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tes a coherent candidate gene associated with premature ovarian failure (POF) pathogenesis. This study
sequenced the coding and exon-flanking regions of this gene in a panel of 116 POF patients and 143 controls of Tunisian origin.
In both groups, the IVS2 + 41T > G sequence variant was identified. It is concluded that coding mutations of FOXO4 should not be
a common cause of the disease in women from the Tunisian population. However, this study cannot exclude that FOXO4 dysfunc-
tions, originated from open reading frame or promoter sequence variations, might be associated with the pathogenesis of the dis-

ease in other ethnical groups. RBMOnline
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Introduction

Premature ovarian failure (POF) is a frequent pathology
which affects 1% of women. Clinically, POF is defined as
at least 6 months of amenorrhoea occurring under 40 years
old associated with elevated plasma concentrations of FSH
ter ª 2011, Reproductive Healthcare Ltd.
.017
(>40 IU/l). Up to now, several aetiologies have been related
with POF pathogenesis such as infectious agents, autoim-
mune conditions and iatrogenic injuries. However, in the
majority of cases, POF is considered as idiopathic, indicat-
ing a potential involvement of genetic factors. Chromo-
somal abnormalities (e.g. Turner’s syndrome), as well as
Published by Elsevier Ltd. All rights reserved.
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mutations in autosomal and X-linked genes, have been iden-
tified as causative of the phenotype. In recent years, the
study of genes that encode proteins which belong to the
forkhead (fkh) family of transcription factors has demon-
strated its crucial role in several mice and human physiolog-
ical processes, including gonadal development and fertility
(Benayoun et al., 2011). Fkh factors share a highly con-
served �100 amino acid region, the forkhead domain,
responsible of the identification and binding to specific
DNA sequences located on the promoter regions of target
genes. In the ovarian context, FOXL2, FOXE1, and members
of the FOXO subfamily have been implicated in normal and
pathological conditions. Mutations in FOXL2 have been
related to the aetiology of an autosomal dominant disease:
the blepharophimosis, ptosis, epicantus-invesrus syndrome
(BPES; De Baere et al., 2009). BPES is characterized by eye-
lid abnormalities associated (BPES type I) or not (BPES type
II) with POF. In addition, FOXL2 mutations have been
reported in non-syndromic POF cases (Harris et al., 2002).
These findings are consistent with those observed in
Foxl2�/� mice models, in which morphological granulosa
cell impairment and premature massive follicle atresia were
observed (Schmidt et al., 2004; Uda et al., 2004). Some evi-
dences pinpoint FOXE1 as a potential genetic factor related
to POF origin, since length variation of its polyalanine tract
seems to predispose to the disease (Watkins et al., 2006a).
Additional studies suggest that a subset of ROS (reactive
oxygen species) genes is regulated by members of the FOXO
subfamily (Tothova and Gilliland, 2007). It has been pro-
posed that these molecules may have a regulatory role dur-
ing oocyte maturation and folliculogenesis (Agarwal et al.,
2005). Among members of the FOXO subfamily, FOXO3A
and FOXO1 have been particularly well studied in mamma-
lian reproduction, since they have been related to ovulation
and oocyte maturation in mice and humans. Foxo3a�/�

female mice showed massive follicular activation leading
to premature depletion of follicles and infertility (Castrillon
et al., 2003). FOXO3A and FOXO1 screening for mutations
led to the identification of sequence variants potentially
related to POF aetiology (Wang et al., 2010; Watkins
et al., 2006b).

Concerning FOXO4, it has been shown that it is expressed
in the granulosa cells of the immature mice, as well as in
human luteinized mural granulosa cells (Pisarska et al.,
2009; Richards et al., 2002). At molecular level, conserved
Foxo4 serine/threonine residues are directly phosphorylated
by the PI3K/Akt pathway, which leads to its release from
DNA and its retention within the cytoplasm (Tran et al.,
2003). In this environment, Foxo4 transcriptional effects
are silenced, suppressing the expression of target genes such
as Cdkn1b (also known as p27), a negative regulator of the
cell cycle. Interestingly, the expressional maintenance of
Cdkn1b in a mouse model, constitutively expressing Foxo3a
in oocytes, is related to infertility due to a follicular growth
delay (Liu et al., 2007). Conversely, p27�/� animals show a
premature follicular stock overactivation leading to ovarian
dysfunction (Rajareddy et al., 2007). Recently, Ojeda et al.
(2011) identified the first CDKN1B sequence variation, which
could explain some cases of idiopathic POF. In this context,
FOXO4 sequence variations could alter its transcriptional
activity on key target ovarian genes, conducing to premature
ageing of the ovary and POF.
Materials and methods

