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Abstract Recent studies of the corneal dystrophies (CDs)
have shown that most cases of granular CD, Avellino
CD, and lattice CD type I are caused by mutations in the
human transforming growth factor beta-induced
(TGFBI) gene. The aim of this study was to develop a
rapid diagnostic assay to detect mutations in the 7GFBI
gene. Sixty-six patients from 64 families with TGFBI-
associated CD were studied. A primer probe set was
designed to examine the genome from exons 4 and 12 of
the TGFBI gene in order to identify mutant and wild-
type alleles. A region spanning the mutations was
amplified by the polymerase chain reaction (PCR) in a
commercial cycler. Mutations were then identified by
melting curve analysis of the hybrid formed between the
PCR product and a specific fluorescent probe. Using this
system, we clearly distinguished each CD genotype
{homozygous and heterozygous 418G — A, heterozy-
gous 417C — T, heterozygous 1710C — T, and wild-
type) of all the patients by means of the clearly distinct
melting peaks at different temperatures. One thermal
cycling took approximately 54 min, and all results were
completely in concordance with the genotypes deter-
mined by conventional DNA sequencing. Thus, the
technique is accurate and can be used for routine clinical
diagnosis. We expect that our new method will help in
making precise diagnoses of patients with atypical CDs
and aid the revision of the clinical classification of
inherited corneal disecases based on the genetic patho-
genesis.
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introduction

Recent molecular genetic analyses of the corneal dys-
trophies (CDs) have shown that most cases of granular
CD (GCD; OMIM 121900), Avellino CD (ACD;
OMIM 607541), and lattice CD type 1 (LCD I; OMIM
122200) are caused by amino acid substitutions within
the transforming growth factor beta-induced (TGFBI)
gene. This gene encodes the protein keratoepithelin and
is located on the long arm of chromosome 5 (5q31;
Klintworth 2003; Mashima et al. 2000; Munier et al.
1997; Yamamoto et al. 2000).

Reports from researchers from several countries have
shown that the R555W and R124H mutations are the
most common cause of GCD and ACD, respectively.
For these two dystrophies, the incidence of the R124H
mutation-associated ACD phenotype is reported to be
the most common at approximately 90% (Fujiki et al.
2001; Mashima et al. 2000). In Caucasians, on the other
hand, the GCD phenotype caused by the R555W
mutation is the most common (Korvatska et al. 1998;
Munier et al. 1997). In contrast, the LCD I has thus far
been almost exclusively associated with the R124C
mutation in the TGFBI gene (Korvatska et al. 1998;
Mashima et al. 1997; Mashima et al. 2000; Munier et al.
1997).

Thus, codons R124 and R555 of the TGFBI gene are
considered to be mutational hotspots in patients with
TGFBI-associated CDs. We have demonstrated that
mutational analysis of these two mutational hotspots in
exons 4 and 12 of the TGFBI gene provides sufficient
information for an initial screening for these CDs
(Yoshida et al. 2002a).

Although a clear genotype/phenotype correlation is
generally thought to be associated with the TGFBI gene
(Korvatska et al. 1998; Munier et al. 1997), the clinical
manifestation of the same mutation in the TGFBI gene
can vary, probably modified by the stage of the disease,
environmental factors, other gene modifiers, and/or
surgical interventions (Chau et al. 2003; El-Ashry et al.



2004; Konishi et al. 1999; Meallet et al. 2004; Morishige
et al. 2004; Yoshida et al. 2004b). For example, the
R124C mutation is also responsible for “gelatino-lat-
tice” CD whose clinical phenotype resembles gelatinous
drop-like CD (Nakamura et al. 2000). We have also
reported a case of LCD T without typical lattice lines
(Yoshida et al. 2004b). In addition, the more severe
phenotypes of GCD and ACD are caused by homozy-
gous mutations in the TGFBI gene (Mashima et al. 1998;
Okada et al. 1998; Okada et al. 2000), and recurrences of
corneal opacities after keratoplasty or phototherapeutic
keratectomy limits the recovery of visual acuity (Inoue
et al. 2001, 2002). These observations suggest that the
molecular genetic analyses of the TGFBI gene should be
quick and accurate so that the diagnosis of patients with
atypical or ambiguous corneal appearance can be rap-
idly made. This will then allow early consultation
regarding the risk and prognosis to patients and their
family members (Afshari et al. 2001; Yoshida et al.
2004b).

