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BACKGROUND: Clinically, premature ovarian failure (POF) is defined as unexplained amenorrhoea (>6 months)
with a high FSH level (>401IU) before the age of 40 years. POF is a heterogeneous genetic disease with unknown
aetiology. Inhibin and activin regulate the FSH level by their opposing actions and thus have been considered as
strong candidate genes in the aetiology of POF. METHODS: We have screened inhibin genes in patients with POF
(n = 80), primary amenorrhoea (n = 33) and secondary amenorrhoea (n = 4). RESULTS: INHBB and INHpA
genes do not show any association with ovarian failure. We found the Ala257Thr missense mutation in INH« gene
with high statistical significance in POF (nine out of 80, 11.2%) (Fisher’s exact test, P = 0.0005), primary amenor-
rhoea (three out of 33, 9.1%) (Fisher’s exact test, P = 0.014) and secondary amenorrhoea (two out of four, 50%)
(Fisher’s exact test, P = (0.001) with complete absence of this mutation in controls (none out of 100).
CONCLUSION: The INHa gene is a strong candidate gene for ovarian failure. Mutations in INHB and INH 3A

genes are not associated with ovarian failure.
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Introduction

The loss of functional follicles occurring in women under the
age of 40 years is defined as premature ovarian failure
(POF). It occurs in ~1-2% of women (Coulam et al., 1986).
Unexplained POF is clinically recognized as amenorrhoea
(> 6 months) with a low level of estrogen and raised level of
FSH (>401U/1) before the age of 40. POF is now well docu-
mented as a heterogeneous disease, which can occur due to
disturbance in any gene of the intra-ovarian as well as extra-
ovarian pathways. This may lead to an elevation of the FSH
level as well as poor or no response of follicles to gonado-
trophins (Conway, 1997). Identification and population-based
screening of candidate genes may provide a better under-
standing of the aetiology of POF. Abnormalities in the X
chromosome have been reported in many idiopathic POF
cases, suggesting the probable presence of a few candidate
genes on the X chromosome, i.e. FMRI, DIA, ZFX, FMR2,
the POFI locus, the POF2 locus, the critical region, etc.
(Zinn, 2001), but their functional role in ovarian dysfunction
is not well defined. Their association studies are also not well
supported in large-scale/sporadic POF cases (Mumm et al.,
2001; Schlessinger et al., 2002).

Many association studies have been done with the key
components of the hypothalamus—pituitary—ovarian axis.
Very few mutations have been reported so far in gonado-
trophins and the corresponding receptors in association with
POF, except Alal89Val substitution in the extracellular
domain of the FSH receptor (Aittomaki er al., 1995) in
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a Finnish population. The occurrence of this mutation was
not found to be associated with POF in other populations
(Kohek et al., 1998; Layman et al., 1998). FOXL2, a mem-
ber of the winged helix/forkhead transcription factor family,
is expressed predominantly in the human eyelid and ovary.
Crisponi et al. (2001) reported mutations in the FOXL2 gene
in families with the blepharophimosis/ptosis/epicanthus
inversus (BPES) syndrome associated with eyelid abnormal-
ities. In type 1 BPES, the females inherit ovarian failure in
addition to the eyelid defect. In type 2 BPES, only the eyelid
abnormalities are seen. Truncated FOXL2 is associated with
BPES type 1, and expanded proteins with type 2 (Crisponi
et al., 2001). Mutations in FOXL2 in patients with non-
syndromic POF have been found (Harris et al., 2002), but
these are not common.

Inhibin and activin are members of the transforming
growth factor-3 (TGF-8) superfamily and are dimers of three
gene products: the INHa subunit, the INHBA subunit and the
INHBB subunit, encoded by INHa, INHBA and INHSB
genes, respectively. Inhibin and activin are dimeric glyco-
protein hormones with one INHa subunit linked to either the
INHBA or INHBB subunit by disulphide bonds, resulting in
inhibin-A (a—BA) and inhibin-B (a—B) respectively. Acti-
vins are dimers of -subunits only, forming activin A (BA-
BA), activin-AB (BA-BB) and activin-B (BB-BB) (Ying,
1988).

