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PURPOSE. To investigate the molecular basis of hereditary lattice
corneal dystrophy (LCD) type IIIA associated with corneal
amyloid deposits afflicting several members of a four-genera-
tion family.

METHODS. Histologic, immunohistochemical and biochemical
studies were performed on corneal tissue samples obtained
after perforating keratoplasty. DNA was extracted from periph-
eral blood leukocytes. All exons of the keratoepithelin-encod-
ing TGFBI gene were amplified and sequenced. The presence
of a mutation was confirmed by digestion of the isolated PCR
product with the restriction enzyme AlwNI.

RESULTS. The cornea of the index patient (II-1) contained large
patchy deposits of amyloid, which were immunoreactive for
the C terminus of keratoepithelin. Western blot analysis of the
polypeptide chains extracted from the amyloid deposits of
paraffin-embedded tissue revealed that these represented
mainly fragments of the full-length protein. The smallest frag-
ments were 6.5 and 6.9 kDa. DNA analyses of the TGFBI gene
revealed a heterozygous T3C transition at the second position
of codon 540 in exon 12, indicating that replacement of phe-
nylalanine by serine (Phe540Ser) leads to dominant disease.
The mutation creates a new restriction site for the enzyme
AlwNI. Five of the examined family members carried this
mutation. Three of them (aged �41 years) had the disease, two
family members (aged �20 years) do not yet show any clinical
symptoms. An additional inconsequential single-nucleotide
polymorphism (T1667C) was found at the third position of the
same codon (Phe540Phe) in three unaffected family members.

CONCLUSIONS. This is the first report of a single-nucleotide mu-
tation at codon 540 of TGFBI leading to LCD, and the first to
demonstrate that the amyloid deposits in LCD contain proteo-

lytic fragments of keratoepithelin. (Invest Ophthalmol Vis Sci.
2005;46:1133–1139) DOI:10.1167/iovs.04-1319

The human transforming growth factor �-induced (TGFBI;
OMIM 601692; Online Mendelian Inheritance in Man;

http://www.ncbi.nlm.nih.gov/Omim/ provided in the public
domain by the National Center for Biotechnology Information,
Bethesda, MD) gene located on chromosome 5 at q31 encodes
keratoepithelin, a 68-kDa protein that is expressed on the
surface of corneal epithelial cells.1 Mutations in the TGFBI
gene have been linked with five distinct corneal dystrophies
(CDs): granular Groenouw type 1, Reis-Bückler CD, lattice
(LCD) types I and IIIA, and the Avellino CD. Most forms of CD
are inherited in an autosomal dominant manner and lead to
visual impairment by interfering with corneal transparency.
LCD encompasses a group of diseases that is characterized by
the deposition of amyloid in the cornea. LCD I is the classic
form of the disease. Onset of symptoms (epithelial erosions
and decreased visual function) is at the end of the first decade,
with a slow progression. Substantial discomfort and visual
impairment occur late in the fifth decade. A net of fine linear
opacities within the corneal stroma, as a result of the accumu-
lation of amyloid, is characteristic of LCD I. In LCD IIIA, the
opacities are markedly thicker, but both LCD I and -IIIA start in
the center and at the surface of the corneal stroma. In time, the
opacities spread to the deeper corneal layers and to the pe-
riphery.

Studies of the molecular basis of the corneal dystrophies
have revealed that LCD I and - IIIA are caused by single point
mutations in exons 4, 11, 12, and 14 of the TGFBI gene.2–7,8

Herein, we describe a family that was found to have amyloid
deposits within the cornea caused by a novel mutation in the
TGFBI gene, leading to marked loss of visual acuity in the late
fourth and early fifth decades of life.

MATERIALS AND METHODS

Patients

All patients studied were examined with DNA sequencing, as de-
scribed later in this section. In tissue from the index patient, histologic,
immunohistochemical, biochemical, and molecular biological studies
were performed. Full informed consent was obtained from all family
members for molecular biological analyses, in keeping with the guide-
lines of the Declaration of Helsinki.