The molecular genetic analysis of mutations associ-
ated with CDs can be performed by several techniques.
These include direct genomic sequencing and polymer-
ase chain reaction (PCR)-restriction fragment length
polymorphism (RFLP) analyses in which gel electro-
phoresis makes the isolation laborious and time-con-
suming. Therefore, the development of a simpler and
faster method, which must also be accurate, for the
detection of mutations in the TGFBI gene would be
valuable.

The LightCycler (Roche Diagnostics), which has
been available for many years, is a combined microliter
volume thermal cycler with an integrated fluorometer
(Gotting et al. 2004; Yoshida et al. 2003a, 2003b). It
offers a high-throughput semi-automatic method, which
allows fast genotyping of mutational sites. The detection
of mutations by melting curve analysis is based on the
detection of two adjacent oligonucleotide fluorescent
probes. One of the probes is a tightly bound anchor
probe, and the adjacent detection probe spans the region
of the mutation. The detection of the mutation is per-
formed by a post-amplification melting curve analysis of
the final PCR products. Sequence alterations are de-
tected by a change in the melting temperature of the
detection probe. For a typical homozygous wild-type
sample, a single melting peak is observed, and for mixed

Table 1 Primer and hybridization probe sequences used
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alleles, two peaks are obtained. In a homozygous mu-
tated sample, a single peak at a temperature different
from the wild-type allele is found.

We have succeeded in developing a method to detect
mutations in the TGFBI gene rapidly. We have opti-
mized a real-time PCR protocol for detecting mutations
in the R124 and R555 mutational hot spots and have
determined their characteristic melting behavior with the
use of sequence-specific fluorescence-labeled hybridiza-
tion probes.

Materials and metheds
Patients and collection of DNA samples

This study was approved by the Ethics Committee of the
Ohshima Hospital of Ophthalmology. All patients gave
their informed consent prior to participation.

We studied 66 patients from 64 Japanese families
with CDs attributable to mutations in the TGFBI gene.
We have previously reported 45 of these patients from
44 families who were heterozygous for the RI124H,
RI124L, or R555W mutations (Yoshida et al. 2002a);
they were reanalyzed for this study. This group included
20 men and 46 women, ranging in age from 16-86 years
(mean age: 63.2+15.7 years).

DNA sequence analysis

DNA was extracted from the blood of the 66 CD patients
with the QIAamp DNA Blood Mini Kit (QIAGEN,
Hilden, Germany) and was used to screen for genetic
mutations as described (Yoshida et al. 2002a, 2002b;
2004a, 2005). The genomic DNAs of exons 4 and 12 of the
TGFBI gene were amplified with appropriate forward and
reverse primers (Table |; exon 4. TGFBIAF and
TGFBI4AR; exon 12: TGFBI12F and TGFBI12R). The
conditions for PCR for both exons 4 and 12 were: 10 min
at 94°C, followed by 35 cycles of 30 s at 72°C, 94°C for
30 s, and 60°C for 30 s, with a final extension step at 72°C
for 5 min. The PCR products were purified and sequenced
by using the Big Dye Terminator sequencing kit (Perkin-
Elmer Applied Biosystems, Foster City, USA). The

Primers/probes

Sequence (5-3")

Primers

TGFBI4F

TGFBI4R

TGFBI12F
TGFBII2R
Hybridization probes
TGFBIAFIu
TGFBIALCRed
TGFBI12Flu
TGFBI121.CRed

CCCCAGAGGCCATCCCTCCT
CCGGGCAGACGGAGGTCATC
GGACTGACGGAGACCCTCAA
GCATCTCCCAAGAGTCTGCT

CGAGACCCTGGGAGTCGTTGGATCCACCACCACTCAGCT-fluorescein
LCRed640-ACACGGACCGCACGGA-phosphorylation
CAGTCTTTGCTCCCACAAATGAAGCCTTCCGAGCCCTGCCA-fluorescein
LCRed640-CAAGAGAACGGAGCAGACT-phosphorylation
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products were resolved on an ABI Prism 3100 sequencer
(Perkin-Elmer Applied Biosystems).

