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Purpose: To present the light and electron microscopic findings of a unique corneal dystrophy never before
described in a German family carrying the Gly623Asp Mutation of the TGFBI gene with late clinical onset.

Design: Experimental study.
Participants: Four affected and 6 nonaffected family members.
Methods: Slit-lamp examination, photographic documentation, and isolation of genomic DNA from periph-

eral blood leucocytes obtained from each family member examined. Exons 3, 4, 5, and 11 to 14 of the TGFBI
gene were amplified and sequenced in these family members. Five corneal buttons of 3 affected siblings were
excised at the time of penetrating keratoplasty. Light and electron microscopic examination were performed
including immunohistochemistry with antibodies against keratoepithelin (KE) 2 and 15.

Main Outcome Measures: Clinical and histologic characteristics of corneal opacification in affected pa-
tients and presence of coding region changes in the TGFBI gene.

Results: The specimens showed destructive changes in Bowman’s layer and the adjacent stroma. Patchy
Congo red-positive amyloid deposits were found within the epithelium in 1 cornea, in Bowman’s layer and in the
anterior stroma of all specimens also showing KE2, but not KE15, immunostaining. Electron microscopy revealed
deposits mainly located in the anterior stroma and Bowman’s layer and in small amounts in the basal area of
some epithelial cells. The destroyed areas were strongly Alcian blue-positive, the Masson Trichrome stain proved
mainly negative for the deposits. All affected but none of the unaffected family members had a heterozygous
missense mutation in exon 14 of the TGFBI gene (G¡A transition at nucleotide 1915) replacing glycin by aspartic
acid amino acid (Gly623Asp) at position 623 of the KE protein.

Conclusions: In contrast with the patient carrying the Gly623Asp mutation of the TGFBI gene described by
Afshari et al, our cases presented with Salzmann’s nodular degeneration-like clinical features and their speci-
mens contained KE2-positive amyloid. The reason for this now ”meeting the expectation histologic phenotype”
is unclear. The histologic findings emphasize that this is a unique corneal dystrophy, which shares no clinical
characteristics with Reis-Bücklers’ dystrophy and should be treated as a distinct entity.

Financial Disclosure(s): The authors have no proprietary or commercial interest in any materials discussed

ARTICLE IN PRESS
in this article. Ophthalmology 2009;xx:xxx © 2009 by the American Academy of Ophthalmology.
Corneal dystrophies have traditionally been classified ac-
cording to characteristic clinical and histologic features,
such as the morphology of the deposits and the corneal layer
involved. Because many of the transforming growth factor
�–induced (TGFBI) gene associated corneal dystrophies
show predominantly stromal deposits at the time of kerato-
plasty, they were mistakenly classified as stromal dystro-
phies for decades.1,2 In the late 1970s, an epithelial origin of
those “stromal dystrophies” was suspected because of the
particular superficial pattern of recurrences in transplants.1,3

However, in conjunction with the identification of the ge-
netic basis of many corneal dystrophies,4 various classifi-
cation schemes based on the underlying molecular genetic

defect have been proposed. In the TGFBI gene alone, �29
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missense mutations have been associated with the develop-
ment of corneal deposits and loss of corneal clarity. The
Gly623Asp mutation in exon 14 of the TGFBI gene has
been reported twice. Afshari et al5 described 1 family clin-
ically classified as having Reis–Bücklers’ corneal dystrophy
as the index patient demonstrated geographic subepithelial
corneal opacities. Interestingly, the subepithelial deposits
noted clinically did not stain with periodic acid–Schiff,
Masson trichrome, or Congo red stains. Aldave et al6 iden-
tified a second family with the Gly623Asp mutation in the
TGFBI gene whose affected members demonstrated depos-
its at the level of Bowman’s layer, as noted in the previously
reported family, as well as thin branching stromal lattice

lines characteristic of lattice corneal dystrophy. Because
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keratoplasty was not performed in their cases, no histologic
specimens were available. Herein we have reported the
clinical and light and electron microscopic features of this
unique corneal dystrophy with an underlying Gly623Asp
mutation of the TGFBI gene. This corneal dystrophy pre-
sents with unique clinical features reminiscent of Salz-
mann’s nodular degeneration and for the first time includes
amyloid deposits.

Case Report

The family’s pedigree is depicted in Figure 1. We encountered an
unknown corneal dystrophy in the 74-year-old index patient in
January 1999 (Fig 1, family member II:2) presenting subepithelial
nodular opacification in a geographic pattern (Fig 2). Corrected
visual acuity (VA) was 6/20 (right eye) and 1/20 (left eye) before
penetrating keratoplasty combined with cataract surgery of the left
eye. No corneal erosion was experienced. He underwent the same
procedure 3 years later on his right eye when VA was as low as

Figure 1. The reported family’s pedigree. Filled symbols represent affec
highlight examined family members.

