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Abstract

Aims—To examine a large family with an
autosomal dominant fundus dystrophy
and to investigate whether or not muta-
tions in TIMP-3 gene were involved.
Methods—A large family of 58 individuals
with an autosomal dominant fundus dys-
trophy was examined ophthalmologically.
A DNA linkage analysis in the 22ql2.1-
ql13.2 region was performed. The TIMP-3
gene was screened for mutations in all five
exons.

Results—In this large family 15 individu-
als were affected. All other individuals
were found to be clinically unaffected. Pis-
ciform flecks in the midperiphery and
drusen-like deposits were the most typical
ophthalmological finding in this family
and were encountered from the fifth
decade on. Chorioretinal atrophy and
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Figure 1  Pedigree of the family with Sorsby fundus dystrophy. Males are represented by
squares and females are represented by circles; solid symbols represent individuals with
Sorsby fundus dystrophy, open symbols represent normal individuals. A cross represents the

individuals who were clinically

examined and used for linkage analysis.

neovascularisation with disciform lesions
characterised the disease from the sixth
decade on. Linkage analysis using an
affected only analysis, showed a maximum
positive lod score of 3.94 at 0 = 0.0 with
marker D22S283. No mutations possibly
causing Sorsby fundus dystrophy were
found in either the exonic sequences, the
promotor region, or the 3'UTR.
Conclusion—The family in this pedigree
has an autosomal dominant fundus dys-
trophy, which is most probably Sorsby
fundus dystrophy. Although, in the linkage
analysis, significant positive lod scores
were found with the region 22q12.1-q13.2,
no causative mutations could be identified
in the TIMP-3 gene.

(Br ¥ Ophthalmol 2000;84:682—-686)

Sorsby fundus dystrophy is an autosomal
dominant disorder in which patients lose
central vision during the fourth or fifth decade
of life.! Monogenic maculopathies, such as
Sorsby fundus dystrophy, have been suggested
as a possible mendelian model for the study of
the genetically more complex age related
macular degeneration (AMD). However, de la
Paz et al excluded TIMP-3 gene in 38 families
as a candidate gene for AMD.> Age related
macular degeneration is the leading cause of
permanent visual impairment among the
elderly in western countries, affecting over
10% of the population aged 75 years and
over.”* Identification of molecular defects
underlying AMD has been hampered by the
late onset of symptoms, as well as the clinical
heterogeneity commonly observed in the disor-
der.

Sorsby er al described five families with a
fundus dystrophy' that occurred in several
generations in a dominant pedigree pattern.
The dystrophy became manifest at about the
age of 40 years, the earliest manifestations were
colour vision deficits and abnormal yellow-
white deposits; followed by a central macular
lesion with oedema, haemorrhage, and exu-
dates. In the subsequent years, atrophy with
pigmentation of the central area and extension
peripherally occurred. The choroidal vessels
became exposed and appeared somewhat scle-
rotic. Within about 35 years after onset the
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Department Table 1  Ophthalmological data of patients with Sorsby fundus dystrophy
Ophthalmology,
University Hospital of Drusen-like Chorioretinal
Ghent, Belgium Pisciform flecks  deposits atrophy Disciform lesion Visual acuity
,II:, (Ii(zﬁflf)ker Patient Age (vears)  Both eyes Both eyes Both eyes RE LE RE LE
F Meire 11,5 60 + + + - P 1.0 1.0
L8 74 np np + M - 0.01 0.05
Department 11,10 78 - - + M M 0.01 0.01
Ophthalmology, 1,12 60 - + - M M <0.05 <0.05
Academic Medical 11,13 80 - + + - - 0.4 0.01
Hospital, Amsterdam, 11,2 50 + - - - - 1.0 1.0
Netherlands m,7 23 J_r I I ; x } g gg}
P TV M de Jong 63 - + + RD M LP 0.01
Correspondence to: 1IL8 55 + N B B B 1.0 1.0
- . 1IL,9 46 np np - - - 1.0 1.0
Francoise Meire, 50 + . . P _ 0.8 0.8
Department of 60 + . N P _ 0'1 0'2
Ophthalmology, University . .
X 63 - - + P - 0.03 LpP
Hospital of Ghent, De IL10 50 i + _ _ _ 1.0 1.0
. N . .
g‘ﬁtelaal‘; i, B 9000 IL15 149 - + - M - 0.01 1.0
ent, Be gium 60 - + + M - LP 0.5
francoise.meire@rug.ac.be IL16 59 + + _ _ _ 1.0 1.0
> . .
+ + - - . .
Accepted for publication }g’gg 22 + _ _ _ rllp? rllp?
14 January 2000 111,29 35 ¥ - - - - 1.0 1.0
111,31 48 - + - - - 0.6 1.0
1v,27 31 - + - - - 1.0 1.0

np = not performed; M = macular disciform lesion; P = peripapillary disciform lesion; RD = retinal detachment; LP = light percep-
tion; II1,31 right eye amblyopia.

