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Studies ofFRAXA and FRAXE in women with
premature ovarian failure

Anna Murray, James Webb, Sarah Grimley, Gerard Conway, Patricia Jacobs

Abstract
Recent reports suggest that women with
FRAXA premutations have an increased
likelihood of having premature ovarian
failure (POF). We screened 147 women
with idiopathic POF for the number of
trinucleotide repeats at the FRAXA and
FRAXE loci. We found six women with
FRAXA premutations, including four fa-
milial and two sporadic cases, but no
women with FRAXA full mutations. At the
FRAXE locus there were no pre- or full
mutations but there was an excess ofsmall
alleles with fewer than 11 repeats, includ-
ing at least one small deletion at or near
the triplet. The association of FRAXA
premutations with POF confirms that
premutation alleles can affect ovarian
development or fimction or both.
(7Med Genet 1998;35:637-640)
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The mean age of menopause is 51' and prema-
ture ovarian failure (POF), defined as the ces-

sation of menses for a period of more than six
months before the age of 40, affects approxi-
mately 1% of women.2 The causes of early
menopause are largely unknown and include
radiation and chemotherapy. Genetic causes of
POF include galactosaemia, chromosomal
anomalies, and mutation at individual genes.
Primary amenorrhoea is at the most severe end
of the POF spectrum and can be caused by
various defects of the short arm of the X chro-
mosome (Xp) that result in the clinical features
of Turner syndrome. Abnormalities involving
the long arm of the X chromosome (Xq),
including deletions and X;autosome transloca-
tions, can also cause ovarian failure, although
amenorrhoea is usually secondary rather than
primary. Xq abnormalities are not usually
associated with the somatic features of Turner
syndrome, which suggests that the phenotype is
largely caused by loss ofXp genes. It is difficult
to assess rigorously the effect of Xq deletions
on ovarian function, as the presence of an XO
cell line can rarely be excluded. There have
been a few familial cases of Xq deletions with
POF reported, and in conjunction with X;au-
tosome translocation data, two gene clusters or

"super genes" on Xq have been proposed,
POF1 in Xq26-q28 and POF2 in Xql3-q2 1.'

However, it is still unclear how disruption of
these "super genes" can have the rather
variable effect on phenotype that is evident
from reported cases.

There are a number of individual genes, both
autosomal and X linked, which have been pro-
posed as POF genes: FSH receptor (2p 16-21),
ZFX (Xp21.3-Xp22.1), cyclin D2 (12p13),
connexin 37 (1p35.1), FSH primary response
gene (Xq22), SOX3 (Xq26-27), and FMR1
(Xq27) .-' Despite extensive investigation of
these genes and other known causes in affected
women, approximately 60% of cases of POF
have no obvious cause (G Conway, personal
communication). This idiopathic group in-
cludes women who have an autoimmune
disorder, as there is conflicting evidence for the
link between autoimmunity and POF. Familial
cases of POF have been reported, but in the
clinic at the Middlesex Hospital they represent
only about 4% of the total, including idiopathic
and non-idiopathic cases. A family history of
POF would suggest a genetic cause, but in
most families no genetic abnormality has been
found. '°
The fragile X syndrome (FRAXA) is a rela-

tively comon cause of mental handicap and is
the result of expansion of a polymorphic CGG
trinucleotide repeat in the 5' untranslated
region of the FMR1 gene. The normal number
of repeats is five to 50. Premutations have 50 to
200 repeats which are associated with marked
instability in repeat number during transmis-
sion but, because the CGG repeat within the
FMR1 gene is not translated, the perceived
wisdom is that the gene product, FMRP, is
unaffected by the size of the CGG expansion in
the premutation range." 12 Expansion above
the repeat number of approximately 200 coin-
cides with methylation of the repeat and the
promoter, causing the gene to be silenced, and
it is the absence of the FMR1 protein that is
associated with the clinical syndrome. Dele-
tions and a point mutation in FMR1 have been
described, which also prevent FMR1 protein
production, and result in a clinical phenotype
indistinguishable from that seen in the expan-
sion mutation carriers.'3 Approximately 50% of
females with a full mutation are mentally
handicapped, while 50% appear intellectually
unimpaired.
The possibility that females carrying FMR1

expansion mutations may have an increased
frequency of POF was first suggested by
Cronister et al. 14 Schwartz et al"5 collected
information on 240 women typed for the
FRAXA CGG repeat, and found that 24% of
women with premutations had POF compared
to 14% of full mutation carriers and 8% of
controls. In both studies the incidence of POF
in full mutation carriers, although increased,
was not significantly different from controls.
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Table 1 Frequency ofFRAXA alleles on the X chromosomes of 25 women with familial
and 122 with sporadic POF

