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Lattice corneal dystrophy (LCD), characterized by the accu-
mulation of amyloid within the cornea, is one of the most
common inherited corneal diseases. Mutations in the human
transforming growth factor beta-induced gene (TGFBI), for-
merly designatedBIGH3, have been shown to be associated
with different forms of LCD, including LCD type I (LCDI)
and type IIIA (LCDIIIA) (Munier et al. 2002). Here we
report the clinical and molecular-genetic analysis of LCD
in Chinese patients. Clinical evaluation showed presence
of corneal defects with variations in both age of onset and
severity of amyloid deposits in these patients. Sequence
analysis identified a novel A-to-C transversion at position
1612 (A1612C) in theTGFBI gene in a pedigree with LCDI.
The A1612C mutation is expected to result in a Thr538Pro
(T538P) substitution in TGFBI protein. Our study showed
that P501T mutation with its disequilibrium-linked polymor-
phism IVS10-3T→ C, previously identified only in Japanese
LCDIIIA patients (Tsujikawaet al. 2002), was also present
in Chinese LCDIIIA patients.

Patients and methods

Subjects and ophthalmological examinations

As part of a genetic screening programme for vision impair-
ment, two members from one family (figure 1a) and three
sporadic cases with LCD were diagnosed at the Eye Clinic,
First Affiliated Hospital of Zhejiang University School of
Medicine. All cases were reexamined and ascertained by the
same ophthalmologists (Drs Yangshun Gu and Lili Chen),
and blood samples were collected. The corneas of some
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subjects were photographed with a slit-lamp camera. In-
formed consent was obtained from all subjects prior to their
participation in the study, in accordance with the regulations
of the Institutional Review Board and Ethics Committee of
the First Affiliated Hospital of Zhejiang University.

Molecular-genetic analysis

DNA samples were extracted from peripheral blood of the
five patients using the salting-out method described by Miller
(Miller et al. 1988). A group of 53 unrelated, healthy indi-
viduals were analysed as control. Based on the data of a
patient population analysis showing that there were four mu-
tational hotspot exons (exons 4, 11, 12 and 14) in theTGFBI
gene (Munieret al. 2002), we screened these exons using the
method of polymerase chain reaction – single strand confor-
mation polymorphism (PCR-SSCP). The primers used were
identical to those described in previous reports (Munieret
al. 1997; Korvatskaet al. 1998). Thermal cycling was per-
formed on a GeneAmp PCR System 9700 with appropriate
conditions. PCR products were denatured and electrophore-
sis was performed in 8% nondenaturing polyacrylamide gels
with 6% glycerol or 5% sucrose in 1×TBE buffer at room
temperature. The gels were silver-stained. The PCR prod-
ucts with a mobility shift in gels were purified (Qiaquick
gel extraction kit, Qiagen) and sequenced on both strands by
using Mega BACE 1000 sequencer (Amersham Pharmacia
Biotech).

Results
Clinical manifestations

Clinical information of family A (figure 1b) and three spo-
radic cases with LCD is summarized in table 1.
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Molecular-genetic analysis

In family A, we found a shifted band on PCR-SSCP analy-
sis in theTGFBI gene exon 12 of the proband (III-1). Se-
quencing assay identified a novel mutation, ACA→CCA, at
codon 538 (figure 1c). The proband’s mother (II-2) showed
the same mutation (figure 1c). This mutation, confirmed by
sequencing both the sense and antisense strands, was never
present in 106 chromosomes of 53 unrelated control subjects.

Cases B and C were shown by PCR-SSCP and sequenc-
ing analysis to carry a common C417T/Arg124Cys mutation
in exon 4 ofTGFBI gene. A Pro501Thr substitution, a previ-
ously reported common mutation in Japanese LCD patients,
was identified in exon 11 ofTGFBI gene in case D (data not
shown).

We also identified four different single nucleotide poly-
morphisms (SNPs) inTGFBI gene. The SNPs 1620T/C
(F540F) and 1416C/T (L472L), located in the coding regions
of the gene (figure 1d), are present in 16% and 13% of our
control subjects and of lower frequency than the reported
25% and 18% in an earlier study (Korvatskaet al. 1998). The
other two SNPs, IVS10-3T→C and IVS12+23A→G, resid-
ing in introns 10 and 12, have frequencies of 3% and 6%
respectively. None of them cosegregates with the disease.

Discussion

In this study, we conducted a clinical and molecular-genetic
analysis in Chinese patients with LCD. Multiple forms of
LCD have been described (Munieret al. 2002), including

LCDI and LCDIIIA. Our subjects fall into two of them
based on their clinical features: LCDI (cases A, B and C)—
autosomal dominant, with early onset, characterized by thin
grayish, linear, branching deposits of amyloid material in
subepithelial and stromal layers of the cornea; and LCDIIIA
(case D)—autosomal dominant, with late onset, character-
ized by thick lattice lines extending across the cornea fre-
quently associated with superficial corneal erosions. While
cases A, B and C are categorized as LCDI, they varied in age
of onset and clinical manifestations. The patients of family A
and case C developed the symptoms much later than case B
and patients of previous reports. This suggests that not only
do different mutations in theTGFBI gene differently alter
its function, but also genetic modifiers and/or environmental
factors might affect clinical consequence of this disease.