Figure 2 (A) Pisciform flecks at the posterior pole (patient I111,29). (B) Flecks nasally to the pupil (patient I11,29). (C) Drusen-like deposits (patient
111,31). (D) Extensive chorioretinal atrophy (patient 111,9). (E) Choroidal neovascularisation with haemorrhages and exudation (patient 111,7). (F)
Disciform lesion with fibrotic reaction extending far outside the macula (patient I1,8 right eye). (G) Pisciform flecks at the arcades, atrophic patches
surrounding the macula (patient I1,8 left eye).
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Figure 3 (A) Patient 1119 at the age of 60 years; left eye
visual acuiry 0.2, notice atrophy of the capillary. (B) Same
patient (I11,9) at the age of 63; left eye visual acuiry
decreased to light perception due to involvement of the
macula by the choriocapillary atrophy.

entire fundus was involved. The choroidal ves-
sels disappeared by this stage and the terminal
picture was one of extensive choroidal atrophy.
Night blindness was not a consistent feature.

Sorsby’s observations have been extended in
the descendants of the original families with
Sorsby fundus dystrophy.”” Also a genealogical
link between these families and an Australian
family with Sorsby fundus dystrophy have been
reported.®* Hamilton ez al'® described a seven
generation family with Sorsby fundus dystro-
phy. Later on, Weber ez al'' demonstrated link-
age of the Sorsby fundus dystrophy locus with
DNA markers on chromosome 22q13-qter.

In parallel, Apte et al’’ isolated a novel gene
member of the tissue inhibitors of metallopro-
teinases (TIMPs), TIMP-3, and localised it to
human chromosome 22ql2.1-q13.2. TIMPs
are natural inhibitors of matrix metalloprotein-
ases (MMPs), which are involved in the
synthesis and degradation of extracellular
matrix (ECM) molecules, thereby remodelling
the ECM continuously. Because of the co-
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localisation of TIMP-3 and Sorsby fundus
dystrophy on chromosome 22 and its pivotal
physiological role in extracellular matrix re-
modelling, Weber et al”’ studied TIMP-3 as a
candidate gene for Sorsby fundus dystrophy.
Point mutations in the TIMP-3 gene were
demonstrated in affected members of two
Sorsby fundus dystrophy pedigrees. These
mutations predicted disruption of the tertiary
structure and thus the functional properties of
the mature protein.

In this study we examined a large family with
a Sorsby fundus dystrophy to investigate
whether mutations in TIMP-3 gene are
involved.

Materials and methods

A large family of 58 individuals with a five gen-
eration history of fundus dystrophy was exam-
ined by indirect ophthalmoscopy (see Fig 1),
followed by fluorescein and indocyanine green
angiography in case fundus lesions were found
on ophthalmoscopy. No genealogical link
between this family and the families originally
described by Sorsby was established. Informed
consent was obtained from all individuals. Two
patients (II,5 and II,8) were examined in our
department in 1975 and 1984, respectively;
both died before the start of this study. Another
individual (IIL,28) died during the examination
period and underwent ophthalmoscopy only.

Blood samples from all individuals were
obtained. Standard techniques were used to
extract DNA, and polymerase chain reaction
(PCR) and CA repeats analyses were per-
formed as described elsewhere."

Because the clinical data were compatible
with a dominant mode of inheritance and the
diagnosis of Sorsby fundus dystrophy was pro-
posed after examination of the individuals, a
linkage analysis in the 22q12.1-q13.2 region
was performed. Markers D22S275, D22S304,
D22S283, and D22S274" * were used to per-
form a linkage analysis. We have used an
affected only analysis. The data were analysed
with the program package LINKAGE, version
5.1. Two point Z values were calculated with
the program LINKMAP. The fixed order and
genetic distances were set as follows: D22S275
-0.07 - D22S304 - 0.066 - D22S283 - 0.168 -
D22S274.

