




RESULTS
The proband, a 67-year-old Japanese woman (II-1), visited
our corneal clinic in January 2000 with a main complaint of
gradual impairment of vision (Figure 1). We diagnosed her
condition as ACD on the basis of slit-lamp examination.

Given that her visual acuity had decreased to 0.7 in the right
eye and 0.4 in the left eye, we performed phototherapeutic
keratectomy on her left eye in March 2000 and on her right
eye in May 2000. The parents of II-1 were not related to each
other. Her father (I-1) is no longer alive, and she has two

Figure 2. Slit-lamp photographs of the proband and her two sisters. Slit-lamp photographs of the right eye of II-1 (A–C), the left eye of II-2
(D–F), and the left eye of II-3 (G–I) are shown. Granular deposits (gray arrowheads) and star-shaped deposits (black arrowheads) were
observed in all three patients (C,F,I) whereas thin lattice lines (black arrows) were observed only in II-1 (C) and II-3 (I). Nodular deposits
were apparent mostly in the superficial-to-middle portion of the corneal stroma in all three patients (B,E,H).

Figure 3. Lattice lines in patient's cornea. The lattice lines referred to in Figure 2 are better visualized in the higher magnifications of Figure
2C, Figure 2F, and Figure 2I (Figure 3A-C, respectively). The lattice lines are easily seen in A and B (black arrows), but not in C.

Molecular Vision 2009; 15:974-979 <http://www.molvis.org/molvis/v15/a102> © 2009 Molecular Vision

976



brothers and two sisters. Her father’s brother (I-2) and her
sisters (II-2, II-3) were also diagnosed at our clinic with ACD
by slit-lamp examination. Her reporting suggested that her
father (I-1) had corneal dystrophy. We also performed
phototherapeutic keratectomy on the left eye of II-2 in March
2000 and on the right eye of II-2 in May 2000.

Slit-lamp examination subsequently revealed multiple
granular regions of opacity in the surface-to-middle portion
of the corneal stroma in both eyes of II-1, II-2, and II-3. Lattice
lines were also observed in II-1 (Figure 2A–C) and II-3
(Figure 2G–I) but not in II-2 (Figure 2D–F). These lattice lines
can be seen better in the higher magnifications of Figure 2C,
Figure 2F and Figure 2I (Figure 3A-C, respectively). Both II-1
and II-3 were found to harbor both a heterozygous
CGC→CAC (Arg→His) mutation at codon 124 and a
heterozygous AAT→AGT (Asn→Ser) mutation at codon 544
of TGFBI whereas II-2 harbored only the heterozygous
CGC→CAC (Arg→His) mutation at codon 124 (Figure 4).
The mutations were identified at both the genomic and cDNA
levels.

To investigate whether the two TGFBI mutations are on
the same or different chromosomes of the proband, we
adopted an allele-specific cloning and sequencing approach.
PCR products containing both mutation sites were subcloned
and sequenced. Of three independent clones analyzed, one
contained only the R124H mutation and the other two
contained only the N544S mutation, indicating that the two
mutations are on different chromosomes.

DISCUSSION
As far as we are aware, this is the first report of a patient with
a double mutation of TGFBI causing an autosomal dominant
form of corneal dystrophy. The clinical manifestations of the
two cases with both R124H and N544S mutations appeared
to be a summation of those of Avellino and lattice corneal
dystrophies. We observed lattice lines in the corneas of II-1

and II-3, both of whom have the N544S mutation of TGFBI,
but not in II-2, who harbors only the R124H mutation.

We were not able to perform genetic analysis on I-1 and
I-2 because they were no longer alive at the time of this
analysis. However, allele-specific cloning and sequencing
revealed that the R124H and N544S mutations are on different
chromosomes, consistent with our clinical findings. Slit-lamp
examination of I-2 did not reveal the presence of lattice lines,
suggesting that the R124H mutation was transmitted to the
proband and her two sisters from I-1. Although slit-lamp
examination was not performed on the mother of the three
sisters because of her being confined to bed, it is likely that
she harbors the N544S mutation of TGFBI. Given that the
clinical manifestation of the N544S mutation has a late onset
and that the mutation does not have a pronounced effect on
visual acuity, the mother may not experience a visual
disturbance.

Several cases of double mutations associated with corneal
dystrophies other than macular corneal dystrophy have been
described previously (Table 2). However, no case of a double
mutation of TGFBI causing an autosomal dominant form of
corneal dystrophy has previously been reported. The presence
of a homozygous Q118X mutation of M1S1 and a
heterozygous P501T mutation of TGFBI in the same
individual was described [16]. The Q118X mutation of M1S1
causes gelatinous drop-like corneal dystrophy (GDLD) with
an autosomal recessive mode of inheritance. The P501T
mutation of TGFBI causes LCD type IIIA [6]. The clinical
manifestation in this patient resembled that of GDLD but not
that of LCD type IIIA. A patient with a clinical diagnosis of
GDLD and heterozygous Q118X and Y184C mutations of
M1S1 has also been described [17]. No other case of the
Y184C mutation in M1S1 has been presented, so it is not clear
whether this mutation in the homozygous state can cause
GDLD. A patient with a clinical diagnosis of GDLD was
found to be heterozygous for both Q118X and L186P

Figure 4. Genetic analysis of TGFBI in the proband and her two sisters. Direct sequencing of genomic amplification products corresponding
to exon 4 (upper panels) or exon 12 (lower panels) of TGFBI was performed for II-1, II-2, and II-3. A heterozygous CGC→CAC mutation
was detected at codon 124 in II-1, II-2, and II-3. A heterozygous AAT→AGT mutation was detected at codon 544 in II-1 and II-3.
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mutations of M1S1 [18]. Patients with a clinical diagnosis of
atypical LCD were found to be heterozygous for both A546D
and P551Q mutations of TGFBI [19,20]. The A546D mutation
of TGFBI causes polymorphic corneal amyloidosis [22] or
atypical LCD [23] with an autosomal dominant mode of
inheritance. There have been no other reports of the P551Q
mutation of TGFBI, so it is not clear whether a heterozygous
P551Q mutation causes corneal dystrophy. Finally, a patient
with a clinical diagnosis of granular corneal dystrophy was
found to be heterozygous for both R124L and ΔT125-ΔE126
mutations of TGFBI [21]. There have been no other reports of
the ΔT125-ΔE126 mutation of TGFBI.

A few studies have addressed the penetrance of inherited
corneal dystrophy. LCD type IIIA caused by the P501T
mutation of TGFBI [16] and atypical granular corneal
dystrophy caused by the D123H mutation of TGFBI [24] are
thought to have a low penetrance. Non-penetrance of ACD
has also been described [25]. The penetrance of corneal
dystrophies caused by the R124H or N544S mutations of
TGFBI remains unclear.

In all previously reported cases of double mutations, the
clinical phenotype resembled that of one but not both of the
associated corneal dystrophies. In the cases described in the
present study, the phenotype associated with the double
mutation is the summation of both corneal dystrophies. These
cases thus indicate that R124H and N544S mutations of
TGFBI independently determine clinical manifestation.
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