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Abstract
·AIM: To uncover the mutations profile of transforming
growth factor beta -induced ( ) gene in Chinese
corneal dystrophy patients and further investigate the
characteristics of genotype-phenotype correlations.

·METHODS: Forty -two subjects (6 unrelated families
including 15 patients and 8 unaffected members, and 19
sporadic patients) of Chinese origin were subjected to
phenotypic and genotypic characterization. The corneal
phenotypes of patients were documented by slit lamp
photography. Mutation screening of the coding regions
of was performed by direct sequencing.

·RESULTS: We detected four corneal dystrophy types.
The most frequent phenotypes were granular corneal
dystrophy (GCD) (including 3 families and 8 sporadic
patients) and lattice corneal dystrophy (LCD) (including 2
families and 9 sporadic patients). The next phenotypes
were corneal dystrophy of Bowman layer (CDB) (1 family
and 1 sporadic patient) and epithelial basement
membrane dystrophy (EBMD) (1 sporadic patient). Six
distinct mutations responsible for corneal
dystrophies were identified in 30 individuals with corneal
dystrophies. Those were, p.R124H mutation in 1 family
and 2 sporadic patients with GCD, p.R555W mutation in 2
families and 3 sporadic patients with GCD, p.R124C
mutation in 2 families and 7 sporadic patients with LCD,
p.A620D mutation in 1 sporadic patient with LCD, p.H626R
mutation in 1 sporadic patient with LCD, and p.R555Q in
1 family and 1 sporadic patient with CDB. No mutation

was detected in the remaining 3 atypical GCD patients
and 1 EBMD patient.

·CONCLUSION: GCD and LCD are the most frequent
phenotypes in Chinese population. R555W was the most
common mutation for GCD; R124C was the most
common mutation for LCD. Our findings extend the
mutational spectrum of , and this is the
extensively delineated mutation profile associated
with the various corneal dystrophies in the Chinese
population.
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INTRODUCTION

C orneal dystrophy (CD) is a group of inherited, bilateral,
symmetric, slowly progressive corneal diseases,

characterized by deposition of nonnative protein or other
material in different layers of the cornea which leading to the
loss of corneal transparency and vision acuity [1]. Corneal
dystrophies usually manifest themselves during the first or
second decade but sometimes later. CDs are commonly
subdivided depending on its specific location within the
cornea. It can be basically divided into anterior, stromal, or
posterior according to the layer of the cornea affected by the
dystrophy [1]. Most forms of CD are inherited as autosomal
dominant (AD) traits; a few are inherited as autosomal
recessive (AR) traits[2].
Transforming growth factor beta-induced ( ) gene
locates in chromosome 5q31 and encodes for TGFBI-
associated protein, an extracellular matrix protein, which
plays a role in cell-collagen interactions [3]. Mutations in

gene [(Online Mendelian Inheritance in Man
(OMIM) 601692] have been identified in several AD corneal
dystrophies, including: epithelial basement membrane
dystrophy (EBMD), Reis-B俟cklers corneal dystrophy (RBCD),
Thiel- Behnke corneal dystrophy (TBCD), classic lattice
corneal dystrophy (LCD1), granular corneal dystrophy (GCD)
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Type 1 (GCD1) and Variants, GCD Type 2 (GCD2)[4-9]. Until
now, dozens of distinct disease-causing mutations in
have been identified in different population with different
phenotypes[1,10]. Although few genotype-phenotype correlations,

p.R555W in GCD1, p.R124C in LCD1, p.R124H in
GCD2, and p.R555Q in TBCD, have emerged from these
molecular studies, for the majority of the corneal
dystrophies, a genotype-phenotype correlation has not been
demonstrated in that multiple different identified coding
region mutations. In the clinic, it is difficult to make an
accurate diagnosis and classification for patients with
variable and atypical phenotypes.
In this paper, we present the results of a clinical and genetic
analysis of Chinese families and sporadic patients with

