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Abstract

Backgroundlaims—Familial exudative
vitreoretinopathy (FEVR) is associated
with mutations in the Norrie disease gene
in X linked pedigrees and with linkage to
the EVRI1 locus at 11q13 in autosomal
dominant cases. A large autosomal domi-
nant FEVR family was studied, both clini-
cally and by linkage analysis, to determine
whether it differed from the known forms
of FEVR.

Methods—Affected members and obligate
gene carriers from this family were exam-
ined by slit lamp biomicroscopy, indirect
ophthalmoscopy, and in some cases fluo-
rescein angiography. Patient DNAs were
genotyped for markers at the EVRI1 locus
on chromosome 11q13.

Results—The clinical evaluation in this
family is consistent with previous descrip-
tions of FEVR pedigrees, but linkage
analysis proves that it has a form of FEVR
genetically distinct from the EVRI1 locus
on 11q.

Conclusion—This proves that there are at
least three different loci associated with
comparable FEVR phenotypes, a situation
similar to that existing for many forms of
retinal degeneration.

(Br ¥ Ophthalmol 2000;84:358-363)

Familial exudative vitreoretinopathy (FEVR) is
a hereditary ocular disorder first described by
Criswick and Schepens in 1969." The disease is
characterised by bilateral deficient vascularisa-
tion of the peripheral retina, although the phe-
notype is variable. Retinal traction may occur
in a mild form with straightening of the tempo-
ral retinal vasculature, or in a moderate form
which distorts and displaces the macula and
large retinal blood vessels around the optic
disc, or it may be severe enough to cause retinal
folds and detachment. There can be subretinal
or intraretinal exudation, and fibrovascular
proliferation may occur at the junction be-
tween vascularised and non-vascularised
retina. Other possible features include rhegma-
togenous retinal detachments, peripheral
“snowflake vitreous changes and “white with-
out (and with) pressure”."* FEVR is frequently
asymmetrical and the eye with the milder phe-
notype may show an avascular area at the
extreme periphery as the only abnormal
finding.” > ° Patients with these mild changes in
both eyes are asymptomatic and careful fundus

examination together with peripheral fundus
fluorescein angiography are required before an
individual can be classified as normal.’

Little is known of the pathogenesis of the
condition, although failure of peripheral vascu-
larisation is a consistent feature. Even patients
with subtle phenotypes exhibit this, suggesting
that the underlying genetic defect prevents
normal induction of developing vasculature.’
The phenotypic similarities between FEVR
and retinopathy of prematurity (ROP) have
been extensively documented.' The latter is a
condition thought to result in part from high
oxygen tension during the neonatal period,
causing defective peripheral retinal vascularisa-
tion, which in turn leads to fibrovascular
proliferation and retinal traction. Similarity
between the two conditions further implicates
genes related to normal vasculogenesis in
FEVR.

Following the initial description of FEVR in
1969, Gow and Oliver demonstrated auto-
somal dominant inheritance’ and for some
time this was thought to be the only pattern of
inheritance. More recently, FEVR pedigrees
with X linked inheritance have been
documented®® and mutations in the Norrie
disease gene (Xpl1.4-p11.3) have been identi-
fied in some of these.” ' However, all pedi-
grees with an autosomal dominant pattern
have to date been linked to one locus,
designated EVRI1, on 11q13-23, immediately
adjacent to marker D11S873.”” > In a letter to
the editor in the American Fournal of Medical
Genetics Shastry and Trese described an
autosomal recessive FEVR pedigree in which
linkage analysis excludes both the 11ql13 and
Xpll.3 loci."* Unfortunately, the pedigree
described was small, the mode of inheritance
was unclear, and the letter did not give details
of the linkage studies performed so it is difficult
to assimilate the data from these authors with
the current literature. De Crecchio er al
recently confirmed the existence of autosomal
recessive inheritance in two pedigrees with
FEVR and noted an earlier onset and more
severe phenotype in these patients, but genetic
analysis was not performed."

The region of 11q implicated by linkage
studies in autosomal FEVR pedigrees is
notoriously gene rich'' and is known to
harbour genes involved in a range of retinal
diseases. The genes for Best’s disease
(bestrophin'®),  oculocutaneous  albinism
(tyrosinase'’), autosomal dominant/digenic
retinitis pigmentosa (ROM1** *'), and Usher’s
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syndrome (myosin 7A*), together with loci for
Bardet Biedel syndrome” and autosomal
dominant inflammatory vitreoretinopathy
(ADNIV*), all map to a region spanning
approximately 40 cM of 11q13-14. The latter
condition is characterised by peripheral retinal
arteriolar occlusion with coexistent retinal pig-
mentation and neovascularisation. Vitreous
cells and a reduced B wave amplitude of the
electroretinogram  are  also  prominent
features.” It shares some vascular features with
FEVR and the proximity of the loci has led to
speculation that these two diseases may be
allelic.” **