Histology

Corneal tissue specimens were fixed in formalin and embedded in
paraffin. Deparaffinized sections were stained with hematoxylin and
eosin. The presence of amyloid was demonstrated by the appearance
of green birefringence from Congo red staining under polarized light.9
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Immunohistochemistry

Immunostaining was performed with monoclonal antibodies directed
against AA amyloid (1:400; Dako, Hamburg, Germany), and gelsolin
(1:1000; Sigma-Aldrich, Deisenhofen, Germany) and with polyclonal
antibodies directed against the amyloid P-component (1:1600), fibrin-
ogen (1:1000), lactoferrin (1:800), lysozyme (1:3000), transthyretin
(1:600), �-light chain (1:10.000), �-light chain (1:10.000; all Dako),
apolipoprotein AI (ApoAI; 1:1500), and keratoepithelin (KE2 and
KE15). The antibodies directed against keratoepithelin had been raised
in rabbits by using the C (amino acids 426-682)- and N (amino acids
69-364)-terminal portions of keratoepithelin, as described elsewhere.10

Before they were immunostained, the specimens were treated with 10
mM EDTA (two times for 10 minutes each, 450-W microwave oven;
amyloid P component, gelsolin, and transthyretin). Immunoreactions
were visualized with the avidin biotin complex method, with the use
of an ABC alkaline phosphatase kit (Vectastain; Biogene-Alexis GmbH,
Grünberg, Germany) or a diaminobenzidine (DAB) Detection kit
(iVIEW; Ventana, Illkirch, France). Neufuchsin and 3,3-diaminobenzi-
dine-tetrahydrochloride, respectively, served as chromogens. The
specimens were counterstained with hematoxylin. The specificity of
immunostaining was verified with specimens containing known
classes of amyloid (AA amyloid, ApoAI, transthyretin, �-light chain), by
using positive controls recommended by the manufacturers (remaining
antibodies) and by omitting the primary antibodies.

Immunostaining with anti-KE2 and anti-KE15 antibodies was per-
formed as described previously10 with some modifications. Briefly,
after digestion with 1 U Pronase (15 minutes at room temperature;
Sigma-Aldrich), the sections were blocked with normal goat serum
(1:30 in TBS with 2% skimmed milk; Dako) for 10 minutes at room
temperature. The primary antibodies KE2 and KE15 were both diluted
1:10 in RPMI supplemented with 5% BSA and incubated for 30 minutes
at room temperature. The immunoreaction was visualized with the
avidin biotin complex method (Vectastain ABC kit; Biogene-Alexis
GmbH). Fast red served as the chromogen.

SDS-PAGE and Western Blot Analysis

Amyloid fibril proteins were extracted from formalin-fixed and paraf-
fin-embedded specimens and resolved by SDS polyacrylamide gel elec-
trophoresis, as described elsewhere, using specimens from the index
patient (II-1).11 As negative controls, we used amyloid fibril proteins,
extracted with the same methodology from formalin-fixed amyloid-
laden tissue specimens, obtained from a patient with immunoglobulin-
associated AL amyloidosis and from a patient with secondary AA
amyloidosis. Proteins were visualized by Coomassie blue staining or
blotted onto polyvinylidene difluoride (PVDF) membranes. Immuno-
staining of the transferred proteins was performed with anti-KE2 (di-
lution 1:2000) and anti-KE15 (1:100) as primary antibodies (room
temperature, 1 hour). Blocking was performed in Tris-buffered saline
containing 3% bovine serum albumin and 0.05% Tween-20. The mem-
branes were then incubated for 1 hour with the secondary antibody
(1:2000 dilution of goat anti-rabbit-AP). The substrate (BCIP/NBT
(Pierce, Rockford, IL) was left on the membrane until distinct bands
had developed.