-related corneal dystrophies, with the aims to
uncover the profile of mutations of gene in Chinese
CD patients and further investigate the characteristics of
genotype-phenotype correlations. Our result extended the
database of genotype-phenotype correlations and was helpful
to make an accurate diagnosis and classification for patients
with variable and atypical phenotypes.
SUBJECTS AND METHEDS
Subjects A total of 23 family subjects (6 unrelated families
including 15 patients and 8 unaffected members), 19
sporadic patients and 50 health controls of Chinese origin
were included in the present study. The mean age of patients
was 33依16y. Patients affected with CD were recruited from
cornea clinic, Qingdao Eye Hospital and Shandong Eye
Hospital. All the patients were performed with complete
ophthalmologic examination by the experienced
ophthalmologists. Eight patients from 3 families and 8
sporadic patients were diagnosed as GCD which was
characterized by central, fine, whitish granular lesions in the
cornea (Figure 1A, 1D). Four patients of 2 families and 9
sporadic patients presented with LCD which was
characterized by clear, comma-shaped overlapping dots and
branching filaments, creating a lattice effect in the stroma
(Figure 1B). Four patients including 3 patients from 1 family
and 1 sporadic patient presented with corneal dystrophy of
Bowman layer (CDB) (Figure 1C). One sporadic patient was
diagnosed as EBMD. The pedigree of each family was also
recorded. The disease showed an AD inheritance pattern in
all families. Unaffected family members without CD were
confirmed by a similar testing protocol. The study was
performed in accordance with the tenet of the World Medical
Association of Helsinki regarding research involving human
subjects. Written consent was obtained from all participants,
in accordance with protocols approved by the institutional
review board at each contributing center.
DNA Collection, Isolation, Amplification and
Sequencing We sequenced all the exons and flanking
introns of the gene in patients of 6 families and 19
sporadic patients. Peripheral blood samples (5 mL) were

collected from all participators and genomic DNA was
isolated by standard phenol/chloroform method. DNA
concentration was measured by Eppendorf BioPhotometer.
All exons and adjacent intronic sequences of the
gene were polymerase chain reaction (PCR) amplified from
genomic DNA with previously reported primers[11]. PCR was
carried out in 25 滋L of reaction containing 1 伊 LA PCR
buffer II (Mg2+ plus), 20 ng DNA, 0.5 滋mol/L each of the
primers, 0.4 mmol/L each of deoxynucleotide triphosphate,
and 1.25 U of LA Taq DNA polymerase (Takara, Dalian,
Liaoning Province, China). The reaction mixture was
initially denatured at 95℃ for 3min followed by 35 cycles of
95℃ for 40s, 50℃ for 40s, and 72℃ for 1min for the exons
1-3, 5, 7-16 reactions, or 35 cycles of 95℃ for 40s, 57℃ for
40s, and 72℃ for 1min for the exon 4 reaction, or 35 cycles
of 95℃ for 40s, 52℃ for 40s, and 72℃ for 1min for the
exons 6 and 17 reactions. The PCR was completed by a final

Figure 1 Representative corneal phenotypes as shown by slit
lamp examination A: Clinical photographs of one sporadic patient
with typical GCD; B: Clinical photographs from the proband of
family L1 with LCD; C: Clinical photographs from the proband of
CDB family; D: Clinical photographs of one sporadic patient with
atypical GCD.
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extension at 72℃ for 10min. The products were purified
with gel extraction kits (Watson BioMedical Inc., Shanghai,
China) and were subjected to direct DNA sequencing using
the BigDye 誖 Terminator v3.1 Cycle Sequencing kit and
ABI PRISM 3730 sequencer (Applied Biosystems Inc.,
USA). Sequences were aligned and analyzed with DNAStar
software package (DNAStar Inc., Madison, WI, USA).
Nucleotide sequences were compared with the wild-type

sequence (GenBank NG_012646.1). As an
additional step, gene mutations were also sequenced in
unaffected family subjects and 50 unrelated controls.
Polymorphism Phenotyping v2 (PolyPhen-2) was used to
predict the functional effects of mutations.
RESULTS

