








anterior stroma of both eyes (Figure 2H,I). Best-corrected
vision was 0.3 (OD) and 0.2 (OS) (Table 1). Vascularization
of the cornea and decreased central corneal sensation was
observed in both eyes. We also examined his son, who was
phenotypically normal.

Dilated fundus examination and tonometry were normal
in all members of the three families.
Molecular genetic analyses: Exon 4 of TGFB1 in individuals
III-1, IV-10, IV-13, V-15, V-17, V-19, and V-21 of Family
One, I-1, I-2, and II-1 of Family Two, and I-1 of Family Three
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Figure 2. Photographs of the cornea from six individuals examined using slit lamp examination. Slit lamp photographs of patient V-19 of
Family One at 27 years of age show opacities in the central stroma and linear forms in the left cornea (A and B; A: OD and B: OS). The image
of case III-1 shows irregularity of the epithelial surface with subepithelial and anterior stromal scarring in the left eye (C). The image of case
IV-10 revealed the presence of a network of linear opacities associated with polymorphic anterior stromal opacities in the right eye (D). The
image of case IV-13 at 50 years of age shows opacities in the central stroma and linear forms in the left cornea (E). The image of case II-1 of
Family Two at age 25 shows a network of linear opacities associated with other smaller opaque spots and refractile lattice lines in the left eye
(F) and the right eye shows penetrating keratoplasty with characteristic mydriasis of Urrets-Zavalia syndrome (G). The photographs of case
I-1 of Family Three at 52 years of age show thick lattice lines and yellowish discoloration in the anterior stroma, resulting in clouding of the
central cornea (H and I).



were analyzed using PCR-RFLP and were digested using the
PstI restriction enzyme, as previously described [26]. The
results indicate that all affected individuals of Family One
carry the heterozygous missense mutation 417C>T (R124C)
in TGFBI. This mutation was not present in healthy controls.
The same mutation was detected in individual II-1 of Family
Two, but was absent in both parents (Figure 3). Paternity was
confirmed, indicating the R124C mutation was a de novo
mutation. Individual I-1 of Family Three does not carry that
mutation.

Exons 11, 12, 13, and 14 of TGFBI of the proband of
Family Three were further analyzed by sequencing. The
sequence of exon 13 revealed a heterozygous missense
mutation 1762A>G that changed histidine to arginine at codon

572 (H572R). This mutation was observed in both direct
(Figure 4) and reverse sequences (not shown).

DISCUSSION
We described the phenotypic characteristics and the mutations
in TGFBI in seven patients in three families affected with
LCDI. We used a combined strategy to identify the mutations.
First, we performed a rapid screening based on PCR-RFLP to
detect the common 417C>T mutation [26]. When that
mutation was not detected, we looked for other putative
mutations in exons 11, 12, 13, and 14 of TGFBI where other
common mutations have been reported [3]. That screening
was performed using PCR, followed by direct sequencing of
both strands.

Figure 3. Screening for the 417C>T (R124C) mutation using polymerase chain reaction-restriction fragment length polymorphism. Exon 4
was amplified from individuals III-1, IV-10, IV-13, V-15, V-17, V-19, and V21 of Family One, I-1, I-2, and II-1 of Family Two, and I-1 of
Family Three and the PCR product were digested with PstI restriction enzyme. After digestion, the products were analyzed using 3.5% agarose
gel electrophoresis. Allele 417C generates two DNA fragments of 124 and 97 base pairs, and allele 417T generates three DNA fragments of
124, 76, and 21 base pairs. The 21 base pair fragment cannot be observed in this kind of agarose gel electrophoresis. Patients III-1, IV-10,
IV13, V17, and V-19 of Family One and II-1 of Family Two are heterozygous for the 417C>T mutation, and individuals V-15 and V21 of
Family One, I-1 and I-2 of Family Two, and I-1 of Family Three do not carry the mutation.

Figure 4. Direct sequencing of exon 13
of the TGFBI gene in the proband of
Family Three (individual I-1). The DNA
sequence around the codon for histidine
572 (CAC) of the TGFBI gene is
presented. The sequence shows a
heterozygous, single-base A→G
transition at nucleotide 1762, resulting
in the replacement of histidine (CAC)
with arginine (CGC) (H572R). The
codon numbers and the amino acid
sequence are indicated at the top of the
figure.
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The PCR-RFLP analysis revealed the presence of the
heterozygous 417C>T mutation in the hotspot of exon 4 in all
affected subjects of Families One and Two. This mutation
causes the substitution of arginine 124 for cysteine (R124C)
in the first FAS domain. Families One and Two were not
related, indicating that the mutations at the codon 124 hotspot
arose separately and therefore they do not represent a founder
effect. Moreover, the parents of the proband of Family Two
were both healthy and paternity was proved, demonstrating
that the mutation in this family is a de novo mutation and also
reaffirming that the 417C>T mutation in Families One and
Two did not result from a founder effect. The age at onset of
symptoms in individuals of Families One and Two carrying
the R124C mutation varied from six to 15 years old. Family
One, a relatively extended family, did not exhibit anticipation
as we described in a previous report [26].

