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Chapter 1 Introduction and Literature Review

1.0 INTRODUCTION AND LITERATURE REVIEW

1.1 Anatomy of the cornea

The cornea is a clear tissue present at the front of the eye as shown in Figure
1.1. It provides 85% of the refractive power of the eye. It is approximately half a
millimeter (650 microns) thick and has a diameter of 12 mm. The adult human
cornea measures 11 to 12 mm horizontally and 9 to 11 mm vertically. The
thickness of the cornea increases from center to periphery where it is about 0.7
mm thick. It is made up of tissue similar to that of the sclera but it has no blood
vessels. Absence of blood vessels and orderly arrangement of collagen fibers
are responsible for corneal transparency. The mean diameter of collagen fibers
and the mean distance between the collagen fibers are less than half of the
wavelength of visible light (400-700 nm). Due to this orderly arrangement, the
scattering of incident light by one collagen fiber is canceled by the interference
from the other which allows light to pass through the cornea. The cornea
consists of 3 main and 2 auxiliary layers as shown in Figure 1.2. The main layers
from the surface to the inner eye are epithelium, stroma and endothelium.
Bowman’'s membrane lies between the epithelium and the stroma and the

Descemet’s membrane is between the stroma and the endothelium.
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Cillairy body

Figure 1.1: The anatomy of the human eye and major parts of the eye

(www nasa gov/ . /22oct_cataracts html web site)

1.1.1 Epithelium

The corneal epithelium consists of 5-6 layers of cells (Fig 1.2), of approximately
50 um thickness. The epithelium has three different cell types, superficial cells
(2-3 layers), wing cells (2-3 layers) and a monolayer of columnar basal cells. The
columnar basal cell layer helps in attaching to the Bowman’s layer through
numerous junctional complexes. The superficial cells are flat and polygonal in
shape with a diameter of 40-60 um and a thickness of 2-6 um. The surface of
superficial cells is covered with microvilli, which increases the surface area of
each cell and helps in active uptake of oxygen and nutrients from the tear fluid.
Two types of the superficial cells, large dark cells (matured) and small light cells

(younger) were identifled by electron microscopy studies on rabbit and cat

2
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corneas [Pfister ef al., 1973]. The layer of superficial cells is followed by two to
three layers of wing cells, which are named, on their characteristic wing shape.
The wing cells are in an intermediate state of differentiation between the basal
and superficial cells and are rich in intracellular tonofilaments comprised of
keratin. Keratin expression is regulated in a manner dependent on the
differentiation of corneal epithelial cells [Doran et al., 1980, Sun et al., 1976].
Among all the cells of the corneal epithelium mitotic activity is present only in the
basal cells. The basal cells of the corneal epithelium secrete a 40-60 nm thick
layer called as basement membrane which is present immediately posterior to
corneal epithelium. The basal cells are cuboidal in shape and rest on the
basement membrane with the help of hemidesmosomes. Laminins and the type
IV collagens are major components of the basement membrane [Berman et al.,
1983]. The presence of the basement membrane between the epithelium and
Bowman'’s layer fixes the polarity of epithelial cells. The epithelium together with
tear film contributes to maintenance of an optically smooth surface of the cornea
and provides a barrier to external biological and chemical insults. The junctions
present between the corneal epithelial cells prevent the passage of chemical
substances into the deeper layers of the cornea. Different types of intercellular
junctions such as tight junctions (between the superficial cells), gap junctions
(wing cell layer and basal cell layer), adherens and desmosomes (in all cell
layers) are present in the corneal epithelium and participate in the maintenance

of cell-cell and cell-matrix interactions.
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1.1.2 Basement membrane

The basement membrane is secreted by the basal cells of the epithelium. The

basal membrane is an electron-dense layer. It also contains heparin or heparan
sulfate proteoglycans and fibrin [Berman et al., 1983] The presence of the basal
membrane fixes the polarity of the epithelial cells. The basement membrane
provides a matrix on which cells can migrate and is thought to be important for

maintenance of the stratified and well-organized corneal epithelium.

1.1.3 Bowman’s layer

Bowman'’s layer is an acellular layer present at the interface between the corneal
epithelium and stroma (Fig 1.2). It has a thickness of 12 um and consists of
randomly arranged collagen fibers and proteoglycans The collagen fibers are of
type | and type lll, synthesized by stromal keratocytes and they appear

continuous with those in the stroma.
1.1.4 Stroma

The stroma occupies more than 90% of cornea (Fig 1.2). The anatomical
properties of stroma are responsible for corneal strength and transparency. The
corneal stroma consists of extracellular matrix, keratocytes (corneal fibroblasts)
and nerve fibers. Two to three percent of the stroma is occupied by keratocytes
and the remaining consists of collagen and glycosaminoglycans (GAGs). 70% of

the corneal dry weight is made of collagen fibers.
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The corneal stroma consists of type |, type I, type V, type VI collagens
and they are fibers of uniform diameter (22.5-35 nm). The distances between
the collagen fibers are highly uniform (41.4 + 0.5 nm); this regular arrangement
is responsible for corneal transparency. Between the collagen fibers various
glycosaminoglycans are present. The most available glycosaminoglycan in the
corneal stroma is keratan sulfate (65% of total glycosaminoglycan content), the
other GAGs are chondroitin sulfate and dermatan sulfate. Glycosaminoglycans
play a major role in regulation of hydration by absorbing and retaining water.
Expression of integrins in the keratocytes suggests that keratocytes interact with
extracellular matrix proteins through the integrin system. Keratocytes are the
cellular component of the stroma. They are spindle-shaped cells and have a
turnover rate about 2-3 years. They are similar to fibroblasts and possess an
extensive intracellular cytoskeleton. The presence of cytoskeleton allows the
cells to contract and may be responsible for the maintenance of corneal shape.
The shape and function of keratocytes are regulated by the extracellular

environment [Nishida et al., 1998, Tomasek et al., 1982].
1.1.5 Descemet’s membrane

Descemet's membrane (DM) is a basement membrane of the endothelium,
present adjacent to the corneal stroma (Fig 1.2). It is formed by the secretions of
the endothelial cells and has a thickness of 3 um at birth and 10 pm in
adulthood. Type IV collagen and laminin are predominant components. Collagen

fibers of stroma are continuous with Bowman's membrane but not with

5
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Descemet's cap membrane. Descemet’s reflects the changes in the corneal

stroma
1.1.6 Endothelium

A single layer of cells which covers the posterior surface of the Descemet’s is
known as the endothelium (Fig 1.2). The endothelial cells are 5 pm thick and 20

um wide and are polygonal (mostly hexagonal) in shape. In young adults the
endothelial cell density is about 3500 cell/mm? [Laule et al 1978]. The endothelial
cell density decreases with age. The ratio of hexagonal cells to other polygonal
cells is termed as hexagonal value Any damage can result in decrease in the
hexagonality and increase in variability of the cell area. Deviation from the
hexagonality is known as pleomorphism. The anterior surface of the cells is flat
and the posterior surface has microvilli and marginal folds. The marginal fold
outgrowths increase the surface area, which is in contact with the aqueous
humor. The endothelial cells are interdigitate and contain various junctional
complexes and gap junctions. Presence of gap junctions help in movement of
small molecules and electrolytes between the endothelial cells. Desmosomes
are absent in corneal endothelium. The interconnected endothelial cell layer
provides a leaky barrier to the aqueous humor. The endothelial cells can
proliferate in vitro [Nayak ef al, 1984], and they cannot proliferate in vivo in
humans, monkeys and cats but they divide in rabbits. Any damage to the corneal
endothelium leads to stromal or epithelial edema. The most important

physiological function of the endothelium is regulation of the water content of the

7 6
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corneal stroma. The ion transport system of the endothelium counteracts the
influx of water into the corneal stroma. Any disorder or disease that can alter the
integrity of the corneal layers results in loss of transparency. Loss of corneal

transparency in turn results in reduced visual acuity.

Fig 1.2: Section of normal human cornea (formalin-fixed, paraffin-embedded and stained with
PAS Magnification 100X) showing the different layers 1, Epithelium, 2, Bowman’s membrane, 3:
Stroma, 4 Descemet's membrane, 5 Endothelium. [Picture courtesy of Dr Geeta Kashyap

Vemuganti, Ophthalmic Pathology Service, LVPEI, Hyderabad].

1.2 Corneal dystrophies

Corneal dystrophies are rare, progressive, non-inflammatory, generally bilateral
disorders involving the formation of opacities in the cornea. Opacities are

characterized by the accumulated deposits in some of the dystrophies. On the

7
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basis of the layer involved, they are classified as epithelial dystrophies, stromal
dystrophies and endothelial dystrophies. The details of the different epithelial,
Bowman's layer, stromal and endothelial dystrophies along with their mode of

inheritance are given in Table 1.1.

TABLE 1.1: Corneal Dystrophies.

Corneal Dystrophy Inheritance
« | Epithelial basement membrane dystrophy Autosomal
® .2 | (map-dot-fingerprint corneal dystrophy Dominant
;:3 '§. Band-shaped, whorled microcystic corneal X Linked
E ,3 dystrophy
w >| Meesmann corneal dystrophy (Stocker-Holt Autosomal
= dystrophy) Dominant
e Corneal dystrophy of Bowman layer type | Autosomal
2 o | (Reis-Bucklers dystrophy) Dominant
5 g Corneal dystrophy of Bowman layer type Il Autosomal
» a| (Thiel-Behnkedystrophy) Dominant
& ,.2. Grayson-Wilbrandt dystrophy Autosomal
g g. Dominant
8 Subepithelial mucinous corneal dystrophy Autosomal
Dominant

Amyloidosis V (Lattice corneal dystrophy typell; | Autosomal
Finnish-type amyloidosis [Meretoja syndrome]) | Dominant

- Central cloudy dystrophy of Francois Autosomal
i:‘.’ Dominant
£ Central crystalline dystrophy of Schnyder Autosomal
ﬁ Dominant
2 Central discoid corneal dystrophy Autosomal
= Dominant
£ Congenital hereditary stromal dystrophy Autosomal
£ Dominant
@ Fleck corneal dystrophy (Francois-Neetens Autosomal
speckled corneal dystrophy) Dominance
Gelatinous drop like corneal dystrophy Autosomal
Recessive
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Lattice corneal dystrophy type lil Autosomal
Recessive
Macular corneal dystrophy Autosomal
g Recessive
Macular corneal dystrophy type IA Autosomal
Recessive
Macular corneal dystrophy type i Autosomal
Recessive
Marginal crystalline corneoretinal dystrophy Autosomal
(Bietti dystrophy) Recessive
Posterior amorphous corneal dystrophy Autosomal
(Pre-Descemet dystrophy with ichthyosis) Dominant
X Linked
_3 Avellino corneal dystrophy (Combined Autosomal
$ | granular-lattice corneal dystrophy, Granular Dominant
o corneal dystrophy type Il)
Z’, Granular corneal dystrophy type | Autosomal
a Dominant
® Lattice corneal dystrophy type | (Classic lattice | Autosomal
§ corneal dystrophy) Dominant
g Lattice corneal dystrophy type I/IlIA Autosomal
Dominant
Lattice corneal dystrophy type [lIA Autosomal
Dominant
Lattice corneal dystrophy type IV Autosomal
Dominant
Fuchs endothelial corneal dystrophy Autosomal
9 Dominant
= Congenital hereditary endothelial dystrophy Autosomal
g |typel Dominant
"3 Congenital hereditary endothelial dystrophy Autosomal
& |typell Dominant
® Posterior polymorphous corneal dystrophy Autosomal
5 Recessive
'§ Posterior polymorphous corneal dystrophy Autosomal
° Dominant
w X-linked corneal endothelial dystrophy X Linked
TABLE 1.1: Corneal dystrophies, their mode of inhentance and primary layer involved are
shown.
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1.2.1 Autosomal dominant stromal dystrophies

There are 9 corneal stromal (Table 1.1) dystrophies-amyloidosis V, central
cloudy dystrophy of Francois, central crystalline dystrophy of Schnyder, central
discoid corneal dystrophy, congenital hereditary stromal dystrophy, Fleck corneal
dystrophy (Francois-Neetens speckled corneal dystrophy), posterior amorphous
corneal dystrophy, lattice and granular corneal dystrophies and Thiel Behnke
corneal dystrophy that are inherited in an autosomal dominant mode. Lattice and
granular corneal dystrophies are further divided into subtypes on the basis of the

age of onset, and nature of the opacities in the stroma.
1.2.2 Lattice corneal dystrophy

LCD (OMIM 122200) was reported by Biber in 1890 [Biber et al., 1890] followed
by Haab [Haab et al., 1899] and Dimmer [Dimmer et al., 1899] in 1899. Biber
described the phenotype as a fine mist-like opacity, which was composed of long
and short fine lines running in various directions and crossing each other. The
features of lattice dystrophy include discrete ovoid or round subepithelial
opacities, anterior stromal white dots, and small refractile filamentary lines that
may appear in the first decade of life. The age of onset for LCD has been
reported to be as early as 3 yrs [Dubord et al., 1982]. The superficial location of
the deposits leads to recurrent erosions. A form of LCD that differs in being a
systemic form of amyloidosis was first reported by Meratoja [Meratoja ef al.,

1973], and is due to the mutations in the gelsolin gene. The phenotype reported

P 10
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by Meratoja was classified as lattice dystrophy type 1l. Histopathological
identification by Jones & Zimmerman in 1961 [Jones et al., 1961] paved the way
for distinguishing between lattice and granular corneal dystrophies. The deposits
in LCD were characterized as amyloid based on their Congophilic nature
[Seitelberger et al, 1961]. The amyloid deposits showed apple green

birefringence and dichroism under polarized light.
Lattice corneal dystrophy type I:

LCD type | (OMIM # 122200) usually manifests as fine, linear network of
opacities in the anterior stroma. The clinical diagnosis of lattice dystrophy
depends on careful biomicroscopic observation. Typically, the branching
linear opacities extend from the center to the periphery and have a
somewhat radial arrangement. Usually the lines do not extend to the
limbus. They may be seen rather deep in the stroma. The lines may be
double contoured or appear to be filled with fine granules. The age of
onset is in the first to second decades of life and they progress with age.
Visual acuity may be normal in the early stages but reduces as the
disease progress. Histopathologically the subepithelial and superficial
stroma contains focal deposits that are Congo red positive. The deposits
are autofluorescent and fluorescent when stained with acridine orange,
Congo red, fluorescein, and thioflavin T. They are argyrophilic, PAS

positive, metachromatic with toluidine blue and red with Masson’s

- 11
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trichrome stain [Klintworth et al., 1967]. On haematoxylin & eosin (H&E)
stained sections they appear pink in colour. Under a light microscope
Congo red stained sections appear brick red in colour. Ultrastructural
investigations showed irregularly shaped, electron—dense, extracellular
deposits containing fine, non-branching filaments 80-100 nm in diameter

that blend with adjacent collagen [McTigue et al., 1964].

Lattice corneal dystrophy type III/IIIA:

Lattice corneal dystrophy type Il was initially reported by Hida and co workers
[Hida et al, 1987a] in a Japanese family with affected individuals in one
generation, and is considered to be autosomal recessive. They observed a late
onset disease with thick lattice lines in the mid-stroma [Hida et al, 1987b]

without corneal erosions.

LCD type lIA (OMIM # 608471) differs from LCD type Il in having
autosomal dominant transmission. It was first reported by Stock and his co-
workers in 1991 [Stock et al., 1991] and consists of thick, ropy lattice lines seen
to traverse the cornea almost from limbus to limbus that were easily detected
with direct illumination. Histopathological examination revealed accumulations of
varying sized amyloid deposits in the stroma and ribbons of amyloid between the
stroma and Bowman's layer typical of lattice corneal dystrophy type Ill. Even

though this phenotype is similar to type I, it shows recurrent corneal erosions.

12
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Lattice corneal dystrophy type IV:

LCD type IV is an unusual variant of lattice dystrophy, which manifests as deep
stromal thick lattice lines. The onset of disease is in the sixth to seventh decades

of life [Fujiki et al., 1998, Munier et al., 2002, Nakagawa et al., 2004].
Atypical lattice corneal dystrophy:

Apart from the above-mentioned types of lattice corneal dystrophy many variant
phenotypes were reported for lattice corneal dystrophy. These uncharacteristic
forms of LCD have been described as having features that partly resemble a
combination of LCD type | and LCD type lIl based on the age of onset and the
nature of the opacities. This range of LCD phenotypes has been designated as
“intermediate,” type I/lll or as atypical and they are not strictly classifiable as

LCD types I, llI, IIIA, or IV.
1.2.3 Granular corneal dystrophy (GCD)

Groenouw first gave a description of this disease in 1890. He described the eye
disorder of two patients, and called the corneal disease nodular corneae
[Groenouw et al., 1890], later in 1938, Buckler re-examined both cases and
diagnosed one as Groenouw type | (granular corneal dystrophy) and the second
case as Groenouw type |l (macular corneal dystrophy). The common feature in
these 2 dystrophies was the presence of nodular deposits. The opacities in GCD

were later described as granular [Mutch et al., 1944].
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Histopathology of granular corneal dystrophy:

Jones and Zimmerman in 1961 [Jones et al., 1961] established a method of
staining to differentiate stromal lesions with eosinophilic granular deposits which
were not birefringent under polarized light and which give an intense red colour
with Masson's trichrome stain, but no reaction with the periodic acid-Schiff (PAS)
or acid polysaccharide methods. The deposits in GCD appear as rod-shaped

bodies on electron microscopy [Kuwahara et al., 1967, Matsuo ef al., 1967].

GCD type I:

GCD type | (OMIM # 121900) is the Groenouw type of GCD with numerous
grayish spots in the central cornea. The opacities are located in the anterior and
mid-stroma and are irregularly rounded and resemble small crumbs of dry bread.
The opacities lie partly separate and partly fused into groups and streaks. When
the disease progresses the opacities grow in size and number and corneal haze

develops.
GCD type II:

GCD type Il (OMIM # 607541) is also known as combined granular-lattice corneal
dystrophy or Avellino corneal dystrophy. It was first reported by Folberg and his
colleagues in 1988 [Folberg et al., 1988). They described atypical granular
corneal dystrophy with histopathologic features of both granular and lattice
corneal dystrophy. Four patients of 3 families from Pennsylvania,

Massachusetts, and Argentina had a clinicai diagnosis of granular dystrophy.
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Results of pathologic examination of the corneal buttons from each patient after
penetrating keratoplasty confirmed the presence of deposits that showed
characteristic features of deposits seen in granular dystrophy in the anterior third
of the stroma. Amyloid was also demonstrated within some of these granular
deposits by Congo red staining and birefringence under polarized light. In
addition to the amyloid deposits located within the granular lesions, amyloid was
also present in the form of fusiform lesions in the mid-and deep stroma, as well
as in areas of the superficial stroma adjacent to the granular deposits. Each of
the 3 families was said to have traced its origin to Avellino in ltaly. Similar
ancestry to the same region of Avellino was noted in 2 other families with
granular and lattice-like lesions in the cornea [Holland et al., 1992]. Based on
these observations, the term Avellino corneal dystrophy was proposed [Holland
et al., 1992]. Later studies showed the same phenotype in patients from other
regions of the world as well [Akiya ef al., 1999, Meallet ef al., 2004]. In general,
GCD type Il shows a high degree of interfamilial and intrafamilial phenotypic
variability. Granular opacities appear to develop first, with lattice lines appearing

(if at all) in more advanced stages of disease [Rosenwasser ef al., 1993].

