koje npe 30. rognHe obone op MAJ.
CaBeTyje ce ynTpa3ByK Mane KapauLe 1 Aojku. Jleyere ecTpo-
nporecTareH1Ma ce 3arnouvikbe oOMax no NocTaBsbatby AMjarHo-
3e YKONIMKO HeMa KOHTpauHAnKaLmja. TeCToCTePOH ce fjoAaje
XKeHama Kog Kojuix je ypaheHa 060cTpaHa afgHeKceKToMuja 1iu
1Majy HU3aK nmbupo. Pagy n3asmeatrba oBynaumje aajy ce ectpo-
nporecTareHu, a yKonuKko oHo byaie HeycneluHo, TpyaHoha ce
nocTve AoHaLmjoM jajHe henwuje. Ogrosapajyha ectponpore-
CTareHa Tepanuja no6osbluaBa KBanmTeT KI1BOTA OBUX XKeHa 1
CrnpeyaBa MojaBy KaCHUX KOMMNMKaLWja, Kao LITO Cy KapAano-
BacKyslapHa 060/berba, NMCUXMYKE CMETHE, OCTEONOPO3a UTH,.
KmbyuHe peun: npespemeHa UHCydULMjeHLMja jajHUKa; eTU-
onoruja; neyerbe
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