We have been able to demonstrate exclusion
of the FEVR locus on 11q (designated EVR1)
by linkage analysis in a large autosomal domi-
nant FEVR pedigree. Linkage analysis exam-
ines the pattern of inheritance of variable por-
tions of DNA known as microsatellite markers
which derive from the region of interest (in this
case chromosome 11q). The microsatellites are
amplified using the polymerase chain reaction
(PCR) then size fractionated on an acrylamide
gel. Linkage analysis then tests the hypothesis
that each person carrying the mutation has
inherited the same copy of each respective
variable microsatellite marker. If the answer is
positive then it is likely that the mutated gene is
located close to that particular marker. If, on
the other hand, the answer is negative then this
proves that mutation and marker lie far apart
or on different chromosomes. Two point
linkage analysis compares pattern of inherit-
ance of the disease with a single microsatellite
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marker, while multipoint analysis tests for
co-inheritance of the disease with a series of
such markers covering a known chromosomal
region. A detailed description of the method-
ology is available in Human Molecular
Genetics.”

In the case of this family we have provided
the first conclusive evidence for genetic
heterogeneity in autosomal FEVR using link-
age analysis. Clinical evaluation of this pedi-
gree shows features typical of FEVR and this
finding therefore has significance for the
genetic counselling of patients, as well as for
our understanding of the aetiology of FEVR.

Materials and methods

The entire pedigree of this autosomal domi-
nant FEVR family is shown in Figure 1A. Indi-
viduals were included for genetic analysis if a
comprehensive ocular examination had taken
place and a blood sample had been obtained by
informed consent. This subset of both affected
and unaffected individuals is shown in Figure
1B with haplotypes for 11q markers displayed
beneath each symbol. Individuals included in
this subset were examined by slit lamp
biomicroscopy and indirect ophthalmoscopy,
often at sequential visits and in some cases over
a period of 15 years. Fluorescein angiography
was performed on several individuals with
informed consent, but was not routinely
carried out on all family members studied. Its
usage was mainly confined to individuals in the
family with a mild phenotype where the
diagnosis would otherwise have been in doubt.
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The pedigree of the familial exudative vitreoretinopathy (FEVR) family described, segregating autosomal dominant FEVR, drawn using the

program CYRILLIC 2. (A) A complete family tree, but many of the apparently normal individuals have not been examined by an ophthalmologist and the
subtle nature of the FEVR phenotype in some cases is such that carrier status cannot be excluded. Solid symbols are confirmed as affected by clinical
examination, those marked with a vertical line are said to be or to have been affected, those marked with a dot are asympromatic obligate carriers, and those
marked with a question mark have an uncertain diagnosis which is being investigated further. (B) A subset of (A) which has been subject to genetic
analysis, and haplotypes for 11q markers are given below each symbol (reading downwards the haplotypes are obtained from markers D115916, D11S8527,
D118937,D1181396, D115SS873, and D11S876). Affected individuals are also numbered (italic) to correspond with (A) and with Table 1.
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Genomic DNA was extracted from peripheral
blood lymphocytes of family members. Micro-
satellite markers spanning the 11q13-14 re-
gion were typed in these genomic DNA
samples by PCR with incorporation of *P
labelled cytosine, followed by size fractionation
on 6% polyacrylamide denaturing gels. For
most markers a standard cycling profile of
30-35 cycles at 94°C, 55°C, and 72°C was
used, with 30 seconds at each step. Allele
frequencies were estimated from panels of 10
or more normal individuals including normal
partners of patients. Penetrance was assumed
to be 80% to allow for the possibility that some
apparently normal individuals might in fact be
carriers. Lod scores were calculated from data
files prepared on the LINKSYS (version 3.1) data
management package then transferred to the
LINKAGE (version 5.1) suite of programs where
two separate multipoint linkage analyses were
performed using the program LINKMAP. Marker
order and positioning were derived from
several mapping sources” "’ **** and were
taken as fixed while the position of any
mutated gene was queried. Linkage analysis
was carried out both on a PC and on the
Human Genome Mapping Project Resources
Centre computing facility.