Isolation and Amplification of Genomic DNA

Genomic DNA was extracted from peripheral blood leukocytes with a
kit (NucleoSpin Blood L Kit; Macherey & Nagel, Düren, Germany).
Exons 1 to 17 of the TGFBI gene were amplified by PCR with 1 �g of
genomic DNA of individual II-1, and the primers are listed in Table 1.
Initial denaturation and activation of Taq polymerase at 95°C for 5
minutes was followed by 35 cycles (30 for exons 4 and 11) with
denaturation (95°C, 30 seconds), annealing for 30 seconds (tempera-
tures listed in Table 1), an extension at 72°C for 60 seconds, and a final
extension at 72°C for 15 minutes. The coding region for the classic
mutation Asp187 of the gelsolin gene was amplified with the following

primers: 5�-ACT GGT CTA CTG TGT CTC TA-3� and 5�-TCT TCA GCC
CAC ACT TTC TG-3�. The PCR profile for gelsolin was as follows: 94°C,
3 minutes; 35 cycles (94°C, 1 minute; 55°C, 1 minute; 72°C, 1 minute);
and an extension of 72°C, 10 minutes. The PCR products were isolated
(NucleoSpin Extract; Macherey & Nagel) and sequenced with dye-
termination chemistry (Prism Big Dye Terminator ver.1.1, Ready Reac-
tion kit; Applied Biosystems, Inc. [ABI], Darmstadt, Germany) with a
capillary sequencer (Prism model 310; ABI).

Restriction Enzyme Digestion with AlwNI

Restriction-enzyme digestion analysis was performed to confirm the
mutation found. This mutation creates a new restriction site for AlwNI
(CAGNNN/CTG). One microgram of the purified DNA fragment ob-
tained by the PCR with the primer for exon 12 (Table 1) was incubated
with 5 U AlwNI at 37°C for 2 hours. The digestion was stopped by heat
inactivation (65°C, 30 minutes) according to the manufacturer’s in-
structions. The samples were separated on a 9% polyacrylamide gel
and visualized with a silver staining procedure.

Homology Modeling

The model was generated using MODELLER,12 based on a sequence
alignment of keratoepithelin domain 4 (Swiss Prot: Q15582, residues
502-635; http://www.expasy.org; provided in the public domain by
the Swiss Institute of Bioinformatics, Geneva, Switzerland) to the
known Drosophila melanogaster fasciclin I domain four-template
structure13 according to a procedure by Clout and Hohenester.14