Because the linkage analysis showed signifi-
cant evidence for linkage to this region, the
TIMP-3 gene was screened for mutations. The
likely position of TIMP-3 is between D22S275
and D22S283. We used all sequence and prim-

Table 2 Electrophysiological data of patients with Sorsby fundus dystrophy

Visual acuiry

EOG (Arden index) ERG response

Dark adaptatios
Patient Age (vears) RE LE (threshold log unit) RE LE photopic scotopic
11,5 60 1.0 1.0 1.5logU 1 118% 111% slight! severel
11,8 74 0.01 0.05 2logU 1t 100% 100% slight! absent
11,9 46 1.0 1.0 normal np np normal normal
60 1.0 1.0 llogUt 120% 111% slight! severel
111,10 49 1.0 1.0 np 118% 120% normal normal
56 1.0 1.0 1logU 1t 120% 111% slight! severe!
59 0.8 0.8 1logU 1t np np severel absent
11,15 49 0.01 1.0 2logU 1t 123% 128% slight! severel

np = not performed.
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Table 3 Two point Z values for linkage between markers on chromosome 22 and SFD

Zat0 =

Locus 0.0

0.05 0.1 0.2 0.4

D228275
D22S304
D228283
D22S274

-1.95
3.89
3.94

—6.78

1.68
3.81
3.86
-3.14

2.14
3.48
3.54
-1.16

2.11
3.05
3.14
—0.41

1.69
2.17
2.29
0.10 0.15

0.42
0.49
0.60
0.05

]Codon 180

‘|codon 140

NARARYH G A ek

ers available to us'® ' of the TIMP-3 gene for
the single strand conformational polymorphism
(SSCP) of the five exons, the promotor region,
and 3'UTR. SSCP analyses were performed as
described elsewhere.”® Also, further analysis
with sequencing, using the dideoxy nucleotide
chain termination method, was performed. The
direct sequences of exon 5 could not be analysed
beyond doubt, therefore PCR amplified exon 5
fragments were cloned into the pCR vector
(Invitrogen) of the TA cloning kit and multiple
colonies were sequenced.

B

124 atc aag tcc tgc tac tac ctg cct tgc ttt
I K 8§ C Y Y L P C F

134 gtg act tcc aag aac gag tgt ctc
vV T S K N E C L

tgg acc
w T

144 gac atg ctc tcc aat ttc ggt tac
DML S N F G Y

cct ggc
P G

154 tac cag tcc aaa cac tac gcc tgc atc cgg
Y & S K HY A C I R
C
164 cag aag ggc ggc tac tgc agc tgg tac cga
Q K G GY C s WY R
cC C C
174 gga tgg gcc ccc ccg gat aaa agc atc atc
G W A P P D K s | |
Cc
184 aat gcc aca gac ccc tga
N A T D P -

Figure 4 (A) Sequence of exon 5 in an affected
individual with Sorsby fundus dystrophy. (B)
Nucleotide sequence and sequence of the conceprual
translation product of exon 5. For previously described
mutations, the replacing amino acid is shown
underneath the consensus amino acid.
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Results

In this large family 15 individuals were affected
with Sorsby fundus dystrophy. All other
individuals were found to be unaffected. How-
ever, some of the healthy individuals have not
reached the age of 40 years and therefore they
might develop the disease in the coming years.

The ophthalmological data of these 15
patients are summarised in Table 1. The results
of two patients, who were examined in the past,
are also included in this table. The affected
individuals had a large variety of ophthalmo-
scopic findings (see Figs 2 and 3). In early
stage of the disease, in patients in the fifth and
sixth decade, pisciform yellow flecks at the
level of the arcades and midperiphery were the
most typical findings in this family (Fig 2A, B).
Most patients had, additionally, round drusen-
like deposits (Fig 2C). These flecks became
less apparent with age and disappeared when
atrophy supervened. In the latest stage of the
disease extensive chorioretinal atrophy and
sclerosis was observed (Fig 2D). Macular
(seven eyes) and peripapillary (three eyes)
choroidal neovascularisation occurred. The
onset of neovascularisation in our family was at
the age of 49 years in one patient and after the
age of 55 years in the others. Exudative inferior
retinal detachment was observed in one patient
(I11,7) (Fig 2E). Pisciform flecks fluoresced
like window defects when fluorescein angio-
graphy was performed in young symptomatic
patients, no delayed choroidal filling was
observed. Fluorescein angiography in older
patients indicates chorioretinal atrophy and
choroidal neovascularisation. Electrophysiol-
ogy and dark adaptation tests were only
performed in a small number of patients (Table
2). In all patients the electro-oculogram was
abnormal in an early stage of the disease and
was indicative for retinal pigment epithelium
dysfunction. The dark adaptation showed a
slight elevation of rod threshold. Electroretino-
gram remained normal until chorioretinal
atrophy became manifest. Progressive atrophy
was reflected by severe impairment of rod
function and relatively preserved cone func-
tion. The visual acuity in the patients followed
the different stages of the disease. Visual acuity
decreased abruptly when central maculopathy
was observed of either a disciform or an
atrophic nature. Extension of geographic reti-
nal atrophy progressed within 4 years in patient
II1,9 with a dramatic deterioration of the visual
acuity from 0.8 in both eyes to 0.03 right eye
and light perception left eye when the fovea
became involved (Fig 3A, B).