Figure 2. Slit-lamp photograph of patient II:2 showing subepithelial
opacification in a geographic pattern reminiscent of Salzmann’s nodular

degeneration.
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1/35. Since then, the left eye’s VA has improved to 10/20. Unfor-
tunately, the patient has noticed no VA improvement in his right
eye owing to anterior ischemic optic neuropathy 7 months post-
operatively. No recurrence of the corneal dystrophy in both eyes
was noted at least until May 2003. He underwent cholecystectomy
20 years and stomach surgery for an ulcer 25 years before the first
keratoplasty. No other systemic diseases were known.

The index patient’s sister (Fig 1, family member II:1) also
underwent penetrating keratoplasty elsewhere due to bilateral cor-
neal opacities when she was 58 years old.

In the index patient’s 70-year-old brother, we observed less
nodular subepithelial opacification with a geographic pattern (Fig
1, family member II:4), and his VA was even more seriously
affected in the right eye (1/25) and the left eye (1/20) on slit-lamp
biomicroscopy (Fig 3). The bilateral corneal changes had been
known for 40 years and, interestingly, had been treated as herpes
keratitis for years. Perforating keratoplasty was performed in April
2003 when he was 75 years old. No recurrence of the corneal
dystrophy in both eyes was noted at least until January 2006. He
underwent thyroidectomy owing to endemic goiter in 1972 and
cholecystectomy in 1986. In addition, he suffered from arterial
hypertension and benign prostatic hyperplasia.

Figure 3. Clinical corneal changes of II:4 with fewer nodular changes

embers. Circles represent women and squares represent men. Asterisks
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than II:2.
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His 43-year-old son (Fig 1, family member III/5) presented in
December 1998 with bilateral superficial corneal opacities affect-
ing the lower part of the cornea, also reminding us of Salzmann’s
nodular degeneration (Fig 4) causing mild loss of VA in the right
eye (�8.75 –1 0°) 16/20 and OS (�8.5 –1.5 177°) 12/20 and
occasional epithelial erosions. Also here the clinical features were
only classifiable as an unknown corneal dystrophy.

The mother of all 3 siblings (Fig 1, family member I:2) was
said to be affected as well, but died long before we had the
opportunity to examine her in our hospital.

Material and Methods

Patient Identification and Specimen Collection

The researchers followed the tenets of the Declaration of Helsinki
in the treatment of the subjects reported herein. After institutional
review board approval was granted, informed consent was ob-
tained from family members of 2 consecutive generations. A
slit-lamp examination was performed to determine each individual’s
status (Fig 1).

DNA Collection and Analysis

Genomic DNA was isolated from peripheral blood leucocytes by
standard procedures. Exons 3, 4, 5, 11, 12, 13, and 14 of the
TGFBI gene were amplified and sequenced.

DNA Sequencing

Each polymerase chain reaction was performed in a 50-�L reac-
tion mixture consisting of 500 ng of genomic DNA, MgCl2 (1.5–3
mmol; depending on the exon), dNTPs (0.2 mmol/L), 10� poly-
merase chain reaction buffer, forward and reverse primer (0.1
�mol/L each) and Taq polymerase (1.5 U; Qiagen, Crawley, UK).
Amplification reactions were performed under the following con-
ditions: 5 minutes of denaturation at 96°C followed by 35 cycles of
denaturation at 96°C for 30 seconds, annealing at 50° to 60°C for
30 seconds, extension at 72°C for 45 seconds, and a final extension
step at 72°C for 5 minutes.

Figure 4. Superficial opacities affecting one third of the corneal area of

III:5.
For direct sequencing, polymerase chain reaction products were
purified (Qiaquick purification kit; Qiagen), cycle sequenced with
a Big-Dye DNA sequencing kit (Perkin Elmer, Norwalk, CT) and
directly sequenced on both strands using an automatic DNA se-
quencer (ABI Prism 377; Perkin Elmer) according to the manu-
facturer’s instructions. Nucleotide sequences were compared with
the published cDNA sequence of the TGFBI gene (gene bank
accession number M77349).

Histologic Preparation and Immunohistochemistry

Specimens were fixed in 4% formaldehyde in 0.075 mol/L
phosphate buffer for 24 hours, dehydrated in increasing con-
centrations of ethanol (70%–99%) and infiltrated with paraffin
(Merck, Darmstadt, Germany) at 60°C. Sections with a thick-
ness of 3 �m were cut and floated on deionized water at 45°C
and mounted as single sections on Superfrost Plus glass slides
(Menzel-Glaser, Braunschweig, Germany). Slides were subse-
quently dried at 60°C for 1 hours.

Slides were stained with hematoxylin and eosin, periodic
acid–Schiff, Masson-Trichrome, Alcian blue, and Congo red
and immunohistochemical staining with polyclonal antibodies
against TGFBI (KE2 and KE15).7,8 The TGFBI antibody was

Figure 5. a and b, Congo red–positive amyloid deposits within Bowman’s
layer and anterior stroma, showing greenish birefringence under polarized
light (original magnification, �200).

Figure 6. All deposits stain positively with antibodies against KE2 but not

KE15 (original magnification, �100).
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