GCD type lll:

GCD type Il (OMIM # 608470) (also known as Reis—Bucklers corneal dystrophy)
was first reported by Reis in 1917 [Reis ef al., 1917] and further reviewed by
Bucklers in 1949 [Bucklers et al., 1949]. They described the opacities as having
a geographic pattern and involving the Bowman’s layer and superficial stroma

15
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with recurrent corneal erosions The onset of the disease is in the first decade
and it progresses rapidly with age. The clinical characteristics has become
known as Reis-Bucklers dystrophy are similar to and have been confused in the
literature with those of another dystrophy of the Bowman’s layer that was
described by Thiel and Behnke in 1967. Kuchle et al [Kuchle ef al., 1999] re-
evaluated cases with Bowman'’s layer dystrophies and proposed that CDB1
(corneal dystrophy of Bowman layer type 1) is the same as Reis-Bucklers corneal
dystrophy and CDBII i1s Thiel-Behnke corneal dystrophy. The deposits in CDBI

are rod-shaped on EM as seen in GCD and stain with Masson'’s trichrome stain.
Thiel-Behnke dystrophy (CDB2):

CDB type Il (OMIM # 602082) clinically manifests as honeycomb-shaped sub-
epithelial opacities with epithelial erosions. [Behnke and Thiel, 1965]. The
disorder resembles GCD type Ill (Reis-Bucklers dystrophy) in its clinical
appearance. By histopathology, the deposits differ in that they are not Masson-
positive and are distinguished by electron microscopy in which deposits have the

appearance of curly fibers beneath the epithelium [Kuchle et al, 1995].
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Chapter 1 Introduction and Literature Review

1.2.4 Genetics of GCD and LCD

Lattice and granular corneal dystrophies are autosomal dominant disorders that
were mapped to chromosome 5931 [Stone et al., 1994]. LCD type I, GCD type |
and GCD type Il were mapped by Stone and coworkers. GCD type Ill was also
mapped to chromosome 5q31 by Small et al, [1996].' Mutations in the
transforming growth factor beta induced gene (TGFBI) are responsible for these

dystrophies [Munier et al., 1997].
Transforming growth factorbeta-induced gene (TGFBI, BIGH3):

The TGFBI cDNA was first isolated by Skonier [Skonier et al, 1992] in an
adenocarcinoma cell line in response to induction by TGFA1. It was found to be
expressed in several cell types including human lung adenocarcinoma,
melanoma, keratinocytes, and fibroblasts by induction with TGFA1. The gene
was initially designated as beta-igh3 (B/IGH3; TGF-beta inducible human clone
3) [Skonier et al., 1992]. The organization of the TGFB/ gene is shown in Figure
13. The gene has 34,883 bp. Truncation analyses identified the nucleotide
region from -336 bp to -1 bp as having high promoter activity in A549
(adinocarcinoma) cells. The region from -1000 bp to -646 bp contained negative
regulatory elements [Yuan et al, 2004]. The TGFBI-responsive element was

found to be located at ~1000 bp to —336 bp upstream of the transcription start

site [Yuan et al., 2004).
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-1000 to -1

Promoter Exon Intron
Fig 1.3: The TGFBI gene structure showing promoter, non-coding (introns), and coding regions

(exons). Exons (numbered 1-17) are represented by orange boxes

The TGFBI gene codes for a 68.3 kDa extracellular matrix protein (TGFBIp)
alternatively known as Arg-Gly-Asp (RGD)-collagen associated protein (RGD-
CAP) [Hashimoto et al., 1997], MP78/70 (a component of elastin-associated
microfibrils) [Gibson et al., 1996], or kerato-epithelin [Munier et al., 1997]. The
latter name was based on its high level of expression in the corneal epithelium.
As is evident from various studies [Skonier et al., 1992], TGFBI is also
expressed in other tissues apart from cornea. For convenience the gene is

designated here as TGFBI and the protein as TGFBIp
Expression of TGFBIp:

TGFBIp was identified in bovine tissue extracts and designated as MP78/70, and
was localized to collagen fibers in tissues such as developing nuchal ligament,
aorta, lung and mature cornea to reticular fibers in fetal spleen and to capsule
and tubule basemgnt membranes in the developing ki‘dney [Gibson et al., 1997].
It was associated with collagen type VI and the staining pattern in most tissues

showed association with type VI collagen [Gibson et al., 1997].

TGFBI expression is prevalent in different tissues during embryonic

development in mouse [Schorderet et al., 2000] and throughout embryogenesis
25
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in zebrafish [Hirate et al., 2003]. Escribano et al,, [1994] showed the expression
of TGFBIp (protein) in the epithelium of rabbit cornea but at lower levels in the
stroma as well. Its expression is restricted in the adult cornea to the epithelium
and in corneal wound healing and in the rabbit foetal cornea, expression of
TGFBI mRNA is detectable in the corneal stroma as well. [Rawe et al., 1997].
However, despite the broad tissue distribution of TGFBI during vertebrate

embryonic development, its function is still poorly understood.
TGFBIp structure:

The TGFBIp appears to undergo partial processing at the carboxyl terminal end
to yield a 68—70 kDa isoform [Skonier et al., 1994]. It contains a secretory signal
(1—24 amino acids at the N-terminus), four internal tandem repeat domains that
have homology to FAS1 (fasciclin I) of drosophila and a carboxy-terminal domain
with the RGD sequence (residues 642-644). The FAS7 domain represents an
ancient cell adhesion domain homologous to fasciclin | protein in Drosophila.
Since the identification of the prototypic Drosophila protein fasciclin | [Bastiani, et
al., 1987], other proteins having homology are the fasciclin | protein of
grasshopper [Snow et al., 1988] and MBP70 (Mycobacterium bovus protein).
The inter-domain homologies range from 31% (between domains 2 and 4) to
16% (between domains 1 and 3). Domain 3 is the more divergent of the 4
domains [Skonier et al., 1992]. Conserved region analysis in rabbit, mouse and
human TGFBIp/BIGH3 revealed three highly conserved amino acid stretches,

with 9 of 10 amino acids conserved at the N-terminal end, a second with 6 of 8

26
Molecular Genetic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients



Chapter 1 Introduction and Literature Review

amino acids conserved about 30 residues from the N-terminal end and a third
region near the carboxyl end with 12 of 16 amino acids conserved [Skonier et al.,
1992]. There are no predictive sites for N-linked glycosylation. The deduced
amino acid sequence of TGFBIp of rabbit was 92% homologous to the
corresponding proteins in human and mouse. It also has 43% homology with
osteoblast specific factor-2 (OSF-2) [Rawe et al., 1997]. To date, no isoforms

have been reported for TGFBIp and it is encoded by a single gene [Schorderet

et al., 2000].
| I I V' RrRGD
L I:IITI-
N — terminal region — terminal region

Figure 1.4: Diagram of TGFBIp showing 4 Fas1 repeat domains, integrin recognition

sequence (RGD), N-terminal and C-terminal regions.
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Interaction with extracellular matrix proteins:

TGFBIp has been shown to bind in vitro to a number of other extracellular matrix
components including fibronectin, laminin, and collagens type |, type ll, type IV
and type VI [Hashimoto et al., 1997; Rawe et al., 1997; Billings ef al., 2002]. In
addition, TGFBIp has multiple cell adhesion motifs within the fasciclin-like
domains [Skonier et al., 1994; LeBaron et al., 1995; Kim et al., 2003] that can
mediate interactions with a variety of cell types via integrin a3p1. Cell adhesion
activity of TGFBIp was prevented by antibodies against the integrin a3 subunit
only. The o3 subunit of integrin heterodimerizes with the B1 subunit, hence
antibodies against B1 also prevented adhesion of HCE cells to TGFBIp- coated
matrix [Kim et al., 2000, Bae et al., 2002]. TGFBIp interacts with other integrins
such as a1B1 [Ohno et al., 1999], aVB5 [Kim ef al., 2002a] and aVB3. The motifs
for interaction with 381 integrin have been mapped to highly conserved aspartic
acid and isoleucine residues in the second and fourth FAS7 domains of TGFBIp
[Kim et al, 2000]. The structural analysis of pentapeptides, NKDIL (2“"I FAS1
domain) and EPDIM (4™ FAS1 domain) showed that they can adopt a B-turn
structure similar to the RGD peptide and suggested that the NKDIL and EPDIM
could interact with integrin in membranes [Park et al., 2004]. The interactions
with integrins aVB3 and aVB5 require at least 18 amino acids, including highly
conserved tyrosine and leucine residues, which are denoted YH18 peptide
consisting of amino acids 563 and 580 of TGFBIp [Kim ef al., 2002a, Nam et al.,
2003].
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Functions of TGFBIp:

The precise functions of TGFBIp are unknown, but it has been proposed that it
may act as a cell adhesion molecule [Kim et al., 2002a] and as a bifunctional
linker protein interconnecting different matrix molecules to each other and to
cells [Gibson et al., 1997, Billing et al., 2002]. However, there is paucity of data
on signaling and adaptor molecules that are recruited by TGFBIlp during
adhesion and migration of cells. As part of intracellular signaling, TGFBIp
supports the actin stress fiber formation in adhering fibroblast cells [Billings et al.,
2002]. The phosphorylation of Akt, extracellular signal regulated kinases (Erk),
Focal adhesion kinase (FAK) and paxillin are reported during a6p3 and avp5
integrin-mediated adhesion of U87 and vascular smooth cells [Kim et al., 2003,
Lee et al., 2006]. Recent evidence suggests that TGFBIp may be important in
endothelial cell-matrix interactions during vascular remodeling and angiogenesis
[Aitkenhead et al., 2002] and that the protein functions as a negative regulator of
mineralization during cartilage differentiation and osteogenesis [Ohno et al.,
2002, Kim et al, 2000]. Downregulation of TGFBIp was linked to tumor
suppressor function of the protein but the effect of upregulation in some tumors
is yet to be understood [Sasaki ef al., 2002, Hourihan ef al., 2003]. To date, the
corneal stromal dystrophies represent the only known pathological manifestation

so far identified for gene mutations in TGFBI.
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TGFBI gene mutations in LCD:

A mutation of ¢.370C>T (Arg124Cys) was first reported for LCD and is found in
LCD type | [Munier et al, 1997]. Other mutations including c¢.1514T>A
(Val505Asp), ¢.1553T>G (Leu518pro), C.1616T>A (Val539Asp), c.1637C>A
(Ala546Asp), ¢.1652C>A (Pro551GIn), ¢.1706T>G (Leu569Arg), were reported
to cause the LCD type | [Tian et al, 2005, Endo et al., 1999, Dighiero et al.,
2000a, Klintworth et al, 2004, Warren et al, 2003]. Among the various
mutations, Arg124Cys mutation is predominant in various populations studied
from Hungary [Takacs et al., 2007], Japan [Yamamoto et al., 2000, Mashima et
al., 2000, Fujiki ef al., 2000] and Ukraine [Pampukha et al., 2004] and in Western
populations [Munier et al, 1997, Korvatska et al, 1998, Afshari et al., 2001].
Various phenotypes associated with mutation of Arg124Cys are shown in Table
1.2. The first TGFBI mutation identified for the LCD type llIA was c.1501C>A
(Pro501Thr), found in patients having late-onset, ropy lattice lines, and recurrent
corneal erosions [Yamamoto ef al, 1998]. Other mutations associated with the
LCD type IlIA phenotype are ¢.1866T>G (Asn622Lys), a deletion of G at position
1879 with a predicted frameshift at Val627 and subsequent termination
(c.1879delG; Val6274fs) [Munier et al., 2002], c.1636G>A (Ala546Thr) [Dighiero
et al., 2000b], and ¢.1619T>C (Phe540Ser) [Stix ef al., 2005]. The mutations
associated with LCD type IV are ¢.1580T>G (Leu527Arg) [Fujiki et al., 1998] and
c 1631A>G (Asn544Ser) [Nakagawa Asahina et al., 2004], found in Japanese

patients; ¢.1892T>A (Val631Asp), found in an italian patient [Munier et al.,
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2002]. Various mutations reported for different types of LCD and their

phenotypes were given in Table 1.2.
TGFBI gene mutations in GCD:

GCD type | was first reported to arise from a mutation of ¢.1663C>T (Arg555Trp)
in a family with 22 affected members [Munier ef al, 1997]. Mutation of
¢.370C>A (Arg124Ser) was also reported in two families with GCD type |
phenotype [Stewart et al, 1999b]. Arg555Trp mutation was identified in
homozygous patients [Okada ef al., 1998b, Mashima et al., 1998]. In patients
with homozygous Arg555Trp mutation the phenotype was severe and the age of

onset was early. [Okada et al., 1998b]

The TGFBI mutation linked with GCD type |l is ¢.371G>A (Arg124His),
first reported by Munier in 1997 [Munier ef al., 1997], and then by Korvatska and
co-workers [Korvatska ef al., 1999]. This mutation was identified as a frequent
mutation in Japanese patients [Mashima et al., 2000], Fujiki ef al., 2000]. Due to
its higher prevalence in Japan, families with homozygous Arg124His have been
described in 4 reports [Mashima et al., 1998, Fuijiki ef al., 1998, Tsujikawa et al.,
2006]. In contrast to patients with heterozygous Arg124His mutations, patients
from the same family who were homozygous for mutation of Arg124His have a
severe phenotype with an early onset of the disease (within the first decade)
[Mashima et al., 1998]. Light and electron microscopic analysis of corneal
sections from two severely affected patients aged 37 yrs and 31 yrs showed
deposits in the superficial stromal layers that stained with Luxol fast blue and
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Masson trichrome. The deep stromal layers were normal and none of the stromal
layers were stained with Congo red. Electron microscopy showed an
accumulation of rod shaped electron-dense material in the corneas of individuals
with the homozygous mutation. The minimum age reported for the severe

phenotype in homozygous individuals is 2 yrs [Mashima et al., 1998].

A mutation of ¢.371G>T (Arg124Leu) was identified in TGFBI/ gene in
patients with GCD type Il or CDB1 [Okada et al., 1998a; Mashima et al., 1999].
This mutation was reported first in Japanese patients [Okada ef al, 1998a;
Mashima et al., 1999] and also in various regions including United Kingdom
[Stewart et al., 1999a] and China [Yu et al., 2003]. The variants of GCD, their

clinical features and mutations responsible were given in Table 1.2.

Genetically, Thiel-Behnke corneal dystrophy (TBCD; CDB2) is linked to 2
different loci. A mutation of C.1664G>A (Arg555GIn) in TGFBI is associated with
this dystrophy [Munier ef al., 1997]. Apart from the TGFBI gene, CDB2 was also
mapped to chromosome 10 (10g23-10qg24) [Yee et al., 1997]. The gene has not

yet been identified at this locus.
1.3 AIM OF THE STUDY

The aim of this work was to characterize the mutational spectrum and look for
genotype-phenotype correlations in Indian patients with granular and lattice
corneal dystrophies. No data existed in Indian populations with these disorders

prior to this study. We also attempted to determine the differences if any
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between wild type TGFBI protein and some common mutants when expressed in

cell culture.
1.4 OBJECTIVES

1. To screen patients with lattice and granular corneal dystrophies for mutations

in the TGFBI gene.
2. To look for genotype-phenotype correlations.

3. To investigate the differences between wild type and mutant proteins of

TGFBI by expression in suitable cell lines.
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2.0 MATERIALS AND METHODS

2.1 Patients and controls

Probands with granular or lattice corneal dystrophy presenting at the cornea
clinic of L.V. Prasad Eye Institute and available family members were included in
the study after approval of the protocol by the Institutional Review Board.
Diagnosis was made after clinical evaluation by slit lamp biomicroscopy to detect
the presence of corneal opacities, and testing of visual acuity, intraocular
pressure, and fundus examination. Unaffected relatives of probands were also

clinically examined. Inclusion and exclusion criteria are as listed below.

2.1.1 Inclusion criteria

1 Bilateral involvement.

2 Clinically evident stromal opacities consistent with lattice corneal

dystrophy (LCD) or granular corneal dystrophy (GCD).

3 Histopathological criteria: Positive staining of deposits with Congo red
followed by apple green birefringence under polarized light is a
confirmatory test for amyloid and was used for diagnosis of LCD. Positive
staining of deposits with Masson’s trichrome to give brick red color is

indicative of GCD.
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2.1.2 Exclusion criteria
Patients with unilateral disease were excluded from the study.

A total of 60 probands were recruited in the study. In addition, 100
unrelated controls who were free of corneal disease were included. 4 ml of the

blood was collected in heparinized vacutainers. Blood samples were stored at —

20°C.
2.2 DNA Isolation

Isolation of genomic DNA from peripheral blood leukocytes was performed by a
standard method involving phenol-chloroform extraction. Frozen blood samples
were thawed at room temperature, lysis of red blood cells (RBC) was carried out
by mixing with an equal volume of 1X phosphate buffered saline (PBS) followed
by centrifugation at 4500 rpm to obtain a leukocyte pellet. The supernatant was
discarded, and pellet of white blood cells was treated with Proteinase K in 7.5 ml
of buffer (0.01M Tris pH 8.0, 0.1M EDTA pH 8.0, 0.5% SDS, 20mg/m| proteinase
K (Bangalore Genei, Bangalore, India)) 35 ul and 10 mg/ml RNase A 17.5 pl
(Bangalore Genei, Bangalore, India) by incubating overnight at 37°C. The lysate
was extracted with equal volume of buffered phenol (equilibrated with 1 M Tris
pH 8.0 and maintained in 0.5 M Tris, pH 8.0). The upper aqueous layer was
transferred to a fresh tube and mixed with an equal (1:1) volume of phenol-
chloroform. This was followed by extraction with equal volume of chloroform.

DNA from the aqueous phase was precipitated with 2.0 M ammonium acetate
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(one-fifth volume of 10M stock solution) and 2 volumes of ethanol. The DNA was
spooled on to a 1ml pipet tip and washed with 70% ethanol. The DNA pellet was
air-dried to remove residual ethanol. The DNA pellet was then dissolved in 500
pl of de-ionized water. Isolated DNA was quantified by measuring the
absorbance at 260 and at 280 nm. The ratio of absorbance 260/280 was used to
determine the quality of the isolated DNA.The concentration was calculated

using the following formula:
Concentration of the DNA = ODgg X 50 X dilution factor = pg of DNA /ml

Quantified DNA was diluted to 50 ng/ul and used for polymerase chain reaction

(PCR).
2.3 Polymerase chain reaction

Polymerase chain reaction was performed using primers that were
complementary to flanking intronic sequences of each exon. Primer sequences
are in Table 2.1. Primers were commercially obtained (Sigma-Aldrich, USA). The
primers were designed so as to generate amplified products of 300bp or less for
single strand conformation polymorphism (SSCP) analysis. All the primers
designed were 20 base pairs or more in length with a GC content in thé range of
40-80%. Tm was calculated according to the formula Tm (°C) = 2(A+T) +
4(G+C)-5. The annealing temperature for each pair of PCR primers was
optimized experimentally. Details of PCR conditions for each primer pair are

mentioned in the Table 2.1.
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PCR amplification was carried out with following reaction parameters

dNTPs - 200 uM

PCR reaction buffer 1X

Magnesium chloride 1.5-2.5mM

Primer (forward) 10 pmoles

Primer (reverse) 10 pmoles

Template DNA 50 ng

Tagq DNA polymerase (Bangalore Genei, Bangalore, India) 1U

The final reaction volume was 25 pi. Dimethyl sulfoxide (DMSO) was used at a

concentration of 5% to 10% for GC-rich templates.

The cycling conditions used were as follows

1. Initial denaturation 94°C, 2 min

2. Denaturation 94°C, 45 sec

3. Annealing 55-70°C, 30sec
4. Elongation 72°C, 45 sec

5. Final elongation 72°C, 5-7 min
Cycles (steps 2-4) 35
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Chapter 2 Materials and Methods

2.4 Agarose gel electrophoresis

0.8 t01.5% agarose gels were prepared by melting the required quantity of
agarose in 1X Tris-Acetate-EDTA (50X stock solution: 2 M Tris, 57.1 ml glacial
acetic acid, 100 mM NazEDTA) (1X final concentration) electrophoresis buffer by
heating in a microwave oven, followed by addition of ethidium bromide to a final
concentration of 0.25 pug/ml. The agarose was poured into a gel tray containing a
comb, allowed to cool and solidify, and then placed in electrophoresis tank and
submerged in 1X TAE buffer. DNA samples were mixed with 6X gel loading
buffer (0.25% bromophenol blue, 0.25% xylene cyanol 40% wi/v sucrose).
Samples were loaded on the gel along with DNA size standards. Horizontal
electrophoresis was carried out at approximately 80-100V. The gel was
photographed under UV light using the UVIDoc gel documentation system

(UVITec, Cambridge, England).
2.5 PCR-RFLP (Restriction fragment length polymorphism)

PCR-RFLP was used to detect sequence variations that are known to result in
either gain or loss of a recognition sequence of the particular restriction
endonuclease. The method includes PCR-amplification of the relevant DNA
fragment followed by the digestion with the respective restriction enzyme (details
in Table 2.2) at the optimum temperatures as mentioned in the table. Digested

products were subjected to agarose and polyacrylamide gel electrophoresis.
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Chapter 2 Materials and Methods

2.6 Polyacrylamide gel electrophoresis

Polyacrylamide gels were prepared ‘at a final concentration of 8% by mixing 13.3
ml of 30% acrylamide stock solution (29:1 acrylamide:bis), 5 ml of 10X Tnis
borate-EDTA (890 mM Tris, 890 mM boric acid 20 mM) (1X final conc), and de-
ionized water to a total volume of 50 ml. Polymerization was initiated by addition
of 300 ul of ammonium persulphate (0.06%) and 30 pl of TEMED (GE
Healthcare UK Ltd Buckinghamshire England) Gels were prepared at a size of
16X16 cms and a thickness of 1.5 mm. Electrophoresis was performed in 1X
TBE at 75 volts for 2-3 hrs. Gels were visualized by staining with ethidium
bromide and photographed on a UVIDoc gel documentation (UVITec,

Cambridge, England) system over UV light.
2.7 Single strand conformation polymorphism (SSCP)

Single-strand conformation polymorphism (SSCP) analysis is a mutation
detection technique, which has a sensitivity range of 60% to 80% for fragments
less than 300 bp in size but decreases with increase in fragment size [Hayashi
and Yandell, 1993]. The principle of SSCP is based on the conformation of
single strands due to intra-strand base-pairing following denaturatioﬁ and self-
annealing. A single base substitution can potentially alter the conformation of the
fragment and result in differential migration under conditions of non-denaturing
electrophoresis. Therefore DNA samples having wild type (normal) and altered

(variant) sequences display different mobility patterns.