We report here a novel mutation A1612C in theTGFBI
gene in a Chinese family with LCDI. The mutation, which is
a first-base alteration of codon 538 and results in threonineto
proline substitution, is different from the previously reported
mutation C1613G, which causes threonine to arginine sub-
stitution and LCDI/IIIA clinically (Munier et al. 2002). Two
different pathogenic mutations occur at the same codon, indi-
cating that threonine 538 might be important to the biological
function of the protein.

Two sporadic cases with LCDI have been associated with
the R124C mutation in our study. R124C alteration abol-
ishes a putative phosphorylation site, which might change
the tertiary structure of kerato-epithelin and lead to amyloid
conversion (Munieret al. 1997). R124C mutation has been

Figure 1. Identification of a new mutation in a family with LCDI. (a) Pedigree of family A with LCDI. Solid symbols indicate the affected
members, and open symbols indicate the unaffected members. The arrow indicates the proband. Asterisks indicate the members who were
examined. A diagonal line through the symbol indicates deceased members. (b) Slit-lamp photograph of the left eye of proband A-III-1
showing lattice-like lines in the central cornea. (c) Left:nucleotide sequence ofTGFBI gene exon 12 of the proband A-III-1 (antisense
strand). Right: nucleotide sequence ofTGFBI gene exon 12 of proband’s mother A-II-2 (antisense strand).Top lane: normal sequence;
bottom lane: mutated sequence. Arrows indicate an A-to-C transversion at the first nucleotide position in codon 538, which results in
a Thr538Pro substitution. (d) Domains of the TGFBI protein and the positions of the mutations and the SNPs. fasc1 to fasc4: internal
domains homologous to theDrosophila melanogaster fasciclin gene.
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Table 1. Summary of clinical manifestations in the subjects.

Case no. Age Sex Age of onset Vision Symptoms
Slit-lamp

examination
Clinical
diagnosis

A-III-1,
proband

25 F 19 LE:20/100
RE: 20/70

Low vision and
photophobia in
both eyes for 5
years

Numerous fine,
refractile lattice
lines and dots in
the anterior stroma
of the central
cornea in both eyes

LCDI

A-II-2,
mother

55 F 35 LE:N/A
RE:N/A

Low vision and
ocular pain in both
eyes for 25 years;
underwent
penetrating
keratoplasty in
right eye at age 47
years and in left
eye at age 49 years

Grafts are
transparent in both
eyes

LCDI

B 26 F 5 LE:20/60
RE:20/50

Low vision, ocular
pain and
photophobia in
both eyes for 20
years

Irregularity of the
epithelial surface
with fine branching
lattice lines in the
subepithelial and
anterior stroma in
both eyes

LCDI

C 22 F 19 LE:20/50
RE:20/60

Low vision and
photophobia in
both eyes for 3
years

Irregularity of the
epithelial surface
with fine branching
lattice line in the
subepithelial and
anterior stroma in
both eyes

LCDI

D 71 M 68 LE:20/80
RE:20/100

Gradual reduction
in visual acuity in
both eyes for 3
years

Thick, ropy
branching lattice
lines throughout
the cornea in both
eyes

LCDIIIA

found to be the cause of LCDI in a wide spectrum of eth-
nic groups (Munieret al. 1997). Among Japanese LCDI pa-
tients, 23% had the R124C mutation (Yoshidaet al. 2002).
Further study is required to determine whether this site is a
mutation hotspot in Chinese LCD patients.

The Pro501Thr mutation, associated with LCDIIIA, was
reported previously only in western Japan, with an inci-
dence of about 6% (Yamamotoet al. 1998; Kawasakiet al.
1999) and reduced penetrance (Stewartet al. 1999; Haet
al. 2002). Tsujikawa speculated that the Pro501Thr may be
a founder mutation rather than a hotspot since there was a
disequilibrium-linked polymorphism, IVS10-3T→C, in all
the Japanese patients with this mutation (Tsujikawaet al.
2002). Interestingly, our Chinese patient who carries the
Pro501Thr mutation also carries IVS10-3T→C. Thus, this
mutation might be a common ancestral mutation shared by
the two ethnic groups.

The TGFBI gene codes for the protein BIGH3, which
is highly conserved between species. This protein contains

an N-terminal secretory signal peptide, four 140-amino-acid
repeats (fasc1–4, figure 1d) with internal homology, and an
arg–gly–asp (RGD) motif at the C terminus. More than 25
mutations in theTGFBI gene have been identified in hun-
dreds of affected individuals of different ethnic groups (Endo
et al. 1999; Mashimaet al. 2000; Kimet al. 2001; Chauet
al. 2003). Overexpression of mutatedTGFBI gene in hu-
man corneal epithelial cells induces apoptosis (Morandet
al. 2003), indicating apoptosis might be a key element in
the pathophysiology of TGFBI-related corneal dystrophies.
However, the molecular mechanism underlying the disease
remains elusive and should be further studied.