LightCycler PCR

The PCR and melting curve analyses were performed on
the LightCycler (Roche Diagnostics, Mannheim, Ger-
many), which can simultaneously measure the emitted
signals from two different fluorophores. The system is
equipped with a 470-nm light-emitting diode and has
other detection channels at 530, 640, and 710 nm that
monitor 32 capillaries simultaneously (Bernard et al.
1998; Kyger et al. 1998; Lay et al. 1997; von Ahsen et al.
1999).

Schematic diagrams of the LightCycler hybridization
analysis used in our assay are shown in Fig. 1. The
primers and hybridization probes were designed by
using LightCycler Probe Design software (Roche Diag-
nostics) and are shown in Table 1. The detection probes
covering the nucleotides at position 417 and 418
(TGFBIALCRed) and at 1710 (TGFBI12LCRed) were

A hv 640nm
TGFBI 4F TeFBMFu O O TGFBI4LCRed
5 3
—
3 5
l l TGFBI 4R
TA
CTGTACACGGACCGCACGGAGAAG
GACATGTGCCTGGCGTGCCTCTTC
B hv 640nm
TGFBI 12F teraiizFin O O TGFBIIZLCRed
53

B
3’ >

/ i wm

CCACCAAGAGAACGGAGCAGACTCTTG
GGTGGTTCTCTTGCCTCGTCTGAGAAC

Fig. 1 Schematic illustration of PCR primers, anchors, and
detection probes for the TGFBI gene (accession no. AY149344).
The probes for TGFBI4FIu (a) and TGFBI12Flu (b) are labeled
with fluorescein at their 3’-end and serve as anchor probes for
TGFBIALCRed and TGFBI12LCRed, respectively. The detection
probes, TGFBIALCRed and TGFBI12LCRed, are labeled with
LCRed640 at their 5~end and span the DNA region having the
mutations. The pair of anchors and detection probes hybridizes to
the template DNA, with a 1-bp gap between them. The region of
the mutations of the TGFBI gene is shown below, and the mutation
sites corresponding to 417C — T, 418G — A, and 1710C — T are
shown in bold and are indicated by arrows ( — fluorescein, <«
LC-Red 640)

5’-labeled with LightCycler (LC) Red 640 and phos-
phorylated at the 3’-end (Nippon Gene Research Lab-
oratories, Sendai, Japan). The corresponding anchor
probes, TGFBIAFIu and TGFBI12Fluy, respectively, were
fluorescein-labeled at the 3’-end (Nippon Gene Research
Laboratories). The pair of anchors and detection probes
hybridized to the template DNA, with a 1-bp gap be-
tween them.

When the probes hybridize to the same DNA strand
internal of the PCR primers, the probes come in close
proximity to each other and produce a fluorescence
resonance energy transfer (FRET). During FRET, a
donor fluorophore, which is excited by the LED light
source, transfers its energy to an acceptor fluorophore
only when it is positioned in the direct vicinity of the
former. After a complete PCR run, a melting point
analysis can be carried out, during which the tempera-
ture is lowered below the annealing temperature for the
probes and then slowly increased. The fluorescence sig-
nal decreases when the detection probe melts off its
target.

The reaction mixtures were prepared in glass
capillaries containing 0.5 pl purified genomic DNA,
0.2 uM each primer, 0.2 pM each probe, and
10x Lightcycler Fast Start DNA Master Hybridization
Probes mix, and processed according to the manu-
facturer’s instructions (Roche Diagnostics). Real-time
PCR was performed by an initial denaturation at 95°C
for 10 min, followed by 40 cycles of 95°C for 10,
60°C for 15s, and 72°C for 9s. Following the
amplification phase, a melting curve analysis was
performed at 40°C for 20 s, followed by slow heating
at 0.2°C/s to 85°C to determine the melting point
values by monitoring the reporter dye fluorescence
emission in channel F2/F1 (640 nm).