42
Molecular Genetic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients



Chapter 2 Materials and Methods

For SSCP analysis, 2 ul of PCR product was mixed with 4 pl of 95%
formamide containing bromophenol blue and xylene cyanol. Samples were
denatured at 95°C for 5 minutes and chilled immediately on ice. Samples were
then separated on 8% polyacrylamide gel (19.5:0.5 acrylamide to
bisacrylamide) containing 0.5X TBE and 5% glycerol. AII samples were
electrophorized at room temperature and at 4°C. Gels were run at constant
voltage of 75 V at room temperature and 120V at 4°C. Gels were stained with
0.2 % silver nitrate for the detection of DNA. This was done by fixing the gels in
10% ethanol: 0.5% acetic acid for 45 minutes. Gels were then washed three
times with de-ionized water followed by staining in 0.2% silver nitrate. They
were then washed, developed in a solution of 1.5% sodium hydroxide and
0.4% formaldehyde until bands were visible at the desired intensity. Gels were
washed In de-ionized water and photographed using UVIDoc gel
documentation system over white light (UVITec, Cambridge, England).
Fragments showing altered mobility relative to controls were sequenced

directly.
2.8 RNA isolation and preparation of TGFB/ cDNA

Human cadaveric corneas were collected from the Ramayamma International
Eye Bank, L.V. Prasad Eye institute, Hyderabad, India. RNA was isolated

from the blood, limbal cells (collected from Sudhakar & Srikanth Ravi stem
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cell laboratory, L V Prasad Eye Institute) and corneal tissue by using Trizol

reagent (Invitrogen).

A starting volume of 0.25 ml c;f blood or 10° blood leukocytes or 100 mg
of tissue was taken in a sterile 2 ml microfuge tube, diluted with 0.25 ml of
sterile water and mixed with 1.5 ml of Trizol reagent. Cells were lysed with
repeated pipetting. Homogenized samples were made into two aliquots, each
of 1ml and incubated for 5 min at room temperature. After 5 min of incubation,
0.2 ml of chloroform was added to each tube and mixed vigorously. After
mixing, the tubes were left at room temperature for 15 min to separate the
organic and aqueous layer. The samples were then centrifuged at 13,000 rpm
for 15 minutes at 2-8°C in a microfuge. Clear aqueous phase obtained after
centrifugation was transferred to a fresh microfuge tube and RNA was
precipitated by adding 0.5 ml of isopropanol. Precipitated RNA was left at room
temperature for 10 minutes and centrifuged at 13000 rpm for 10 minutes. The
pellet was washed with 75% ethanol and centrifuged at 8,000 rpm for 10
minutes. The RNA pellet was air-dried and resuspended in 50 pl of autoclaved
de-ionized water and kept on ice for 30 minutes until it dissolved completely.
Dissolved RNA was quantified by measuring absorbance at 260 nm on a UV
spectrophotometer. Concentration of RNA was calculated by taking 1 OD unit

equal to 40 pg RNA.

RNA quality was checked by electrophoresis on 1% agarose gel

containing 2.2 M formaldehyde in IX MOPS buffer. (0.2 M MOPS pH 7.0, 20
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mM sodium acetate and 10 mM EDTA pH 8.0). RNA samples were loaded by
preparing a mix of 2 pl of the sample, 2 pl of the 10X MOPS buffer, 4.0 pl
formaldehyde, 10 pl of formamide and ethidium bromide to a final concentration
of 0.25 pug/ml. Denatured at 55°C in water bath for 10 min and placed on ice. To
the denatured sample 2 pl of the 10X formaldehyde-loaqing buffer (50%
glycerol, 10 mM EDTA pH 8.0, 0.25% bromophenol blue, 0.25% xylene cyanol)
was added and samples were loaded onto the agarose gel, which was
submerged in 1X MOPS buffer. Electrophoresis was performed at 4 to 5 V/icm

and RNA was visualized in UV light using the UVIDoc gel documentation

system.
Reverse transcription PCR (RT-PCR)

Reverse transcription of cDNA from the RNA preparation was performed using
a mix of 4 pl (1 pg) of the RNA and 1 pl (50 pmols) oligo dT primer (previously
denatured at 60°C for 10 minutes and chilled on ice), 10 ul of 5X RT-buffer, 5 pl
of 10 mM dNTP, 1ul (200 U/ul) MMLV-RT enzyme (MBI-Fermentas
Inc, Maryland, USA) and 29 pl of sterile, de-ionized water. The cDNA

preparation was subjected to PCR amplification using primers specific for the

human TGFBI/ cDNA (shown in Table 2.3).

The reaction was incubated at 25°C for 10 minutes for primer annealing,
42°C for 1 hour for reverse transcription and heated at 70°C for 10 minutes to

inactivate the enzyme. The following conditions were used to amplify the cDNA
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with Tag DNA Polymerase- one cycle at 94°C for 5 minutes, followed by 35
cycles of 94°C for 1 minute, 56°C for 1 minute, and 72°C for 3 minutes, followed

by one cycle at 72°C for 10 minutes.

2.9 Preparation of Competent E.coli cells and transformation

Bacterial culture of E.coli DH5a was revived from a glycerol stock by streaking
cells onto antibiotic-free LB agar plates to obtain isolated colonies. A single
colony was picked and grown in LB medium overnight. 1ml of overnight culture
was added to 100 ml of fresh LB medium with out antibiotic for preparing

competent cells [Sambrook et al., 1989].

Transformations were performed with DNA (up to a volume of 5 pl) and
100 pl of competent DH5a cells in each tube. The cells with DNA was Incubated
on ice for 20 min, cells were heat-shocked in a water bath at 42°C for 90 sec,
and immediately placed on ice. 400 pl of LB medium was added to the cells and
they were then incubated at 37°C for 45 min to allow for recovery of cells. A
volume of 200 pl of the culture was spread on LB agar plates with 50 pg/mi

ampicillin. The plates were incubated for 16 hrs at 37°C.
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2.10 Isolation of plasmid DNA

Alkaline lysis method was used for the isolation of plasmid from bacterial cells.
The method used was as described in cloning manual (Sambrook et al., 1989).
Plasmid mini preps were made from 1.5 ml of overnight culture. Briefly, cells
were pelleted and cell pellets from 1.5 ml cultures were resuspended in 100 pl of
Glucose-Tris-EDTA (GTE) solution (Glucose 50 mM, Tris pH 7.5, 25 mM, EDTA
10 mM), incubated on ice followed by lysis in 200 pl of a solution containing 0.2N
NaOH and 1% sodium dodecyl sulphate (SDS) and mixed by gentle inversion.
The cell lysates were treated with 150 pl of 5M potassium acetate (pH 5.8) on ice
and then centrifuged at 13,000 rpm for 10 min. The supernatants were removed
and DNA was precipitated with 800 pl of ethanol. Isolated plasmid DNA was then
washed with 75% ethanol and air-dried. The pellet was resuspended in 30 pl of

autoclaved de-ionized water containing 10 pg/ml RNase A.
2.11 Cloning of wild type TGFBI c. DNA

Cloning of wild type TGFBI cDNA was performed in following steps
A) Cloning into TA vector
B) Sub-cloning into pCMV-HA vector
C) Insertion of C-terminal 6X-Histidine tag into TGFB/ cDNA clone

D) Sub-cloning of 6X-His tagged cDNA into pcDNA 3.1 () Neo vector
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A) Cloning into TA vector

A TA cloning vector, pTZ57R/T (Cat# k1213, MBI-Fermentas Inc, Maryland
USA) was used in the initial step to clone the PCR-amplified TGFBI cDNA.
This method depends on the property of Taq polymerase of a non-templated
addition of A at the 3’end of the amplified product. The PCR product can be
directly inserted into the vector pTZ57R/T which has dT at both ends as
shown in the Figure 2.1. The specific primers shown in Table 2.3 for
amplification of TGFBI cDNA were designed such that the 5 end of the
forward and reverse primers have recognition sites for Sfil and Not1 enzymes
respectively (Table 2.3). The sites were inserted to enable cloning into the
multiple cloning site (MCS) of the mammalian expression vector pCMV-HA

(Clontech Laboratories, Inc, Mountain View, CA 94043 U.S.A).

qul 2564 Eeli3slt 621
Sacl 621

Byl 2488, Aocasl 627
Scal Tatl 2447 Kpnt 627
Bsps8l 633

Mvai269] 637

Hph1103] 639

Xeal 64

...

A o654

Cirel 668
EcoB8l 658
$mal 658
Apal 661
Bspr20l 661
fhnell 667
Sall 667
Xl @67
Pstl 672
A 674
Eco147l 678
Pael 1684

Hindlll 690
T2 omoter

Fig 2.1: pTZ57R/T vector with multiple cloning site and the location of the insert.
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Ligation procedure

Vector pTZ57R/T, (0.165 pg, 0.18 pmol ends. specified in protocol for kit-

InsTA clone™ PCR Cloning Kit, cat # 1213)) - 3ul

Purified PCR fragment —4 pl

5X Ligation Buffer -6 pl
De-ionized Water —6 pl
T4 DNA Ligase —1ul (conc 5U/1pl)

The reaction was incubated at 22°C overnight. The ligation mix was transformed
into competent DH5a. (E.coli) cells. A ligation reaction with vector only was also

set up to assess the extent of self-ligation of vector.
B) Sub-cloning of TGFBI cDNA into pCMV-HA vector

The insert was released from the pTZ57R/T- TGFBI clone by using Sfil and Not/

enzymes and inserted into pCMV-HA vector digested with the same enzymes.
C) Insertion of C-terminal 6X-Histidine (6X-His) tag

The 6X-His tag sequence was inserted into the reverse primer used for
amplifying the TGFBI cDNA. The full length cDNA was amplified using a forward
primer BIGSFIl and a reverse primer BIGNOTRHIS containing 18 nucleotides

upstream of the stop codon and having the coding sequence for 6 histidine
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residues in frame with the TGFBI sequence (Table 2.3). The PCR reaction was
performed by using pCMV-HA-TGFBI as a template. The region amplified by the
two primers consists of 2097 bp of the wild type cDNA with the 6X His tag. This
PCR product (size 2097 bp) was cut with Pdil and Notl enzymes (location of RE
sites shown in Figure 2.2). The fragment was ligated into pCMV-HA-TGFBI clone
which was also digested with the same enzymes as mentioned above. The
resultant clone had an N-terminal-HA (hemagglutinin) tag and a C- terminal 6X-

His tag.

Xbal
1126}

ACCATG TAC CCA TAC GATGTT CCA GAT TAC GLT CTT

HA g
m 83 B0 L1 sip
ATG GCC AT(:’:IGAG GCC CGAATT CG6 TEGA.L'C BAG ATC TCT CBA BT ACC BC6 BOC 60

SHINE EcoRt1 Sall® Bglll “xpo ® Npnl  Notl

Pdi1 (GCCGGC, 1190-1195bp)
Fig 2.2: Vector map of pCMV-HA showing multiple cloning sites, HA tag sequence and the

location of the insertion sites in the pCMV-HA vector
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D) Sub cloning of TGFBI cDNA into pcDNA3.1 (-) Neo vector:

The TGFBI cDNAs were cloned into the pcDNA Neo plasmid in order to enable
neomycin selection of the transfected cells so as to generate stable
transformants. The TGFBI cDNA was released from the pTZ57R/T-TGFBI with
Xbal and Notl enzymes and ligated into pcDNA3.1 Neo cut with Xbal and Not/
enzymes as shown in Figure 2.3. The released product from the pTZ57R/T-
TGFBI had 3 bp (AGA) additional to the insert before ATG. The 6X-His tag was

inserted in frame with TGFBI as mentioned in 2.11c.

Fig 2.3: pcDNA3.1 (-) vector map along with the multiple cloning site and the location of insert

- 51
Molecular Genetic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients



Chapter 2 Materials and Methods

2.12 Construction of mutant clones

Mutants of TGFB/ were generated in the wild type cDNA by megaprimer-based
site-directed mutagenesis (Fig 2.4). Primers spanning the sites of the desired
mutation, and designed to contain the mutant base at the appropriate position
in the primer sequence, were used (Table 2.4). The primer containing the
mutation was used for amplification of a part of the cDNA to obtain a PCR
product containing the mutation. For creating the cDNAs (¢.370C>T, ¢.371G>A,
¢.371G>T) corresponding to Arg124Cys, Arg124His, Arg124Leu mutations,
different mutation-containing primers (spanning residues 360 to 380 of the
TGFBI cDNA with respect to the first base of the ATG codon) were used as
reverse primers along with a forward primer at complementary to positions 1 to
24 of the cDNA. The mutant bases (T, A and T were located at positions 11
and 10 of the reverse primers, shown in Table 2.4). For the c.1653C>T
mutation corresponding to mutation of Arg555Trp, a mutant primer (spanning
positions 1643 to 1663 bp of the TGFBI cDNA) was used as the forward primer
with a reverse primer at residues 2030 to 2049 of the cDNA (Table 2.4). The
mutant PCR products were 396 bp in length for mutations Arg124His,
Arg124Cys, and Arg124Leu and 428bp in length for mutant Arg555Trp. PCR
products were purified by agarose gel electrophoresis. These products were
used as megaprimers for a second round of PCR to amplify full-length

sequence. The complementary primers used for the 2™ round of amplification
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were designed from the 3’ end of the coding region (at residues 2021 to 2049)

and at the 5’ end of the coding region (at residues 1 to 24 bp) for the PCR
products coding for Arg124 mutations or Arg555 mutations respectively. The
final PCR product was 2097 bp long and contained the full-length cDNA
sequence of TGFBI. The mutant cDNA for Arg124 mutations ’were cloned into
the pCMVHA expression vector by using Sfil restriction enzyme present at 5’
end of the PCR product (4 to 17 bp) and Pdil restriction enzyme, which cuts the
insert at cDNA position 1192 bp. The product (1192 bp) of Sfil and Pdil
digestion was ligated into the pCMVHA-TGFBI wt and pcDNA3.1 (-) -
NeoTGFBI wt clones after digesting both the plasmids with the same restriction
enzymes and purifying the vectors. The Arg555Trp mutant-encoding PCR
product was digested with Pdil and Not/. The product (887bp) of Pdil and Not!
digest was ligated into the wild type cDNA clones, pPCMVHA-TGFBI wt and
pcDNA3.1 (-) - NeoTGFBI wt -TGFBI clones after digesting with the same
restriction enzymes and purifying the vectors. Transformants were screened by
Cpol and BstX] digestion of Arg124 and Arg555 mutant plasmids respectively
to identify the desired clones. Positive clones were isolated and sequence of

the mutants was confirmed by direct sequencing.

The above-described constructs of wild type and mutant TGFB/ cDNAs
in pPCMVHA vector had the HA (hemagglutinin) tag at the N-terminus and 6X-
His tag at the C-terminus of the TGFB/ cDNA. The wild type and mutant

pcDNA3.1 (-) Neo-TGFBI cDNA clones had the 6X-His tag at C-terminus.
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Altered ‘base
Sfi | Forward primer

|
Mutated Reverse First round PCR
primer
Mega primer
Sfi I—I- .
T
Second round PCR Not | Reverse primer
Pqil
Sfil Mutated cDNA Not |

Fig 2.4: Megaprimer-based method for creating mutants in TGFBI cDNA
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Chapter 2 Materials and Methods

2.13 Cell culture

Hela and Cos1 cell lines were cultured in T25 culture flasks (Nunc, Rochester,
New York. USA) with Dulbecco’s modified Eagles medium (DMEM, Sigma-
Aldrich, USA) and 10% fetal bovine serum (FBS, Sigma-Aldrich, USA). The
human corneal epithelial cell line (HCE) was cultured in HCE medium (3.98 g of
minimal essential medium (MEM) (Sigma-Aldrich, USA) & 6.66 g of Hams F12
in 824 ml of autoclaved de-ionized water, with addition of 1.38 g sodium
bicarbonate, 5 mg bovine insulin, 150 mg penicillin, 100 mg streptomycin, 2.5
mg amphotericin-B, 4 mg gentamycin (100 pl, 40 mg/ml), The medium was
sterilized by passing through 0.2 pum filter. To the sterilized medium 100 pl of
epidermal growth factor (EGF, 0.1 mg/ml) was added. Cells were incubated at
37°C with 5% CO,. DMEM was prepared from 13.4 g of powder in 1 litre of
autoclaved de-ionized water, with addition of 3.7 g sodium bicarbonate, 150 mg
penicillin, 100 mg streptomycin, 2.5 mg amphotericin B, and 4 mg gentamycin
(100 pl of 40 mg/ml) (Sigma-Aldrich, USA). The medium was sterilized by

passing through 0.2 pm filter.

Cells were sub-cultured at 80% confluence by trypsin treatment. Medium
from the flask was removed and cells were washed with sterile 1X PBS (0.8 g
sodium chloride (NaCl), 0.02 g potassium chloride (KCI), 0.012 g, potassium
dihydrogen phosphate (KH.PO4), 0.091g disodium hydrogen phosphate
(NagHPQy4) in 100 ml autoclaved de-ionized water. 1 ml trypsin (0.125 g,

(0.125%) trypsin, 0.02 g (0.02% EDTA in 100 ml of autoclaved de-ionized
56
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water) was added to cells, incubated for 2.3 mins and trypsin was then

inactivated by addition of 1 ml of FBS. The cells were collected by repeated

pipetting. Detached cells were seeded in a ratio of 1:3 on to fresh flasks

containing 4 ml of medium with 10% FBS.

2.14 Transfection of cells

Transfection was carried out using the Lipofectamine method as described by

the manufacturer (Invitrogen Corporation, Carisbad, California, USA).

For transfection, cells were seeded at 30,000-40,000 cells on a 22 mm
cover slip or 75,000-80,000 cells per 35 mm well of a 6 well plate to achieve a
cell density of 70-80% at the time of transfection. Prior to seeding, cells were
trypsinized and an aliquot was counted by using Neubauer’s chamber Cells
were grown in 2 ml of culture medium for each well in 6-well plate with 10%

FBS.
Lipofectamine method

Seeded cells were grown on cover slips or 6 well dishes for 16-18 hrs. Before
transfection cells were washed with 1X PBS and medium was replaced by the
serum-free and antibiotic-free medium. Transfection medium that was serum-
free and antibiotic-free cell culture medium was used while carrying out
lipofectamine-based transfection. Transfection was performed as described in
the user manual provided by manufacturer. Reaction mixes 1 and 2 containing

2 pl of lipofectamine in 100 pl of transfection medium and 0.5-2 pg of plasmid
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in 100 pl of transfection medium respectively, were pooled. The mix was
incubated at room temperature for 30 min and added to the cells, which were
overlaid with 800 ul of transfection medium, drop by drop to cover the entire
surface of the culture dish. After addition of transfection mix, the cells were
incubated at 37°C with 5% CO, After 6-8 hrs incubation, 1ml of medium
with10% FBS and antibiotics was added to the cells and incubation was

continued.

Transfection procedure was optimized using pEGFP plasmid,
expressing green fluorescent protein, which can be detected by fluorescence
microscopy upon exposure to blue light. Parameters that were optimized
included amount of DNA (range tested, 0.25 to 2.0 microgram per 35 mm dish),
volume of lipid (1 to 4 pl per 35 mm dish), cell density at transfection (40-80%
confluence) and time period from transfection until harvesting of cells (from 6

hrs until 48 hrs).
2.15 Immunofluorescence assay

Cells grown on cover slips were washed with | X PBS twice and fixed with 3%
formaldehyde for 25 min at room temperature. After fixation, cells were washed
3 times with 1 X PBS and permeabilized with 0.5% Triton X 100 and 0.05%
Tween 20 for 10 min. followed by three washes with 1 X PBS. Cells were
treated with 4% BSA for 30 min at room temperature to prevent non-specific
binding of antibody. 100 pl primary antibody diluted 1:25 (4 ug/ml) was placed

on a parafilm, on which cover slips were placed in an inverted position. Cells
58
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were incubated in primary antibody for 2 hrs at room temperature. After

incubation cells were washed three times with 1XPBS and incubated with
secondary antibody, FITC (fluorescein isothiocyanate)—conjugated anti-mouse
IgG diluted 1:100 After 2 hrs of incubation with secondary antibody, cells were
washed three times with 1X PBS, treated with propidium iodide (PI) for 1to 2
min, washed once with 1X PBS and mounted on cover slips containing cells
with 1:1 ratio of glycerol and 1X PBS. Mounted slides were kept in a
moisturizing chamber to avoid drying. The slides were observed under a
confocal microscope (Zeiss, Axiocam 510, Germany) at excitation wavelength

of 490 nm and emission wavelength 530 nm.
2.16 Preparation of protein extracts for Western blotting

Detection of TGFBI protein secreted into the medium was performed by
Western blotting of precipitated protein from culture medium. Protein from
medium was precipitated with 10% tri-chloro acetic acid (TCA) and 80% ice
cold acetone. 200 pl of absolute TCA was added to 2 ml of culture medium and
the contents were mixed by inverting the tubes and left at room temp for 10
min. After 10 min the tubes were centrifuged at 13000 rpm for 10 min to
separate the precipitated protein. Supernatant was discarded and the pellet
was resuspended in 40 p! of 2X Laemmli buffer (250 mM Tris; 40% glycerol;
5% SDS, 0.05% Bromophenol Blue). Transfected cells were harvested at 12,
24, 48, and 72 hrs after transfection, Extracts from untransfected cells was

prepared as a control. The cells were washed with 1 X PBS, scraped with
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disposable cell scraper and collected in 100 ul of cell lysis buffer (Brij buffer)
which contains 0.1M Tris, 2mM EDTA, 0.5 M NaCl, 1% Brij 96, 1% NP40, 3
pg/ml Aprotinin, 1mM PMSF. 50 pl of 2x loading (Laemmli’s) buffer was added
to the lysates. The samples were denatured for 5 min at 94°C placed on ice,

and loaded onto SDS-polyacrylamide gels.