The linkage analysis with the marker
D228S275 revealed a maximum lod score of
2.14 at 0 = 0.05 and with marker D22S274 a
maximum lod score of 0.15 at 6 = 0.3 was
found. Both markers D22S304 and D22S283
revealed significantly positive lodscores of 3.89
and 3.94, respectively, at 0 = 0.0. The results of
the linkage analysis are given in Table 3.
Marker D22S275 revealed a recombination in
individual II1,29. Marker D22S274 revealed a
recombination in individuals III.8, III.28, and
IV27.
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The SSCP of the five exons, promotor
region, and 3'UTR showed no changes be-
tween unaffected and affected individuals.
Nevertheless, all exons of the TIMP-3 gene
were sequenced in one healthy person and in at
least two affected individuals. No mutations
possibly causing Sorsby fundus dystrophy were
found in either the exons or their splice sites. A
sequence gel of exon 5 of one of the affected
individuals is shown in Figure 4A.

Discussion

In this family with Sorsby fundus dystrophy,
the presence of the midperipheral yellow pisci-
form flecks was the most typical finding. They
were invariably bilateral and have not been
described in previous Sorsby pedigrees. The
yellow flecks may correspond to the subretinal
deposits that were reported in Sorsby fundus
dystrophy. Such deposits were described in
Bruch’s membrane by Capon ez al'’ after a light
and electron microscopic study of the eyes of a
descendant of the Kempster family. A localised
destruction of the pigment epithelium was the
window defect on fluorescein angiography. In
later stages of the disease progressive extensive
peripheral and in some patients central atrophy
occurred. Loss of central vision was due to dis-
ciform lesions or central geographic atrophy.

So far, six different mutations have been
identified which are implicated in Sorsby
fundus dystrophy. These are, besides a splice
site mutation in the intron4/exon5 junction,*
Tyr168Cys,"”"" Ser181Cys,"” * Ser156Cys,*”
Gly166Cys,” and Glyl67Cys*. It is remark-
able that these five mutations were identified in
a 80 bp interval at exon 5 of the TIMP-3 gene
(see Fig 4B). Futhermore, these five mutations
all lead to the introduction of an additional
cysteine residue in the peptide sequence. In the
Sorsby fundus dystrophy family described here
we could not identify a mutation in this critical
region of exon 5 (Fig 4A) or in the splice sites.
Although linkage was found with the region
22ql12.1-q13.2, no mutations were found in all
five exons of the TIMP-3, including the splice
sites. Also the promotor region and 3'UTR
revealed no mutations.

Possible explanations for finding no muta-
tions in these exons could be that the introns or
regulatory sequences of the TIMP-3 gene con-
tain mutations, which were not yet identified.
Another explanation for this finding could be
that the disease in this family might be caused
by mutations in another gene located in the
chromosomal vicinity of the TIMP-3 gene,
similar to the heterogeneity on the X chromo-
some where at least two RP genes are located
close to each other.” We also should consider
the possibility that the disease, which is
described in this paper, resembles Sorsby fun-
dus dystophy, but in fact is a different disease
or a different type of Sorsby fundus dystrophy.
An argument for this explanation could be
that, although these spots may correspond to
the subretinal deposits which were reported in
Sorsby fundus dystrophy previously, the pres-
ence of the midperipheral yellow spots was the
most typical finding in this family.
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In conclusion, the family in this pedigree is
suffering from an autosomal dominant fundus
dystrophy, which is most probably Sorsby fun-
dus dystrophy. In the linkage analysis signifi-
cant positive lod scores were found with the
region 22q12.1-q13.2. No causative mutations
could be identified in the TIMP-3 gene.

The authors would like to thank Dr B H Weber for providing
the primers of the TIMP-3 gene. The ophthalmological
research was supported by a grant from the organisation “Les
Amis des Aveugles”.
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