Inhibin and activin have opposing regulatory actions for
modulation of the FSH level. Activin enhances FSH secretion
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while inhibin forms a negative feedback loop control of the
FSH level. The presence of low serum inhibin levels in POF
provides strong evidence of the involvement of inhibins and
activins in the pathophysiology of POF (Petraglia et al.,
1998). An elevated serum FSH level and low inhibin B level
in the early follicular phase has also been reported to corre-
late with reproductive ageing (Shahara et al, 1998) and
diminished ovarian reserve (MacNaughton ef al., 1992), and
this has been included in the clinical counselling report by
the American Society for Reproductive Medicine Practice
Committee (2002). The first report of population screening
for inhibin genes which revealed a strong association of the
Ala257Thr missense mutation in the INHa gene with POF
(Shelling et al., 2000) was supported further by the study of
Marozzi et al. (2002). Our study provides further strong sup-
port for the association of the Ala257Thr mutation in the
INHa gene with ovarian failure.

Materials and methods

Patient information

A total of 117 non-familial cases of POF (n = 80), primary amenor-
rhoea (n = 33) and secondary amenorrhoea (n = 4) were included
in the study. Patients were recruited by the Infertility Institute and
Research Centre (IIRC), Hyderabad. The diagnostic criteria for POF
include at least 6 months of amenorrhoea before the age of 40
years, with a high FSH serum level (>401IU/l). Primary amenor-
rhoea is defined as a condition with complete absence of menses or
only induced menses. Secondary amenorrhoea is defined as a cessa-
tion of menses with previous history of menses before the age of
40. All patients were assessed clinically, with complete medical and
gynaecological history including history of menses, age at meno-
pause, serum FSH level (three times at 1 month intervals) and serum
LH level with no history of autoimmune disease. Karyotyping with
high-resolution GTG banding was carried out for all patients for
cytogenetic anomalies. Patients with chromosomal abnormalities
were excluded from the study. Controls (n = 100) were recruited as
normal females with a regular menstrual history and normal FSH
level below the age of 40 years.

DNA extraction and karyotyping

A 5ml aliquot of peripheral blood was collected in EDTA vacutai-
ners for genomic DNA isolation and another 5ml of peripheral
blood was collected in heparin vacutainers for cytogenetic analysis.
DNA was extracted using the Nucleon BACC2 DNA extraction kit
(Amersham Pharmacia Biotech., NJ) according to the manufac-
turer’s protocol. Chromosomal analysis was performed on phytohae-
magglutinin (PHA)-stimulated peripheral lymphocyte cultures using
standard cytogenetic methods (Benn and Perle, 1992; Gosden et al.,
1992).

PCR

Primers were synthesized for amplification of the mature peptide
region of each inhibin gene, i.e. for INHa (nucleotides 841-1242)
using INHaF and INHaR primers, INHBB (nucleotides 717—-1061)
using INHBBF and INHBBR primers, and INHBA (nucleotides
1167-1528) using INHBAF and INHBAR primers (Shelling ez al.,
2000). PCR conditions for the mature peptide region of each inhibin
gene were as described earlier (Shelling er al., 2000; Marozzi et al.,
2002).
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DNA sequencing

All PCR products were obtained from the above primers amplifying
the mature peptide region of each inhibin gene. Sequencing was per-
formed using the Big dye terminator sequencing protocol, supported
by Applied Biosystems using an ABI prism 3700 DNA analyser.