2.17 SDS PAGE

Discontinuous SDS polyacrylamide gel electrophoresis (gel size, height x width,
10 x 10) was performed with separating and stacking gels of 8% and 5%
acrylamide respectively on a vertical electrophoresis system (Hoefer, AP
Biotech UK Ltd, Buckinghamshire, England). Separating and stacking gels

were made up as shown below.

De-ionized water -4.6 ml

30% (29:1) acrylamide - 2.7 ml (8% final)

1.56M (4X) Tris pH 8.8 - 2.5 ml (1X final)
10% SDS - 100 pl (0.1% final)
10% APS - 100 pl (0.1% final)
TEMED -6l

10.06
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Stacking gel:
De-ionized water -1.72 ml
30% (29:1) acrylamide -0.50 ml (6% final)

0.5M (4X) Tris pH 6.3 - 0.75 ml (1X final)

10% SDS - 30 pl (0.1% final)
10% APS - 30 pl (0.1% final)
TEMED -3l

308ml

40 pl of cell lysate (corresponding to about 1/3" of a T-25 culture dish) and 20
ul protein extract from culture medium (about half of total volume of extract
from 35 mm dish) were loaded on the gel and electrophoresis was performed
with 1X Tris-glycine SDS buffer (0.25 M Tris, 19.2 mM glycine and 0.01% SDS)
at a constant current (25 mAmps) for 1 hour 30 min. After electrophoresis the
gel was kept in transfer buffer (1Xtris- glycine-SDS with 20% methanol) for 15
min. The proteins were transferred on to nitrocellulose membrane by using
semi-dry transfer unit (TE70, GE Healthcare UK Ltd Buckinghamshire

England).
2.18 Western blot

Nitrocellulose membrane and 6 filter papers (Whatman no1) were cut to the
same size as the gel and soaked in 1X transfer buffer (0.25 M Tris, 19.2 mM
glycine and 0.01% SDS with 20% methanol) for 15 min. The transfer set-up

was made by placing from bottom to top, 3 filter papers, nitrocellulose
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membrane, gel and 3 filter papers on one another, in the same order on the
lower lid of the apparatus. Air bubbles were removed by rolling a glass tube on
top of the transfer setup. Upper lid was placed and transfer was made with a
constant voltage, of 15V for 1 hr. The membrane was stained with Ponceau red
stain to visualize the transferred protein and wells were marked. Membrane

was de-stained and used for immuno- detection.

Immuno-detection of TGFBI protein was carried out by first placing the
membrane in blocking buffer (1X PBS, 5% non fat milk and 0.05% Tween 20)
for 2 hrs at room temperature, followed by incubation with primary antibody at a
dilution of 1:25 for 2 hrs at room temperature. Membrane was then washed 3X
with PBS containing 0.05% Tween 20) and incubated with secondary antibody
(anti-mouse 1gG) conjugated with horseradish peroxidase (Sigma-Aldrich,
USA), at a dilution of 1:6000 for 2 hrs at room temperature. The membrane was
washed three times with PBS-Tween 20 (0.05%). Detection was done by
enhanced chemiluminescence method. 1 ml of solution 1 (0.45 mM Coumaric
acid, 2.5 mM luminol, 100 mM Tris pH 8.5) was mixed with 1 ml of solution 2 (5
mM H202, 100 mM Tris pH 8.5) before pouring on to the membrane. Signal was
detected by exposing the blot to an X-Ray film in an autoradiography cassette,

following development of the film using X—ray film developer and fixer.

: ; ; 62
Molecular Genetic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients



Chapter 3



Chapter 3

e

Results

.

3.0 RESULTS

3.1 Mutation screening and genotype-phenotype correlations

A total of 60 families, 29 families with LCD and 31 families with GCD were
screened for TGFBI gene mutations. Both familial (35) as well as sporadic (25)
cases were included in this study. Mutations were found in 25 families with LCD
and 31 families with GCD. The mutations identified were not present in any of

the control individuals.
3.1.1 Mutation analysis of patients with LCD

Probands from 29 families with LCD were included in mutational analysis. A total
of 40 affected and 27 unaffected individuals were available from 29 families.
Diagnosis of LCD was based on clinical evaluation for 29 and confirmed by

histopathology of corneal sections for 18 patients.

The mutations identified in patients with LCD are given in Table 3.1.
PCR-amplified products of all exons and flanking regions of TGFBI obtained
from genomic DNA of LCD patients were screened for mutations by single strand
conformation polymorphism (SSCP) and sequencing. Mutations that were
previously reported in patients from other populations were identified in 18
patients (summarized in Table 3.1). These included a sequence change

¢.370C>T in exon 4, leading to substitution of arginine-124 to cysteine in 16

. 63
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probands, and ¢.1877A>G corresponding to change of histidine-626 to arginine

found in 2 probands (sequence data iﬁ Figure 3.1).
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Co-segregation of the above 2 mutations could be tested in 8 families for
the Arg124Cys mutation and 1 family for the His626Arg mutation, in which
relatives (13 affected and 3 unaffected) of the probands were available for
testing. This was done by PCR-RFLP methods using Cpo 7 enzyme for
¢.370C>T (Arg124Cys) (details in Chapter 2). The results of RFLP analysis with
Cpo1 for family LCD-4 are shown in Fig 3.2A. As shown in the figure, the
presence of two fragments (lane 4) of 129 bp and 152 bp indicates 2 normal
alleles and the presence of an uncut fragment of 281 bp along with the Cpo7
digested 129 bp and 152 bp fragments indicates one normal and one mutant
allele (Lanes 2 & 3). For the ¢.1877A>G/His626Arg mutation, co-segregation
was assessed by sequencing of the relevant PCR product from 2 affected
individuals of a family. Both these mutations were absent in 100 unrelated

normal controls tested by the above methods.

200

100

Fig 3.2: A. Cpo1 digestion of PCR-amplified fragment of exon 4 for family LCD—4. Lane 1100 bp
DNA size standard. Digests of PCR-amplified exon 4 are shown for the proband (lane 2),
offspring of proband (lane 3), and normal control individual (lane 4) Lane 5 shows undigested

DNA. B. Taat digestion of PCR product of exon 12 for family LCD-13 Lane 1 proband, lane 2

67
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normal control C Hinc I digestion of PCR

-amplified exon 13 product for the family LCD-6 Lane

1 proband (I 1 Fig 3 4), Lane 2 offspring (Il 3 Fig 3 4), Lane 3- normal control

In addition to the reported mutations, we also identified four novel
sequence changes in 7 families, which were further confirmed as pathogenic
mutations (Table 3.1). Change of T>A at ¢.1616 (located in exon 12 of the gene)
leading to an amino acid substitution of valine-539 to aspartic acid (Val539Asp)
was found in 1 family. PCR-RFLP analysis with Taa 1 enzyme (details in
Chapter 2) was used to test for co-segregation of this mutation and for its
presence/absence in normal, unrelated controls. The c.1616 T>A change results
in the abolition of the site for Taa 7. Upon digestion with Taa 7, the exon 12
PCR-amplified product from a normal control showed fragments of 135 bp and
124 bp (Fig 3 2B, lane 2) fragments corresponding to a normal sequence,
whereas DNA from a heterozygous individual showed fragments of 259 bp, 135
bp and 124 bp (Fig 3.2B, lane 1) This change was not found in 100 unrelated
normal individuals suggesting that it is pathogenic. When we looked for the co-
segregation of this mutation in the family, shown in the pedigree (Fig 3.3.), the
proband’s older son (ll.1 in pedigree), aged 34 yrs, was heterozygous for the
mutation but had a normal phenotype. This suggests that either the mutation is
not fully penetrant or that it is associated with a late-onset disease, which is not
yet evident in this individual. Late onset of disease was observed in the proband

who developed signs of disease at about 65 yrs.
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Fig 3.3: Pedigree of the family LCD-13 showing affected and unaffected individuals Genotypes

of individuals tested are indicated below each symbol

The second novel change identified was ¢.1782G>T, in exon 13 of the
TGFBI gene leading to substitution of glycine-594 for valine (Gly594Val). PCR-
RFLP with Hinc Il was used for co-segregation analysis and to test for the
presence of the mutation in controls. A ¢.1781G>T results in the creation of a site
for Hinc Il enzyme. Upon digestion with Hinc /I, the exon 13 PCR amplified product
from a normal individual showed a 253 bp fragment corresponding to uncut PCR
product (Fig 3.2C, lane 3) whereas DNA from a heterozygous individual showed
fragments of 253 bp, 170 bp and 83 bp (Fig 3.2C lane 1 and 2).
¢.1781G>T/Gly594Val mutation was not found in 200 chromosomes of 100
unrelated normal controls. Co-segregation analysis of the available family
members (1 affected and 8 unaffected) is shown in Fig 3.4. The offspring of the
proband Fig (3.4) aged 44 (11.3) and 40 (I1.6) years were both heterozygous for
Gly594Val and yet asymptomatic and clinically unaffected.
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Fig 3.4: Pedigree of the family LCD-6 shows affected and unaffected individuals Genotypes of

individuals tested are indicated below each symbol

The 3" novel change observed was ¢.1867G>A in exon 14, that results in
substitution of glycine-623 for serine. Direct sequencing of exon 14 in 100
normal controls did not show the presence of ¢.1867G>A in any of them. This
mutation was homozygous in probands of two families (families LCD-7 & LCD-
20; Fig 3.5) and heterozygous in one family (LCD-22). Co-segregation analysis
of the available family members from the family LCD-7 is shown in Fig 3.5a. The
offspring (1111, 1.2, and 111.3) of the proband were in their 1% decade at the time
of evaluation and his mother (1.2) was in her 7" decade. They were all

heterozygous and had no history of corneal disease.
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Fig 3.5: Pedigrees of the families LCD-7 (A) and LCD-20 (B) showing affected and unaffected

individuals. Genotypes of individuals tested are indicated below each symbol.

The 4" novel mutation identified was ¢.1870_1875del/Val624 Val625 del

located in exon 14, predicting a deletion of 2 amino acids, valine-624 and valine-
71
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: al controls did not show Val624__Val625del

— -

625. Sequencing of exon 14 in norm

change. Co-segregation of this mutation is shown in the pedigree (Fig 3.6). 6
members (3 affected and 3 unaffected) were tested for co-segregation. The
proband, his older brother (II.1 in pedigree) and brother’s daughter (.1 in
pedigree) were affected, heterozygous for the mutation and the other three

members (1112, 111.3, and 11.4) were unaffected and had 2 normal alleles.

| "

o ¢ Y,

wt, Tt 2 < )‘w?, mt 5

YO

3 4
wt, mt wt, wt wt, wt wt, wt

Fig 3.6: Pedigree of the family LCD-18 showing affected and unaffected individuals Genotypes

of individuals tested are indicated below each symbol

The frequency of the detected mutations was 87% in families with LCD.
The mutations identified were located in either the N-terminal region (exon 4) or
in the fourth fasciclin-like domain of the protein. 16 of the 29 families with LCD
had mutations at hotspot aminoacid, Arg124. This is similar to data obtained on
other populations such as those from Japan [Mashima et al., 2000, Fujiki et al.,
2000], Hungary [Takacs et al., 2007], Ukraine [Pampukha et al., 2004], and in

Western populations [Munier et al., 1997, Korvatska 1998, Afshari et al., 2001,
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Munier et al., 2002]. In contrast, a study on Vietnamese patients with LCD found
that mutation of His626Arg may be more frequent [Chau et al., 2003]. Along with
the reported mutations we also identified 4 novel mutations (T>A at
c.1616/Val539Asp, c.1781‘G;T/GIy594VaI, c.1867G>A/Gly623Ser,
¢.1870_1875del/Val624_Val625del) in patients with LCD.

3.1.2 Clinical and histopathological features in LCD

Among the 16 LCD patients with mutation Arg124Cys, clinical data were
available for all 16 LCD patients; histopathology data were available for 9
patients. Ages of onset ranged from 20 to 58 yrs. Corneal opacities were in the
form of detectable lattice lines in 13 patients. The opacities were located in the
anterior to mid-stroma. Histopathologic evaluation showed the presence of

amyloid deposits in 9 patients (Summarized in Table 3.2).

Variable phenotypes were found among the two probands with mutation
His626Arg. One showed posterior stromal opacities (LCD-2) as shown in the
Figure 3.7 and the other (LCD-10) had anterior to mid-stromal opacities. The

ages of onset were 28 yrs and 40 yrs respectively.
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Fig 3.7: Slit lamp view of the cornea of the patient (LCD-2) with mutation His626Arg.

The previously unreported mutation of Val539Asp found in one patient in this
study, was associated with opacities in the form of lattice lines (Fig 3.8) in the
corneal stroma, which were confirmed as amyloid by histopathology. The onset

of the disease was at the age of 65 yrs.

Fig 3.8: Siit lamp view of the cornea of the patient with mutation Val539Asp (LCD-1 3).

Two unrelated probands with mutation of Gly594Val (LCD-6, LCD-9), in

their sixth and seventh decades of life respectively, showed posterior stromal

- - 74
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opacities on slit lamp examination. The opacities were in the form of thick lattice

lines and extending into the limbal region of the cornea (Fig 3.9 A&B). No

histopathological data was available for these patients.

Fig 3.9: Slit lamp picture of cornea of patients LCD-6 (A) and LCD-9 (B).

The clinical manifestations in the patients with Gly594Val mutation were
similar to those reported for two other mutations, Leu527Arg [Fuijiki et al., 1998]
and Val631Asp [Munier et al., 2002] and have been classified as LCD type IV.
To our knowledge, this represents the third mutation causing this form of LCD.
Cosegregation analysis in the family members revealed that two offspring of one
of the patients carried the mutation but did not manifest disease. It is possible
that the mutation carriers in this family may manifest disease at a more
advanced age or that this mutation has incomplete penetrance. The high degree
of conservation of the residue mutated, as well as the absence of the change in

100 unrelated control subjects support the conclusion that it is pathogenic.

" ‘-
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One patient (family LCD-22) was heterozygous for the Gly623Ser
mutation and had mild opacities in the form of lattice lines in the stroma (shown
in the fig 3.10A). The patient presented to our institution in his 7" decade. The
other two probands (families LCD-7 and LCD-20) were homozygous for the
same mutation. The proband from family LCD-7 presented at 27 yrs of age with
comneal opacities. On examination, the opacities were located in the corneal
stroma and were rounded in appearance with no detectable lattice lines (shown
in Fig 3.10B). The nature of his corneal dystrophy could not ’be diagnosed with
certainty based on clinical evaluation (i.e. whether macular or granular or lattice
corneal dystrophy). The patient had corneal grafts in both eyes at age 34 yrs
(right eye) and 38 yrs (left eye). At presentation, he had a visual acuity of 6/9.6 in
the right eye and 6/9 in the left eye. The histopathology evaluation of his corneal
tissue after surgery revealed the presence of amyloid (shown in Fig 3.10C). The
proband gave a history of a brother, deceased at the time of the study, who was
similarly affected. Examination of his medical records revealed that he had
corneal dystrophy with a similar age of onset as the proband and had undergone
corneal grafting. A diagnosis of LCD was made on the basis of histopathological

detection of amyloid in the cornea.

The 2™ proband (LCD-7), also homozygous for the same mutation,
presented at 30 yrs of age with corneal opacities appearing as thick lattice lines
as shown in Fig 3.10D. The patient had a visual acuity of 6/9 in the right eye and

6/12 in the left eye. He had a comeal graft in his left eye. Histopathology
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revealed the presence of amyloid deposits. Thus, homozygous mutation of

Gly623Asp showed pPhenotypic variability between the two families.

Fig 3.10: Slit lamp view of the patient LCE—22 with heterozygous mutation of Gly623Ser showing
faint lattice lines (A). Slit lamp view of the proband LCD-7 with homozygous Gly623Ser mutation
(B) and corneal section showing amyloid deposits (C). Slit lamp view of the second proband

LCD-20 (D) with homozygous Gly623Ser mutation showing thick lattice lines.

One patient with LCD (LCD-18; II: 4 in pedigree, Fig 3.6) with mutation of
Val624_Val625del had features atypical of LCD (Fig 3.11A&B). He had diffuse
corneal opacities with no clear lattice lines, complained of progressive loss of
vision and photophobia during his 20s and at the age of 30 yrs underwent
corneal grafting. The diagnosis of LCD was based on the histopathology of the

corneal button, which showed amyloid deposits in the anterior stroma (Fig

77
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3.11C). The deposits were negative for Masson trichrome. His father and two
siblings were reported to be similarly affected in their 20s. The brother of the
proband, who was also examined in our institution, had corneal scarring and
opacities in the superficial stroma aﬁd his cornea showed similar histopathologic

findings as that of the proband.

Fig 3.11: Slit lamp photographs of the cornea of proband LCD-18 showing opacities (A & B). C:

Congo red-stained section of cornea of same patient showing amyloid deposits.
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3.1.3 Granular corneal dystrophy- Mutational screening

Probands from 31 families with GCD were included in mutational analysis. The
total numbers of affected and unaffected individuals available from 31 families
were 45 and 7 respectively. Diagnosis of GCD was based on clinical evaluation

for 31 and confirmed by histopathology of corneal sections for 15 patients.

TABLE 3.3: summary of the TGFBI mutations in patients with GCD

Mutation in .
P::’Za TGrBI £ Detection RE site | segregation
- : xon -
(n) cDNA Amlino method change teste.d in
Acid relatives
29 c.371 Arg124 | 4 SSCP - Cpo1 3 affected
G>A His sequencing | (Abolition)
PCR-RFLP
1 c.371 Arg124 | 4 SSCP - Cpo1 2 affected
G>T Leu Sequencing | (Abolition)
PCR-RFLP
1 c.1663 | Arg555 | 12 SSCP + Bsix1 40 affected,
C>T Trp Sequencing | (Creation) | 7 unaffected
PCR-RFLP

TABLE 3.3 Restriction enzyme sites altered are shown as loss (Abolition) or gain (Creation) of

the site due to the mutation.

Mutations identified in GCD are summarized in Table 3.3 The most
common mutation, found in 29 out of 31 families with GCD, was a change of
C>T at position 1663 of the cDNA of TGFBI resulting in substitution of arginine-
555 for tryptophan (Arg555Trp). The Arg555Trp mutation was identified as a
heterozygous change in 25 families (40 affected and 7 unaffected were tested).

Homozygous Arg555Trp was found in 8 affected individuals from four families
85
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3.1.3 Granular corneal dystrophy- Mutational screening

Probands from 31 families with GCD were included in mutational analysis. The
total numbers of affected and unaffected individuals available from 31 families
were 45 and 7 respectively. Diagnosis of GCD was based on clinical evaluation

for 31 and confirmed by histopathology of corneal sections for 15 patients.

TABLE 3.3: summary of the TGFBI mutations in patients with GCD

Mutation in Co
TGFBI B
Prob Detection RE site | segregation
-nds . Exon :
Amino method change tested in
(n) cDNA 5 8
Acid relatives
29 c.371 |Argl124 | 4 SSCP - Cpo1 3 affected
G>A His sequencing | (Abolition)
PCR-RFLP
1 c.371 Arg124 | 4 SSCP - Cpo1 2 affected
G>T Leu Sequencing | (Abolition)
PCR-RFLP
1 c.1663 | Arg555 [ 12 SSCP + Bstx1 40 affected,
C>T Trp Sequencing | (Creation) | 7 unaffected
PCR-RFLP

TABLE 3.3 Restriction enzyme sites altered are shown as loss (Abolition) or gain (Creation) of

the site due to the mutation

Mutations identified in GCD are summarized in Table 3.3 The most
common mutation, found in 29 out of 31 families with GCD, was a change of
C>T at position 1663 of the cDNA of TGFBI resulting in substitution of arginine-
555 for tryptophan (Arg555Trp). The Arg555Trp mutation was identified as a
heterozygous change in 25 families (40 affected and 7 unaffected were tested).
Homozygous Arg555Trp was found in 8 affected individuals from four families
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(Fig 3.12, A-D). A representative electropherogram for this sequence change is

shown in Fig 3.13A.
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Fig 3.12: Pedigrees of families with GCD having homozygous (black symbols) and heterozygous
individuals (shaded symbols). Double lines indicate consanguinity. A. Family GCD-30 B. Family

GCD-28. C* Family GCD-6 D: Family GCD-29 Genotypes are indicated below each symbol.
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Fig 3.13: Sequence electropherograms showing mutations found in patients with GCD. A:
Mutation ¢.1663C>T (Arg555Trp) shown for proband from family GCD-1 B: Mutation

¢.371G>A (Arg124His) found in family GCD-21. C: Mutation ¢.371G>T (Arg124Leu) found in
family GCD-18.