TABLE 1. Primer Sequences and Annealing Temperatures
for Keratoepithelin

Exon Primer Sequences Ta

1 5�-TC TCA CTT CCC TGG AG-3� 56
5�-GAC TAC CTG ACC TTC CGC AG-3� 56

2 5�-GGT GGA CGT GCT GAT CAT CT-3� 56
5�-AGC CAG CGT GCA TAC AGC TT-3� 56

3 5�-TTC ACC CAC CAT TCC TCT TC-3� 56
5�-GGT ACT CCT CTC TCC CAC CA-3� 56

4* 5�-ATC CCT CCT TCT GCT TTC TG-3� 59
5�-GCA GAC GGA GGT CAT CTC AC-3� 59

5 5�-TTA AAC ACA GAG TCT GCA GC-3� 56
5�-TTC ATT ATG CAC CAA GGG CCA-3� 56

6 5�-TGT TGA CTG CTC ATC CTT GC-3� 53
5�-CTC TTG GGA GGC AAT GTG TC-3� 53

7 5�-CTT CAG GGA GCA CTC CAT C-3� 57
5�-AAT CTA GCT GCA CAA ATG AGG-3� 57

8 5�-CTT GAC CTG AGT CTG TTT GGA-3� 56
5�-GGA TGG CAG AAG AGA TGG TG-3� 56

9 5�-CCT GCT GAT GTG TGT CAT GC-3� 57
5�-CTG CCT CCA GGG ACA ATC TA-3� 57

10 5�-TCA TTG CAG GAG CAC ATC TC-3� 57
5�-CCC AGG AGC ATG ATT TAG GA-3� 57

11* 5�-GAG GCC CCT CGT GGA AGT A-3� 57
5�-ACA TCC CAC TCC AGC ATG AC-3� 57

12 5�-CTG TTG ACA GGT GAC ATT TTC-3� 60
5�-ATG TGC CAA CTG TTT GCT GCT-3� 60

13 5�-GGG ATT AAC TCT ATC TCC TT-3� 56
5�-TGT GTA TAA TTC CAT CCT GG 56

14 5�-TCA GTA AAC ACT TGC TGA GTG AA-3� 61
5�-ACT GCC ACA TGG AGA AAA GGA C-3� 61

15 5�-CCT CAG TCA CGG TTG TTA TG-3� 56
5�-CTC TAT GGC CCA AAC AGA GG-3� 56

16 5�-TTG TCA TAA GCA GTT GCA GG-3� 56
5�-GCT TGC TTG GGG GTA AGG-3� 56

17 5�-TCC TAG ACA GAC ATG GGG AGA-3� 60
5�-TGA GAG AAA TTG GCG GAG AG-3� 60

Ta, annealing temperature °C.
* Number of cycles: 30
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RESULTS

Family

The family tree is shown in Figure 1.
The index patient (II-1) was referred to the Department of

Ophthalmology of the Klinikum Kassel at the age of 42 years
with a visual acuity loss to 0.5 in the right eye and 0.1 in the left
eye. The patient refused medical treatment and did not return
to the department until 11 years later. Visual acuity had further
deteriorated and was found to be 1/20 in the right eye and 1/35
in the left eye (Fig. 2). Another three years later, at age 56
years, she underwent perforating keratoplasty on her left eye
and another year later on her right eye. This improved visual
acuity to 0.4 in the left eye and to 0.25 in the right. The corneal
specimens obtained at surgery were submitted for histologic
examination in this study.

The index patient’s mother (I-1) had also had LCD. She
underwent three keratoplasties: at age 46 (left eye), 53 (right
eye), and 56 (left eye) years. No blood or tissue samples were
available from her. The patient’s brother (II-2) underwent two keratoplasties:

at age 46 (left eye) and 49 (right eye) years. Peripheral blood
samples were available from the patient, his wife, and his three
daughters.

The patient’s daughter (III-1) is a 41-year-old woman. She
presented at age 40 with LCD (Fig. 2). Her visual acuity was 0.8
in both eyes. One year later, her visual acuity declined to 0.2 in
her right and 0.1 in her left eye. Peripheral blood samples were
available from the patient and her daughter.

Histology and Immunohistochemistry

The biopsy specimens obtained from the cornea of the index
patient II-1 showed large patchy deposits of homogeneous
eosinophilic material in the subepithelial layer and deeper
corneal stroma, which showed green birefringence in polar-
ized light after Congo red staining, characteristic of amyloid
(Fig. 3). The amyloid deposits were immunoreactive for amy-
loid P component, but not for amyloid A, apolipoprotein A1,
fibrinogen, gelsolin, �- and �-light chains, lysozyme, lactoferrin,
or transthyretin.

Immunostaining of the cornea with the polyclonal antisera
directed against keratoepithelin showed a strong positive reac-
tion of the intrastromal amyloid deposits and of those in the
subepithelial layer with KE2, which was raised against the C
terminus of the protein (residues 426-682; Fig. 3). By contrast,
the polyclonal antibody KE15, which was generated against
the N terminus of the protein (residues 69-364), showed no
immunostaining within these amyloid deposits. However, both

FIGURE 1. Family tree. Arrow: index patient. Circles: women;
squares: men. Patients I-1, II-1, and II-2 underwent keratoplasty.

FIGURE 2. Comparison of a healthy cornea (a) with the corneas of
two patients of the study family (b–d). Thick and ropy lattice lines of
amyloid were visible under direct illumination in the corneas of the
index patient II-1 (b) and her daughter III-1 (c, right eye; d, left eye).

FIGURE 3. Serial sections of the index patient’s cornea (II-1) were
stained with hematoxylin and eosin (a, b) and Congo red, and exam-
ined under polarized light (c). Immunohistochemistry was performed
with antibodies directed against the C (anti-KE2 antibody, d)- and N
(anti-KE15, e)-terminal portions of keratoepithelin. Arrows: amyloid
deposits (e, f). Omission of the first antibody served as the negative
control (f). Hematoxylin counterstain. Original magnifications: (a)
�100; (b–f) �200.
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antibodies intensely stained the surface epithelium—the loca-
tion of native keratoepithelin (Fig. 3)—and immunostaining
was abolished after omission of the primary antibody (Fig. 3).