RFLP analysis

The PCR products of the INHa1F and INHa1R primers were ana-
lysed by restriction fragment length polymorphism (RFLP) for the
769G — A mutation using Bbvl restriction enzyme from NEB,
which is a prototype of Bst711 described earlier (Shelling et al.,
2000). This restriction digestion yields three fragments of 134, 85
and 25 bp in wild-type, four fragments of 159, 134, 85 and 25bp in
heterozygous mutants and and two fragments of 159 and 85bp in
homozygous mutant. The restriction digestion was performed using
1 X NEB2 buffer, 2U of Bbvl enzyme and 10 ul of PCR product,
and sterile water to make a final volume of 15 pl. All reaction mix-
tures were incubated at 37°C for 16 h. The RFLP products were sep-
arated by 3.5% agarose gel electrophoresis.
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Figure 1. (a) Electropherogram showing heterozygous and homozy-
gous 769G — A transitions in the INHa gene compared with the
normal sequence. (b) Electropherogram showing the heterozygous
896C — A transversion in the INHBA gene. (¢) Electropherogram
showing the heterozygous 942C — T transition in the INHBB gene.
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Results

In our study, we analysed POF (n = 80), primary amenor-
rhoea (n = 33), secondary amenorrhoea (n=4) cases and
controls (n = 100) for the mature peptide region of all three
inhibin genes. The sequencing analysis of INHa showed a
statistically significant prevalence of the 769G — A missense
mutation in patients with ovarian disorder, females showed
the normal sequence (Figure 1a). Eight out of 80 POF cases,
three out of 33 primary amenorrhoea cases and two out of
four secondary amenorrhoea cases were heterozygous for this
mutation, while one POF case was homozygous. One primary
amenorrhoea case showed a missense mutation 896A — C in
the INHBA gene (Figure 1b) which leads to the GIn299Pro
amino acid change. One silent mutation 942C — T was
found in the INHBB gene in a POF case (Figure 1c). All the
above mutations were confirmed by repeating the sequencing
three times, including sequencing the amplification product
in the reverse direction.

The presence of the 769G — A mutation was confirmed
further by RFLP using the BbvI restriction enzyme (Figure 2),
which showed the same pattern of digestion as reported earlier
(Shelling et al., 2000). The mutation summary and clinical
details of the patients tested positive for mutations are shown
in Tables I and II, respectively.

Our sequencing results further confirm the prevalence of
the 769G — A mutation in Indian women with sporadic POF
(nine out of 80, 11.2%) (Fisher’s exact test, P = 0.0005),
sporadic primary amenorrhoea (three out of 33, 9.1%)
(Fisher’s exact test, P = 0.014), secondary amenorrhoea (two
out of four, 50%) (Fisher’s exact test, P = 0.001) and its
absence in controls (none out of 100, 0%).
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Figure 2. RFLP profile of the INHal product with BbvI restriction
enzyme digestion. Lane 1, the 50 bp marker; lane 2, undigested PCR
product; lanes 3 and 4, wild-type; lanes 5 and 6, the heterozygous
mutant; lane 7, the homozygous mutant (as described by Shelling
et al., 2000).

Table I. Summary of mutation analysis of inhibin genes

Type of Gene Diagnosis No. of Mutation
mutation patients with frequency
mutation
769G — A, INHa Sporadic POF 9/80 11.2%
missense
Primary amenorrhoea 3/33 9.1%
Secondary amenorrhoea  2/4 50%
Controls 0/100 0%
896A — C, INHBA Primary amenorrhoea 1

missense
942C — T,
silent

INHBB POF 1
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Discussion

Presently, POF is widely accepted as a heterogeneous dis-
order, which may involve a large number of genes, and, fur-
thermore, mutation(s) in any of the genes may provide the
answer to its aetiology. To date, there is no such gene known
which can be accepted as a genetic marker for POF except a
promising involvement of the INHa gene in the world
population.