Mutation of ¢.371G>A (Arg124His) (Fig 3.13B) was found in one family
(Fig 3.14) (3 affected individuals tested). Digestion of the exon 4 PCR products
with Cpo 1 was used to check co-segregation of this change with disease in the
family. The results are shown in Fig 3.15. This analysis showed that all the three
affected members (1.2, 1.2, and 11.3) of the family had heterozygous mutation of
Arg124His. As shown in the figure 3.15, the presence of two fragments (lane 6)
of 129 bp and 152 bp indicates normal alleles and presence of an uncut
fragment of 281 bp (lanes 2, 4 and 5 of Fig 3.15) along with the 129 and 152 bp

fragments indicates a heterozygous mutation.

- 89
Molecular Genetic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients



Results

.

Chapter 3

2
L ¢A
I Cg ‘ CB
1 2 4
A GA GA

Fig 3.14: Pedigree of the family GCD-21 with Arg124His mutation showing affected and

unaffected individuals. Genotypes are shown below each symbol.
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Fig 3.15: Cpo1 restriction digestion pattern of exon 4 PCR product of family GCD-21. Lane 1:100
bp DNA size standard. Lane 2: DNA from proband (1.2 in Fig 3.14). Lane 3: undigested DNA.
Lane 4: DNA from proband’s mother (1.2 in Fig 3.14). Lane 5: DNA from proband’s sibling (11.3 in

Fig 3.14). Lane 6: DNA from normal control.
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The 3" change found in GCD was ¢, 371G>T (shown in Fig 3.13c)

leading to mutation Arg124Leu found in one family (GCD-18) with 2 affected

individuals.

The frequency of the detectgd mutations was 100% in patients with GCD.
The mutations identified were located in either the N-terminal region (exon 4) or
in the fourth fasciclin-like domain of the protein as identified in LCD. 31/31
families with GCD had mutations at either of two reported hotspots, Arg124 and
Arg555. This is in contrast to data obtained from Japan and Korea where in
Arg124His mutation was most prevalent [Mashima et al., 2000, Fuijiki et al.,

2000].
3.1.4 Clinical and histopathological features of patients with GCD

Mutation Arg555Trp was identified in 29 families with GCD. The patients with
heterozygous Arg555Trp mutation presented with granular opacities with the
extent of opacities ranging from the anterior third to the full thickness of the

stroma (Table 3.4)

Four families had different individuals who were homozygous as well as
heterozygous for mutation of Arg555Trp. The clinical details of these patients are
shown in Table 3.4. Eight homozygous individuals from 4 families were found to
have severe manifestations with an early age of onset (childhood) and dense
granular opacities covering the entire cornea in the first decade of life, as shown

in Fig 3.16A. Histopathology after corneal grafting of homozygotes revealed
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;bundant superficially located Masson-positive deposits (shown in Fig 3.16C).

Eight members available for the study from these families were heterozygous for

the Arg555Trp mutation. 7 of the 8 heterozygotes were found to have relatively

mild phenotypes and were asymptomatic in their twenties (representative

photograph shown in Figure 3.16B).

The data from 4 families with homozygous mutations showing that the two
mutated alleles (homozygous) of the gene is responsible for thg early occurrence
of the phenotype in contrast to the phenotype resultant due to the single mutated
allele (heterozygous). The onset of the phenotype in patients with two mutated
alleles was early [Okada et al., 1998b]. Another mutation Arg124His was also
reported in families with severe phenotype [Mashima et al., 1998 Fujiki et al,
1998]. From our study, the data on onset of the disease, age at intervention and
the recurrence period after surgery in patients with homozygous and
heterozygous individuals showed that the disease onset is more severe in
homozygous individuals as reported in literature, surgical intervention is required
within first to second decade of life and the recurrence may be early [Okada et
al, 1998b]. The opacities in sub-epithelial region of the cornea may be
suggestive of Reis-Biicklers corneal dystrophy, although the clinical appearance
of Reis-Bucklers corneal dystrophy, which consists of fine opacities that show a

geographic pattern, is different from that of the patients in our study.
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Fig 3.16: Slit lamp view of the corneas of individuals from family GCD-30 homozygous aged 40
yrs (A) and heterozygous aged 21 yrs (B) showing corneal opacities. The Masson’s trichrome-

stained corneal section of the patient with homozygous mutation showing sub-epithelial deposits.

Arrows point to the corneal deposits.

The proband with heterozygous mutation of Arg124His (ll: 2 in pedigree
3.14) had few sub-epithelial and anterior stromal grayish-white rounded
opacities involving the central cornea (Fig 3.17A) at 25 yrs of age. Her mother
aged 45 yrs (I:2 in pedigree) and brother aged 24 yrs (Il:2 3.14), also
heterozygotes, were mildly affected. Her eldest and youngest sisters (not
evaluated in this study) were reported to be unaffected. The mother had an
unaided visual acuity of 20/20 in both eyes. Anterior segment evaluation
revealed a few anterior stromal granular opacities (Fig 3.17B) involving the
central cornea. The brother of the proband (lI: 3 in Fig 3.14), had no specific
complaints other than refractive error. Anterior segment evaluation revealed a
clear cornea in the right eye and a single granular opacity in the anterior stroma

(Fig 3.17C) in the left eye.

The members of this family (pedigree 3.14) showed variable expressivity

of the phenotype, with greater degree of corneal opacity in the proband (11.2 in
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pedigree 3.14) who was 25 yrs old when compared to her mother who was 45
yrs old. Also, there was no evidence of co-existing lattice-like opacities in this
family corresponding to a mixed granular-lattice phenotype, as has been
reported in the literature in patients with the Agr124His mutation [Munier et al.,

1997: Korvatska et al., 1999: Eifrig et al., 2004].

Fig 3.17: Slit lamp view of the corneas of individuals from family GCD-21. A: proband. B:

proband’s mother. C: proband’s brother.

One patient (GCD-18) with mutation of Arg124Leu received a clinical
diagnosis of Reis-Bucklers dystrophy (GCD type IIl) with stromal involvement,
based on the presence of multiple opacities in a honeycomb pattern in the sub-
epithelial and superficial stromal layers (Fig 3.18). After corneal grafting,
histopathological evaluation revealed granular Masson-positive deposits in the
stroma, and the patient had a recurrence of opacities in the grafted cornea.
These phenotypic features are consistent with those described for Reis-Bucklers
dystrophy (GCD type lll) in the literature [Haddad et al., 1977; Kuchle et al.,

1995, Okada et al., 1998a, Mashima et al., 1999].
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Figure 3.18: Diffuse (A) and slit view (B) of the cornea of patient GCD-18 with mutation of
Arg124Leu.

3.1.5 Polymorphisms

Apart from the mutations, we found 12 single nucleotide polymorphisms (11 in
LCD and 12 in GCD patients). Of the twelve single nucleotide polymorphisms
(Table 3.5), seven were novel and not reported prior to this study. One of the
polymorphisms found was a novel missense change of leucine-269 to
phenylalanine (Leu269Phe). Significantly, this variant was found in 12/18
patients with the Arg555Trp mutation and was homozygous in individuals who
were homozygous for Arg555Trp. This change was also identified in 3% (3/100)

unrelated normal individuals as a heterozygous change.

The study on 31 patients with GCD and 29 patients with LCD revealed
mutations in 31/31 patients with GCD and 25/29 patients with LCD. Four patients
with LCD did not show mutations in coding region. Screening for the mutations

may help in diagnosis of the disease in which the clinical features were
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ambiguous. Finding mutations with high frequency may help in development of

inexpensive PCR-RFLP based diagnostic method.
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Chapter 3

3.2 Cloning and expression of TGFBI cDNA

3.2.1 Construction of wild type and mutant cDNA clones

Wild type and mutant TGFB/ cDNAs were cloned after reverse transcription-
PCR using specific primers (Fig 3.20) as described in the Chapter 2. The full

length (Fig 3.20) sequence of wild type and mutant clones were confirmed by

direct sequencing.

2.5kb
2.0kb

1.5kb

1.0kb

750 bo

500 bo

Fig 3.20: PCR amplification of TGFB/ CDNA. | kb DNA ladder size standard (Lane 1), PCR

amplified TGFBI cDNA of size 2.092 kb (Lane2).

3.2.2 Constructed clones

The wild type and mutant TGFB/ cDNAs were cloned into pCMV-HA (pCMV-
HA-TGFBIF-WT-6XHis, pCMV-HA- TGFBI-Arg1 24Cys—-6XHis, pCMV-HA-TGFBI-
Arg124His, pCMV-HA-TGFB/—Arg124Leu and pCMV-HA-TGFB/—Ar9555Trp)
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plasmid. pCMV-HA was used to e*press prbteih with N-termfnal HA fag ’and C-
terminal His tag (the cloning strategy is given in chapter 2). Wild type and
mutant TGFB/ cDNA were cloned in addition, into pcDNA3.1(-) plasmid (Clones
pcDNAB3.1(-)-TGFBI-WT-6XHis, pcDNA3.1(-)-TGFBI-Arg124Cys—6XHis,
pcDNA3.1(-)-TGFBI-Arg124His, . PcDNAB3.1(-)-TGFBI-Arg124Leu and
PCDNAB3.1(-)-TGFBI-Arg555Trp). pcDNA 3.1(-) has the CMV promoter that
directs expression of the insert. In addition, the vector contains a neomycin
resistance gene for selection of stably transfected cells. The sequence of the

insert and insert /vector junctions were confirmed by direct sequencing.

3.2.3 Expression of the wild type and mutant TGFBI cDNA clones in

cell lines

Human corneal epithelial (HCE), HeLa and Cos | cells were used for transient
expression of the wild type and mutant TGFBI/ cDNA expression plasmids. The
transfection procedure was standardized using pEGFP vector, which codes for
the enhanced green fluorescent protein (EGFP) expressed from the
cytomegalovirus immediate-early promoter (Invitrogen Corporation Ltd, Faraday
Avenue, Carlsbad, California, USA). Amounts of plasmid tested were 0.2 ug, 0.5
pg, 1pg, 2 0.ug; volume of lipofectamine reagent was varied from 2 to 4
microliters, and time periods of 12 hrs, 24 hrs, 48 hrs and 72 hrs between
transfection and harvest were tested to determine optimum efficiency of
transfection. Transfection efficiency was maximal at about 30% of cells

expressing green fluorescent protein per field (average from 3 fields) in 2
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different wells and was obtained at 0.5 pg of plasmid DNA in 2.0 pl of

lipofectamine at 24 hrs post-transfection. pEGFP-transfected cells are shown in

Fig 3.21.

The transfection efficiency obtained with pCMV-HA-TGFBI-WT-6XHis was
higher in HeLa and Cos1 cells as compared to HCE cells on immuno-staining
with mouse anti-His antibodies. The immunofluorescence assay using mouse
anti-HA antibody did not give any detectable signal with pCMV-HA-TGFBI-WT-
6XHis transfected cells. Maximum amount of expression of transfected plasmid
(estimated as the average number of cells showing fluorescence per field)
obtained from pCMV-HA-TGFBI-WT-6XHis plasmid was 10/200 or 5% in HelLa
and Cos 1 cells and less than 1% in HCE cells (Fig 3.21b). Using optimized
parameters, transfections were initially performed with plasmids encoding TGFBI/
wild type, Arg124Cys, and Arg124His proteins in HeLa and Cos1 cells (shown in
Figs 3.22 & 3.23). As shown in the figure there was no observable difference in

the intracellular localization of the wild type and the two mutant proteins.
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Fig 3.21: A: pEGFP transfected Cos1 cells counterstained with propidium lodide showing green
fluorescence in cells expressing EGFP (confocal microscope, excitation wavelength of 488-
543nm and emission wavelength of 505-5630nm, magpnification 400X). B: pCMV-HA-TGFBI-WT-

6XHis transfected Cos1 cells immuno-stained with anti—His antibody (magnification 400X)

s —105
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Fig 3.22: Fluorescent confocal microscopic images of the untransfected and transfected Cos1
cells (counterstained with propidium iodide, confocal microscope, excitation wavelength of
488-543 nm and emission wavelength of 505-530nm, magnification 400X) A: untransfected
Cos1 cells. B: cells transfected with wild type TGFBI clone. C: cells transfected with the

TGFBI-Arg124Cys mutant clone D: cells transfected with TGFBI-Arg124His mutant clone.
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Fig 3.23: Untransfected and transfected Hela cells (counterstained with propidium iodide,

confocal microscope, range of excitation wavelength 488-543nm and emission wavelength
505-530nm; (magnification 400X (Un transfected and wild type), 400X3 (Arg124Cys and
Arg124His). A: untransfected cells. B: cells transfected with wild type TGFBI clone. C: cells
transfected with the TGFBI-Arg124Cys mutant clone D: cells transfected with TGFBI-

Arg124His mutant clone

Since detectable expression of the TGFBI protein was very low in
transfected cells, one possible explanation is that being a known extracellular

protein with a secretory signal, most of the protein expressed from the
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transfected cDNA was being secreted into the tissue culture medium. The
attempt to detect recombinant protein secreted into the medium, Western
blotting of protein precipitates of the tissue culture medium was carried out as
described in Chapter 2. Tissue culture medium was collected at 12 hrs, 24 hrs,
48 hrs and 72. hrs after transfection. In parallel, lysates of transfected cells were
prepared and subjected to Western blotting. We could not detect the protein on
Western blots using mouse anti-HA or mouse anti-His antibody in either the
medium or the cell extracts suggesting that either the recombinant protein was
not being secreted or that it was present in the extracellular medium at very low

levels and therefore could not be detected by Western blot.

TGFBI wild type and mutant cDNAs cloned into the pcDNA3.1 plasmid
having the neomycin-resistance gene was then carried out to achieve stable
expression of the TGFBIp in the transfected cells. This was done in order to get
a higher proportion of cells positive for recombinant TGFBI expression. The
transfection of pcDNA3.1 (-)-TGFBI-WT-6XHis, pcDNA3.1 (-)-TGFBI-
Arg124Cys—6XHis, pcDNA3.1 (-)-TGFBI-Arg124His clones into Cos 1 and Hela
cells was followed by selection of cells in medium containing 0.2 mg to 0.8 mg/mi
G418. Cells were grown in selective medium for 7 days and then harvested for
immunodetection. Despite the selection process, the fraction of cells showing
recombinant TGFBI expression was similar to the transiently transfected cells.

No difference was noted between the wild type and mutant clones.
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The experiments carried out to understand the role of the mutants in
disease pathogenesis in our study did not give any conclusive information. As
we have seen in our experiments we could not detect any difference in the
intracellular localization of the transiently expressed wild type and mutant
proteins. This is similar to a previous study [Kim et al., 2002] that did not find
any significant difference between wild type and mutants in a cell culture system.
The inability in detection of the protein in extracellular milieu could be due to the
low level of expression of the transfected protein. From our studies, there was no

evident intracellular retention or accumulation of mutant proteins in the cell

culture systems tested.
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Chapter 4
J Discussion

4.0 Discussion

This is the first report from India to our knowledge, reporting analysis of a series
of 31 patients with GCD and 29 patients with LCD Herein we made an attempt to
identify the underlying TGFBI gene variations in patients with LCD and GCD and
further correlated the genotype with phenotype. In our study 9 mutations were
found in 60 families including both GCD and LCD. All except one family showed
missense mutations. Till date 1 frameshift [Munier et al., 2002], 1 insertion
[Schmitt-Bernard et al.,2000] and 5 deletions [Dighiero et al., 2000, Rozzo et al ,
1998, Aldave et al., 2006] have been reported in literature. The mutations in LCD
are several and involve the N-terminal region and the fourth Fas 1 internal
domain of the protein as described in the literature [Kannabiran & Klintworth,
2006; Aldave et al., 2007]. Similar to this, we also identified Arg124Cys involving
the N-terminus of the protein, and 5 other mutations-Val539Asp, Gly594Val,
Gly623Ser, Val624_V625del and His626Arg, all located in the fourth Fas1
domain of the protein. In comparison to LCD, the mutation spectrum of GCD is
less divergent and only 5 mutations in the N-terminal region and 5 mutations in
the fourth internal domain of the protein are reported to cause GCD [reviewed by
Kannabiran & Klintworth, 2006; Aldave et al., 2007]. In our study we identified
mutations of Arg124His and Arg124Leu located in the N-terminal region and

Arg555Trp in the fourth Fas 1 domain of the protein.
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Among all the mutations identified in our study Arg124Cys (found in 16/2'9
pts) was the most frequent mutation in LCD and Arg555Trp (found in 29/31) was
the predofninant one in GCD. This is similar to data obtained on other
populations such as those from Japan [Mashima et al., 2000, Fujiki et al., 2000],
Hungary [Takacs et al., 2007], Ukraine [Pampukha et al., 2004], and in Western
populations [Munier et al., 1997, Korvatska 1998, Afshari et al., 2001, Munier et
al., 2002]. In contrast, data from a study on Vietnamese patier{ts with LCD found
that mutation of His626Arg may be more frequent [Chau et al., 2003] and from
Japan and Korea showing that mutation Arg124His is the most frequent mutation
among patients with GCD [Mashima et al., 2000, Fujiki et al, 2000]. In general,
the phenotypes of the patients with the mutations at the 2 hotspots of Arg124 and
Arg555 were similar to earlier reports. The phenotypes associated with novel
mutations Val539Asp, Gly594Val, Gly623Ser, Val624_V625del were distinct from
one another. The Val539Asp mutation was associated with typical lattice-like
opacities as seen in LCD type I. This adds to the spectrum of mutations reported
for typical forms of LCD. Two patients from different families with mutation of
Gly594Val showed similar phenotypes involving late onset (6™ -7"" decade), with
mid- to deep stromal, thick lattice opacities. These features describe a variant
form of LCD similar to what has been reported with 3 other mutations
(Leu527Arg, Asn544Ser and Val631Asp) in the literature [Fujiki et al., 1998;

Nakagawa Asahina et al., 2004; Munier et al., 2002]. An atypical phenotype was
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also found in association with the mutation Val624_Val625del in the present
study. We did not find evidence of clinically detectable lattice lines in this patient
This would add to the spectrum of the atypical phenotypes reported for different
TGFBI mutations including Asp123H|s [Ha et al., 2003], Arg124Cys [Nakamura
et al., 2000, Morishige et al., 2004 and Yoshida et al., 2004 and El-Ashry et al.,
2004], Val624Met [Afshari et al., 2004] and Phe547Ser [Takacs et al., 2007].

The 4" novel mutation Gly623Ser identified in the present study was
found in both heterozygous and homozygous Individuals. In homozygous state,
the mutation was associated with a more severe phenotype with earlier onset of
disease (2™ decade of life), though there was variability of phenotype between 2
probands. In one heterozygous patient, opacities were mild and the disease was
evidently of later onset (6" decade) The earlier onset and more severe
phenotype in case of homozygosity for dominant mutations was also reported for
Arg124His [Mashima et al., 1998, Fujiki et al., 1998] and Arg555Trp [Okada et
al., 1998b] mutations that cause granular dystrophy. In our study, we observed
homozygous and heterozygous individuals with Arg555Trp in four families.
Similar to previous reports in literature [Okada et al., 1998b], the homozygous
individuals having Arg555Trp mutation showed severe phenotypes and an early
age of onset [Okada et al, 1998b]. The severe phenotype in individuals with

homozygous mutations could be due to a greater amount of mutant protein.
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The mutation Arg124His has been associated with combined lattice-
granular or Avellino corneal dystrophy [Munier et al., 1997]. The family described
by us with mutation of Arg124His showed granular opacities but no signs of
lattice-type of opacities. In the present study we identified one family with
Arg124Leu showing characteristics of Reis-Bucklers corneal dystrophy with
honey-comb shaped Masson’s positive opacities that were in the superficial
stroma, in agreement with earlier reports [Haddad et al., 19%7; Kuchle et al,
1995, Okada et al., 1998b, Mashima et al., 1999].

From our data it is apparent that TGFB/ associated corneal dystrophies
comprise both typical and atypical phenotypes. Further, this study supports the
genotype-phenotype correlations derived for the common TGFBI mutations
causing LCD and GCD in previous studies [Kannabiran & Klintworth, 2006].
Detection of mutations in the majority of patients suggests that mutation analysis
of TGFBI may help in confirming the diagnosis of the disease where the clinical

features are ambiguous.