SDS-PAGE and Western Blot Analysis

Amyloid fibril proteins were extracted from formalin-fixed and
paraffin-embedded biopsy specimens of the cornea, which
were shown histologically to enclose amyloid deposits, and
were resolved by denaturing gel electrophoresis. The amount
of amyloid proteins extracted was low and could not be visu-
alized by Coomassie blue or silver staining (data not shown).
However, using Western blot analysis with the antibodies KE15
and KE2, we were able to detect a protein band at 68 kDa,
which represents mature, full-length keratoepithelin (Fig. 4). In
addition, the amyloid-specific antibody KE2 detected a range of
further bands, which shows that keratoepithelin or fragments
of the full-length protein are smeared across most of the lane,
a property that is commonly encountered when trying to
separate tissue-purified amyloids on an SDS-gel. This effect is
caused most likely by cross-linking of the amyloid proteins
after formalin fixation, as this smear was not observed after
immunoblot analysis with the antibody directed against the
N-terminal portion of keratoepithelin. In addition, KE2 but not
KE15 detects in the low molecular range several distinct bands
corresponding to masses of 6.5, 6.9, 14, 17, and 21 kDa,
representing peptide fragments arising from the C terminus of
keratoepithelin (Fig. 4). These data demonstrate that amyloid
deposits derived from keratoepithelin do not contain mainly
the full-length protein, but rather fragments thereof. Native,
unfixed corneal tissue was not available from any of the family
members. The specificity of immunoblot analysis was further

tested by using AL and AA amyloid proteins extracted from
formalin-fixed tissue obtained from a patient with primary AL
amyloidosis (Fig. 4, lane 5)15 and from a patient with chronic
rheumatoid arthritis (Fig. 4, lane 6). Several amyloid proteins
were found after Coomassie blue staining, some of which had
been identified by amino acid sequencing.15 Similar to corneal
amyloid (Fig. 4, lane 2), a protein smear related to cross-linking
of the amyloid proteins after formalin fixation was found (Fig.
4, lanes 5, 6). However, neither the AA nor the AL amyloid
proteins immunoreacted with the two antibodies directed
against keratoepithelin (Fig. 4, lanes 3, 4).

DNA Analyses

Analysis of the exons 1 through 17 of the keratoepithelin
encoding TGFBI gene of patient II-1 revealed a point mutation
in exon 12. A heterozygous T3C transition at the second
position of codon 540 was found by double-strand sequencing,
leading to the replacement of the normal phenylalanine by a
serine residue (Phe540Ser; Fig. 5). It is of note that this muta-
tion occurs within the same part of keratoepithelin that was
found by our antibody. Moreover, the same mutation was
found in the index patient’s daughter (III-1), the patient’s
brother (II-2), the patient’s niece (III-4), and one granddaugh-
ter (IV-1; Fig. 1).

Another base change, a T3C transition at the third position
of the same codon 540 was found in individuals II-3, III-2, III-3,
and III-4, but has no effect on the amino acid encoded
(Phe540Phe). This single nucleotide polymorphism is a well-
documented base change in this exon.16 The sequence of
individual III-4 revealed the Phe540Phe polymorphism in con-
junction with the Phe540Ser mutation.

The mutation at the second position of codon 540 intro-
duces a restriction site for the endonuclease AlwNI. The wild-
type sequence of exon 12 (ACA GTC TTT GCT, codon 538-
541) changes into ACA GTC T2CT GCT, containing the
recognition sequence for AlwNI (CAG NNN2CTG). Accord-
ingly, three distinct bands were found after the incubation of
the DNA with AlwNI in all affected family members investi-
gated: the full-length fragment of exon 12 of the nonmutated
allele, and two shorter fragments yielded by the digestion of
the mutated allele (Fig. 6). Proband II-3 served as a negative
control and showed a single band only (Fig. 6, lane 3).

