


















Figure 7. Fundus autofluorescence images of three affected individuals. A (right eye) and B (left eye) of individual III:1. Showing bilateral
discrete areas of central confluent hypofluorescence associated with the areas of geographic atrophy noted clinically. The borders of this area
are hyperfluorescent. C (right eye) D (left eye) of individual III:3. Bilateral areas of stippled hyperfluorescence and hypofluorescence extending
toward the vascular arcades corresponding to the areas of subretinal fluid noted clinically. E (right eye) F (left eye) of individual III:4. In the
right eye, a large stippled area of hyperfluorescence and hypofluorescence extending beyond the vascular arcades was noted. Of note, the
areas of floccular yellow deposits seen on funduscopy were hypofluorescent on fundus autofluorescence imaging. Fundal autofluorescence
in the left eye (without visual loss) was unremarkable.

Molecular Vision 2009; 15:1218-1230 <http://www.molvis.org/molvis/v15/a130> © 2009 Molecular Vision

1227



be some relationship between mutation and age of vision loss,
with some TIMP3 mutations, such as p.S156C [17] and
p.G166C [18,33], giving rise to vision loss as early as the
second decade. Vision loss as late as the sixth to eighth decade
has been reported in two Japanese pedigrees, segregating a
splice site change [21]. Due to the lack of a proven theory

explaining the biochemical mechanisms resulting in SFD,
others have suggested that such phenotypic differences may
relate to other genetic disease modifiers in affected pedigrees
rather than the differences in mutations themselves [31].

The p.E139K reported here is the second reported TIMP3
mutation causing SFD that fails to generate an unpaired

Figure 8. Western Blot of E139K
TIMP-3 mutant. TIMP3 immunoblot
(western blot) of the extracellular matrix
sample from ARPE-19 cells transfected
with E139K TIMP-3 expression
plasmid, in nonreduced form
demonstrating dimerization.

Figure 9. Reverse zymogram of
extracellular matrix from the E139K
TIMP3 mutant. The left lane
demonstrates that the matrix
metalloproteinase (MMP) inhibitory
activity of the standard purified wild
type TIMP3 is retained in both its
glycosylated and nonglycosylated
forms. Middle lane demonstrates that
the TIMP3 E139K mutant also retains
MMP inhibitory activity. Right lane
represents the expression plasmid of
E139K TIMP-3 with a polyhistidine tag,
the addition of which resulted in
increased molecular weight compared
to the untagged construct in the middle
lane.
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cysteine residue, the other being p.H158R [22]. Of note,
affected individuals from pedigrees harboring both these
missense changes develop vision loss later in life (fifth to sixth
decade) than in most other reported cases of SFD [22]. The
reasons for this are unclear.

The propensity for mutant TIMP3 to form dimers has
been explained by the presence of unpaired cysteine residues
in these mutant molecules leading to aberrant intermolecular
disulphide bonds [16,26-30]. Despite having an even number
of cysteine residues, the p.E139K mutant protein expressed in
ARPE-19 cells, forms dimers on western blotting and retains
its MMP inhibitory activity. The change in charge at amino
acid position 139, resulting from the positively charged lysine
substituting the negatively charged glutamic acid may explain
the dimerization of the p.E139K mutant observed. This
change in charge may result in a disruption of disulphide bond
formation at adjacent amino acid position 140. Further work
would be required to test this hypothesis. Another hypothesis
to explain the observed dimerization of the p.E139K mutant,
could be the steric hindrance of the adjacent cysteine residue
at amino acid position 140 by the substitution of lysine for a
glutamate; however this is probably unlikely as both residues
are of similar size.

An interesting finding in the OCT scans from the pedigree
reported here was the abnormal hyperreflectivity noted at the
RPE-choroid interface. A previous report of serial OCT scans
in one individual with SFD showed a focal thickening of the
RPE band at the location of subsequent CNV development
[34]. Examination of SFD donor eyes have documented
abnormal sub-RPE deposit and thickened Bruch’s membrane
[4,35]. It is tempting to suggest that the sub-RPE
hyperreflectivity demonstrated by this pedigree may represent
the thickened Bruch’s membrane observed in donor eyes.
However this hyperreflectivity may simply represent an
artifact resulting from the increased light penetration due to
overlying RPE atrophy or subretinal fibrosis from end stage
CNV. Interestingly the OCT scan of the left eye (without
central vision loss) from individual III:4 showed
hyperreflectivity at the RPE-choroid interface but did not
show any evidence of RPE disturbance on autofluorescence
imaging (Figure 7E,F). This suggests that the
hyperreflectivity may originate from below the RPE, perhaps
from Bruch’s membrane.

Another interesting feature in the same OCT scan from
the only eye without central vision loss was the retinal atrophy
—specifically, loss of the outer nuclear layer in the perifoveal
region. It is possible that atrophy of this rod-rich region of the
retina may represent the early morphological changes related
to the symptoms of nightblindness reported by this individual
four years earlier.

In summary, we have described the detailed phenotype
of an SFD family with a disease causing TIMP3 mutation. The
glutamic acid at position 139 in the TIMP3 molecule has

previously shown to be mutated to a nonsense codon and is
thus the first residue in the TIMP3 protein to cause SFD by
two different classes of mutation. It is also the second
sequence variant reported in this disorder that does not affect
the number of cysteine residues in the predicted sequence of
the TIMP3 protein, yet still exhibits dimerization in vitro. The
mutant protein also retains its function as an MMP inhibitor.
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