Allele Repeats Familial POF Sporadic POF Control

Minimal 0-10 0 0 1
Common 11-40 44 236 1237
Intermediate 41-60 2 6 30
Premutation 61-200 4 2 0
Full mutation >200 0 0 0
Total 50 244 1268

We reported the results of a preliminary
study of 46 women with idiopathic POE.9 We
found two women with fragile X premutations
in this group both ofwhom had a family history
of POF. In order to examine the relationship
between Xq fragile sites and POF, we have
compared the distribution of FRAXA expan-

sion sizes in affected women and a control
population. In addition, we examined triplet
repeat number at the FRAXE locus, which lies
approximately 600 kb distal to FRAXA. 16

Large expansions at the FRAXE locus are

associated with methylation of the FMR2 gene

promoter, and males with the full mutation
have mild mental retardation, while females
appear unaffected. FRAXE was tested because
of its close proximity to FRAXA, and also
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Figure1 Pedigrees offourfamilies with familial POF and concordant FRAXA
premutations. ? indicates POF orfragile X status unknown. In family 3, EM has no signs
ofPOF at the age of 26.

because earlier studies suggested that interme-
diate and premutation alleles of both FRAXA
and FRAXE may have a phenotypic effect on
learning. 17

Methods
THE STUDY GROUP
A total of 129 women with idiopathic POF
were included in the study following referral to
the regional endocrinology clinic at the Mid-
dlesex Hospital, London. In addition, we
screened 23 women diagnosed with idiopathic
POF referred to the laboratory in Salisbury.
Five POF cases among relatives of probands
were not included in the sample. This gives 147
confirmed cases of idiopathic POF and there-
fore 294 X chromosome haplotypes. Of these,
25 patients or 50 haplotypes were considered
familial, as case notes or interviews indicated
one or more female relatives with POF, while
122 patients or 244 haplotypes were consid-
ered sporadic. Seventeen percent of the study
group were therefore familial, a considerably
higher proportion than in the clinic as a whole.
This is explained by the fact that very few of the
non-idiopathic cases were familial, and we only
tested women with idiopathic POF. There
were, however, more familial cases than
expected, and this probably reflects a bias of
referral to the Middlesex Hospital, as it is a
centre of expertise in ovarian failure. Detailed
family histories were not taken for all patients
and it is therefore conceivable that a proportion
of the sporadic group may in fact have relatives
with POE.

Control chromosomes were taken as the
non-transmitted X chromosome from mothers
of boys with learning difficulty.'7 The first son
to be tested was taken as the proband which
gave 1268 women, each contributing one con-
trol haplotype.

MOLECULAR SCREENING
DNA was extracted from peripheral blood
lymphocytes by the salt precipitation
technique.'8 The number of repeats at both
FRAXA and FRAXE was determined by PCR
amplification across the repeat region, using
primers c+f, and 598+603, respectively. Prim-
ers c and 598 were labelled with a fluorescent
marker, and PCR products were separated on
an ABI 377 Sequencer.'7 In cases in which only
a single allele for either FRAXA or FRAXE was
detected by PCR, a Southern blot was carried
out. To assess methylation status of the gene,
we used a double enzyme digestion technique,
BStZI+EcoRI for FRAXA and NotI+HindIII
for FRAXE. BStZI and NotI recognise meth-
ylation sites within the FMR1 and FMR2
genes respectively. Southern blotting was by
standard techniques, using probes StB 12.3 for
FRAXA'9 and OXE20 for FRAXE.'6