Inhibin production is restricted to granulosa cells. Activins
are produced mainly by granulosa cells but are also produ-
ced in a variety of tissues including the anterior pituitary
(Drummond et al., 1996; Findlay et al., 2001). Inhibins exert
their inhibitory effect either by interfering with the activin-
induced signalling pathway (Lebrun and Vale, 1997) or by
competition of full-length INHa precursor with FSH for
binding to the FSH receptor (Schneyer et al., 1991). Inhibin
complexed with its co-receptor betaglycan antagonizes acti-
vin signalling by competing for the activin receptor A type-II
and activin receptor B type-II with equal binding affinity.
This complex does not stimulate phosphorylation of ALK4
type-1 receptor and subsequent intracellular Smad-dependent
signalling which is imperative for FSH production by gon-
adotrophins (Bernard et al., 2002). Inhibin binds to betagly-
can via its a-subunit (Lewis er al., 2000; Esparza-Lopez
et al., 2001), thus a mutation in the a-chain would probably
impair inhibin binding to betaglycan as well as its antagon-
istic role in activin signalling. A deficiency in inhibin
function or secretion allows activin to elevate the FSH level,
which concurs with reproductive ageing (Welt et al., 1999)
and rapid exhaustion of the follicular reserve during the
menopausal transition (Richardson et al., 1987). Increased
activity of activin produced by pre-ovulatory follicles has
been shown to repress the growth of neighbouring follicles
(Mizunuma et al., 1999).

Our study demonstrated the strong association of the
769G — A mutation in the coding region of the INHa gene in
Indian women with sporadic POF, which agrees with two ear-
lier studies (Shelling et al., 2000; Marozzi et al, 2002).
Marozzi et al. (2002) found this mutation in 25% of patients
with primary amenorrhoea (three out of 12, 25%) (Fisher’s
exact test, P < 0.001) which is a significantly higher fre-
quency than we have found in our population (three out of 33,
9.1%) (Fisher’ exact test, P = 0.014). The significance of this
difference is unknown, but could be due to the investigation
of different ethnic groups. All patients with the mutation were
below the age of 25 years at the time of clinical diagnosis,
except for one secondary amenorrhoea case (Figure 3). The
POF patients carrying the 769G — A mutation attained meno-
pause between the age of 18 and 24 years, with a mean age at
menopause of 21 years. The POF patients without mutation
presented with a wider range of age at menopause, from
between the ages of 15 and 36 years, with a mean age at
menopause at 27 years. Therefore, the presence of the
769G — A mutation is associated with an earlier age of meno-
pause, as has been found previously (Shelling et al., 2000).

The patient who was homozygous for the 769G — A
mutation attained menopause at 23 years, with a surprisingly
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Table II. Clinical details of the patients who were positive for mutations

Patient ID Age (years)” Gene Mutation state Phenotype FSH level (IU/T) LH level (IU/N)
5 20 INHa +/—=769G — A Primary amenorrhoea 9 8
32 18 INHa +/=769G — A POF 50 30
38 16 INHa +/=769G — A Secondary amenorrhoea 16 9
47 21 INHa +/=769G — A POF 78 62
50 15 INHa +/=769G — A Primary amenorrhoea, Turner’s phenotype NA NA
56 29 INHa +/=769G — A Secondary amenorrhoea 14 NA
64 19 INHa +/=769G — A POF 90 42
93 23 INHa —/=769G — A POF, prolactin: 9, thyroid-stimulating hormone: 3 100 90
101 24 INHa +/—1769G— A  POF 45 26
123 22 INHa +/=769G — A POF 59 20
131 18 INHa +/=769G — A Primary amenorrhoea 11 NA
144 22 INHa +/=769G — A POF 74 56
158 20 INHo +/=769G — A POF 82 71
159 18 INHa +/=769G — A POF 51 NA
39 18 INHBA +/—896A — C Primary amenorrhoea, Turner phenotype, shortening of 13 8
4th metatarsal, ears low set
26 24 INHBB +/-942C—T POF 50 13

‘Age at menopause, except for primary amenorrhoea where it indicates age at the time of recruitment.
+ /— indicates a heterozygous mutant; —/— indicates a homozygous mutant; NA = data not available.