Melting curves were converted into melting peaks by
plotting the negative derivative of the fluorescence signal
against temperature. The sudden drop in fluorescence
signal was thereby transformed to a peak, allowing the
easy identification of the Tm mismatches between the
hybridization probe and the target.

Results

We had found earlier that mutational analysis of exons 4
and 12 of the TGFBI gene, which are the mutational hot
spots, provide enough information for a diagnosis dur-
ing an initial screening (Yoshida et al. 2002a). Direct
sequencing of exons 4 and 12 of the TGFBI gene in our
66 patients with a clinical diagnosis of CD showed that
the patients could be divided into four known mutation
genotypes; two homozygous RI124H (418G — A), 51
heterozygous R124H (418G — A), five heterozygous
R124C (417C — T), and eight heterozygous R555W
(1710C — T) mutations.

To develop a reliable and rapid method of genotyping
based on the hybridization probe assays, two sequence-



specific primers and fluorophore-labeled probes for ex-
ons 4 and 12 of the TGFBI gene were designed (Table |,
Fig. 1). The LightCycler was standardized by analyzing
the sequence-verified DNA from the 66 TGFBI-associ-
ated CD patients. With this technique, we were able to
distinguish each CD genotype of all the patients by the
melting peaks (Fig. 2). Homozygous wild-type (418GG)
showed a single peak at 66.0°C. The G/A mismatch at

Fig. 2 Real-time genotyping of the TGFBI gene around nucleotides
417, 418 (a), and 1710 (b} by hybridization probe melting curve
analysis. Analysis was performed by plotting the first negative
derivative of the fluorescence with respect to temperature [—(d F/d
T) versus T]. a The melting peak temperatures obtained from the
derivative melting curves for the 418G ~» A genotypes are 66.0°C
for the homozygous wild-type (GG), 66.0°C and 59.0°C for the
heterozygous type (GA), and 59.0° C for the homozygous mutated
type (AA). The melting temperature for the heterozygous
417C - T genotypes are 66.0°C and 54.5°C. b The melting
temperatures for the 1710C — T genotypes are 64.0°C for the
homozygous wild-type (CC) and 64.0°C and 54.5°C for the
heterozygous type (CT). Genotypes are indicated on rop of each
peak
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nucleotide 418 (418GA) decreased the Tm with a het-
erozygous pattern of two peaks at 66.0°C and 59.0°C.
The single peak at 59.0°C indicated a homozygous
mutation (418AA). Similarly, the C/T mismatch at
nucleotide 417 (417CT) showed a heterozygous pattern
with two peaks at 66.0°C and 54.5°C, which was clearly
distinguishable from the heterozygous 418G — A
genotype (Fig. 2a).

Similarly, the 1710 C - T mutation was detected
with the specific primers (Table 1). The melting curve of
1710CC showed a homozygous wild-type pattern with a
single peak at 64.0°C. The C/T mismatch (1710CT)
showed a heterozygous pattern with two peaks at 64.0°C
and 54.5°C (Fig. 2b).

One thermal cycling required approximately
54 min. All DNA samples were examined for both
exons 4 and 12 under the same PCR conditions in
triplicate, and all resuits were completely in concor-
dance with the genotypes determined by DNA
sequencing. We observed little intra-assay and inter-
assay variation, and neither shifts of the hybridization
probe melting temperatures nor inaccurate melting
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curves of individual samples were observed (data not
shown).

Discussion

We have developed a rapid PCR-based fluorescein assay
for the detection of the 418G — A, 417C —» T, and
1710C — T mutations in the TGFBI gene, i.e., for the
mutational hotspots in TGFBIl-associated CD. The
precision of the assays was 100%, demonstrating the
complete reproducibility and reliability of our new high-
speed genotyping assay.

One of the conventional methods that have been used to
detect mutations in patients with CD is based on direct
genomic sequencing. Although providing more data, the
method is more labor-intensive and expensive. Another
method, the PCR-RFLP assay for detecting the
418G — A, 417C —» T, and 1710C — T genotypes, re-
quires a PCR amplification of each exon followed by
digestion witha mutation-specificrestrictionenzyme of the
ampliconsand then gel electrophoresis. Bothmethodstake
several hours and require extensive manual interference,
resulting in a higher risk of contamination by displaced
amplicons. In contrast, our rapid PCR-based fluorescein
assay is a closed-tube system with a minimal risk of con-
tamination, yields reliable genotyping results in less than
54 min, and is suitable for routine clinical use. Moreover,
our new assay is easily adaptable to other inherited eye
diseases that have mutational hot spots, and for large-scale
association studies for multifactorial diseases, such as age-
related macular degeneration (McKay et al. 2004) and
glaucoma.

