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SUMMARY We describe four females from three families with blepharophimosis, epicanthus
inversus, and ptosis who were found to have premature ovarian failure. In two families the
inheritance was autosomal dominant and in one it was a new mutation. Two females had, in
addition, dysmorphic facial features which have been described in other cases. We suggest that
the aetiology of the blepharophimosis ovarian failure syndrome is a contiguous gene syndrome.

The concept of a collection of phenotypic features
resulting from a contiguous gene syndrome (CGS) is
relatively new.' A CGS results from microdeletion
of part or all of a segment of genetic material
containing several genes. A CGS should be con-
sidered whenever a patient has features of two (or
more) known genetic but unrelated disorders. Clues
to the localisation within the genome have mostly
come from previous knowledge of at least one of
these disorders, such as in the cases associated with
Duchenne muscular dystrophy on Xp212 or because
of structural chromosome change.P4

Blepharophimosis is a rare congenital dysplasia of
the eyelids with small palpebral fissures and, when
associated with epicanthus inversus and ptosis, is
known as the BPES syndrome.5 6 Some cases also
have a variety of dysmorphic features7 and others
have been associated with mental retardation.89
BPES is inherited in an autosomal dominant manner.
An association with female infertility and amenor-
rhoea has been recognised in family studiesl and
Jones and Collin" confirmed a high incidence of
gynaecological irregularities. Affected males are not
infertile. Zlotogora et al12 showed that blepharo-
phimosis is heterogeneous and it seems likely that
two types of the blepharophimosis syndrome exist.
Type 1 is associated with female infertility and type
2 is not. Pathogenesis of BPES is not known but has
been considered to result from a genetic defect
acting at the third month of intrauterine life.7
We have recently seen four women with an

association of blepharophimosis, secondary amenor-
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rhoea, raised serum gonadotrophins, and infertility
and have reported the ovarian biopsy and gynaeco-
logical findings in detail.'3 In this report we present
the genetic aspects and suggest that the blepharophi-
mosis syndromes are likely candidates for a con-
tiguous gene syndrome.

Case reports

CASE 1
This patient presented at the age of 28 years with
secondary amenorrhoea and infertility. Menarche
had occurred at the age of 12 years but from 23 years
she had primary infertility with confirmed anovula-
tion. Blepharophimosis had been noted from birth
and several surgical procedures had been carried out
on the eyelids. There is no family history of
blepharophimosis (fig 1). She is of normal intelli-
gence and has no dysmorphic features.

CASE 2
This patient presented at the age of 26 years with a
history of increasing oligomenorrhoea and then
amenorrhoea for four years. She had a normal
menarche at the age of 13 years. Blepharophimosis
was noted at birth and her eyelids were operated on
in childhood. Phenotypically she is a normal female,
height 163 cm, weight 70 kg, and head circumfer-
ence 56 cm. She had ptosis, small palpebral fissures
(outer canthal distance 7 cm), mongoloid slant of
the fissures, microphthalmia, and epicanthus inver-
sus. There are no other dysmorphic features. The
palate is normal as are her hands and feet. Tooth
eruption occurred normally and her teeth are
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FIG 1 Pedigrees ofthefour cases. In case there are no other affected subjects suggesting a spontaneous new mutation. In
cases 2, 3, and 4 there is dominant inheritance. Theproband in the thirdfamily is case 3 (closed arrow) and her sister (open
arrow) is case 4. The carrier males are not infertile. There is no history in any family ofundue spontaneous abortion,
stillbirth, or neonatal death among the offspring ofaffected males. There were no other genetic disorders in thesefamilies.

normal. She completed a university science course.
Her father and brother are affected (fig 1).

CASE 3
This patient presented at the age of 28 years with a
two year history of secondary amenorrhoea follow-
ing increasing oligomenorrhoea from the menarche
at the age of 13 years. Blepharophimosis had been
operated on in childhood. She is of normal intelli-
gence and works as a computer operator. She has
minimal dysmorphic features including low set ears,
short neck, and a low posterior hair line. She has
short, upward slanting palpebral fissures, ptosis, and
epicanthus inversus (fig 2). Height is 170 cm, weight
87 kg, and head circumference 57-5 cm. Her family
are all tall and solidly built. Her palate is normal.
Tooth eruption was not a problem in childhood and
at 28 years all teeth are present and normal. Her

pedigree is shown in fig 1 in which eight other
affected family members are shown. Her female
cousin (III.16) had blepharophimosis surgically-
treated in childhood, is now aged 26 years, of
normal intelligence, and also has secondary
amenorrhoea. Her sister (III.8) had blepharo-
phimosis operated on in childhood and is currently
under investigation for secondary amenorrhoea at
16 years of age.

CASE 4
This patient is the sister of case 3 (III.6 in fig 1). She
presented at the age of 20 .years with a history of a
normal menarche at the age of 12 years but had
subsequently had only four menstrual periods, the
most recent at 18 years of age. Blepharophimosis
was apparent at birth and operated on in childhood.
She has some dysmorphic features, more pro-
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FIG 2 Case 3. Lateral view offace shows the slightly low
set, immature ears and short neck. Note the typical eye
features found in adult BPES after surgery in childhood.

nounced than in the other cases. These include
micrognathia and retrognathia, pointed chin, short
neck, and low set, triangular, cup shaped ears. The
ocular features are similar to the other cases. Height
is 172 cm, weight 63*5 kg, and head circumference
57 cm. The palate is normal. Tooth eruption
was physiological and the teeth are now normal.
She has bilateral clinodactyly of the fifth fingers.
She is of normal intelligence, managing her own
business.

