










aged 56, 37, 23, and 21, had no detectable corneal deposits,
despite the presence of the R124H mutation. In that study, the
existence of the deposits was evaluated with slit-lamp
photographs presented to several third parties. Kim et al.
[10] reported two cases of non-penetrance of GCD2
heterozygotes, aged 26 and 55 years, diagnosed by DNA
analysis from epidermal keratinocytes obtained by adhesive
tape. Our extremely mild phenotype patients (Patients 1 and
2), having no detectable deposits, could hardly be suspected
of being heterozygotes before securing DNA diagnosis. Given
the ages of these patients, and because their relatives showed
definite GCD2 phenotypes, we failed to find even a small
corneal deposit at initial examination even though we
attempted to do so. However, follow-up of these patients
showed faint, recognizable deposits on subsequent slit-lamp
examinations.

In contrast, all the patients with a severe phenotype had
excessive corneal deposits, which resulted in visual
disturbance onset as early as the fourth decade (Patients 8, 9,
and 11); they had no other history of ocular or systemic
disease. Importantly, family members of patients displaying
extremely severe phenotypes showed similarly severe
patterns within families. However, the pattern of the disorder
was family-specific. For example, the corneas of severe
family I (Figure 5) had indistinct confluent granular deposits,

prominent lattice deposits, and anterior haze in corneal
stroma, while the affected corneas in severe family II (Figure
6) had numerous distinct granular deposits with a small
number of lattice deposits.

The phenotypic range reported here presents a challenge
for diagnosis and management due to the extreme variable
penetrance and expressivity observed both by ourselves and
other ophthalmologists. In our experience, the combination of
genotypic data at the TGFBI locus and careful slit-lamp
examinations at multiple time points are necessary to manage
these patients accurately.

Our data also indicate that, within the observed
phenotypic range, there is a distinct clustering of phenotypes
within families which can be explained both by shared genetic
factors and environmental exposure. In our study groups, we
did not discern any extraordinary habits, including excessive
outdoor activity (Table 2). Longitudinal studies of larger study
groups will be required to investigate possible environmental
contributions more thoroughly.

There is no established method to prevent the
development or progression of corneal deposits in GCD2
patients so far. However, contact lenses have been suggested
as a possible anti-aggravation factor. Severin et al. [11] and
Rosters et al. [12] reported that soft contact lens wear had
prevented the recurrence of granular deposits in eyes that had
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Figure 6. Slit-lamp photographs and pedigree of severe family II. A, B: Patient 11, aged 37; C, D: Patient 12, aged 40; E, F: Patient 13, aged
65. A, C, E: Right eye, B, D, F: Left eye. Numerous granular corneal deposits were observed in both eyes of all family members. They showed
a more severe phenotype than other patients of a similar age and members within the family showed a similar pattern. G: Pedigree of severe
family II. Circles represent women, squares represent men. The filled symbols indicate affected individuals.
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undergone penetrating keratoplasty for 14 years and 53
months, respectively. These authors hypothesized that the
interaction between the contact lens and cornea altered corneal
metabolism and resulted in a delay, or prevention, of
recurrence [12]. In the present study, Patients 3 and 4 had been
using soft contact lenses for 5 years and 30 years, respectively,
and showed a mild phenotype which may be expected from
the results of the previous study. However, other patients in
this study with a mild phenotype had never used contact lenses
(Table 2). Contact lens wear may be one of the factors in
preventing the recurrence or progression of corneal deposits
in certain patients, but the mild phenotype of virgin GCD2
heterozygotes in this study could not be explained solely by
the use of contact lenses. Further studies would be helpful in
determining the effect of contact lenses on corneal deposits.

In addition to the individual phenotype variations, we
observed age-independent severity within families as some
previous studies reported [1,5,13]. While aging is the most
well known progression factor [1], the youngest family
member (Patients 5, 8, and 11) in each family showed more
severe expressivity in comparison to the oldest family
member (Patients 7, 10, and 13), suggesting that the presence
of an R124H mutation of the TGFBI gene and aging cannot
solely explain phenotype severity.

In this study, we analyzed the expression of TGFBIp
among ten different normal corneas and the expression of
TGFBIp showed individual differences (Figure 1). The
expression of TGFBIp was not related to patient age, because
similar amounts of TGFBIp were expressed in both NCF-2
(aged 62) and NCF-4 (aged 46). These findings suggest
expression differences of TGFBIp between GCD2 patients
might exist and could serve as another possible reason for
phenotype variation seen between both extremely mild and
severe GCD2 patients and between individuals within
families.

In conclusion, GCD2 heterozygotes have a highly
variable phenotype, which can pose a challenge for securing
clinical diagnosis, especially for mild cases. Our data suggest
that offering prospective genetic screening in relatives of
GCD2 patients has potential clinical value in securing sub-
clinical phenotypes when coupled with meticulous slit-lamp
examination and long-term observation.
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