No mutations were found in the gelsolin gene, which is
known to cause hereditary LCD II.17,18

DISCUSSION

We describe here for the first time a family with hereditary LCD
associated with corneal AKer amyloid deposits caused by a

FIGURE 5. Nucleotide sequence from exon 12 of the TGFBI gene of
the index patient II-1. The heterozygous T3C transition at position
1666 (codon 540, arrows) was confirmed by both sense (a) and
antisense (b) primers. The transition of T to C results in the replace-
ment of phenylalanine by serine.

FIGURE 4. Amyloid proteins were extracted from formalin-fixed spec-
imens obtained from the cornea of the index patient (II-1). After
SDS-PAGE and Western blot analysis with anit-KE15 (lane 1) and
anti-KE2 (lane 2) antibody, a distinct band was found at 68 kDa that
was compatible with intact keratoepithelin. Further bands were found
after blot analysis with anti-KE2 (lane 2), probably representing the
amyloid proteins. The anti-KE2 antibody did not stain amyloid proteins
extracted from formalin-fixed tissue specimens containing AL (lane 3)
or AA (lane 4) amyloid. Coomassie staining revealed the banding
pattern of AL (lane 5) and AA (lane 6) amyloid proteins.
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dominant single-point mutation at the second position of
codon 540 in exon 12 of the TGFBI gene, replacing phenylal-
anine by serine (Phe540Ser) in the adhesion molecule kerato-
epithelin.

AKer amyloid causes six different LCDs (LCD I, -IA, -IIIA, -IV,
-VI, and -VII),14 all of which are related to point mutations in
the TGFBI gene. These mutations, including our novel muta-
tion T1666C, are located in the exons 4, 11, 12, or 14.14 We
believe that our family has hereditary LCD IIIA. This form of
corneal dystrophy was first described by Stock et al.19 in an
Italian family. LCD IIIA is characterized by thick, ropy lattice
lines throughout the stroma that are easily detected with direct
illumination (see also Fig. 2).7 Histology reveals accumulation
of amyloid deposits varying in size and ribbons of amyloid
between the stroma and Bowman’s layer.7,19,20 Similar to our
family, the age of onset in LCD IIIA ranges from the fourth to
fifth decade of life. Dighiero et al.20 reported on a French
family with clinically and histologically diagnosed LCD IIIA. A
single base pair transition at the first nucleotide position of the
codon 546 (GCC/ACC) led to the replacement of alanine by
threonine (Ala546Thr) and was found in all affected individu-
als. Dighiero et al.20 suggested that this mutation is responsible
for LCD IIIA in their French family.

In addition to the Phe540Ser mutation, we found another
heterozygous single-nucleotide substitution at the third posi-
tion of the same codon. This T3C transition is an inconse-
quential single-nucleotide polymorphism, because this base

change did not alter the encoded amino acid, it did not segre-
gate with the affected individuals in our family, and it has been
reported in several studies.21–23 The sequence of proband III-4
revealed both transitions in codon 540 (Phe540Ser and
Phe540Phe), but the restriction digest resulted in the same
three distinct bands observed in the other affected family
members. That the inconsequential SNP would eliminate the
restriction site required by the enzyme leads to the conjecture
that, since the Phe540Phe polymorphism comes from the un-
affected parent, the mutations must be localized on opposing
alleles.

Keratoepithelin contains four FAS1 regions of internal ho-
mology of approximately 140 amino acids. All but one
(Arg124Cys) mutation of the TGFBI gene leading to corneal
dystrophy are located in the fourth FAS1 region. For exon 12,
which translates into a part of this region, there are eight
different mutations currently described (see Table 2).24 The
localization of the affected amino acids within the fourth FAS1
region seem to be the common molecular basis for the occur-
rence of LCDs, as there is no other correlation between the
phenotypes observed.

