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Expanding the mutational spectrum inTGFBI-linked corneal
dystrophies: Identification of a novel and unusual mutation
(Val113lle) in a family with granular dystrophy

Juan Carlos Zenteno!2 Arturo Ramirez-Miranda, * Concepcion Santacruz-Valded Raul Suarez-Sanchez

Departments ofGenetics andCornea, and théResearch Unit, Institute of Ophthalmology “Conde de Valenciana,” Mexico City,
Mexico

Purpose:To report the clinical and molecular study of a family with an autosomal dominant stromal granular dystrophy

of the cornea caused by a novel and unusG&BI gene mutation.

Methods: A complete ophthalmological examination, corneal dystrophy phenotype characterization, PCR amplification,
and automated nucleotidic sequencing of exons 4, 11,12, 13, and 14TG@RB&gene was carried out on the family.

DNA from 40 unrelated ethnically matched healthy individuals were analyzed as controls.

Results: Corneal dystrophy in two sisters was characterized by multiple grayish-white lesions located in the anterior and
mid-stroma. Numerous small sized non-coalescent opacities were observed in the peripheral cornea while fewer larger
lesions were apparent towards the central part of the cornea. A heterozygous missense mutation, consisting of a G to A
transition at nucleotide position 384 TiGFBI exon 4 that predicts a valine (GTT) to isoleucine (ATT) replacement in
residue 113 (Val113lle) of the TGFBI protein was identified.

Conclusions:This is the most 5' located mutation detected so far in subject3@#Bl-linked corneal dystrophy. Valine

113 is strictly conserved in TGFBI from several species and we suggest that the phenotype observed in these patients is
related to the unusual location of the mutation. Our results expand the mutational spectrum in thelgsé®-riked

corneal dystrophies.

Corneal dystrophies (CDs) are a group of hereditary corbeen demonstrated in patients of several ethnic groups with
ditions characterized by the progressive accumulation of ddéeur distinct autosomal dominant Bowman'’s layer/stromal
posits on different layers of the cornea, with the resulting lossorneal dystrophies: granular CD type | [6-8], granular CD
of refractive index and transparency. They are clinically andype Il or Avellino type [6,8,9], granular CD type Il (Reis-
genetically heterogeneous disorders that typically initiate iBucklers dystrophy) [8,10,11], and Lattice CD of types I, IlIA,
the first or second decades of life, affect the central part of tH8lIA, [lIB, and IV [12-14]. Extracellular deposition of in-
cornea, and are not associated with inflammatory processssluble protein aggregates within the cornea is the hallmark
[1]. Over time, the deposits can lead to visual impairmentof inherited corneal disorders caused by mutatiof$SRBI
Surgical procedures are frequently required to restore visufl5,16].
acuity. Present classifications of CDs are based upon both the The most common type of granular dystrophy is type |,
layer of the cornea that is affected and the biomicroscopialso known as classic granular corneal dystrophy or Groenouw
characteristics of the deposits [2]. Most CDs are inherited &D, which is characterized by multiple discrete crumb-like
autosomal dominant traits with intra- and interfamilial vari-corneal opacities [17]. The condition usually becomes appar-
able clinical expressivity and a high degree of penetrance [3nt in the first decade of life or in puberty with grayish-white

The molecular genetics approach to subjects and familiegpacities that involve the superficial stromal layers of the cor-
with different types of CDs has allowed the recognition of anea [18,19]. The lesions tend to aggregate, expand, and in-
group of autosomal dominant dystrophies that arise from erease in number, spreading both peripherally and more deeply
common pathogenetic mechanism represented by recurregdthough a clear zone around the corneoescleral limbus re-
mutations in the 5q31-located (transforming growth fagtor- mains typically present. Central disk-shaped opacities are
inducedTGFBI, also known a8IGH3) gene [2,4-8]. Over formed after the third or fourth decade of life. Visual acuity
the past few years, it has been evident that speld@iEBl  gradually decreases and affected subjects may maintain unaf-
mutations strongly correlate to particular forms of CDs. Tdected vision for a long time [19]. A striking genotype-pheno-
date, approximately 30 distin€GFBI gene mutations have type correlation is evident in granular CD type | as almost all
subjects suffering this disease have a C to T transition at nucle-
Correspondence to: Juan Carlos Zenteno, MD, PhD. Departamenggide position 1,710 oTGFBI exon 12, predicting an
de_Genetica, Instituto de Oftalmo!ogia_ “Conde de Vqlenciana,’Arg555-|—rp change in the protein [2,4,6-8]. However, in at least
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otide 417 of exon 4, causing a Argl24Ser substitution in  DNA analysis:After obtaining local Institutional Ethics
TGFB1 [6,20] Committee approval and informed consent from patients, DNA
In this paper we describe the clinical and molecular dataas extracted from peripheral blood leukocytes of the proband
of a Mexican family with an autosomal dominant granularand her affected sister, according to standard procedures. PCR
dystrophy in which a novel TGFBI Vall113lle mutation wasamplification of exons 4, 11, 12, 13, and 14 of T&FBI
identified. This is the most 5' mutation described so far in thgene was achieved using four pairs of primers previously de-
group of TGFBLFlinked CDs, and our data suggest that thescribed [6]. Each 2l PCR amplification reaction contained
phenotypic peculiarities observed are related to the unusuaK PCR buffer, 100-200 ngs of genomic DNA, 0.2 mM of