high FSH (100, 88 and 851U/1) and LH (90 IU/1) levels. This
is the first patient identified in the literature to be homozy-
gous for the 769G — A mutation. It is interesting to note that
she does not have a particularly severe phenotype, such as
primary amenorhoea. Shelling et al. (2000) hypothesized that
the Ala257Thr mutation is sufficient to impair the binding
affinity of inhibin for its receptors, and leads to the sub-
sequent inability to regulate the FSH level by negative feed-
back. The increased level of FSH leads to rapid depletion of
follicles, resulting in ovarian failure. Therefore, in the homo-
zygous patient, it is plausible that the presence of relatively
higher levels of FSH and LH, as compared with patients with
the heterozygous mutation, is a reflection of the increased
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Figure 3. Graph showing the distribution of POF patients with the
769G — A mutation in the INHa gene and POF patients without
this mutation against the age of menopause.

loss of negative feedback of INHa on FSH in the homozy-
gous state. Since a few POF patients without this mutation
(8.5%) also had FSH levels (> 1001U/1) as high as the homo-
zygous mutant for the 769G — A mutation, this is a strong
indication that other candidate genes also have a role in the
aetiology of ovarian failure, and these need to be identified.

It is interesting to note that Matzuk et al. (1992) generated
INHa knockout mice and showed that inhibin-deficient mice
developed gonadal tumours followed by cancer cachexia
such as wasting syndrome, hepatocellular necrosis around the
central vein, parietal cell depletion and mucosal atrophy.
Inhibin-deficient mice, if gonadectomized at an early age, do
not develop a wasting syndrome but develop adrenal cortex
tumours (Matzuk et al., 1994). These studies indicate that
inhibin acts as a gonadal and adrenal tumour suppressor. The
769G — A mutation in the INHa gene perhaps does not com-
pletely inactivate the functional activity of inhibin and does
not show such a severe phenotypic outcome as seen in the
knockout mice.

Mutations in INHBA and INHBB did not show any associ-
ation with ovarian failure in our study. One patient with
primary amenorrhoea was found to have an 896A — C mis-
sense mutation (GIln299Pro) in the INHBA gene. She had a
Turner’s phenotype, which included shortening of the fourth
metatarsal, and her ears were low set, but she was found to
have a normal karyotype. The glutamine at position 299 and
its surrounding amino acids are highly conserved in cow, pig,
horse, sheep, rat and mouse sequences (Figure 4). It is
difficult to determine what the role of the non-conservative
GIn299Pro mutation might be in ovarian failure, as it is
found in the propeptide region, which would not lead to a
change in the structure of the mature peptide chain.

Our study, in combination with the two earlier studies,
strongly suggests that the 769G — A mutation in the INHa
gene is a significant genetic marker for the diagnosis of POF
and probably associated with early onset of POF. The pre-
sence of this mutation can be diagnosed by RFLP using
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Human SEDH"HR
Cow EEKEQSHRFPFLMLO SEDHFHR
Horse EEKEQSHRFFLMILQ SEDHFHR
Mouse EEKEQSHRFFLMLO SEDHPHR
Sheep EEKEQSHRFPFLMLOQ SEDHPHR
Rat EEKEQSHRPFLMLQ SEDHPHR
Pig EEKEQSHRPFLMLO SEEHPHR
Chicken EEKEQSHREF SEDROHR

Figure 4. Comparison of the human INHBA protein sequence with
the cow, horse, mouse, sheep, rat, pig and chicken INHBA
sequences. Conservation of sequences around the glutamine (arrow-
head) at position 299, which is altered to proline in one primary
amenorrhoea case.

Bst711 or Bbvl restriction enzymes in clinical laboratories.
This genetic test may help in the early diagnosis of POF,
prior to the complete depletion of follicles, and may offer
opportunities for patients to plan their families earlier.