Very few attempts have been made to elucidate the role of TGFBI gene
mutations in disease pathogenesis. Takacs et al., [1998] in a study showed the
difference in localization of TGFBIp in normal (epithelium) and dystrophic
corneas (sub-epithelium). Electrophoretic analysis of protein from deposits
showed an additional 42 kDa band in dystrophic patients. Immunochistochemical

studies on LCD type | and GCD types | & Il by Korvatska and co-workers (1999)
113

Molecular Genetic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients



Chapter 4

Discussion

with different antibodies specific for N-terminal and C-terminal regions of the

TGFBIp showed the presence of C-terminal fragments in corneal deposits in a

cornea with GCD type |, whereas N-terminal fragments were detected in a
cornea with LCD type 1. Both type:s, of protein degradation products were found
in the cornea having Avellino corneal dystrophy. They hypothesized that the
turnover of the protein may differ with each specific mutation [Korvatska et af ,
1999]. In a subsequent study, Korvatska et al., [2000] showed mutation-specific
accumulation of the TGFBIp protein products in corneas of patients with
Arg124Cys, Arg124His and Arg124Leu mutations On the other hand, a study on
overexpression of TGFBI mutant and wild type proteins in cell-lines did not show
any difference in turnover products [Kim et al., 2002b]. The faillure to detect
differences in protein turnover in cell culture systems [Kim et al., 2002b] in
contrast to mutation-specific degradation products in intact corneas of patients
with lattice and granular corneal dystrophies [Takacs et al., 1998; Korvatska et
al., 1999; Korvatska et al., 2000] could be to the interactions between TGFBIp
protein with the other proteins in the milieu of the extracellular matrix of the
cornea. It may also indicate that accumulation of degraded or intact mutant

protein is a slow process that cannot be visualized in a short term culture system.

The experiments carried out to understand the role of the mutants in
disease pathogenesis in our study did not give any conclusive information. As we

have seen in our experiments we could not detect any difference in the
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intracellular localization of the transiently expressed wild type and mutant
proteins. This 1s similar to a previous study [Kim et al., 2002b] that did not find
any signiﬁéant difference between wild type and mutants in human corneal
epithelial cells. The lack of detection of secreted TGFBI protein in tissue culture
medium could be due to the low level of expression of the recombinant protein.
From our studies, there was no evident intracellular retention or accumulation of

mutant proteins in the cell culture systems tested.
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» Summary

SUMMARY
Chapter 1: Introduction and literature review

This chapter gives a brief description of the structure of the cornea followed by a
review of lattice and granular corneal dystrophies. The aspects of these
disorders that are discussed include the clinical and histopathological
characteristics, as well as the underlying molecular genetic bases and structure,
function and interactions of the TGFBI protein in extracellular mileu with other
proteins. The background for the present study is followed by statement of the

aims and objectives of the study.
Chapter 2: Materials and Methods

This chapter provides the details of methods employed including enroliment of
patients and sample collection, principles and procedures of the various
molecular genetic techniques, cloning, site-directed mutagenesis, cell culture,

transfection and immunoflurorescence assay and Western blotting.

Chapter 3: Mutation screening and genotype-phenotype

correlations

This chapter presents the results of molecular genetic analysis of lattice and

granular corneal dystrophies, correlations of genotype with phenotype, and
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studies on transient expression of the wild type and mutant clones of TGFBI by

expression in HCE, Cosf1, and Hela cell lines.

Important findings of the present study

Lattice corneal dystrophy

The frequency of the detected mutations in in TGFBI gene was 87% in patients
with LCD. The mutations identified were located at either a) one of the hotspots
at Arg124 or Arg555 or b) in residues in the fourth fasciclin-like domain of the
protein. 16 of the 29 families with LCD had mutations at Arg124. 4 novel
mutations found in patients with LCD were Val539Asp, Gly594Val, Gly623Ser,
and Val624_Val625del. Unusual phenotypes found in association with some of

these mutations were presented.
Granular corneal dystrophy

The frequency of the detected mutations in TGFB/ gene was 100% in patients
(from 31 families) with GCD. The mutations identified were located involved only
either of the two hotspot residues Arg124 or Arg555 mutations. The predominant
mutation was Arg555Trp found in 29/31 probands with GCD. Mutation
Arg124His in exon 4 was found in one family, and Arg124Leu, also in exon 4,
was found in one family. Arg555Trp was found in homozygous state in 4
families. As compared with patients who had a single Arg555Trp allele who had

a milder form of disease, individuals who were homozygous for Arg555Trp
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showed childhood-onset disease with dense opacities and severe visual loss.
The patients with mutation Arg124His showed a mild phenotype with granular

opacities. One patient with mutation Arg124Leu showed features of GCD type Il

Experiments involving transient expression of TGFBI wild type and mutant

clones in cell culture did not show any detectable differences between wild type

and mutant proteins.
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Appendix

Appendix
List of Antibodies used:
Anti-H - i
nti-HA antibody-monoclonal antibody (Santa Cruz, California, cat # sc- 7392)

Anti—-6XHistidine antibody—-monoclonal antibody (Calbiochem cat # OBOS)

Anti-human BIG-H3 antibody—monoclonal mouse IgG1 (R&D systems, Cat #
MAB2935).

//133
eal Dystrophies In Indian Patients

Molecular Genetic Analysis Of Lattice And Granular Corn



s Abbreviations

ABBREVIATIONS
19 - Microgram
p . Microlitre
uM Micromolar
A : Adenine
APS . Ammonium persulfate
bp . Base pair
BSA . Bovine serum albumin
C : Cytosine
c.DNA : Complementary DNA
Cos 1 . African green monkey kidney cells
Del * Deletion
DM : Descemet’'s membrane
DMEM : Dulbecco’s modified Eagles medium
DMSO : Dimethylsulphoxide
DNA : Deoxyribonucleic acid
dNTPs : Deoxy nucleoside triphosphates
EDTA : Ethylene diamine tetraacetic acid
EGFP * Enhanced green fluorescence protein
FBS : Fetal bovine serum
fs : Frameshift
G : Guanine
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Abbreviations

GCD

HA

Ins
KDa
LCD
MCS
MEM
ml
nm
oD
PAS
PAGE
PBS
PCR
PI
PMSF
RE
RFLP
RNA
RNase A
rpm

SDS

: Granular corneal dystrophy

: Hemagglutinin

: Immunofluorescence

> Insertion

- Kilo Dalton

: Lattice corneal dystrophy

: Multiple cloning sites

: Minimal essential medium

. Milhlitre

: Nanometer

: Optical density

. Periodic acid-Schiff

: Polyacrylamide gel electrophoresis
: Phosphate buffered saline

. Polymerase chain reaction

: Propidium iodide

: Phenylmethylsulfonylfluoride
: Restriction enzyme

. Restriction fragment length polymorphism
: Ribonucleicacid

: ribonuclease A

: Revolutions per minute

: Sodium dodecylsulfate
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— Abbreviations

SNP Single nucleotide polymorphism

Sscp " Single strand conformation polymorphism

T : Thymine

TBE - Tris borate EDTA

TCA : Tri-chloro acetic acid

TEMED : Tetramethylethylenediamine

TGFBI : Transforming growth factor beta Induced
gene

TAE : Tris Acetic acid EDTA

VA : Visual acuity
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Retinoblastoma is the most common primary intraocular malignancy in children, caused by
inactivation of the RB1 gene on chromosome 13. We carried out a mutational screen of the
exons and promoter of the RB1 gene in Indian patients with retinoblastoma in order to
determine the range of mutations giving rise to disease. Forty-seven patients were screened
for mutations in all exons and promoter of the RB1 gene by single strand conformation
polymorphism followed by scquencing. Tumors were available from 27 patients (12 bilateral
and 15 ilateral retinoblastoma) while only peripheral blood was available from 20
patients, all with bilateral disease. Mutations were found in 22 patients, 9 from the analysis
of tumors and 13 from peripheral blood. Eight novel mutations were identified, including 4
single base changes, 2 small deletions and 1 duplication. These are g.64365T>G (Tyr325Ter),
g.78131G>A (Trp515Ter), g.150061G>T (Glu587Ter), g.170383C>G (S834X), g.41924A>C
(IVS3-2A>C), 2.150064ins4, g.160792del22, and 2.76940dell14 (IVS15 del +20-33). Almost all

mutations produced d or fr hifts. Recurrent mutations, especially at CpG
sites were seen predominantly. Detectabl i in exons were found in 46% of patients
tested. Large deleti pigenetic changes as well as mutations in non-coding regions may be
the cause of di in the r inder of patients. Knowledge of the full range of mutations

can aid in the design of screening tests for individuals at risk. © 2003 Wiley-Liss, Inc

KEY WORDS RBI1, mutation screening, retinoblastoma, Indian

INTRODUCTION

Retinoblastoma (MIM# 180200), a mahgnancy of retinal precursor cells usually occurring 1n children below the
age of 5 years, 1s brought about by mactivation of the RBI gene on chromosome 13q14 (Friend et al , 1986) One
mutant allele of the RB1 gene 1s required for hereditary transmission of disease, while the development of
malignancy requires the mutation of the second allele at the cellular level (Knudson, 1971) The hereditary form 1s
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inherited as an autosomal dominant trait, mostly manifests bilaterally and with high penetrance In the non-
hereditary form of disease, which 1s unilateral, mutational mactivation of both alleles of RB1 1s somatic. About
12% of unilateral cases are hereditary (Vogel, 1979) Most RB1 gene mutations occur de-novo, and are new
mutations arising i the germline or during embryonic development Thus siblings and offspring of all individuals
with bilateral and some with unilateral disease may be at risk of developing the disease, even 1n the absence of a
family history. Identification of mutations mn the RB1 gene 1n individuals with retinoblastoma has been recognized
as a valuable adjunct to the management of the disease since 1t enables the unequivocal identification of carrefs
and accurate risk evaluation for relatives (Noorant et al , 1996; Smith and O’Brien, 1996). It 1s important for
counseling of individuals with hereditary disease 1n general since such individuals may have affected offspring and
have an increased likelihood of second malignancies

Retinoblastoma 1s one of the most common types of malignant tumors occurring in children below the age of 5
yrs mn India (Pratap et al., 1973; Das et al , 1994), although no population-based prevalence data are available The
ratio of unilateral-bilateral disease 1s 60 40 with familial disease occurring n ~4-5% or less of patients (Honavar
S, unpublished data) The mayor features of the disease as 1t occurs in India, noted in clinicopathologic studies
include a relatively high frequency of nfiltration/invasion of tumor mto surrounding tissues, found n 56% of
patients, and a hugher mean age at presentation (Sahu et al , 1998) than reported in Western countries (Gupta et al.,
2002), both of these features are possibly due to a delay mn seeking treatment We analyzed the RB1 gene for
mutations within the exons and splice junctions as well as the promoter in Indian patients with retinoblastoma in
order to determine the range of mutations occurring in these patients

We screened for mutations within exons and splice junctions as well as the promoter of the RB1 gene among

47 patients, 32 with bilateral and 15 with unilateral retinoblastoma, using peripheral blood (20 patients) and tumors
(27 patients). By means of single-strand conformation polymorphism (SSCP) analysis followed by sequencing,
mutations were 1dentified 1n 22 patients (46%) Eight mutations 1dentified in this study are novel.

PATIENTS AND METHODS

Patients and sample collection

Peripheral blood samples were collected from 47 unrelated probands with retmoblastoma and where family
history was present, from family members as well after obtaining informed consent. All except two patients
recruited for this study had sporadic disease The two patients with familial disease had affected siblings with the
parents being normal. The follow-up period from the start of the study was too short to know of the occurrence of
second malignancy 1n any of the patients The study protocol adhered to the tenets of the Declaration of Helsink:
and the research was done after prior approval by the institutitonal review board of the L.V. Prasad Eye Institute.
Fresh tissue was obtained from tumors of patients (27) who underwent enucleation. Retinoblastoma was diagnosed
according to standard clinical and histopathological criteria. DNA was 1solated from blood leukocytes and tumors
and used for PCR amplification

PCR amplification

Primers and the PCR conditions used for individual exons were as described previously (Ata-ur-Rasheed et al ,
2002) The primers used for amplification of the RB1 promoter were as follows. the upstream primer was as
described (Lohmann et al , 1994), starting at posttion 1377 of the RB1 gene. The sequence of this primer was: 5
GCGAATTCCCAAAAGGCCAGCAAGTGTCT 3° The downstream primer was designed so as to include all
sequences upstream of the first exon, and starts at position 2060 of RB1. The sequence of the reverse primer was.
5’ GGGGGTTTTGGGCGGCAT 3. PCR amplification of the promoter was carried out at an annealing
temperature of 61°C with other paramieters being the same as for all exons

SSCp

PCR products that were greater than 300 bp 1n size were digested so as to produce smaller fragments that were
within the range of mutation detection by SSCP For SSCP screeming, the PCR product for the RB1 promoter was
digested with Cf701 so as to produce a fragment of 256 bp contamning the proximal promoter sequence upstream
of exon | including the Sp1, ATF and p53 binding sites.
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PCR products were mixed with an e
followed by immediate chilling 1n 1ce-
separation of denatured PCR products
5% glycerol electrophoresed i 1XTBE
Gels were fixed m 10% ethanol-0.5% a

qulal volume of formamide, denatured by heating at 95° C for 5 minutes
sal tzmlxture (temperature, —18°C) Essentially SSCP was performed by
0[’} 0x16 cm acrylamide gels (8% acrylamide, 39 1 acrylamide bis) with
( tns —bo:'iate EDTA) buffer at £C and at room temperature for 816 hrs
cetic acid, washed 1n deiomized water and ¥

. and stained mn 0 2% silver nitrate
hey were then washed, developed 1n 1 5% sodium hydroxide 0 4% formaldehyde until bands were visible at the

desired 1ntensity and photographed i a UVID
oc gel documentation system (UVITec, C
Fragments showing altered mobility relative to controls were sequenced dnryect]y ( e, Cambndee, England

Sequencing

PCR products were punfied on Microcon-PCR filter unts (Millipore Corpororation, USA), and directly

sequenced bidirectionally using PCR primers on an automat
ed sequencer S
RB1 gene sequence (Genbank accession no L11910 1) ! ik )

RESULTS AND DISCUSSION

From previous studies that have characterized mutations i the RB1 gene (Harbour, 1998), the predomnant
types of mutations 1n retinoblastoma are small mutations affecting the coding sequence We therefore looked for
mutations 1n all the exons, splice junctions, and the promoter We screened a total of 47 patients (Table 1), 32 with
blk}teral 1z)md 15 with unilateral retmoblastoma Tumor tissue was available from of 27 patients (12 bilateral and 15
unilateral

Table 1: Details of Patients and Samples Studied

No. of patients Total no. Mutations
Source of DNA ™ Eijateral | Unilateral found
Tumor 12 15 27 9
Blood leukocytes 20 - 20 13

The method of SSCP was standardized by using PCR fragments containing known mutations in the RB1 gene,
including point mutations (5) and small length alterations (2) previously 1dentified by direct sequencing (Ata-ur-
Rasheed et al., 2002). Our present analysis of all exons and promoter 1n 47 unrelated patients revealed mutations
22 (46%) Out of 27 tumors analyzed, mutations were found i nine patients, five with umilateral, and four with
bilateral disease (Table 1). Analysis of leukocyte DNA of these 9 patients revealed the presence of the mutation
1dentified m tumor DNA 1n all four patients with bilateral disease indicating that they were all germline mutations,
and the absence of the corresponding mutations 1 all five with unilateral disease indicating that these mutations
were somatic In addition, 13 mutations were found 1n 20 patients with bilateral disease upon screening of
peripheral blood alone. In two patients, DNA from tumors did not produce any amplification products for several
of the exons (data not shown) suggesting the presence of large homozygous deletions at the RB1 locus

Details of mutations and polymorphisms 1dentified are shown 1n Table 2 To our knowledge, 8 mutations and 1
polymorphism (Table 2 and data reviewed but not shown) 1dentified 1n this study are novel (RB1 gene mutation
database website Available at http /www d-lohmann de/Rb/mutations html)

Among these, four nonsense mutations, g 64365T>G (Tyr325Ter), g78131G>A (Trp515Ter), g 150061G>T
(Glu587Ter) and g 170383C>G (Ser834X), and were 1dentified and these are shown in Table 2 A novel splice-
site mutation g 41924A>C (IVS3-2A>C), was found 1n the splice acceptor site of ntron 3 resulting 1 an AG>CG
heterozygous change Such an alteration may possibly lead to skipping of exon 4, which would result n an 1n-
frame deletion. If 1t results 1n the retention of the ntron 1t would produce a frameshift Analysis of RNA, which 1s
not available to us at the present time, 18 required to distinguish these possibilities.

Other novel mutations dentified include small length alterations found n three patients One patient (RB65,
Table 1) had a duplication of 4 bp i exon 18 (g 1500641ns4). This duphcation creates a nonsense coden within
exon 18. Small deletions were found mn 2 patients. Of particular interest 1s a 14 bp deletion mn mtron 15
(2.76940del14;IVS15 del 420-33) extending from +18 to +32 of the mtron (RB72). The effect of this deletion
within mtron 15 1s not clear although 1t 15 probably oncogenic since no other mutations were found 1 this patient
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Furthermore, a deletion of an overlapping region to the one described here was reported in a previous study (L1 et
al, 1995). It 1s possible that the deleted sequence includes the splicing branchpomnt of the mtron although no
perfect match for the branchpoint consensus 1s found n the region of the deletion A 22 bp deletion n exon 21,
g 160792del22, was found 1n one patient (RB74), this would be expected to result in frameshift in exon 21.

Recurrent mutations were identified that involved C>T changes at arginine codons including (Table 2)
Arg255Ter (g 69695C>T) and Argd45Ter (g 76430C>T) Mutations at splice donor sites of ntrons 12 and 14,
g 70330G>A and g 76488T>Cwere also to recur (Table 2 and Ata-ur-Rasheed et al , 2002). -

Table 2: RB1 Gene Alterations Identified

Location Patient no. | Ageat Laterality Mutation Identified Putative consequence
diagnosis/sex in

Exon 8 RB25" 12 yrs/F Unilateral | g59695C>T Tumor Arg255X; termination
Exon 8 RB56 2 yrs'M Bilateral 2.59695C>T Blood Arg255X; termination
Exon 10 RB27 2 yrs/M Unilateral | g64348C>T Tumor Arg320X; termination
Exon 10 RB407 2 yrs/F Unilateral | g 64365T>G* Tumor Tyr325X; termination
Exon 14 RB26 1 yo/M Bilateral 8.76430C>T Tumor Argd45X; termination
Exon 14 RB34 4mths/M Bilateral g.76430C>T Tumor Argd45X; termination
Exon 15 RB60 11 mths/M Bilateral g 76898C>T Blood Arg467X; termination
Exon 16 RB44 1yt/M Bilateral g.77073T>G Blood Tyr498X; termination
Exon 17 RB58 1 yr/M Bilateral g 78238C>T Blood Arg552X; termination
Exon 17 RB59 1yr'M Bilateral g.78131G>A* Blood Trp515X, termination
Exon 17 RB63 7 yrs/M Unilateral | g78250C>T Tumor Arg556X, termination
Exon 18 RB54" 3 mths/F Bilateral 2.150061G>T* Tumor Glu587X; termination
Exon 18 RB65 2 yrs/F Bilateral g.150064ins4* Blood frameshift
Exon 19 RB55 9 yrs/M Bilateral g 153284C>T Blood GIn631X; termination
Exon 21 RB74 4 yrs/F Bilateral £.160792del22* | Blood frameshift
Exon 24 RB57 1 mth/F Bilateral g.170383C>G* Blood Ser834X; termination
IVS3 RB66 3 yrs/M Bilateral g.41924A>C* Blood AG>CG; exon skipping
IVSi12 RB23Y 2 yrs./M Bilateral g 70330G>A Blood GT>AT,; exon skipping
IVS 12 RB29 3 yrs/F Unilateral | g 70330G>A Tumor GT>AT,; exon skipping
IVS 12 RB73 5 yrs/M Bilateral 8.73752G>A Blood AG>AA; exon skipping
1VS 14 RB62 1 yt/M Bilateral g 76488T>C Tumor GT>GC;exon skipping
IVS 15 RB72 3.yrs/F Bilateral £.76940del14* Blood del+20-33; exon skipping
VS 25 RB35 2 yrs/M Bilateral g.173882T>C* Blood Polymorphism

RB39 4 yrs'M Unilateral Tumor
VS 25 RB36 5 yrs’M Bilateral g 174351T>A Blood Polymorphism

Mutations are designated according to their position n the genomic sequence of RB1 (GenBank accession no. L11910.1). ®RB23 has
famihial disease with one affected sibling and unaffected parents *Novel changes 1dentified in this study. * These patients had
mutations that were heterozygous in tumors.

With the exception of 2 patients who had mutations mnvolving splice acceptor sites of introns 3 and 12, which
would be expected to lead possibly to in-frame deletions, all other mutations produced premature termination
codons (see Table 2) We did not correlate these genotypes with clinical and histological features since previous
studies that have attempted to correlate the position of nonsense mutations with disease parameters such as age at
diagnosts or number of tumor foc1 have essentially found no correlation (Lohmann et al., 1996).