Results
Our data on the ERAXA alleles are shown in
table 1, which is based on the number of X
chromosomes in each group. There was a sign-
ificant excess ofpremutation alleles (classified as
60-200 repeats for the present study) in women
with POF compared to controls (Fisher's exact
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Table 2 Frequency ofFRAXE alleles in the X chromosomes of 25 women with familial
and 122 women with sporadic POF

Allele Repeats Familial POF Sporadic POF Control

Minimal 0-10 1 5 9
Common 11-30 49 237 1254
Intermediate 31-60 0 2 5
Premutation 61-200 0 0 0
Full mutation >200 0 0 0
Total 50 244 1268

test, p=4.3x10-5). Two percent of chrom
in the POF group carried premutation
compared to none of the controls. TI
quency of premutation alleles reached
familial probands, and the differenc
sporadic cases is significant (Fisher's ex
p=0.0086). These frequencies are gr
excess of any population estimates
frequency ofFRAXA premutations.20

In familial cases in which a premutati
regated, all affected members tested car:
premutation allele (fig 1). In the two s
cases, family follow up provided only or
tional family member for testing (fig,
was shown not to carry the premutatioi
currently menstruating normally at 3
old. In the second family with sporadi
both the mother and grandmother of th
case experienced an early menopause
and 41 years respectively, but they are n
sified as POF. To date no members of ti
ily, other than the proband, have beer
for FRAXA expansions. There were
mutations or mosaics in either the PO0
lation or the controls. Clinical details
patients are reported elsewhere.2' The
the premutations ranged from approx
80 to 175 repeats while the age of mer
varied from 11 to 30 years. However, th
no obvious correlation between the
menopause and premutation size. The
bution of FRAXA alleles among repe
0-60 was not significantly different in ti
groups compared to controls (X2
p=0.824).

Famfllv 2

M =41

M =42

M = 42

-~~~~~~~~

FRAXA premL tation

9P FRAXA norrmIal

M = Age of menopause

A = Estimate of CGG repeat expansion from Southern blot

Figure 2 Pedigrees of two families in which POF is a sporadic condition.

iosomes
alleles,

.he fre-
L8% in
:e from
act test,
eatly in
for the

ion seg-
ried the
poradic
ie addi-
2), who
n and is
,5 years
ic POF,
e index
, at 42
.-+ -1-

Our data on FRAXE are presented in table
2. There were no premutations or full muta-
tions in any woman, either in the POF group or
the controls. There were no obvious differences
in the distribution of FRAXE alleles between
the two groups with the exception of small
alleles with fewer than 11 repeats. There was a
barely significant excess of small alleles in the X
chromosomes from the women with POF (2%)
compared to controls (0.7%) (Fisher's exact
test, p=0.046), but this was not expected and a
conservative (Bonferroni) approach would
double this probability. In the POF group, one
of the chromosomes with a small allele must
carry a deletion within the region flanked by
the FRAXE primer set, because the PCR
product in this person was 6 bp smaller than
would be expected from an allele with 0 GCC
repeats. It is likely that the deletion lies within
the DNA flanking the GCC repeat, but does
not include the repeat itself. If this were so and
the gene carried the modal number of repeats,
15, the deletion would be 51 bp in size. There
were five other chromosomes in the POF group
which carried FRAXE alleles with fewer than
1 1 repeats, a 6, 8, 9, and two lOs. It is possible
that some of these also represent cryptic
deletions, and studies are under way to investi-
gate this.

LUL c,as- Discussion
iis fam- We have tested a series of women with prema-1 tested ture ovarian failure for the number of repeats at
no full the fragile X loci, FRAXA and FRAXE. This
F popu- follows the observation that women with
of the FRAXA premutation alleles are at increased
size of risk of early menopause."5 16 22 A stimulus for
imately the study was a woman who was being treated
iopause for premature menopause but subsequently
Lere was discovered she was a fragile X carrier, following
age of testing ofher retarded nephew (fig 1, family 1).
distri- A preliminary investigation of 46 women with

at sizes POF detected a second patient with a FRAXA
lie POF premutation in this group.9 The study was
22=0.39, therefore extended and we report results on