Results

CLINICAL EVALUATION

The autosomal dominant pedigree studied
here is shown in full in Figure 1A. This family
includes six males who are known to be or to
have been affected, and 12 clinically affected
females plus two asymptomatic females (obli-
gate carriers). Both males and females exhibit a
spectrum of abnormalities from mild to severe,
and four instances of male to male transmis-
sion are seen excluding X linked inheritance.
The proband (V54) was initially examined
with a small right convergent squint together
with mild hypermetropia at the age of 3.
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Aged 7 she had visual acuities of 6/12 (right)
and 6/6 (left). Retinal traction subsequently
developed and 6 months later she had inferior
displacement of the right macula and a periph-
eral retinal mass inferotemporally in the same
eye. Bilateral pseudoptosis aged 8 years was
suggestive of inferior traction at both maculae.
At 9 years, bilateral retinal folds were present,
worse in the left eye, followed by deterioration
in visual acuity to 6/36 over the next 2 years.
Aged 15 she managed acuities of 6/18 with the
right eye but could only count fingers with the
left. A diagnosis of FEVR without exudation
was made at age 19 years. Tractional retinal
detachment was present in both eyes and was
progressive in the right. This was treated by
vitrectomy, segmentation of the retinal fold,
and endophotocoagulation. Her visual acuity
postoperatively has remained stable in this eye
at 6/9 for the past 10 years. Figure 2 shows
recent retinal photographs of the proband. The
proband’s elder brother had previously been
noted to have similar retinal traction and
recurrent vitreous haemorrhage but FEVR was
not diagnosed at the time of his consultation.

The clinical appearance of FEVR in this
family was found to vary greatly from indi-
vidual to individual, with some patients mani-
festing only mild abnormalities of the periph-
eral retinal vasculature while others progressed
rapidly to rhegmatogenous and/or tractional
retinal detachment. A summary of the fundus
appearance of all affected individuals can be
seen in Table 1.

In general, the phenotype concurred closely
with descriptions of FEVR in the literature.' ’ °
Several severely affected individuals presented
in childhood with decreased visual acuity due
to macula traction. One female child (V34)
had an extensive retrolenticular fibrovascular
mass that resulted in enucleation to exclude
retinoblastoma. Fluorescein angiography was
not performed routinely on apparently

Figure 2 Fundus photographs of the left and right eyes of the proband. (A) Right eye: temporal periphery shows white
preretinal mass with retinal traction. This eye has previously undergone a pars plana vitrectomy together with

endophotocoagulation (the scars from which can also be seen here). (B) Left eye: distortion of major retinal vessels at the
optic disc due to vitreoretinal traction.
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Table 1 Summary of clinical features of the affected family members (examined to date)
Retinal
Dragged
VA RE Vitreous Fibrovascular Peripheral Retinal disc/
Pedigree No  Age Sex LE Exudate bands mass Holes Detachment Schisis avasculariry Jfolds macula
V17 61 F 6/60 + + + + +
6/24
V18 64 F POL +
6/18
V39 70 M 1/60 +
POL
V49 43 F 6/18 + + + + +
HM
1V34 M 6/6 +
6/18
1V55 54 F POL + +
6/18
V6 56 F CF + +
6/36
V34 38 F A/E + + + + + + +
6/36
V50 41 F 6/6 + + +
6/6
V52 37 F 6/6 +
6/6
V54 30 F 6/6 + + + + +
6/60
V63 29 F 6/6 + + + +
6/9 FFA
V88 33 F 6/6 + +
6/6
VI39 11 F 1/60 + + +
6/60
V47 M + + +
V67 49 M 6/36 + + +
HM FFA

unaffected individuals with the consequence
that the allocation of a normal phenotype is
difficult. Allowance for this was made during
subsequent genetic analysis. One obligate
female carrier (V52) showed no signs of
peripheral avascularity, nor of traction, to
direct examination (fluorescein angiography
was declined). She did however have several
holes in each retina, a feature seen in four other
affected family members with other features of
FEVR. The appearance of retinal holes in iso-

lation would not normally meet the usual diag-
nostic criteria for FEVR and this may be an
unusually prevalent feature of FEVR in this
family.

LINKAGE ANALYSIS

A subset of the complete pedigree (Fig 1B),
was subjected to linkage analysis with markers
from the 11q region previously implicated in
FEVR. Haplotypes for polymorphic markers
spanning a 25 cM region of chromosome 11q