mutations and phenotypes of patients in 6 families
and 19 sporadic cases are shown in Table 1. In total, we
detected four CD types, including GCD, LCD, CDB and
EBMD. Six distinct mutations responsible for
corneal dystrophies were identified in 30 individuals with
corneal dystrophies. All mutations segregated with the
disease and were not observed in 50 unrelated health
controls. PolyPhen-2 analysis revealed a score for each of the
six mutations and predicted that the replaced amino acid was
''damaging'' or "possibly damaging" to protein function.
Further details are described below.
Granular Corneal Dystrophy Eight patients from 3
families (family G1, G2 and G3) and 8 sporadic patients
were diagnosed as GCD. In total, two reported mutations
were detected in 3 families and 5 sporadic patients. No
mutation of gene was detected in 3 sporadic patients
(Table 1). The pedigree of family G1 was shown in Figure 2A.
G to A transition at nucleotide position 371 (c.371G>A)
were detected in all affected members of this family. For
three available patients, the proband (II:2) and his father (I:1)
were homozygous, and his sister (II:1) was heterozygous.
This nucleotide substitution resulted in the amino acid
change from Arginine to Histidine at amino acid position 124
(p.R124H), and was predicted to be damaging. Two sporadic
patients also harbor this mutation, one with a homozygous
genotype and another with a heterozygous genotype. Two

families and 3 sporadic patients carried C to T transition at
nucleotide c.1663 (c.1663 C>T), which resulted in the amino
acid change from Arginine to Tryptophan at amino acid
position 555 (p.R555W). This mutation was also predicted to
be damaging. The pedigree of family G2 was shown in
Figure 2B. For this family, 4 affected members and 3
unaffected members were collected for sequencing. All
affected members harbored a heterozygous p.R555W
mutation, whereas unaffected family members were not
detected. The pedigree of family G3 was shown in Figure
2C. One affected member and one unaffected member were
collected. Affected member of family G3 harbored a
heterozygous p.R555W mutation, which is absence in
unaffected family member too. All of the 3 sporadic patients
harboring p.R555W mutation were heterozygous. For the rest
3 sporadic patients, there was no mutation of gene
was detected.
Lattice Corneal Dystrophy Four patients of 2 families
(family L1 and L2) and 9 sporadic patients presented with
LCD. Totally, three reported mutations were detected in
LCD patients. The pathogenic mutations were detected in all
of LCD patients. We identified a C to T transition at position
c.370 (c.370 C>T) in exon 4 of in 2 families and 7
sporadic patients, which caused the substitution of Arginine
for Cysteine at codon 124 (p.R124C). This mutation was
predicted to be damaging by PolyPhen-2 analysis The
pedigree of family L1 was shown in Figure 2D. Two affected
members of family L1 were recruited, including proband and
his father. They all carried a heterozygous p.R124C
mutation. The pedigree of family L2 was shown in Figure
2E. For this family, 2 affected members and 2 unaffected
members were collected for sequencing. All affected
members harbored a heterozygous p.R124C mutation,
whereas unaffected family members were not detected.
Seven sporadic patients harbored heterozygous p.R124C
mutation. Heterozygous A to G transition at position c.1877
(c.1877 A>G) was detected in one LCD sporadic patient,
which results in substitution of Histidine to Arginine at
codon 626 (p.H626R). This mutation was predicted to be
possibly damaging. In another LCD sporadic patient, we

Table 1 TGFBI mutations and phenotypes of patients in 6 families and 19 sporadic cases  
CD Exon Nucleotide change AA change Function prediction No. of families No. of individuals Percentage (%) 