The clustering of two mutational hot spots that sit
next to each other (417C — T and 418G — A) within
the human genome facilitates the design of just one probe
for mutation detection for both mutations. Because the
R124H and R124C mutations account for approximately
90% of Japanese patients with TGFBI-associated CDs,
this single probe set can detect the most common muta-
tions in the TGFBJ gene simultaneously and is thus
particularly useful and suitable for a rapid initial
screening in our clinic. In addition to R124H and R124C,
the assays for the 1710C - T mutation can be run
simultaneously on one LightCycler by using identical
cycling parameters, thereby enabling a screening cover-
ing the majority of major mutations in the TGFBI gene.

Although this method is useful, one step requires
further optimization. Two rare types of CDs, viz., Reis-
Biicklers CD (OMIM 608470) and Thiel-Behnke CD
(OMIM 602082), are also known to be caused by
mutations in the TGFBI gene at codon 124
(418G —> T) and 555 (1711G — A), respectively. Al-
though we expect that the specific mutations for these
diseases can be detected by our assay, we have not been
able to obtain blood samples from relevant patients.
We are currently recruiting more patients with CDs in
order to obtain DNAs from patients with these forms

of CD to determine whether those genotypes can be
discriminated by our assay.

Increasing numbers of rare gene mutations, such as
L518P (Endo et al. 1999; Hirano et al. 2000), L527R
(Fujiki et al. 1998, 2000; Hirano et al. 2001), A546D
(Aldave et al. 2004a; Eifrig et al. 2004; Klintworth et al.
2004), P551Q (Aldave et al. 2004b; Klintworth et al.
2004), L56SR (Warren et al. 2003), or H626R (Afshari
et al. 2001; Chau et al. 2003; Dighiero et al. 2001; Ellies
et al. 2002), have recently been reported and identified as
being associated with mutations in the TGFBI gene.
These findings indicate that a broader spectrum of dis-
ease phenotypes for CDs probably exists than previously
believed. Thus, to state with relative certainty that, for
example, a TGFBI-associated CD has been excluded in a
patient with what appears to be corneal amyloid
deposits, the previously reported TGFBI mutations
associated with variants of LCD must be excluded.
Obviously, the screening of only codons 124 and 555
would not exclude the majority of the TGFBI gene
mutations associated with stromal amyloid deposits.
Nonetheless, our method will help in identifying those
CDs associated with atypical TGFBI mutation by use of
conventional mutation screening methods, after a rapid
and reliable exclusion of the frequent mutations in the
TGFBI gene. Our technique will also aid the more pre-
cise diagnosis and risk prediction of CDs in patients with
clinically ambiguous corneal appearance and exclude the
possibility of the major types of TGFBI-associated CDs
in patients with corneal diseases resembling CDs. Fi-
nally, we expect that our new method will accelerate the
revision of the clinical classification of inherited corneal
diseases based not on clinical phenotype but on genetic
analyses.
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Sir,
Novel mutation in exon 2 of COL2A1 gene in Japanese
family with Stickler Syndrome type I

Stickler Syndrome (STL) is an autosomal dominant
disorder characterized by degeneration of the vitreous
and retina, and is frequently associated with myopia.' It
is also accompanied by nonocular signs, such as orofacial
anomalies, deafness, and arthritis. There are no widely
accepted clinical diagnostic criteria for STL in
ophthalmology.? Based on locus heterogeneity, a
subclassification of STL has been proposed; COL2A1
mutation associated STL type I with a congenital
‘membranous’ vitreous anomaly; COL11AI mutations
associated with STL type II showing a ‘beaded’
phenotype; and COL11A2 mutations associated with
non-ocular STL type III (OMIM 120140, 120280, and
120290).> A subgroup of STL type I patients has been
identified who are characterized by predominantly
ocular disorders without systemic involvement.*® It has
been suggested that molecular genetics and scrutiny of
the phenotype will provide evidence that clinicians
require for accurate diagnosis.> However, several cases of
STL with different degrees of severity and
manifestations, and genetic background, have been
reported mainly in the Western world.