Acknowledgements

This study was supported by Grant 02096 from Analysis and Mea-
surement Foundation of Zhejiang Province and Grant 30200097
from National Nature Science Foundation of China. Authors thank
the patients for their participation in this study.

Journal of Genetics, Vol. 85, No. 1, April 2006 75



Ping Yu et al.

References

Chau H. M., Ha N. T., Cung L. X., Thanh T. K., Fujiki K., Mu-
rakami A.et al. 2003 H626R and R124C mutations of theTGFBI
(BIGH3) gene caused lattice corneal dystrophy in Vietnamese
people.Br. J. Ophthalmol. 87, 686–689.

Endo S., Ha N. T., Fujiki K., Hotta Y., Nakayasu K., Hotta Y.et
al. 1999 Leu518Pro mutation of theβ ig-h3 gene causes lattice
corneal dystrophy type I.Am. J. Ophthalmol. 128, 104–106.

Gupta S. K., Hodge W. G., Damji K. F., Guernsey D. L. and Neu-
mann P. E. 1998 Lattic corneal dystrophy type I in a Cana-
dian kindred is associated with the Arg124→Cys mutation in the
kerato-epithelin gene.Am. J. Ophthalmol. 125, 547–549.

Ha N. T., Fujiki K., Hotta Y., Nakayasu K. and Kanai A. 2002
Q118X mutation ofM1S1 gene caused gelatinous drop-like
corneal dystrophy: The P501T ofBIGH3 gene found in a family
with gelatinous drop-like corneal dystrophy.Am. J. Ophthalmol.
130, 119–120.

Kawasaki S., Nishida K., Quantock A. J., Dota A., Bennett K. and
Kinoshita S. 1999 Amyloid and Pro501Thr-mutated bigh3 gene
product colocalize in lattice corneal dystrophy type IIIA.Am. J.
Ophthalmol. 127, 456–458.

Kim H. S., Yoon S. K., Cho B. J., Kim E. K. and Joo C. K. 2001
BIGH3 gene mutations and rapid detection in Korean patients
with corneal dystrophy.Cornea 20, 844–849.

Korvatska E., Munier F. L., Djemai A., Wang M. X., Fruech B.,
Chiou A. G.-Y. et al. 1998 Mutation hot spots in 5q31-linked
corneal dystrophies.Am. J. Hum. Genet. 62, 320–324.

Mashima Y., Yamamoto S., Inoue Y., Yamada M., Konishi M.,
Watanabe H.et al. 2000 Association of autosomal dominantly in-
herited corneal dystrophies withBIGH3 gene mutations in Japan.

Am. J. Ophthalmol. 130, 516–517.
Miller S. A., Dykes D. D. and Polesky H. F. 1988 A simple salting

out procedure for extracting DNA from human nucleated cells.
Nucl. Acids Res. 16, 1215.

Morand S., Buchillier V., Bonny C., Arsenijevic Y., Munier F.
L. and Schorderet D. F. 2003 Induction of apoptosis in human
corneal and HeLa cells by mutated BIGH3.Invest. Ophthalmol.
Vis. Sci. 44, 2973–2979.

Munier F. L., Korzatska E., Djemay A., Paslier D. L., Zografos L.,
Pescia G.et al. 1997 Kerato-epithelin mutations in four 5q31-
linked corneal dystrophies.Nat. Genet. 15, 247–251.

Munier F. L., Frueh B. E., Othenin-Girard P., Uffer S., Cousin P.,
Wang M. X. et al. 2002BIGH3 mutation spectrum in corneal
dystrophies.Invest. Ophthalmol. Vis. Sci. 43, 949–954.

Stewart H., Black G. C. M., Donnai D., Bonshek R. E., McCarthy
J., Morgan S.et al. 1999 A mutation within exon 14 of the
TGFBI (BIGH3) gene on chromosome 5q31 causes an asymmet-
ric, late-onset form of lattice corneal dystrophy.Ophthalmology
106, 964–970.

Tsujikawa K., Tsujikawa M., Yamamoto S., Fujikado T. and Tano Y.
2002 Allelic homogeneity due to a founder mutation in Japanese
patients with lattice corneal dystrophy type IIIA.Am. J. Med.
Genet. 113, 20–22.

Yamamoto S., Okada M., Tsujikawa M., Shimomura Y., Nishida
K., Niour Y. et al. 1998 A keratoepithelin (betaig-h3) mutation
in lattice corneal dystrophy type IIIA.Am. J. Hum. Genet. 62,
719–722.

Yoshida S., Kumano Y., Yoshida A., Hisatomi T., Matsui H.,
Nishida T.et al. 2002 An analysis ofBIGH3 mutations in pa-
tients with corneal dystrophies in the Kyushu district of Japan.
Jpn. J. Ophthalmol. 46, 469–471.

Received 20 December 2004

76 Journal of Genetics, Vol. 85, No. 1, April 2006