147 women with POF. Six carried FRAXA
premutations, as did three of their similarly
affected relatives, while none was detected in
unaffected relatives or control chromosomes.
Statistical analysis of these data indicate a
significant association between FRAXA pre-
mutations and POF.
We found no cases ofFRAXA full mutation in

the women studied; however, this could be
explained by ascertainment bias or small sample
number. Previous studies ofwomen in fragile X
families found that POF was significantly more

0 frequent in premutation carriers than in
AB controls.'4 '5 In the study by Schwartz et al,5" the
M 17 incidence of POF in full mutation carriers was
A 92 also greater than in controls, but did not reach

statistical significance. However, recent reports
from a world wide collaborative group on fragile
X and POF provide overwhelming evidence that
within fragile X families, POF is only associated
with premutation carriers and not with full
mutation or non-carrier relatives (manuscript in
preparation).

It is usually assumed that the FMR1 gene
has a detrimental effect only when inactivated,

Family 1

0s,
MD
M = 1 1
A= 123

639

 on M
ay 23, 2023 by guest. P

rotected by copyright.
http://jm

g.bm
j.com

/
J M

ed G
enet: first published as 10.1136/jm

g.35.8.637 on 1 A
ugust 1998. D

ow
nloaded from

 

http://jmg.bmj.com/


Murray, Webb, Grimley, et al

either by methylation, as in the full mutation,
or by deletion or point mutation.'3 However,
the association between premutation and POF
shows that this is not the case. Furthermore,
there is preliminary evidence that intermediate
and premutation alleles may have an adverse
effect on intellectual function.'7 In a survey of
boys with learning difficulties, there was an
excess of premutation and intermediate sized
FRAXA and FRAXE alleles in the affected
boys, suggesting that unmethylated fragile X
alleles may have a phenotypic effect. The effect
on intellectual performance differs from that
on ovarian function, as the former includes
intermediate alleles (40-60 repeats), while the
latter appears to be restricted to premutations
(60-200 repeats).
The apparent absence of an effect on ovarian

function in full mutation carriers makes it dif-
ficult to conceive of a molecular mechanism
which explains how FRAXA expansions cause
POF. If FMR1 protein is absent from a cell, it
may be that its function is provided by an alter-
native protein. However, if FMR1 is expressed,
as in premutations, the alternative mechanism
does not come into play and any adverse effect
caused by the premutation is expressed. A
recent paper23 reports that mutant transcripts
for the myotonic dystrophy protein kinase gene
are retained in the nucleus. Conceivably,
premutation at the FRAXA locus affects the
localisation or activity of FMR1 in a similar
way, which is qualitatively different from
non-expression in the full mutation.
The number of oocytes at birth determines

the age of menopause; thus, the physiological
age of an ovary is directly related to the number
of oocytes it contains. It is possible that the
FRAXA premutation reduces the number of
oocytes at birth, either by increasing the rate of
normal atresia or by reducing the number of
oogonia. Murine studies have shown that
FMR1 is particularly strongly expressed during
the mitotic phase of oogenesis24 and so any
subtle changes in expression at this time could
dramatically reduce the number of oocytes, as
the time of oogonial proliferation is restricted
to a short period in mid gestation.

Unexpectedly, we also observed an excess of
FRAXE alleles with fewer than 11 repeats in
women with POF. This included one woman
with a deletion of some of the sequence flanked
by the primers used in the FRAXE PCR and
raises the possibility that other small alleles
may be cryptic deletions. Little is known about
the function and expression of FMR2, but a
deletion may disrupt the FMR2 gene directly
or there may be a nearby gene, as yet unidenti-
fied, which is influenced by the deletion and is
involved in ovarian function. Further studies
should help to clarify this issue.

This study has confirmed an association
between FRAXA premutations and POF, in
women ascertained because of ovarian failure.
We have shown that 1.6% of sporadic cases and
16% of kindreds with familial premature ovar-

ian failure carry FRAXA premutations. Be-
cause of the obvious implications both to the
patient and relatives, we suggest that patients
with idiopathic POF be routinely screened for
fragile X.
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financial support.
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