location of the mutation. each dNTP, 1 unit Taq polymerase, 1 mM of forward and re-
verse primers, and 1.5 mM MgCPCR products were ana-
METHODS lyzed in 1.5% agarose gels from which the bands with the

Clinical examination: The initial patient was a Mexican fe- amplified templates were excised and the DNA subsequently
male aged 26 years who presented at the Institute of Ophthaldrified with the help of the Qiaex Il kit (Qiagen, Hilden,
mology “Conde de Valenciana” in Mexico City asking for re- Germany). Direct sequencing was performed with the BigDye
fractive surgery due to previously diagnosed myopia. OphTerminator Cycle Sequencing kit (Applied Biosystems, Fos-
thalmologic examination revealed best-corrected visual acuer City, CA) adding about 10 ng of template DNA in each
ity of 20/20, intraocular pressure of 16 mm Hg, no anatomiceaction and using a temperature program which included 25
defects of the anterior segment, transparent lenses, and noycles of denaturation at 9 for 30 s, annealing at 5C for

mal funduscopy in both eyes. Biomicroscopic inspection o5 s, and extension at 8C for four min. All samples were

the cornea revealed bilateral, symmetric, sharply demarcateshalyzed in an ABI Prism 310 Genetic Analyzer (Applied
grayish-white opacities localized to the corneal stroma. ThBiosystems). Sequence variations were confirmed in both sense
opacities showed a “centrifuge” distribution with numerousand antisense DNA strands using a newly PCR amplified frag-
small (less than 2 mm in diameter) non-coalescent opacitiesent. Forty DNA samples (80GFBI dleles) from normal
located at the periphery and few larger lesions toward the motexican people were analyzed as controls. Sequences were
central part of the cornea (Figure 1, Figure 2). The intervercompared with the nucleotide and deduced amino acid se-
ing stroma between the opacities was clear. The lesions wegeience of published TGFBI cDNA (Ensembl
located at the anterior and midstroma (Figure 3) while th&€NST00000305126).

overlying epithelium and underlying endothelium were both

unaffected. No epithelial erosions nor stromal haze were noted RESULTS

at this age. A 23-year-old sister (visual acuity of 20/25 in bothAfter sequencing the PCR product spanning exon 4 of the
eyes) exhibited identical findings in both corneas. No accomFGFBI gene in DNA from the proband, we identified a het-
panying somatic anomalies were noted in either patient. The@rozygous missense mutation consisting of a G to A transition
father, aged 55 years, was unavailable for clinical and mat nucleotide position 384 in exon 4 that predicts a valine (GTT)
lecular study but he was reported as having been diagnostxisoleucine (ATT) replacement in TGFBI protein residue 113
with a bilateral “degenerative corneal disease” which was evi
dent by the third decade of life.

Figure 1. The corneal phenotype of the proband is illustrated by th
photograph. Numerous small non-coalescent opacities are evident in

the peripheral cornea while a few larger lesions are apparent towakdgure 2. With retroillumination, the corneal opacities are sharply
the central part of the cornea. demarcated with a clear intervening stroma.
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(Val113lle; Figure 4). This change is located in the region cod- DISCUSSION

ing for the TGFBI FAS1-1 helixl domain, and it was absent Mutations in thef GFBIgene resultin a variety of dominantly