The 417C>T mutation is the most frequent one reported
in TGFBI; it has been reported in several ethnic groups
throughout the world, including Chile [26]. Consequently, it
is not unusual to find a de novo 417C>T mutation in TGFBI.
In addition, three other different mutations have been
described at the same codon, substituting arginine for three
different amino acids and generating different phenotypes.
These mutations are a transversion 417C>A causing the
substitution for serine (R124S) observed in late onset granular
corneal dystrophy type I [28], a transition 418G>A causing
substitution for histidine (R124H) observed in granular
corneal dystrophy type II (Avellino corneal dystrophy) [5],
and a transversion 418G>T causing the substitution for
leucine (R124L) observed in a form of granular corneal
dystrophy type III (Reis-Bucklers corneal dystrophy) [29].
The cause of the high mutation frequency in this codon is
unknown. On the other hand, it is interesting that four different
amino acids in the same position are associated with different
phenotypes. This indicates that Arg124 is critical for normal
TGFBIp function. Structural analyses of the FAS1 domain
predicted that Arg124 residue would be solvent-exposed and
different amino acid substitutions could have very different
effects on TGFBI intermolecular contacts and local protein
structure [30,31]. In fact, it was demonstrated that R124H
substitution abolishes the interaction between TGFBIp and
the widely-expressed protein periostin, but R124L and R124C
did not. This specific effect leads us to presume that the
pathological effects of the substitutions for serine, cysteine,
or leucine may be due to the disruption of some other functions
[32].

On the other hand, the DNA sequencing of the affected
subject of Family Three revealed a heterozygous mutation in
exon 13 (A1762G). This mutation changes histidine to
arginine at codon 572 (H572R) located in the fourth FAS
domain; this has only been reported once, in a Thai family
[4]. The age at onset of symptoms of the proband of Family
Three was 21. This is the only case observed in that family,
thus we cannot be sure that this mutation triggers late onset of

the disease, but this at least agrees with the late onset described
by Atchaneeyasakul [4]. Additionally, the phenotype of this
subject was somewhat different than the phenotype described
in subjects with the R124C mutation. For instance, the lattice
lines were thicker than the ones observed in patients with the
R124C mutation and they were also less crowded. Moreover,
in the anterior stroma, we also observed a yellowish
discoloration, in agreement with Atchaneeyasakul’s results
[4]. In that report, two patients with LCDI exhibited thick
yellowish corneal plaque in the anterior corneal stroma. Such
yellowish corneal plaque has not been observed in LCD or
any other corneal dystrophy [4]. Unfortunately, we did not
have corneal buttons available to carry out the histopathologic
studies. Since this phenotype is somewhat different than the
one observed in other cases of LCD, it is reasonable to believe
there may be a genetic cause related to the substitution of
histidine for arginine at codon 572 that contributed to the
development of this phenotype.
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TGFBIp interacts with several extracellular matrix
(ECM) proteins, including fibronectin, biglycan, decorin, and
several types of collagen [32]. Most of the mutations
described in corneal dystrophies, including A1762G
(H572R), are located in the fourth FAS domain [3].
Kannabiran and Klintworth [3] suggested that mutations in
that conserved domain may alter normal TGFBI protein
folding, resulting in the accumulation and deposition of
mutant TGFBIp. In fact, TGFBIp deposits have been observed
in the cornea [33-36]. It has been postulated that TGFBI
mutations may modify the secondary and tertiary structures
of TGFBIp. This is supported by the observations that
TGFBIp may form dimers and tetramers, a characteristic of
many proteins capable of amyloid production [37]. The
question here is why the substitution of histidine for arginine
in position 572 is related to a different color in the anterior
stroma and thicker lattice lines than R124C or other mutations
[26]. The ability of a specific amino acid substitution to induce
amyloid deposition must be related to the location and nature
of the substitution, but the role of histidine 572 and the
structural effect of its replacement for arginine on TGFBI
protein folding are not yet understood and require
experimental exploration.

In summary, we report two new families carrying the
417C>T (R124C) mutation and one family with the mutation
A1762G (H572R) associated with LCDI. The latter mutation
is associated with a distinct phenotype. Further studies are
necessary to understand the normal function of TGFBIp and
the molecular mechanisms underlying the variegation of
phenotypes caused by different mutations.
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