Acknowledgements

We are grateful to Ms V.V.Padmalatha and Ms M.K.Kanakavalli for
providing the chromosomal diagnosis, Ms D.V.Jayanthi of the Infer-
tility Institute and Research Centre, Secunderabad, for her help in
patient recruitment, and Mrs Lakshmi Rao for her constant support
during the study. The study was supported by a grant from the
Indian Council of Medical Research, New Delhi. H.D. was sup-
ported by fellowship from the Council of Scientific and Industrial
Research (CSIR), Government of India.

References

Aittomaki K, Lucena JLD, Pakarinen P, Sistonen P, Tapanainen J, Gromoll J,
Kaskikari R, Sankila EM, Lehvaslaiho H, Engel A et al. (1995) Mutation
in the follicle stimulating hormone receptor gene causes hereditary hyper-
gonadotropic ovarian failure. Cell 82,959-968.

American Society for Reproductive Medicine Practice Committee (2002)
Aging and infertility in women: a committee opinion. Fertil Steril
78,215-219.

Benn PA and Perle MA (1992) Chromosome staining and banding tech-
niques. In Rooney DE and Czepulkowski BH (eds) Human Cytogenetics:
A Practical Approach. Vol. I. Constituitional Analysis. IRL Press Ltd,
Oxford, UK, pp. 91-118.

Bernard DJ, Chapman SC and Woodruff TK (2002) Minireview: inhibin
binding protein (InhBP/p120), betaglycan, and the continuing search for
the inhibin receptor. Mol Endocrinol 16,207-212.

Conway GS (1997) Premature ovarian failure. Curr Opin Obstet Gynecol
9,202-206.

Coulam CB, Adamson SC and Annegers JF (1986) Incidence of premature
ovarian failure. Obstet Gynecol 67,604—606.

Crisponi L, Deiana M, Loi A, Chiappe F, Uda M, Amati P, Bisceglia L,
Zelante L, Nagaraja R, Porcu S et al. (2001) The putative forkhead tran-
scription factor FOXL2 is mutated in blepharophimosis/ptosis/epicanthus/
inversus syndrome. Nature Genet 27,159—166.

Drummond AE, Dyson M, Mercer JE and Findlay JK (1996) Differential
responses of post-natal rat ovarian cells to FSH and activin. Mol Cell
Endocrinol 122,21-32.

Esparza-Lopez J, Montiel JL, Vilchis-Landeros MM, Okadome T,
Miyazono K and Lopez-Casillas F (2001) Ligand binding and functional
properties of betaglycan, a co-receptor of the transforming growth factor-
superfamily. Specialized binding regions for transforming growth factor-Ba
and inhibin A. J Biol Chem 276,14588-14596.

Findlay JK, Drummond AE, Dyson M, Baillie A, Robertson DM and
Ethier JF (2001) Production and actions of inhibin and activin during
folliculogenesis in the rat. Mol Cell Endocrinol 180,139—-144.

1764

Gosden CM, Davidson C and Robertson M (1992) Lymphocyte culture. In
Rooney DE and Czepulkowski BH (eds) Human Cytogenetics: A Practical
Approach. Vol. I. Constitutional Analysis. IRL Press Ltd, Oxford, pp.
31-54.

Harris SE, Chand AL, Winship IM, Gersak K, Aittomaki K and Shelling AN
(2002) Identification of novel mutations in FOXL2 associated with prema-
ture ovarian failure. Mol Hum Reprod 8,729-733.

Kohek MBDF, Batista MC, Russell AJ, Vass K, Giacadia LR, Mendonca BB
and Latranico AC (1998) No evidence of the inactivating mutation
(C566T) in the follicle stimulating hormone receptor gene in Brazilian
women with premature ovarian failure. Fertil Steril 70,565—-567.

Layman LC, Amde S, Cohen DP, Jin M and Xie J (1998) The Finnish fol-
licle stimulating hormone receptor (FSHR) gene mutation is rare in North
American women with 46, XX ovarian failure. Fertil Steril 69,300-302.

Lebrun JJ and Vale WW (1997) Activin and inhibin have antagonistic effects
on ligand-dependent heteromerization of the type I and type II activin
receptors and human erythroid differentiation. Mol Cell Biol 17,
1682-1691.