CHROMOSOMAL STUDIES
Cases 2, 3, and 4 underwent detailed blood karyo-
type analysis with high resolution GTG banding to
the 800 to 900 band stage'4 and also BrdU R
banding. These all showed a normal 46,XX female
chromosome complement with no detectable
abnormality. In each case one X chromosome was
late replicating, showing the normal inactivation
pattern. No microdeletion or small structural
rearrangement could be detected on any chromo-
some.

In addition, case 4 had long term culture of
ovarian tissue and skin fibroblasts and karyotype
analysis of these tissues showed the same karyotype
as in peripheral blood. DNA was extracted from
peripheral blood of cases 2 and 3. Fibroblast cells

from the ovarian tissue and skin of case 4 were
stored in liquid nitrogen.

Discussion

The likelihood of a contiguous gene syndrome being
detected cytogenetically is small. There are 50 000
genes per haploid set. The 2000 band stage of
resolution14 gives an average of 25 genes per band.15
Even at this stage of resolution gene deletion or
DNA rearrangement cutting across two genes would
be missed cytogenetically. There have been cases of
subjects possessing three or four genetic disorders,
all known to localise on Xp, in which molecular
studies were required to confirm an enormous
deletion in DNA terms but a minute, barely
detectable deletion at the cytogenetic level.2 16 We
achieved a resolution to the 800 to 900 band stage
and at this stage there are an average of 50 genes per
band. Hence, lack of a detectable difference in high
resolution banding pattern in any chromosome does
not exclude a CGS. Nevertheless, high resolution
studies should always be undertaken in a suspected
CGS in the chance of finding a microdeletion or a
structural rearrangement as this would considerably
aid gene localisation and mapping. To this end, all
cases of BPES syndrome should have cytogenetic
studies performed, particularly if mental retardation
or facial dysmorphic features are present.
Blepharophimosis occurs as an isolated congenital

anomaly7 which may also have other ophthalmic
signs, such as microphthalmia, ptosis, mongoloid
slant of the fissures, and epicanthus inversus. These
may be.part of a broader spectrum of aberrations,
not all of which are apparent at birth, including
hypodontia,8 mental retardation, and facial dysmor-
phic signs (high palate, short neck, cup shaped, low
set ears, pixie face with pointed chin, and clino-
dactyly). Two of our cases had some of the
dysmorphic signs (fig 2) which have been described.
Thus there is clinical heterogeneity in the develop-
mental features of the face accompanying the BPES.
There is also heterogeneity of ovarian function
manifesting after puberty and Zlotogora et al'2
suggested the type 1 and type 2 classification to
cover this aspect of BPES.

Control of ovarian function is known to reside
with genes on the X chromosome. Females with
Turner's syndrome and only one X chromosome
form ovaries and follicles normally but subsequent
maintenance of these follicles is deficient and by
birth the majority of such patients have afollicular
streak ovaries. 17 Other chromosomal anomalies,
such as deletion of Xq,4 support this concept of X
chromosome function. However, our cases being
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autosomal in inheritance, clearly indicate that there
are autosomal genes whose function is maintenance
of ovarian follicles during childhood and after
puberty. Localisation of the autosome and site
concerned may well come from cytogenetic studies,
such as by detection of a translocation. Males with
BPES may not require the action of this gene after
puberty for maintenance of testicular function. Our
cases all had experienced a normal menarche so that
their ovarian dysfunction could not be the result of
the action of the gene in utero.7 Other conditions
have been reported where there is a familial link
with disturbances of ovarian function. These include
polycystic ovarian disease (Stein-Leventhal syn-
drome) in which some families show autosomal
dominant inheritance,18 but there is no evidence of
linkage with dysmorphic features or mental retarda-
tion in polycystic ovarian disease. Females with
galactosaemia have a similar menstrual history19 and
there are also differences between ovarian and
testicular function in galactosaemia20 21 as there are
in the BPES.
Using the guidelines of Schmickel,' we suggest

that the blepharophimosis ovarian failure syndrome
is a candidate for CGS. It is a complex and
heterogeneous collection of features. Dominant
inheritance has been shown, although this is not
essential for a CGS. In case 1 there were no other
affected family members but cases 2, 3, and 4 come
from families showing autosomal dominant inheri-
tance. There is father to son transmission in both
families. Further, it is difficult to see how ovarian
failure and blepharophimosis could be pleiotropic
effects of one gene as they are not obviously related.
However, many single gene defects affect a range of
disparate organs and in myotonic dystrophy the
testis is affected as well as the face. 22 Also, the
casual association in some cases of dysmorphic
features, such as in our cases 3 and 4, and other
features suggests a situation similar to the aniridia,
genital anomalies, retardation syndrome (the AGR
triad) where it has been shown that isolated aniridia
occurs with a single break within lipl3 while the full
syndrome with mental retardation, dysmorphic fea-
tures, and hypospadias occurs with larger deletions
of DNA within the 1lpl3 region.23 Finally, the
severity of symptoms may reflect the number of
genes involved. Severe defects include mental re-

tardation because intellectual development requires
a complex series of events. Our cases were not
retarded. Cases 1 and 2 have no features other than
blepharophimosis and ovarian failure while cases 3
and 4 have dysmorphic features as well, so that the
defect in them is presumed to be larger. The model
of CGS allows for sequential expression of genes;
the ocular defect in this syndrome may express itself

during the third month of intrauterine life,7 while
the maintenance of ovarian function fails later.
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