Case report

We report on a 25-year-old Japanese woman who was
referred to our clinic with a diagnosis of rhegmatogenous
retinal detachment of the right eye. Family history
revealed that her mother had undergone retinal
detachment surgery in her forties. On the initial
examination, her best-corrected visual acuity was 20/20
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OU, and her refraction was —9.0 diopter sphere (DS) OD
eye and —7.5 DS OS. Anterior-segment examination was
unremarkable with clear lenses. Vitreous examination
confirmed the presence of a type [ membranous vitreous
anomaly (Figure 1a and b). Ophthalmoscopy showed a
horseshoe tear surrounded by a retinal detachment in the
right peripheral retina, and circumferentially oriented
lattice degenerations in both eyes. Atrophy of the retinal
pigment epithelium, choriocapillaris and radial
perivascular degeneration were not seen. No systemic
abnormalities were found. We performed scleral
buckling on the right eye and the detached retina was
reattached.

Although we had tentatively diagnosed the proband
with predominantly ocular STL type I based on her
ocular features, we could not completely exclude other
possibilities because of the unknown genetic a etiology of
STL in the Eastern world. In addition, the absence of
systemic involvement indicated that the patient had not
met the criteria for the diagnosis of STL proposed by
Snead.!

After obtaining informed consent, we performed direct
sequencing of all coding regions of the COL2A1 gene and
found a heterozygous deletion of a G at position 237,
which predicts a downstream premature stop codon in
exon 5 of the COL2A1 gene (accession number:
NMO001844) (Figure 2). Her mother, who declined
ophthalmic examination, carried the same mutation in
the COL2A1 gene in the heterozygous state. This deletion
was not detected in her father and 45 healthy controls.

Comments

Our study adds a novel mutation of the COL2AT gene to
the existing mutations that causes STL type L. Based on

=TV

Figure 1 Slit-lamp photograph, ultrasonogram, and fundus photograph of the right eye. (a) Slit-lamp photograph (right eye) of the
25-year-old proband showing type I membranous vitreous anomaly. (b) B-mode ultrasonogram showing membranous vitreous that is

set well back in the posterior segment of the right eye.
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Figure 2 Direct sequence analysis of exon 2 of the COL2AI
gene. (a) Arrow points to the heterozygous 1bp deletion in exon
2 of the COL2A1 gene identified in the proband and her mother
which predicts a downstream premature stop codon in exon 5.
This may lead to nonsense-mediated decay and haploinsuffi-
ciency. (b} No equivalent mutation was detected in her father or
control subjects.

the mutational analyses, we counseled our patient that
her future children should undergo ophthalmic
examinations and molecular analysis for earlier
diagnosis or exclusion of STL. Our observations further
supported the idea that, irrespective of race, mutations
involving exon 2 of the COL2A1 gene are characterized
by a predominantly ocular STL phenotype.*®

The existence of a predominantly ocular type of STL
disorder may make an accurate diagnosis of the disease
difficult, and the diagnosis of STL may be significantly
overlooked in Japan. Although it has been proposed that
radial perivascular retinal degeneration is a prominent
feature of this predominantly ocular Stickler subset,® we
did not observe this feature in our patient. Therefore,
molecular genetic analysis of the COL2A1 gene should be
considered in routine clinical examination not only for
accurate diagnosis of patients with predominantly ocular
STL type [, but also for establishing reliable clinical
diagnostic criteria.
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it G T EROEEROSEETFR &R L OBE AR LTz, Leber £ KE 72 5% %
%% & L. PCR-Direct sequence HEIC & 0 HIEEFI#IE Uiz, BRFEREZMHER LIJE
BN DU TIEAR BRI 2R & AT LTz,
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DRI % 3R 72, RPE6S #isF Arg515Trp
BERE~T OEARET 3 ZRICRDTEMN,
7 LB ERERBO RN o, T
BT OERERER L -HEX, RPE65 &
=7 1.4%. CRX #f=+ 0%, LRAT &f=+
0%. GUCY2D #&f= 1 0%, CRB1i#{5 T 0%.
AIPL1 &= ¥ 1.4%. RDH12 #{57 1.4%C
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RDH12 & {5+ Lys192X & Gln161Trp i35t
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IR E &7 bt%@v%mmﬂﬁm
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EZx bl (K1),