Lewis KA, Gray PC, Blount AL, MacConell LA, Wiater E, Bilezikjian LM
and Vale W (2000) Betaglycan binds inhibin and can mediate functional
antagonism of activin signalling. Nature 404,411-414.

MacNaughton J, Banah M, McCloud P and Burger H (1992) Age related
changes in follicle stimulating hormone, luteinizing hormone, oestradiol
and immunoreactive inhibin in women of reproductive age. Clin Endocri-
nol 36,339-345.

Marozzi A, Porta C, Vegetti W, Crosignani PG, Tibiletti MG, Dalpra L and
Ginelli E (2002) Mutation analysis of the inhibin alpha gene in a cohort of
Italian women affected by ovarian failure. Hum Reprod 17,1741-1745.

Matzuk MM, Finegold MJ, Su JGJ, Hsueh AJW and Bradley A (1992)
o-Inhibin is a tumour suppressor gene associated with gonadal specificity
in mice. Nature 360,313-319.

Matzuk MM, Finegold MJ, Mather JP, Krummen L and Bradley A (1994)
Development of cancer cachexia-like syndrome and adrenal tumour in
inhibin-deficient mice. Proc Natl Acad Sci USA 91,8817-8821.

Mizunuma H, Liu XW, Andoh K, Abe Y, Kobayashi J, Yamada K, Yokota
H, Ibuki Y and Hasegawa Y (1999) Activin from secondary follicle causes
small preantral follicles to remain dormant at the resting stage. Endocrin-
ology 140,37-42.

Mumm S, Herrera L, Waeltz PW, Scardovi A, Nagaraja R, Esposito T,
Schlessinger D, Rocchi M and Forabosco A (2001) X/Autosomal translo-
cations in the Xq critical region associated with premature ovarian failure
fall within and outside genes. Genomics 76,30-36.

Petraglia F, Hartmann B, Luisi S, Florio P, Kirchengast S, Santuz M,
Genazzani AD and Genazzani AR (1998) Low levels of serum inhibin A
and inhibin B in women with hypergonadotrpic amenorrhoea and evidence
of high levels of activin A in women with hypothalamic amenorrhoea.
Fertil Steril 70,907-912.

Richardson SJ, Senikas V and Nelson JF (1987) Follicular depletion during
the menopausal transition: evidence for accelerated loss and ultimate
exhaustion. J Clin Endocrinol Metab 65,1231-1237.

Schlessinger D, Herrera L, Crisponi L, Mumm S, Percesepe A, Pellegrini M,
Pilla G and Forabosco A (2002) Genes and translocations involved in
POF. Am J Med Genet 111,328-333.

Schneyer AL, Sluss SP, Whitcomb RW, Martin KA, Sprengel R and
Crowley WF (1991) Precursors of a-inhibin modulate follicle stimulating
hormone receptor binding and biological activity. Endocrinology
129,1987-1999.

Shahara FI, Scott RT and Seifer DB (1998) The detection of diminished
ovarian reserve in infertile women. Am J Obstet Gynecol 179,804—812.
Shelling AN, Burton KA, Chand AL, van Ee CC, France JT, Farquhar CM,
Milsom SR, Love DR, Gersak K, Aittomaki K et al. (2000) Inhibin: a can-

didate gene for premature ovarian failure. Hum Reprod 15,2644-2649.

Welt CK, McNicholl DJ, Taylor AE and Hall JE (1999) Female reproductive
aging is marked by decreased secretion of dimeric inhibin. J Clin Endo-
crinol Metab 84,105-111.

Ying S (1988) Inhibins, activins and follistatins: gonadal proteins modulating
the secretion of follicle-stimulating hormone. Endocr Rev 9,267-293.

Zinn AR (2001) The X chromosome and the ovary. J Soc Gynecol Invest
8,534-S36.

Submitted on January 8, 2004; accepted on May 6, 2004