The sensitivity of SSCP 1 general may not be high enough to detect all changes, and more efficient
techniques such as DHPLC may provide a better estimate of the frequency of small mutations n the patient
population studied. Our earlier analysis of RB1 mutations using direct sequencing of all exons (Ata-ur-Rasheed et
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at

flanking sequences n retigblaston foe [\,/arlleergsb et’\l;l;eenﬁ;g;encyé of detection of mutations within RB1 exons and
1995, Lohmann et al. 1996, Al o and 70% (see below, Liu et al , 1995, Bl
ey and toaes of s;na] I(J:Etztt:::r;SZOOI)h A comparison of data obtained 1n the present’stu?i;q:velthettst
ahviaros Tibde B 158 Bl lIn the RB1 gene reported for patients from some other populations 1s

lle the frequency of detection varies over a wide range, the pattern of
”i‘mll,s] Sgh;dlsedl, the most predommnant category (70-80%) from all
apble plice site mutations ac t
cases, with a very small number of missense or inframe mutations Many of th colun et
axpoctod to lead to framesiuis y e splice mutations would also be

Table 3: Frequency and Distribution of Small Mutations in the Coding Sequences of the RB1 Gene

Reported from Different Countries

Patient Reference i

population Is:i't:lel:img Frequency | % nonsense/ | % missense | % splice

from whod(s) of - frameshift & inframe site/intron
detection mutations mutations mutations

Japan Shimizu et al , 1994 SSCP 58% 86 0 14

UK Lwetal, 1995 SSCP 48% 74 8 17

France Blanquetetal , 1995 | DGGE 20%* 76 13 11

Germany Lohmann etal , 1996 | SSCP, HDA, 68% 88 0 11

sequencing

Spain Alonso et al , 2001 Sequencing 67% 69 0 31

China Choy et al., 2002 SSCP 38%* 64 12 24

India Ata-ur-Rasheed et Sequencing, 47% 70 0 28

al., 2002, this study SSCP

Shown above are the data reported for small mutations m the RB1 gene detectable by PCR-based analyss of exons and sphce sites on
various populations @Frequency 1s given as %age of patients having detectable mutations % of each type of mutation 1s the fraction
of the total number of mutation (percentages were rounded off and hence may not add up to 100%) *These studies included sporadic
unilateral retoblastoma 1n a screen for constitutional mutations

The absence of detectable mutations n a proportion of patients n our study could be explained in part by the
presence of large deletions, either hetero- or homozygous A combination of approaches including quantitative
PCR and sequencing have been found to 1dentify mutations n almost 90% of patients (Richter et al , 2003) Other
phenomena such as mosaicism, epigenetic alterations or a possble mactivation of RB1 through mutation of non-
coding sequences may also be nvoked to explam the cause of disease in the remainder of patients

These studies provide a detailed molecular genetic analysis of retinoblastoma 1n an Indian population for which
few studies have been done so far. Data suggest that the mutational spectrum obtamed 1s essentially simular to that
obtained i other populations and that more sensitive and multiple approaches to mutation screening will be
required to determine the basis of disease mn all patients These data may contribute to the design and

implementation of screening strategies for patients in the future
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Pureose. To identify mutations n the TGE

‘Bl gene 1n Ind
patients with lattice corneal dystrophy (LCD) ogr gmnulalr1 cl::

€Nof o
correlations. type-phenotype
patients were studied, 18

made on the basis of clinical and/or hustopathological evalua-
tion Exons and flanking mtron scquences of the TGEBI gene
were amplified by PCR with specific primers PCR produicts
were screened by the method of single-strand conformation
polymorphism followed by sequencing Mutations were con-
firmed by screening at least 100 unrelated normal control
subjects

Resucts. Mutations were identified m 14 of 18 patients with
LCD and in all 19 patients with GCD In LCD, three novel
heterozygous mutations found were glycine-594-valine
(Gly594vVaD) 1 2 of 18 pauents, valine-539-aspartic acid
(Val539Asp) in 1 patient, and deletion of valine 624, valine 625
(Val624-Val625del) in 1 pauent In addition, mutation of args-
nine 124-to-cystemne (Arg124Cys) was tound n 8 of 18 patients
and histidine 626-to-argimune (H1s626Arg) i 2 of 18 patients
Atypical clinical features for LCD were noted 1n patients with
the Gly594Val and Val624-ValG25del mutations In GCD, 18
patients with GCD type I had a mutation ot arginine 555 to-
tryptophan (Arg555Trp) and 1 patient with GCD type III (Ress-
Bucklers dystrophy), had the Arg124Leu mutation Seven novel
single-nucleotide polymorphisms (SNPs) were also found, of
which a change of leucine 269 to phenylalanime (Leu269Phe)
was found 1n 12 of 18 patients with the Arg555Trp mutation

Concrusions. Argl24Cys and Arg555Trp appear to be the pre-
dominant mutations causing LCD and GCD, respectively, in the
population studied The novel mutations identified mn this
study are associated with distinct phenotypes (Invest Ophthal-
mol Vis Sci. 2005,46 121-125) DOI 10 1167/10vs 04-0440

C orneal dystrophues involve the formation of corneal opac-
ities that are most often characterized by bilateral, inher-
ited, noninflammatory, and progressive lesions The opacities
are caused by progressive accumulation of deposits i the
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cornea resulting in loss of transparency and visual imparment
Lattice corneal dystrophy (LCD) and granular corneal dystro-
phy (GCD) are autosomal dommant dystrophies of the corneal
stroma caused by mutations i the TGFBI gene (TGIBI or
BIGH3, transtorming growth factor- induced) on chromo-
some 5 at q31 "% The protemn product of the TGFBI gene,
keratoepithelin, 15 an extracellular matrix protein expressed
many ussues, as well as i the corneal epithelium * 1 Its func
tion 1n the cornea 1s not understood as yet, although 1t has been
found to affect the adhesion of different types of cells 1n vitro °
In the cornea, 1t presumably contributes to the structure of the
extracellular matrix

LCD (OMIM 122200, On-line Mendelian Inhertance in Man,
http //www ncbi nlm nih gov/Ommm/ provided m the public
domain by the Natronal Center for Biotechnology Information
[NCBI], Bethesda, MD) 1s a primary, usually bilateral, corneal
amyloidosis characterized by refractile lines that are n the
form of a fine, branching network Histologically, the deposits
in LCD stain positively with Congo red and are bwrefringent
under polarized ight LCD has at least four different subtypes
(reviewed 1n Ref 6) LCD type I” 1s an autosomal dominant,
bilaterally symmetrical corneal disorder that 1s characterized by
numerous translucent fine lattice lines that aie associated with
white dots and famnt haze n the superficial and muddle layers of
the central stroma. LCD type II® 15 a late-onset disease of
autosomal recessive mheritance that appears with decreased
vision 1n the fifth to seventh decades of hife Asymmetrical
findings are common Lattice lines extend up to the limbus, are
thicker, and are more easily seen with direct illumination than
those 1n LCD type 1 LCD type IIIA differs from type III 1n the
presence of erosions and an autosomal domnant inheritance
pattern ° Recently, LCD type IV has been described, with deep
stromal opacttes and late onset of disease ©

GCD type I (OMIM 121900) 1s characterized by small, dis-
crete, sharply demarcated grayish white opacities 1n the ante-
ror central stroma resembling bread crumbs or snowflakes '©
Histologically, the corneal deposits stain positively with Mas-
son trichrome and are nonamylord '' As the condition ad-
vances, individual lesions increase in size and number and may
coalesce, extending into the decper and more peripheral
stroma GCD type II (Avellno corneal dystrophy, OMIM
607541), shares features of lattice and granular dystrophies and
has both granular and amyloid types of deposits ' It 1s clinr-
cally similar to GCD type I GCD type IIl 1s a superficial variant
of GCD'® (Reis-Bucklers dystrophy, OMIM 608470) and the
deposits are morphologically similar to those m GCD type I,
but are present mainly 1n the Bowman’s layer and beneath the
epithelum

Phenotype-specific mutations have been characterized
the TGFBI gene Most patients have mutations at mutational
hot spots corresponding to arginine 124 and argune 555 of
the keratoepitliehn protemn These mclude the arginine 124-to-
cysteine (Arg124Cys) mutation in LCD type I, arginme 555-to-
tryptophan (Arg555Trp) mn GCD type 1, argmine 124-to-hsti-
dine (Argl24His) m Avellno corneal dystrophy,”'* and
arginine124-to-leucine (Argl24Leu) n Ress-Bucklers corneal
dystrophy '* In addition to these common mutations, muta-
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Tasrr 1. Detarls of TGFBI Gene Mutations and Phenotypes of Probands with ICD or GCD

Mutation in TGFBI Restriction
Probands Site
@) Amino Acid c¢DNA Change
8 Arg124Cys c417C—1 Cpol—
2 His626Arg ¢ 1924A—G —
1 Val539Asp* c 1663T—A ' Taal—
2 Gly594Vval* c 1828G—T Hmcll+
1 val624, Val625del® ¢ 1917-22del Avali—
None 1denufied — —
18 Arg555Trp ¢ 1710C—1 BstX1+
1 Argl24Leu ¢ 418G—>T Cpol—

Histopatholo
Clinical Features Features
Antertor-to-mud stromal lattice Imes Amylod (4)t
Antertor to-deep stromal lattice lines Amylod (1)
Antertor and mid-sttomal lattice ines Amyloid

Posterior stromal, thick lattice hnes, NA
late onset

Anterior sttomal opacities and scarring,
no clinically evident lattice lines

Antertor to mud stromal Jatuce hines

Granular opacities n antersor third to
full stroma

Subepithelal and stromal opacities
with recurrence after grafting

Amyloid 1n anterio
stroma

Amylowd

Masson +ve (9)

Masson +ve depost

‘I he first column shows the number of patients with each of the mutations Restriction sites created (+) or destroyed (—) as a result

mutation are shown NA, data not available
* Novel mutations

4 Number of patients for whom data were available In those without a number, data were available for all

tional heterogeneity exists, particularly in different forms of
Iattice dystrophy '®

We screened the TGFBI gene for mutations in Indan pa-
tients with LCD and GCD to determine the range of mutations
underlying these diseases and to charactenize the associated
phenotypes LCD and GCD account for approximately 15% to
25% of all patients with corneal dystrophy requiring corneal
grafts 1n our wstitution, a tertiary-care referral center 1n south-
ern India 7 No genetic studies have been reported so far on
latice and granular dystrophies in Indians We report the
results of our study on 37 unrelated patients (18 with LCD, 19
with GCD)

MATERIALS AND METHODS

The study protocol adhered to the tenets of the Declaration of Helsinki
Corneal dystrophies were diagnosed by clinical and/or histopatholog-
icdl evaluation, and chinical exammation was performed by slit lamp
hiomicroscopv Histopathological data were available for 11 patients
with LCD and 10 patients with GCD who underwent corneal trans-
plantation For histopathology, corneal sections were processed by
standard methods and stained with Congo red or Masson trichrome
The presence of amyloid was confirmed by birefringence under polar-
1zed light Blood samplcs were collected from patients and available
famuly members after obtamnmg informed consent and approval of the
study by the Institutional Review Board of the L V Prasad Eye Insti-
tute Among the patients studied, 7 with LCD and 13 with GCD had a
famuly history of disease, and all pauents were bidaterally affected
None of the patients had any systemic manifestations The control
population consisted of 100 unrelated individuals who had no history
of the diseases studied

Genomic DNA was solated from blood leukocytes by standard
procedures '® Individual exons of the TGFBI gene were amplified with
prumers designed by us, specific for flanking ntron sequences (primer
sequences available on request) PCRamplified products of all 17
exons were screened for sequence changes by the method of single
strand conformation polymorphism (SSCP), as previously described '*
Fragments showing altered mobulity relative to control subjects were
sequenced bidirectionally Sequencing of purified PCR products was
performed (BigDye Termmator Kit on a model 310 Prism sequencer,
Applied Biosystems, Inc [ABI], Foster City, CA) Sequences were
compared with the published sequence of TGFBI (GenBank accession
no for genomic sequence, AY149344, mRNA sequence- NM_000358,
version NM_000358 [, http //www ncbi nlm nth gov/Genbank, pro-
vided n the public domain by the Nauonal Center for Biotechnology

Information, Bethesda, MD) All samples that were negatwve for mu
uons on screemng by SSCP, were sequenced directly in all exons
wdentfy mutations At least 100 normal unrelated control individuals
well as family members were screened for identihed mutations t
confirm pathogenicity PCR restriction fragment length polymorphist
(RFLP) was used to test for the presence of various mutations
unrelated control subjects and family members Restriction sit
changes are detailed in Table 1 PCR products of normal and mutan
DNAs were digested with the relevant restriction enzyme and resolve
on polyacrvlamide or agarose gels DNA was visualized by staining with
ethidrum bronude

REsuLTS

Details of mutations and phenotypic features of patients are
summarized 1n Table 1.

Mutations

Five mutations, of which three are novel, were identified in 14
patients with a diagnosis of LCD Eight patients had a mutation
of arginine 124 to cysteine (Argl24Cys), two patients had a
mutation of histidine 626 to arginine (His626Arg), one patient
had a mutation of valine 539 to aspartic acid (Val539Asp), two
patients had a mutation of glycine 594 to valine (Gly594VaD),
and one patient had an in-frame deletion of two amino acids,
valine 624 and valine 625 (Val624-Val625del) All the mutations
detected were heterozygous in probands and were absent 1
100 unrelated unaffected individuals No mutations were iden-
tifiable after sequencing of all exons of TGFBI i the remaining
four patients Eighteen patients with a diagnosis of GCD type
had a mutation of argmine 555 to tryptophan (Arg555Trp), and
one patient with a diagnosis of GCD type III (or Rets-Bucklers
dystrophy) had a mutation of arginine 124 to leucine
(Argl24Leu) Pedigrees with segregation of novel mutations in
available family members are shown in Figure 1

Clinical and Histopathological Features
of Patients

LCD. Climical and histopathological features of patients
bearing the three novel mutations identified in this study are
described 1n the following sections.

Val539A4sp. The shit Jamp photograph of the cornea of the
proband 1s shown in Figure 2A The opacities were 1n the form
of lattice lines in the anterior stroma. Cosegregation analysis of
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FIGURE 1. Pedigrees of patients having novel mutations n TGFBIT
showing segregation of mutations and disease status of individuals
exammed (A) Val539Asp, (B) Gly594Val, (C) Gly594Val, and (D)
Val624-val625del Only parts of the pedigree containing individuals
tested are shown M, mutant allele, +, wild type allele Probands are
marked by an arow at the lower left of the symbol Cosegregation was
checked by PCR-RFLP (restriction enzymes used for each mutation are
in Table 1)

the mutation 1n this pedigree, shown mn Figure 14, revealed
that his older son, aged 34 years, affected but asymptomatic,
was heterozygous for the mutation

Gly594Val Two unrelated patients with this mutation had
opacities 1n the posterior stroma on clinical examination They
presented with late-onset disease, 1n the sixth and seventh
decades of life, and thick lattice lines (Figs 2B-D) extending
nto the corneoscleral imbus No histopathological data were
available for these pauents Cosegregation analysis of the avail-
able members of the families of the two probands 1s shown 1n
Figures 1B and 1C As shown in Figure 1B, two offspring of the
proband who were aged 44 and 40 years carried the mutation
“but showed no signs of disease on slit lamp examination

Val624-Val625del One patient had this mutation and
showed manifestations that are atypical of LCD (Figs 34, 3B)
He had diffuse corneal opacities with no clear lattice lines He

FIGURe 2. St view of patient with mutation Val539Asp showmg
lattice lines on indirect llumination (A) Diffuse (B) and retrodlumi
nated (C) sht lamp views of patient with Gly594Val showing thick
lattice lnes with ntervening opacity (D) Shit lamp view of second
patient with Gly594Val showing lattice lines
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FIGURE 3. Diffuse sht lamp view of the patient with deletion of
Val624-Val625 (A) showing opacities Note the assocrated spherordal
degeneration Narrow sht view of the corned in the same pauent (B)
Congo red stamned section (C) when scen under polarized filters
showed birefringence n the subepithelial region (arrow) Magnihca
uon X 400

complained of progressive loss of vision and photophobia
during his 20s and at the age of 30 years, underwent corneal
grafing The dragnosts of LCD was based on the histopathol
ogy of the corneal button, which showed amyloid deposits
the anterior stroma (Fig 3C) The deposits were negative for
Masson trichrome His father and two siblings were reported to
be similarly affected in thewr 20s The brother of the proband,
who was also examined 1n our mstitution, had scarring and
deposits i the superficial stroma He was diagnosed to have
corneal dystrophy of an unspecified type After a corneal graft
at the age of 30 years, histopathology revealed amyloid depos-
its 1in the Bowman’s layer and anterior stroma The pedigree
was analyzed for cosegregation of the mutation with disease,
and detais are shown in Figure 1D

GCD. Eighteen patients with granular dystrophy had the
Arg555Trp mutation and presented with features of type I
GCD, with granular opacitses, the extent of which ranged from
the anterior third to the full thickness of the stroma (summa-
rized in Table 1)

One pauent with the Argl24Leu mutation, recesved a chin
1cal diagnosss of Reis-Bucklers dystrophy (GCD type III) with
stromal involvement, based on the presence of multiple opac-
ities 10 a honeycomb pattern m the subepithelal and superfi-
cial stromal layers (Figs 4A, 4B) Disease had 1ts onset during
the second decade The patient underwent corneal transplan-
tation m both eyes with recurrence of the opacities within a
few years of surgery Histopathological evaluation revealed
granular Masson posttive deposits m the stroma

Polymorphisms Identified in TGFBI

In addition to the mutations just described, we identified sev-
eral single nucleotide polymorphisms (SNPs) i the TGFBI
gene Details are shown mn Table 2 Eight exonic polymor-
phisms, of which four are novel, and four intronic polymor
phisms, three novel, were 1dentified Among the exonic poly
morphisms, seven were located at the third base position of
the respective codons and did not result 1 a codon change
The remaming exonic polymorphism, located in exon 7,
consists of a C—T variation at cDNA position 852, and results

FiGURE 4. Diffuse (A) and shit (B) views of proband with Argl24Leu
mutation showing multiple opacities in subepithelial and antertor stro
mal regions
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TaBLE 2. SNPs in the TGFBI Gene

Location Polymorphism (codon) Novel/Reported
Exon 6 ¢ 698C—G (Leu2l7Leu) Reported (20)
Exon 7 ¢ 852C—T (Leu269Phe) Novel

Exon 7 ¢ 863C—T (Asn272Asn) Novel

Exon 8 ¢ 977C—T (His310H1s) Novel

Exon 8 ¢ 1028A—G (Val327Val) Reported (14)
Exon 11 ¢ 1463C—T (Leud72Leu) Reported (14)
Fxon 12 ¢ 1631G—A (Thr528Thr) Novel

Exon 12 ¢ 1667C—T (Phe540Phe) Reported (14)
1vsi2 8 29683G/A Reported (14)
IVS13 833618A/G Novel

IVS13 £ 33635T/A Novel

1VS14 £ 33836T/C Novel

Polymorphisms identified are shown according to position mn
¢DNA or genomic DNA Codons mvolved are given i parentheses In
column 3, the numbers indwcate the first published report of the
polymorphism IV$, intervening sequence

in a change of CTT (codng for leucine 269) to TTT (pheny-
lalanune) This change was heterozygous in 12 of 18 patients
with GCD type I and 1n 3 of 100 unrelated normal control
subjects It cosegregated with the Arg555Trp mutation 1n some
affected families and 1n one family (not included n this series),
affected members were homozygous for both the Arg555Trp
mutation and the Leu269Phe variant (data not shown), suggest-
ing that the two sequence changes may be m czs This poly-
morphism was absent 1n the patients that we studied who had
LCD and Ress-Bucklers dystrophy

Discussion

Our study of 37 patients of Indian origin with LCD and GCD,
shows that the predominant mutations causing these diseases
n the patient cohort screened were Arg124Cys (found i 8/18
pauents with LCD) and Arg555Trp (found 1n 18/19 patients
with GCD) Although these two mutations have been found to
be the major causes of LCD and GCD respecuvely n different
ethnic groups,”’ population-specific varations in the preva-
lence of different mutations in TGFBI have been documented
For example, GCD type II (Avellino corneal dystrophy) caused
by the Arg124His mutation, 1s the most common type of GCD
mn Japan®* and HisG26Arg may be more frequent than
Arg124Cys among Vietnamese patients with LCD **

We observed a broad correspondence similar to that re-
ported 1n earlier studies, between mutations at argmine 124
and argmune 555 residues mn TGFBI and their associated phe-
notypes >'* In addition, our study demonstrates further muta-
tional heterogeneity in TGFBI and brings to light unusual
phenotypes of TGFBInked corneal dystrophies (Table 1)

The three novel mutations rdentified m this study were each
associated with different phenotypes of LCD All three muta-
tions volve the fourth fasciclin-ike domamn m which most
pathogenic alterations in TGFBI have been found The two
muissense changes at valine 539 and glycine 594, as well as the
m-frame deletion at valine residues 624 and 625, mvolve highly
conserved residues, conserved among fasciclinlike domains of
several protemns (NCBI Conserved Domain Database, available
in the public domain at http //www.ncbi nlm nih gov/entrez/
query fcgr?db=cdd)

For the Gly594Val mutation, the clinical features in both
probands (Table 1) were late onset of disease and the presence
of deep stromal opacities that extended up to the limbus
These mantfestations are simular to those reported for two
other mutations—namely, Leu527Arg>* and Val631Asp>'—and
have been classified as LCD type IV © The Gly594Val mutation,

10VS, January 2005, Vol. 46,

to our knowledge, represents the third mutation causi
form of LCD Cosegregauon analysis in the family m~
revealed that two offspring of one of the patients (Fig.
carried the mutation but did not manifest disease It is p
that the mutation carriers in this family may manifest dis

a more advanced age or that this mutation has incom
penetrance. The high degree of conservation of the resi
mutated, as well as the absence of the change in 100 unrel
control subjects support the conclusion that it 1s patho

The novel deletion of Val624-Val625 occurred in a pa
having diffuse corneal opacities with no chmically evident
tice type pattern and amyloid deposits in the stroma (Fig, 3
nonlattice pattern of corneal opacification has also been
served 1n association with the Argl124Cys mutation,>”
raising the 1dea that factors such as advanced stage dise
ageing, environmental factors. or modifier genes contribut
the phenotype In addition, a nonlattice phenotype resul
from a mutation mn TGFBI was reported in a fanuly
polymorphic corneal amyloidosis.® These data together
large the range of phenotypic vanability associated with 7'G
gene mutations and suggest that the lattice and nonlattice t
of stromal amyloidoses showing autosomal dominant inh
tance may be part of a spectrum of phenotypes of the s
disease

An 1nteresting novel polymorphism identified in this s
1s a change of leucine269 to phenylalanine (Leu269Phe)
thirds of the patients with GCD (12/18) with the Arg555
mutation were heterozygous for Leu269Phe as were 3%
normal control subjects Analysis of a larger cohort of fa
with GCD is necessary to determine whether the Leu269
polymorphusm 1s in linkage disequilibrium with the Arg555
mutation 1 this population To examine the possibility
common origin of the Arg555Trp allele in patients with
Arg555Trp and Leu269Phe changes, we looked at the ha
types of the other SNPs that we 1denufied in the TGFBI ge
as well as of flanking microsatellite markers We found t
there was more than one haplotype 1 this group of 12 patie
(data not shown) The small number of patients with G
studied did not permit a conclusion as to whether there -
significant difference in the frequency of any haplotype
tween patients and control subjects

No mutations were identified in four patents diagno
with LCD climcally and histopathologically (Table 1). I
possible that mutations 1 these cases lie within the introns
promoter of the TGFBI gene.