4 c.371G>A p.R124H Damaging 1 2 27.3 
12 c.1663 C>T p.R555W Damaging 2 3 45.5 

GCD 

 Absence   0 3 27.3 
4 c.370C>T p.R124C Damaging 2 7 81.8 

14 c.1859C>A p.A620D Damaging 0 1 9.1 

LCD 

14 c.1877A>G p.H626R Possibly damaging 0 1 9.1 
CDB 12 c.1664G>A p.R555Q Possibly damaging 1 1 100 
EBMD  Absence   0 1 100 

TGFBI: Transforming growth factor beta-induced gene; GCD: Granular corneal dystrophy; LCD: Lattice corneal dystrophy; CDB: Corneal 
dystrophy of Bowman layer; EBMD: Epithelial basement membrane dystrophy; AA: Amino acid; CD: Corneal dystrophy. 
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Figure 2 Pedigrees of 6 Chinese families with corneal dystrophies and their corresponding mutations of

identified a heterozygous C to A transversion at position c.
1859 (c.1859 C>A), which resulted in the amino acid change
from Alanine to Aspartic acid at amino acid position 620 (p.
A620D). This mutation was predicted to be damaging too.
Corneal Dystrophy of Bowman Layer Four patients
including 3 patients from 1 family and 1 sporadic patient
presented with CDB. A reported mutation, c.1664G>A was
detected in the CDB family and sporadic patient. The
pedigree of CDB family was shown in Figure 2F. Five
members including 3 affected members and 2 unaffected
members were recruited. A heterozygous c.1664 G>A
mutation was detected in the 3 affected members, and which
is absent in unaffected members. This mutation resulted in
substitution of Arginine to Glutamine at codon 555 (p.
R555Q), and was predicted to be possibly damaging. The

sporadic patient also carried this heterozygous p.R555Q
mutation.
Epithelial Basement Membrane Dystrophy After direct
sequencing all exons of , no mutation was detected in
the sporadic patient diagnosed as EBMD.
DISCUSSION
In this comprehensive report of mutations in a
Chinese population, we detected four CD types, and
identified six reported distinct mutations responsible for

corneal dystrophies in 30 individuals with corneal
dystrophies. There are two studies have analyzed the
gene mutations in Chinese CD patients previously [10,12]. Most
of our results were identical with them, but there were some
new findings. The most frequent phenotypes were GCD
(including 3 families and 8 sporadic patients) and LCD
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(including 2 families and 9 sporadic patients) in our study,
which were similar to the previous studies [10,12]. The next
phenotypes were CDB (1 family and 1 sporadic patient) and
EBMD (1 sporadic patient), which were absent in the
previous studies [10,12]. In our study, 6 mutations of
were identified in 30 individuals with corneal dystrophies.
Those were, p.R124H mutation in 3 patients from 1 GCD
family and 2 sporadic patients with GCD, p.R555W
mutation in 5 patients from 2 GCD families and 3 sporadic
patients with GCD, p.R124C mutation in 4 patients from 2
LCD families and 7 sporadic patients with LCD, p.A620D
mutation in 1 sporadic patient with LCD, p.H626R mutation
in 1 sporadic patient with LCD and p.R555Q in 3 patients
from 1 CDB family and 1 sporadic patient with CDB. Same
as previous studies, our results showed that p.R124H and
p.R555W were the most common mutations for GCD; p.R124C
was the most common mutation for LCD [10,12]. For LCD
patients, we also identified p.A620D and p.H626R
mutations, which were not observed in the previous
studies [10,12]. All the mutations were locus on exons 4, 12 or
14, which suggested that these three exons are mutation hot
spots. All detected mutations segregated with the disease and
were not observed in 50 unrelated health controls.
PolyPhen-2 analysis predicted that the six mutations were
''damaging'' or "possibly damaging" to protein function.
Pathogenic mutations were detected in 84% (6/6
family and 15/19 sporadic patients) of our CD patients,
which is lower than Yang [10] (100%). No mutation was
detected in the remaining 3 atypical GCD patients (Figure 1D)
and 1 EBMD patient, which may be caused by some other
genes. Our findings extended the mutational spectrum of