In order to establish whether FOXO4 sequence variants are a
common cause of idiopathic POF, this study analysed its
complete open reading frame in a panel of 116 POF patients
who attended the Farhat Hached University Teaching Hospi-
tal, (Sousse, Tunisia). Inclusion criteria were primary or sec-
ondary amenorrhoea occurring before the age of 40, normal
46,XX karyotype and elevated plasma concentrations of FSH
(>40 IU/l). Patients presenting clinical antecedents of
pelvic surgery, autoimmune diseases and anticancer treat-
ments were excluded. The control group population was
composed of 143 women over 50 years old, having at least
one child and lacking antecedents of reproductive dysfunc-
tions. These individuals were of Tunisian origin and dis-
played regular menstrual cycles ranging from 28 to
32 days. The study was approved by the local Review Board
of each participant institution (El Rosario University at
Bogotá, Colombia and the Farhat Hached University Teach-
ing Hospital at Sousse, Tunisia). Genomic DNA from patients
and controls was obtained from whole blood samples using
the standard phenol/chloroform procedure. The complete
coding region of the gene (three exons) was amplified by
PCR using exon-flanking primers (primer sequences and
PCR conditions are shown in Supplementary Tables 1 and
2, available online only). Each amplicon was purified using
exonuclease I and shrimp alkaline phosphatase and subse-
quently sequenced with internal primers. Sequences were
aligned and compared with that of the FOXO4 wild-type ver-
sion (NM_005938.3). Human Splicing Finder software
(www.umd.be/HSF/) was used to predict potential splicing
alterations. No further molecular genetic studies were per-
formed in the POF patients.
Results

Since this study amplified and sequenced the coding region
of the gene using exon-flanking oligonucleotides, it was able
to identify the IVS2 + 41T > G sequence variant located on
the second intron of the gene. Allelic frequencies did not
significantly differ between POF and control group patients
(0.65 versus 0.65 of the G allele and 0.35 versus 0.35 of the
T allele, respectively) (Table 1). This nucleotide change
was previously reported in public databases of SNPs
(rs5980742). The NCBI-SNP database (www.ncbi.nlm.nih.
gov/SNP) shows dissimilar allele frequencies of this variant
in samples from European, Asian and Mexican origin. Indi-
viduals from ethnic groups similar to those described in
our study have not been reported. In silico analysis of this
variant did not reveal splicing changes. No further FOXO4
sequence variants were found in these POF and control
populations.
Discussion

The present work constitutes the first screening of
mutations of the FOXO4 gene in women affected by ovarian
dysfunction. The strong expression of this gene in mice and
human granulosa cells, as well as its role into
PI3K/Akt/Cdkn1b molecular pathway, suggests a functional
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Table 1 Sequencing analysis of the FOXO4 gene: allele frequencies of the IVS2+41T>G sequence variant.

Sequence variation Allele frequencies

POF patients (n = 116) Controls (n = 143)

G T G T

IVS2+41T>G 0.65 (151 alleles) 0.35 (81 alleles) 0.65 (185 alleles) 0.35 (101 alleles)
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role during ovarian physiology (Pisarska et al., 2009; Rajar-
eddy et al., 2007; Richards et al., 2002; Tran et al., 2003).
The implication of FOXO factors during ageing processes, via
ROS regulation, underlies the potential role of FOXO4 during
ovarian dysfunction and POF. However, the intronic
IVS2 + 41T > G variant described here is not related to the
aetiology of the disease, since it was identified in both
POF and control groups at similar allele frequencies. Fur-
thermore, in-silico analysis does not suggest a potential del-
eterious effect.

Thus, in conclusion, mutations in the coding region of
FOXO4 should not be a common cause of POF in women of
Tunisian origin. However, this study cannot exclude that
FOXO4 dysfunctions, originating from open reading frame
or promoter sequence variations, might be associated to
the pathogenesis of the disease in other ethnical groups.
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