w1 :Hanein et al.
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U1 RPEGS 3 erx
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1 EETFAIRITERO LR
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BB T RE 2R LB OERSE 2 REt
L 7c#& 5%, RPE6S BT 2% KU RDH12 i’éi
=T BH & 588 T iEFUIAR AL
L5 Leber e KE#E L, AIPLL ﬁfx%&%
ERDIFERNIIHEREMICEEIND
Leber G XEZ#E L7z, Zh 5D H % RPE6S
B & AIPLL BI5 T2 d Hanein 5
DHEDRBT L —F LT ANE R
bz 2, ROHI2 BB T BE & b DEFI DR
PREIT. RAEREAICREE S5 Leber X
BEOPTE LI L S BEIT BT
otz (K2),
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Screening for Mutations in CYP4V2 Gene in
Japanese Patients With Bietti’s Crystalline
Corneoretinal Dystrophy
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YUKO WADA, MD, TOSHITAKA ITABASHI, MD, HAJIME SATO, MD,
MIYUKI KAWAMURA, MD, ASAKO TADA, MD, AND MAKOTO TAMAI, MD

@ PURPOSE: To describe the clinical and genetic charac-
teristics of six Japanese families with Bietti’s crystalline
corneoretinal dystrophy (BCD).

@ DESIGN: Case reports and results of DINA analysis.

® METHODS: Mutation screening was performed on six
unrelated patients with BCD by direct sequencing. The
clinical features were characterized by the visual acuity,
slit-lamp biomicroscopy, electroretinography, fluorescein
angiography, and kinetic visual field testing.

® RESULTS: An identical IVS6 to 8delTCATACAGGT-
CATCGCG/insGC mutation in the CYP4V2 gene was
identified in five of the patients with BCD; the sixth
patient had a novel Trp340X mutation in the CYP4V2
gene. Three patients showed crystalline-like deposits at
the limbus by specular microscopy. Ophthalmic findings
of all patients had a rapid progression after age 50 years.
@ CONCLUSIONS: Our findings suggest that the IVS6 to
8delTCATACAGGTCATCGCG/insGC mutation is a
common mutation in Japanese patients with BCD. Al-
though phenotypic variability was found, the natural
course was almost the same in all of our patients. (Am
J Ophthalmol 2005;139:894-899. © 2005 by Elsevier
Inc. All rights reserved.)

toretinal degeneration characterized by yellowish glis-

tening crystals in the retina and tapetoretinal
degeneration with choroidal sclerosis and marginal crys-
talline deposits in the cornea. These cases have been called
Bietti's tapetoretinal degeneration with marginal corneal
dystrophy, crystalline retinopathy, or Bietti’s crystalline
comeoretinal dystrophy (BCD).23 Corneal deposits are
not observed in all cases with crystalline retinopathy; both

I N 1937, BIETTI! FIRST DESCRIBED THREE CASES OF TAPE-
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Francois and associates* and Grizzard and associates® de-
scribed the crystalline retinopathy without the corneal
changes.

BCD is a rare retinal dystrophy with an autosomal
recessive inheritance pattern; it is relatively more common
in Japanese and Chinese. In 2000, it was reported that the
locus of the gene for BCD was mapped to 4935,6 and in
2004, the CYP4V2 gene was described to be the causative
gene for BCD.” The CYP4V 2 gene consists of 11 exons and
encodes 525 amino acids. It is a member of the cytochrome
P450 gene and is ubiquitously expressed. This gene has
been thought to play a role in fatty acid and corticosteroid
metabolism.?

We report the presence of IVS6 to 8delTCATACAG-
GTCATCGCG/insGC and Trp340X mutations of the
CYP4V 2 gene in six unrelated Japanese patients with BCD
and describe the clinical features of these patients.