, and confirmed a strong correlation between gene
specific mutations and corneal dystrophies in Chinese. This
will be helpful to make an accurate diagnosis and
classification for patients with variable and atypical
phenotypes.
In most cases, mutations in gene-related CDs are
heterogeneous, and R124H mutation of gene has
been reported as the most common mutation in GCD2[10-15]. In
this present study, we found p.R124H mutation in 3 patients
from 1 GCD family and 2 sporadic patients with GCD,
which suggested they belong to the GCD2. Among them,
there were two cases from one family and one sporadic
patient harbored homozygous R124H mutation. The clinical
features include more severe symptoms, earlier onset, and
faster progression than other heterozygous GCD. Three cases
were reported previously as homozygous R124H mutation
from northern China as the offsprings of two consanguineous
marriages[15-16]. In our study, neither this family nor individual
was aware of consanguineous marriage. The R555W
mutation of was first indentified associated with
GCD1 by Munier [17]. Since then, this mutation has
been demonstrated to have a clear genotype-phenotype

association with GCD1 [2,12,18-19]. In this present study, by
directly genetic analysis, we found R555W mutation in 5
patients from 2 GCD families and 3 sporadic patients with
GCD, which suggested they belong to a classification of
GCD type 1. For the rest 3 sporadic patients, there was no
mutation of gene was detected, which may be
caused by some other genes.
p. R124C mutation is one of the most common mutations of
LCD1 worldwide [10,20-21]. Our study also identified the R124C
mutation in 4 patients from 2 LCD families and 7 sporadic
patients with LCD, which suggested they belong to LCD1.
All the patients exhibited the similar phenotype of LCD.
Typical progressive vision acuity loss and cornea opacity
were present in their first decade of life, accompanied by
ocular pain and recurrent corneal erosions. Our study
supported R124C as the hot mutation spot of LCD. Our
study also identified p.A620D mutation and p.H626R
mutation in 1 sporadic patient with LCD from China,
respectively. The p.A620D mutation was first identified in a
Chinese patient with LCD [22]. To our knowledge, this is the
second report of this mutation. The p.H626R mutation of

gene was previously reported to cause LCD in
several white families, Vietnamese people and two Chinese
patients [22-25]. The H626R mutation, located at the b-strand 9
of the fourth fasciclin-like (FAS1) domain presents in
diverse ethnic groups.
Patients with corneal opacities at the level of Bowman's layer
have been previously diagnosed as having CDB [26]. In this
present study, we also found p.R555Q in 3 patients from 1
CDB family and 1 sporadic patient with CDB. RBCD and
TBCD are typically characterized by geographic opacities
and honeycomb-shaped opacities, respectively. Most patients
reported to have RBCD had the R124L mutation and those
reported to have TBCD had the R555Q mutation [27-28]. Our
data indicated that all patients with Bowman's layer
dystrophy carried the R555Q mutation (heterozygous form),
but not R124L, which suggested they belong to the TBCD
type.
After direct sequencing all exons of , no mutation was
detected in the sporadic patient diagnosed as EBMD. It is
probable that only a subset of EBMD is induced by
mutations [4]. The EBMD patient of our study may be due to
nongenetic cause or mutation in other genes. Genes that are
expressed in the cornea and have adhesion function would
represent good candidates.
In conclusion, we reported here phenotype-genotype
correlations in a Chinese population with -related
corneal dystrophies. A group of families and patients from
China were analyzed, and 6 reported distinct mutations
responsible for corneal dystrophies were identified.
The data suggested that a strong correlation between gene
specific mutations and corneal dystrophies in Chinese. GCD
and LCD are the most frequent phenotypes in Chinese
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population. R555W was the most common mutation for
GCD; p.R124C was the most common mutation for LCD. It
appears that the different phenotypes of CD are caused by
particular amino acid change, as one mutation type just
corresponds to one phenotype. No mutation was detected in
3 atypical GCD patients (Figure 1D) and 1 EBMD patient,
which may be caused by some other genes. Further genetic
study is needed for these patients.
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