in DNA from 80 control chromosomes, excluding the possiinherited dystrophies of the cornea that are classified accord-
bility of being a rare polymorphism. As this particular muta-ing to the biomicroscopic features of the deposits and to its
tion does not create or abolish a restriction enzyme site, dbication within the corneal layers. At least four variants of
samples were directly sequenced. The same mutation was idgmanular CDs have been recognized (for a detailed review see
tified in genomic DNA from the affected sister. The changeaeference [2]). Granular CD type | or classic granular dystro-
was confirmed in both DNA strands in the patients. No addiphy is distinguished by multiple discrete crumb-like corneal
tional pathogenetic nucleotide changes were detected in tlopacities in the anterior and mid-stroma commonly associ-
examinedlT GFBI exons. A previously reported inconsequen-ated with painful epithelial erosions and almost exclusively
tial polymorphic change (Phe540Phe) was also identified isaused by the R555W mutation in TGFBI. Granular CD type
our two patients. Il or Avellino CD is characterized by stromal opacities shaped
like rings, disks, stars, or snowflakes combined with linear
opacities resembling some features of lattice CD. Epithelial
erosions occur less often than in granular CD type |, and vir-
tually all cases studied presented a TGFBI R124H mutation.
Granular CD type IIl or superficial granular CD exhibits de-
posits that are morphologically identical from those observed
in granular CD type | but are limited to the subepithelial re-
gion or the epithelium (most subjects have had the R124L
mutation in TGFBI). Granular CD type IV, which is interme-
diate in severity between the classical and superficial vari-
ants, has been observed in a French family where it displayed
round snowflake-shaped opacities in the subepithelial and most
anterior stroma along with recurrent erosions that began in
childhood. Notably, granular CD type IV affected patients
carried two TGFBI mutations: R124L and a deletion of amino
acids 125 and 126 [21]. The phenotype found in our patients
was not easily categorized under any of these four granular
types, because a “centrifuge” pattern of opacities was observed
with apparently most significant involvement of the periph-
eral than the central cornea. We consider that this phenotypic
variation is related to the unusual location of the mutation in
TGFBI. Unfortunately, the affected father was not examined.
It is possible that in this family the corneal phenotype at an
older age will be similar to the common types of granular dys-
trophies.

Figure 3. Photograph of the proband’s cornea showing granular opaci- The TGFBlexpressed polypeptide is a 683 amino acids-

ties in the anterior and midstroma. Note that the deposits tend to lR?ng secreted protein containing four tandemly repeated do-
more numerous in the anterior corneal stroma.

GT GGTGGATCCIAANGACTCCCA G G Figure 4 TheTGFBIgene partial
nucleotide sequence analysis illus-
160 170 180 trates a heterozygous G to A transi-
tion (arrow) at nucleotide position
384 inTGFBIlexon 4. This change
predicts a valine (GTT) to isoleu-
cine (ATT) replacement in residue
113 (Valll3lle). The antisense
strand is shown; codon 113 is boxed.

333



Molecular Vision 2006; 12:331-5http://www.molvis.org/molvis/v12/a36/> ©2006 Molecular Vision

mains of 140 residues which have a marked sequence simil&-Klintworth GK. Advances in the molecular genetics of corneal
ity to theDrosophila melanogasterxonal guidance molecule dystrophies. Am J Ophthalmol 1999; 128:747-54.
fasciclin 1 (FAS1) [22]. The four FAS1 domains in human?- M;nier_ F'-é KSor\r/]atzka ?D?Zjerlzai ?, Le_tlza?lier Di %ograf_ost,

H H H _ _ escla G, Scnoraere . Kerato-epithelin mutations In rour
-ZI-SZF??grOtem correspond to amino acids 134-236 (FAS1-1), 5q31-linked corneal dystrophies. Nat Genet 1997; 15:247-51.

-372 (FAS1-2), 373-501 (FAS1-3), and 502-632 (FAS1g . DPTE .
. . ! ) . Korvatska E, Munier FL, Djemai A, Wang MX, Frueh B, Chiou

4). To date, all mutations described in TGFBI gssouated 10 ' AG. Uffer S, Ballestrazzi E, Braunstein RE, Forster RK,
diverse types of CDs are located between residues 124 and cyjpertson WW, Boman H, Zografos L, Schorderet DF. Muta-
631 with the only two mutations described so far outside the  tion hot spots in 5q31-linked corneal dystrophies. Am J Hum
fourth FASI domain (residues 502-632) being those affecting  Genet 1998; 62:320-4.
residues 501 (third FAS1 domain) and 124 (on the-tékni- 6. Munier FL, Frueh BE, Othenin-Girard P, Uffer S, Cousin P, Wang
nal side of FASL first domain). The mutation described in this ~ MX, Heon E, Black GC, Blasi MA, Balestrazzi E, Lorenz B,
paper is located in residue 113, which is 11 residues away ESCoto R, Barraquer R, Hoeltzenbein M, Gloor B, Fossarello
from arginine 124, the most I\Aﬁbrminus located mutated M, Singh AD, Arsenijevic Y, Zografos L, Schorderet DF. BIGH3