METHODS

® SUBJECTS AND MUTATION ANALYSIS: After explain-
ing the purpose of this study, informed consent was
obtained from all subjects. The procedures conformed to
the tenets of the Declaration of Helsinki.

We screened genomic DNA samples isolated from six
unrelated patients with BCD for mutations in the CYP4V2
gene. Genomic DNA was isolated from leukocytes pre-
pared from a sample of each patient’s blood (10-15 ml)
using the Gene Ball Genome Preparation Kit (TaKaRa,
Kyoto, Japan).

The sequences from exon 1 to exon 11 of the CYP4V2
gene were amplified by polymerase chain reaction with 10
sets of oligonucleotide primer pairs to amplify the entire
coding region.” The PCR products were sequenced directly
with an ABI sequencer {Model 3100; Applied Biosystems,
Foster City, California).

e CLINICAL EXAMINATION: The pedigrees of the six
unrelated patients with BCD who were examined at the

0002-9394/05/$30.00
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FIGURE 1. Pedigree of six Japanese families with Bietti’s crystalline corneoretinal dystrophy associated with the mutations in the
CYP4V2 gene showing affected (solid symbols) and unaffected (open symbols) members. Squares, male members; circles, female
members; X, individuals examined in this study; arrow, proband; M, mutant allele; +, normal allelle.

Tohoku University Hospital, Sendai, Japan, are shown in
Figure 1. The ophthalmic examination included best
corrected visual acuity, slit-lamp biomicroscopy, kinetic
visual field testing, fundus examination, fluorescein angiog-
raphy, and electroretinography (ERGs). Ophthalmoscopic
findings were recorded by color fundus photography. The
visual field examination was performed on a Goldmann
perimeter.

The ERGs were recorded under conditions that con-
formed to the standards of the International Society of
Clinical Electrophysiology of Vision.8 ERGs were elicited
by a single flash or 30-Hz flicker red light under light-
adapted conditions for the cone-isolated responses. Rod-
isolated responses were elicited by a dim blue flash after 30
minutes of dark adaptation. A bright white flash (20 ]) was
used to elicit the mixed rod-cone responses from the
dark-adapted eye.

RESULTS

® GENETIC ANALYSES: Five of the six patients with
BCD were found to have an identical homozygous IVS6
to 8delTCATACAGGTCATCGCG/insGC mutation
in the CYP4V2 gene (Figures 1 and 2). This mutation
was at the 3’ splice site in exon 7 and resulted in the
skipping of exon 7, which encodes 62 amino acids. The
sixth patient had a novelTrp340X(TGG to TGA,;
c.954G—A) mutation in the CYP4V2 gene. The abnor-
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mal nucleotide sequence of Trp340X mutation was a
transversion of guanine to adenine in the third nucleo-
tide at codon 340 (Figure 2). This alteration caused a
substitution of a tryptophan residue resulting in a stop
codon at codon 340.

® CLINICAL EXAMINATION: The clinical characteristics
of the six unrelated patients are summarized in Tables 1
and 2. Patients’ age ranged from 43 to 61 years. The initial
symptom was a decrease of visual acuity in two of the
patients, night blindness in three, and a constricted visual
field in one patient. The visual acuity of the patients
ranged from 0.03 to 1.5.

Fundus examination disclosed many small, yellowish-
white sparkling spots with a crystalline-like appearance
mainly in the posterior poles bilaterally in five cases. These
spots were not observed in case 1 because of retinal
degeneration and choroidal sclerosis (Figure 3).

Fluorescein angiography revealed a granular hyperfluo-
rescence corresponding to the atrophy of the retinal pigment
epithelium with hypofluorescent areas indicating an atrophy
or loss of the choriocapillaris. The crystalline deposits did not
show hyper- or hypofluorescence (Figure 4).

Goldmann kinetic visual field testing showed a para-
central scotoma and constricted visual field bilaterally in
cases 2 and 6. Case 1 had a central scotoma in the right eye
and a paracentral scotoma and constricted visual field in
the left eye. A mild constriction of the visual filed without
a scotoma was observed in case 3. Case 4 had a paracentral
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