Generally, there are two major ways by which a mutation
can affect amyloid formation and aggregation, (1) by acting on
the unfolded polypeptide chain and intrinsically promoting its
association or (2) by destabilizing the native, globular confor-
mation, thereby increasing the proportion of unfolded and
aggregation-competent polypeptide chains. The former effect
can be predicted from the rate of aggregation vmut and the ratio
ln(vmut/vwt).

27 Using this correlation, the Phe540Ser mutation
leads to a slightly negative value of ln(vmut/vwt) (�0.19) and a
decelerating effect on the aggregation kinetics. Therefore, this
property does not explain its amyloid-promoting effect of mu-
tation. By contrast, there is considerable evidence that the
second type of mutagenic effect applies here—namely, the
destabilization of the native, globular state which makes the
polypeptide main chain more competent to form intermolec-
ular arrangements. This evidence comes from a homology
model of the fourth FAS1 region of keratoepithelin14 that has
been derived from the crystal structure of its close homologue,
the Drosophila protein fasciclin 1 (Fig. 7).13 This model shows
that the respective region forms a compact globular structure
consisting of an �-helical and a �-domain and that residue
Phe540 is positioned within a �-strand. This strand runs
through the center of the hydrophobic core of the �-domain
(Fig. 7b). Considering the large size of phenylalanine and its
ability to make very many hydrophobic contacts, replacement
of such a buried residue by the much smaller side chain of
polar serine readily suggests that the thermodynamic stability
of the entire protein will be decreased dramatically. For com-
parison, when the fully buried Phe153 of the T4 lysozyme is
replaced by the small hydrophobic residue Ala, it decreases the
thermodynamic stability of the protein by �3.5 kcal/mol,28 a
value that is well within the range of values known to promote
aggregation and amyloid formation.29 Indeed, amyloid struc-
tures are known to form by association of at least partly, if not
entirely, unfolded polypeptide chains; and stable, globular pro-
teins must be sufficiently unfolded to enable the polypeptide
backbone to form intermolecular interactions.30 Moreover, un-
folding also favors a proteolytic cleavage reaction.

Morand et al.31 demonstrated that the secretion of the
recombinant proteins carrying the most common mutations
(Arg124Cys and Arg555Trp) was unaffected in transfected
HeLa and HCE cells, with the mutated proteins accumulating in
the medium. They also showed that the accumulation of these
proteins correlated with an increased apoptotic response of
the affected cells. Whether the cornea lacks a general clearing
mechanism in response to apoptosis, allowing for the progres-

FIGURE 6. AlwNI restriction digest. The isolated PCR products corre-
sponding to the sequence of exon 12 of the TGFBI gene from patients
II-1 (lane 2), III-4 (lane 4), II-2 (lane 5), III-1 (lane 6), and IV-1 (lane
7) were each incubated with 1 U of the enzyme (AlwNI) for 2 hours at
37°C. The sample of an unaffected proband (II-3; lane 3) served as a
negative control. Lane 1: base-pair standard.
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sive accumulation and deposition of mutated keratoepithelin
extracellularly, as suggested by Morand et al.,31 or the deposi-
tion of amyloid results from the secretion of the mutated
proteins, remains unclear. As mutant forms of keratoepithelin
do not form amyloid deposits in the skin of patients with CD,23

there seem to be specific components within the cornea that
promote the accumulation of mutated keratoepithelin to form
amyloid deposits. In this regard it was interesting to note that
immunoblot analysis with site-specific antibodies detected pro-
teolytic fragments derived from the C-terminal region of kera-

toepithelin in our index patient. After our amyloid protein
extraction procedure, we also found mature keratoepithelin.
which may originate from the surface epithelium. However,
N-terminal cleavage products were not detected by immuno-
blot analysis. Further studies are needed to demonstrate
whether proteolysis is a prerequisite and essential for the
formation of amyloid, as in Alzheimer’s disease, or whether it
occurs after amyloid has been formed and represents a frus-
trated attempt to clear pathologic corneal protein aggregates.32

This ultimately may improve our understanding of the patho-
logic course and pathogenesis of CDs and lead to the develop-
ment of new treatment strategies, other than perforating ker-
atoplasty.
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