. . . mutation spectrum in corneal dystrophies. Invest Ophthalmol
residue in CDs [6]. A BLASTP search revealed that valine Vis Sci 2002: 43:949-54,

residue at position 113 is strictly conserved in TGFBI Pro~ Ellies P, Renard G, Valleix S, Boelle PY, Dighiero P. Clinical out-

tei”.s. from different species d@an troglodytes Canis come of eight BIGH3-linked corneal dystrophies. Ophthalmol-
familiaris, Mus musculudBos TaurusandGallus gallus sug- ogy 2002; 109:793-7.

gesting that this amino acid is important for normal proteirs. Afshari NA, Mullally JE, Afshari MA, Steinert RF, Adamis AP,
function. Valine 113 is located in the helix of TGFBI FAS1- Azar DT, Talamo JH, Dohlman CH, Dryja TP. Survey of pa-

1 domain [23]. Although there is indirect in vitro evidence tients with granular, lattice, avellino, and Reis-Bucklers corneal
that the presence of valine-valine at positions 112-113 may be dystrophies for mutations in the BIGH3 and gelsolin genes. Arch
important for blocking fibril formation [24], the role of valine Ophthalmal 2001; 119:16-22.

. . . . . . 9. El-Ashry MF, Abd EI-Aziz MM, Larkin DF, Clarke B, Cree IA,
\]/-icsgt:ga:;iGorfEI protein folding awaits further experimental in- Hardcastle AJ, Bhattacharya SS, Ebenezer ND. A clinical, his-

s . . . topathological, and genetic study of Avellino corneal dystrophy
Inherited corneal disorders caused by mutatiom&iRBI in British families. Br J Ophthalmol 2003; 87:839-42.

are associated with an extracellular deposition of insolublgg. Rozzo C, Fossarello M, Galleri G, Sole G, Serru A, Orzalesi N,
protein aggregates within the cornea. These deposits can be Serra A, Pirastu M. A common beta ig-h3 gene mutation (delta
amyloid (as seen in CD lattice type), granular/non-amyloid  540) in a large cohort of Sardinian Reis Bucklers corneal dys-
(in granular CD type | and CD Reiss-Biicklers), or a mixture trophy patients. Mutations in brief no. 180. Online. Hum Mutat
of both (CD Avellino type) [23]. The reason that amyloid depo- ~ 1998; 12:215-6. )

sition is a prominent manifestation of certain, but not all1l- Okada M, Yamamoto S, Tsujkawa M, Watanabe H, Inoue Y,

. . . Maeda N, Shimomura Y, Nishida K, Quantock AJ, Kinoshita S,
TGFBI mutations remains to be established [16]. Granular Tano Y. Two distinct kerato-epithelin mutations in Reis-Buck-

phen'o.types in CDS, resul.t from missehse mutations in three lers corneal dystrophy. Am J Ophthalmol 1998; 126:535-42.
specific TGFBI amino acids (for a review see [2] and referq1, chakravarthi SV, Kannabiran C, Sridhar MS, Vemuganti GK.
ences therein); 555 (R555W mutation in almost all granular ~ TGFBI gene mutations causing lattice and granular corneal dys-
CD type | cases, R555Q in some cases of granular CD type trophies in Indian patients. Invest Ophthalmol Vis Sci 2005;
), 623 (in some cases of granular CD type Ill), and 124  46:121-5.

(R124H in all cases of granular CD type Il), R124L in mostl3. Aldave AJ, Gutmark JG, Yellore_ VS, Affeldt JA, Meallet MA,
cases of granular CD type Il and R124S in two unrelated Ydar N, Rao NA, Small KW, Klintworth GK. Lattice corneal
subjects with a granular CD type | phenotype [6,20]. Thus, dystrophy associated with the Ala546Asp and Pro551GIn mis-

valine 113 is the fourth TGFBI residue whose missense muta- izg.s%g\;lnges in the TGFBI gene. Am J Ophthalmol 2004;

tions can result in a corneal granular dystrophy. Genetic analys cpau HM. Ha NT Cung LX, Thanh TK, Fuijiki K, Murakami A

sis on more numerous groups of CD patients from different  anaj A. H626R and R124C mutations of the TGFBI (BIGH3)
ethnic backgrounds will result in the recognition of nonclassic  gene caused lattice corneal dystrophy in Vietnamese people. Br

mutations, ultimately allowing a more accurate clinical-mo-  J Ophthalmol 2003; 87:686-9.

lecular classification of GFBI-linked CDs. 15. Korvatska E, Munier FL, Chaubert P, Wang MX, Mashima Y,
Yamada M, Uffer S, Zografos L, Schorderet DF. On the role of
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