D11S916 D11S1396

11cen D11S527/ADNIV

D11S937

Lod scores
+2

20 10 10

D11S873/EVR1

11qter
D11S876

Genetic distance (cM)
20 30 40

-14

Figure 3 Multipoint lod scores from rwo separate analyses carried out on data from this pedigree, using the program
LINKMAP, from the LINKAGE suit of programs. Penetrance was assumed to be 80% to allow for the possibility that some
apparently normal individuals might in fact be carriers. The first analysis (points for which are marked as solid squares)
used data from markers D118916, D11S8937, and D11S51396 against disease status. The second, which overlaps the first
and is marked as a series of open circles, uses data from D1151396, D11S873, and D115876. Approximate positions of the
EVRI FEVR locus and the VRN1 ADNIV locus are shown above. Distances are a composite of those derived from several
mapping sources.” "’ * 7 Genetic distances along the Y axis are given in centimorgans (cM) from marker D11S916.
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are shown in Figure 1. Markers and distances
used are as follows; CEN, D11S916, 4 cM;
D11S527,2 cM; D11S937,7 cM; D11S1396,
8 cM;D11S873,4 cM; D118S876, TEL. These
distances are composites derived from several
sources.”? * ** ™ Two point lod scores for
these markers show convincing exclusion of
linkage (data not shown). Multipoint analysis
with all of these markers was too complex to
compute. However, two overlapping
multipoint analyses, plotted in Figure 3, show
statistically significant exclusion (lod score of
<—8) across the entire interval spanned by
these markers, as well as excluding linkage (lod
score <—2) for 15 ¢cM proximal to D11S916
and 16 cM distal to D11S876 (using the
Kosambi mapping function). These analyses
exclude both the EVR1 (FEVR) and VRN1
(ADNIV) loci in this family.

Discussion

The clinical evaluation in this family is consist-
ent with previous descriptions of FEVR
pedigrees.' > ° However. we present evidence
that this family has a form of FEVR that is
genetically distinct from both the EVRI1 and
ADNIV loci on 11ql13. The latter condition
was initially considered in view of previous
speculation that this disorder and FEVR may
prove to be allelic.” > However, a close review
of the literature makes this appear unlikely.
ADNIV has been shown to link closely to
D11S527 (Zmax 9.86 at theta = 0).** Initial
results for the FEVR locus suggested a location
between D11S527/D11S533 and D11S35
with a multipoint linkage analysis pointing to a
location approximately 10 cM south of
D11S527.” This result was published as
linkage to D11S527 at a time when markers
across the region were scarce. The same group
later placed the locus more accurately by pub-
lishing close linkage with D11S873 (lod score
of 8.34 with no recombination). This refine-
ment, together with the multipoint linkage data
already cited suggests that the published FEVR
locus is actually some 15 cM south of that for
ADNIV.”

The discovery of an autosomal dominant
pedigree excluding the known locus at 11q
provides important evidence for the genetic
heterogeneity of FEVR. As a result there are
now known to be at least three different loci
(and now this pedigree® ° '* **) associated with
comparable FEVR phenotypes, a situation
similar to that existing for many forms of
retinal degeneration.” In our opinion there are
only two possible phenotypic variations from
the “classic” description of FEVR in this pedi-
gree. The first is the relatively infrequent
occurrence of retinal exudation in affected
individuals. While deficient vascularisation of
the peripheral retina is a constant feature of
FEVR even in asymptomatic individuals only a
proportion of patients go on to develop hyper-
permeable vessels with subsequent exudation.’
The staging system developed by Gow and
Oliver’ describes exudation as an occasional
feature in stage 1 FEVR (relatively mild) and a
common feature in stage 2 (moderate) disease.
Given that several affected individuals in our
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pedigree have an eye with visual acuity of 6/36
or less the phenotype here seems relatively
severe and exudation would be expected as a
more frequent finding. This however remains a
clinical impression.

Patients with FEVR commonly experience
both rhegmatogenous and non-rhegmato-
genous retinal detachments.” The causative
breaks are frequently small round holes re-
ported in association with avascular retina® or
areas of traction. A second variation from clas-
sic FEVR in this pedigree was that such holes
were often noted in peripheral retina when this
appeared otherwise normal; indeed in one
individual (V52), they were the only positive
finding in an obligate carrier. Three other
affected individuals had similar retinal holes
and these were not seen in any of the normal
family members examined. The appearance of
retinal holes in isolation would not normally
meet the usual diagnostic criteria for FEVR. It
may be that retinal holes are an unusually
prevalent feature of FEVR in this family. How-
ever, a comparison with other pedigrees
published is problematic as these are often
much smaller than the family described here. It
is therefore possible that other studies have not
examined many apparently “normal” asympto-
matic family members and that to do so would
increase the frequency with which these types
of holes are documented.

Candidate genes at the FEVR loci would be
expected to have a role in vasculogenesis or
possibly play a role in photoreceptor differen-
tiation, which subsequently induces
vasculogenesis.” Further studies of this and
other FEVR pedigrees, including ongoing
clinical examination, further DNA sampling,
and whole genome linkage analysis, will help to
identify new genes with important functions in
retinal vasculogenesis or retinal development.
These in turn will facilitate a greater under-
standing of normal eye development and may
have implications for other more common dis-
eases of the retinal vasculature such as
retinopathy of prematurity and diabetic retin-
opathy.
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