The keratoepithelin protein has four mternal repeat
mains, the FAS1 domams with homology to fasciclin-1,
mnsect cell-adhesion molecule.>” Most of the mutations so
reported hie 1 the fourth fascichn-like domain Structural m
eling of the fourth FAS1 domain in TGFBI has predicted t
the mutations in this doman possibly disrupt the structure
leading to musfolding of the protein.”® Mutant keratoepith
especially for the Argl24 mutations, appears to undergo
normal processing and /or turnover, resulting in the accu
lation of mutant protein or fragments thereof 3 It may
speculated that the mutants within FAS1 domain 4 also foll
a smmular route. Leucine 269 is present in the second F
domain of keratoepithelin (NCBI Conserved Domain D
base). Because no pathogenic alterations have been found
this regon, it is possible that sequence variations, especi
replacement of one hydrophobic residue with another, as
the case of Leu269Phe, are tolerated Knowledge of the
tions of the different domains of keratocpithelin may eve
ally provide msight into the pathogenesis of the different fo
of TGFBIMinked corneal dystrophies.
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Gengt.ype-P.henotype Correlation in 2 Indian
Families With Severe Granular Corneal Dystrophy
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Geeta K Vemuganti, MD, Meena Lakshnupatii, MD

Objectives: To determine genotypes mn 2 Indian fami-
hes with severe gianular corneal dystrophy, to docu-
ment chnical and histopathologic features, and to at-
tempt a genotype-phenotype correlation

Methods: Mutation analysis of exon 12 of the TGFBI
gene was carried out in 9 individuals from 2 families

Results: A C—T mutation at residue 1710 of TGFBI
complementary DNA, corresponding to an Arg555Trp
mutation in keratoepithelin, was found in affected mem-
bers of both families In 5 patients, this mutation was ho-
mozygous, and 1t was heterozygous in the other 4 Chmi-
cal examination revealed a severe form of granular corneal
dystrophy with early onset and superficial lesions in the
homozygous individuals and a mlder phenotype 1n the
heterozygous individuals 1listopathologic evaluation of

» MD, S Kalyana Chakravai thi, MSc,

corneal specimens from 2 homozygous patients con-
firmed the presence of superficial granular deposits

Conclusions: To our knowledge, this 1s the first mo-
lecular and chnical charactenzaunon of severe granular
corneal dystrophy in India Genotype-phenotype corre-
lation and comparison with earlier reports on this entity
hughlight the umform expressivity of the Arg555Trp al-
lele 1n homozygous individuals

Clinical Relevance: Homozygous granular corneal dys-
trophy has a severe phenotype and can be recognized
based on chinical and histopathologic features, espe-
cally in association with consanguinity or ibreeding
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RANULAR CORNEAL DYS-

trophy (Online Mende-

han Inheritance i Man

121900) 1s an autoso-

mal dommant disorder
characterized by small white, sharply de-
marcated spots that resemble bread crumbs
mn the cornea beneath the Bowman layer
The opacities vary in shape but usually fall
mto 3 basic morphologic types of drop,
crumb, and ring shapes ' 2 The overall pat-
tern of deposttion 1s radial or disk shaped,
or it may be 1 the form of a Christmas
tree ! Imually, the region of the corneal
stroma between the opacities remains clear
Vision 1s usually not affected i the early
stage of the disease, but some patients may
have mild photophobia from hight scat-
tering by the corneal lesions In a subset
of patients, erosive episodes are more com-
mon As the condition advances, indi-
vidual lesions increase 1n size and num-
ber and may coalesce They frequently
extend 1nto deeper and more peripheral
stroma However, 2 to 3 mm of the pe-

ripheral cornea usually remains free of de-
postts With more advanced disease, the
mtervemung cornea develops a diffuse hazy
appearance Although the lesions can 1n-
volve the Bowman layer and result in su-
perficial irregularities, recurrent ero-
stons are unusual Visual impairment 1s
rare before the fifth decade of life and usu-
ally develops secondary to the opacifica-
uon of the mtervening stroma Corneal
sensation 1s vanably affected

Atypical more severe and early-onset
forms of granular corneal dystrophy have
been reported, m which onset of visual loss
occurs within the first to second decades
of hife and repeated corneal grafts are of-
ten necessary > > These phenotypes have
been linked to homozygous mutations mn
the dominant disease gene 3¢

Granular corneal dystrophy arises as a
result of mutations mn the TGFBI (trans-
forming growth factor B mduced) gene on
chromosome 5g31,” the protemn product
of which 1s known as keratoepithelin
Keratoepitheln 1s expressed i the cor-
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Family A

Farmily B

Figure 1. Pedigrees of the families studied Clear circles and squares
indicate unaffected women and men respectively, dark symbols, severely
affected shaded symbols, mildly affected, astensk disease status unknown,
double line, consangumeous spouses, M/M, homozygous mutant allele
(Arg555Trp), and M/+, heterozygous mutant allele The number ‘3" in the
first symbol In generation H designates 3 male siblings

nea and many other tissues, 15 up-regulated by trans-
forming growth factor B, and 1s an extracellular matrix
protein, possibly mediating cell-cell adhesion ®'° Spe-
cific mutations in the TGFBI gene are responsible for dif-
ferent types of granular and lattice types of corneal dys-
trophies 7 These mutations lead to the formation of
wsoluble deposits within the cornea that are recogmzed
by their characteristic hustopathologic staining proper-
ties, which are distinctive for granular and latuce types
of dystrophies In granular corneal dystrophy, the cor-
nea shows hyaline deposiis that are nonamyloid 1n na-
ture and stain posiuvely with Masson trichrome Ultra-
structurally, the deposits appear as rhomboid-shaped
crystals Three subtypes of granular corneal dystrophy
are distingwished based on climical and histopathologic
features "' Granular corneal dystrophy type I, originally
described by Groenouw, 1s predomimantly due to a mu-
tation that results in an Arg555Trp subsutution > We pre-
sent heren the clinical and genetic analyses of mdividu-
als from 2 Indian famihes with muluple affected members
having granular corneal dystrophy Consangumty was
present in both families There were 2 severities of mani-
festation 1 the families Individuals with the more se-
vere phenotype were homozygous for the Arg555Trp mu-~
tation, while those with a milder phenotype resembling
the “typical” form of granular corneal dystrophy were het-
erozygous for the Arg555Trp mutation

Molecular genetic analyses were performed n 7 mdividuals (pa-
tients [V 2,1V 3,IV5,1V7,V 1,V 2, and V 3) from famly A
and in 2 individuals (patients V 1 and 1V 3) from family B
(Figure 1) The study was approved by the msututional re-
view board, and blood samples were collected from subjects
after obtaiming informed consent Genomic DNA was 1solated
from leukocytes by standard procedures '* Exon 12 of the
[GFBI gene was amphfied from 50 ng of genomic DNA by poly-
merase chain reaction (PCR) using specific primers (thermal
cycler P1C200, MJ Research, Inc, Watertown, Mass) Se-
quences ol the primers were 5'TCAGCGTGGTGAGGTATT-
TAAGG 3’ (forward) and 5'GGGCCCTGAGGGATCACTAC
3’ (1everse)

Cyching conditions included an 1mit1al denaturation at 94°C
for 1 mmute, followed by 34 cycles of denaturauon at 94°C fo
45 seconds, annealing at 58°C for 30 seconds, and extension
at 72°C for 45 seconds 1he amplified products were purified
on Amicon columns (Millipore, Billerica, Mass) and directly
sequenced on the ABI310 genetic analyzer (Apphed Biosys-
tems, Foster City, Calil) using PCR primers Sequences wer
compared with those of healthy control samples and with th
genomic sequence of TGFBI (GenBank accession No AY149344
version AY149344 1)

The presence of the A1g555Trp mutation, located m exo
12, was tested by digestion with the enzyme BstXI Polymer-
ase chamn reaction products of exon 12 were digested with BstXI,
and the digested fragments were resolved on agarose gels DN
from healthy individuals was not cut by the enzyme and showe
aband corresponding to a fragment of 259 base pairs (bp), w hich
was the full-length PCR product Inaddition to the 259-bp frag-
ment, the presence of a heterozygous mutation yielded 2 frag
ments of 182 and 77 bp, while the homozygous mutation re-
sulted in 2 fragments of 182 and 77 bp In addition, 100 healthy
unrelated -control subjects were screened for the sequence
changes 1dentified i patients by digestion with BstX1

FAMILY A
Patient IV-2

A 40-year-old woman (the proband) was an offspring o
a consanguineous marriage. She had had complaits o
defecuve vision since childhood Her vision had wors-
ened 1n the last 4 years She had recurrent episodes o
watering and photophobia 1in both eyes On examina-
tion, she had a visual acuity of counting fingers i both
the eyes Corneal examination revealed coarse reticu-
late subepithehal opacities i both eyes, with spheroidal
degeneration involving the central cornea The opaci-
ties spared the himbus but were close to 1t {Figure 2A)
Details of the anterior chamber and lens were not visu-
alized She underwent phototherapeutic keratectomy 1n
the night eye (Zyoptic; Bausch & Lomb, Rochester, NY)
After the epithelial defect healed, she had a visual acuuty
0f20/125 OU and mudstromal granular opacities and haze
She underwent debridement of the lesions in the left eye

Patient IV.3

A 37-year-old man, the brother of the proband, had had
white opacities i both eyes since childhood He com-
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Family A

MM

Figure 1. Pedigrees of the families studied Clear circles and squares
indicate unaffected women and men, respectively dark symbols, severely
affected, shaded symbols, mildly affected, asterisk, disease status unknown,
double line, consanguineous spouses, M/M, homozygous mutant allele
(Arg555Trp), and M/, heterozygous mutant allele The number “3’ in the
first symbol in generation Il designates 3 male siblings

nea and many other tissues, 15 up-regulated by trans-
forming growth factor B, and 1s an extracellular matrix
protein, possibly mediating cell-cell adhesion ®'° Spe-
cific mutations in the TGFBI gene are responsible for dif-
ferent types of granular and lattice types of corneal dys-
trophies 7 These mutations lead to the formation of
msoluble deposits within the cornea that are recogruzed
by their characteristic hustopathologic staiming proper-
ties, which are distinctive for granular and lattice types
of dystrophies In granular corneal dystrophy, the cor-
nea shows hyaline deposits that are nonamyloid i na-
ture and stain positively with Masson trichrome Ultra-
structurally, the deposits appear as thomboid-shaped
crystals Three subtypes of granular corneal dystrophy
are distingwished based on chinical and histopathologic
features ' Granular corneal dystrophy type I, originally
described by Groenouw, 1s predominantly due to a mu-
tation that results m an Arg555Trp substtution '* We pre-
sent heremn the clmical and genetic analyses of individu-
als from 2 Indian families with muluple affected members
having granular corneal dystrophy Consanguinity was
presentin both families There were 2 seventies of mani-
festation 1n the families Tndividuals with the more se-
vere phenotype were homozygous for the Arg555Trp mu-
tation, while those with a milder phenotype resembling
the “typical” form of granular corneal dystrophy were het-
erozygous for the Arg555Trp mutation

T

Molecular genetic analyses were performed in 7 ndividuals (pa-
tients IV 2,1V 3,IV5,IV7,V 1, V2 and V 3) from family A
and 1n 2 individuals (patents V 1 and 1V 3) from family B
(Figure 1) The study was approved by the institutional re-
view board, and blood samples were collected from subjects
after obtaining informed consent Genomic DNA was 1solated
from leukocytes by standard procedures '* Exon 12 of the
IGFBI gene was amphified from 50 ng of genomic DNA by poly-
merase chain reaction (PCR) using specific primers (thermal
cycler P1C200, MJ Research, Inc, Watertown, Mass) Se-
quences of the prnimers were 5'TCAGCGTGGTGAGGTATT-
TAAGG 3' (forward) and 5'GGGCCCTGAGGGATCACTAC
3’ (reverse)

Cycling conditions included an inttial denaturation at 94°C
for 1 mnute, followed by 34 cycles of denaturaton at 94°C for
45 seconds, annealing at 58°C for 30 seconds, and extension
at 72°C for 45 seconds The amphfied products were punfied
on Amicon columns (Millipore, Billerica, Mass) and directly
sequenced on the ABI310 genetic analyzer (Applied Biosys-
tems, Foster City, Calif) using PCR primers Sequences were
compared with those of healthy control samples and with the
genonuc sequence of TGFBI (GenBank accession No AY149344,
verston AY149344 1)

The presence of the A1g555Trp mutauon, located m exon
12, was tested by digestion with the enzyme BstXI Polymer-
ase chain reactuon products of exon 12 were digested with BstXI,
and the digested fragments were resolved on agarose gels DNA
from healthy mndividuals was not cut by the enzyme and showed
aband corresponding to a fragment of 259 base parrs (bp), which
was the full-length PCR product Inaddition to the 259-bp frag-
ment, the presence ol a heterozygous mutation yielded 2 frag-
ments of 182 and 77 bp, while the homozygous mutaton re-
sulted 1n 2 fragments of 182 and 77 bp In addition, 100 healthy
unrelated control subjects were screened for the sequence
changes identified mn pauents by digestion with BstXI

B RTORI OF CASES _ pey

FAMILY A
Patient IV:2

A 40-year-old woman (the proband) was an offspring of
a consanguineous marriage She had had complaimts of
defecuve vision since childhood Her vision had wors-
ened 1n the last 4 years She had recurrent episodces of
watering and photophobia in both eyes On examina-
tion, she had a visual acuity of counting fingers in both
the eyes Corneal examination revealed coarse reticu-
late subepithehal opacities n both eyes, with spheroidal
degeneiation mvolving the central cornea The opaci-
ties spared the limbus but were close to 1t (Figure 2A)

Details of the anterior chamber and lens were not visu-
ahized She underwent phototherapeutic keratectomy n
the nght eye (Zyoptic, Bausch & Lomb, Rochester, NY)

After the epithehal defect healed, she had a visual acuity
0f 20/125 OU and mudstromal granular opacities and haze

She underwent debridement of the lesions 1u the left eye

Patient IV:3

A 37-year-old man, the brother of the proband, had had
white opacities m both eyes since childhood. He com-
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planed that the opacities were

gave a history suggesuve of having undeigone lamellar
corneal grafting in the left eye 17 years earlier On ex-
amination, he had a visual acuity of counting fingers at
1 m OD and at 2 m OS Corneal examimation revealed
coarse reticulate subepithelial opacities and some mid-
stromal granular opacities He underwent superficial kera-
tectomy n the left eye and debridement in the night eye

The keratectomy specimen was subrmutted for histopatho-
logic examination One week after surgery, his visual acu-
1ty was 20/80 OD and 20/40 OS, and there were midstro-
mal granular opacities and scarring '

gradually increasig He

Patient IV'5

Patient IV 5, a sister of the proband who was 31 years old,
complamed of having had white opacities m both eyes since
she was 11 years old, which were progressively mcreas-
ng, with occasional pain and watering She had a best-
corrected visual acuity of 20/120 OU Corneal examima-
ton revealed coarse reticulate subepithehal lesions The
cornea between the lesions showed deep stromal granu-
lar opacities She underwent superficial keratectomy mn the
nght eye and debrnidement in the left eye The keratec-
tomy spectmen was submitted for histopathologic exami-
nation Following surgery, her visual acuity was 20/60 OD
and 20/125 OS, and deep stromal opacities remained

Patient IV:7

Another sister of the proband (patient IV 7), age 25 years,
had had diminution of vision 1 both eyes since child-
hood She had undergone surgery in the right eye 10 years
previously On examination, her visual acuity was 20/
100 OD and 20/125 OS, the right eye had a failed graft,
with reticulate subepithelial opacities In the left eye, simi-
lar opacities were seen that were subepithelial and 1n-
volving the anterior stroma These opacities spared the
peripheral 1 mm of the limbus She underwent debride-
ment of the lesions n the left eye Her visual acuity im-
proved to 20/60 OS There was antenor'stromal haze, with
granular deposits mn the stroma

Patients V.1, V.2, and V:3

A 2l-year-old man (patient V 1) complained of occa-
sional eye watering He had a visual acuity of 20720 to 20/25
OU On examnation, antenor to midstromal discrete granu-
lar opacities were seen (Figure 2B), with a clear hmbus

An 18-year-old man (patient V 2) had a visual acuity
of 20/20 OU Anterior to nudstromal discrete opacities
were seen (Figure 2C) The limbus was free of opaciuies

A 14-year-old gurl (pauent V 3) had a visual acuity of
20/20 OU, with anterior to midstromal opacities The hm-
bus was clear

FAMILY B
Patient V:1

A 23-year-old woman, an offspring of a consangumeous
marnage, had had complamnts of dimmution of vision m

Figure 2. Diffuse shitlamp views from patients in family A A, Right eye of
patient IV 2, age 40 years, showing dense subepithelial lesions B, Leit eye of
patient V 1 age 21 years, showing granular deposits C Left eye of patient
V2 age 18 years showing granular deposits

both eyes since she was 8 years ol age She also had
complants of hight sensitivity She gave a history of
having undergone corneal grafting i both eyes about
10 years earhier Her medical history was unremarkable
She had a visual acuity of counting fingersat 1 5 m OU,
which could not be improved further Anterior segment
evaluation in both eyes showed confluent subepithelial
opacities involving the entire graft, extending mto the
posterior cornea (Figure 3A) She underwent pen-
etrating keratoplasty 1n the right eye Five months after
surgery, she had a visual acuity of 20/40 OD At her re-
cent follow-up, the graft was clear, and she had an -
traocular pressure of 14 mm Hg (Figure 3B) The cor-
neal button was subjected to routine histopathologic
evaluation
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Family A

Family B

m

Figure 1 Pedigrees of the families studied Clear circles and squares
indicate unaffected women and men respectively, dark symbels, severely
affected shaded symbols, mildly affected, asterisk, disease status unknown,
double line consanguineous spouses, M/M, homozygous mutant allele
(Arg555Trp), and M/+, heterozygous mutant allele The number “3” in the
first symbol in generation Il designates 3 male siblings

nea and many other tissues, 15 up-regulated by trans-
forming growth factor B, and 1s an extracellular matrix
protein, possibly mediaung cell-cell adhesion ®'° Spe-
cific mutations i the TGFBI gene are responsible for dif-
ferent types of granular and latuce types of corneal dys-
trophies 7 These mutations lead to the formation of
msoluble deposits within the cornea that are recogmzed
by their charactenistic histopathologic staiming proper-
ties, which are distinctive for granular and latuce types
of dystrophies In granular corneal dystrophy, the cor-
nea shows hyaline deposits that are nonamyloid n na-
ture and stain positively with Masson trichrome Ultra-
structurally, the deposits appear as rhomboid-shaped
crystals Three subtypes of granular corneal dystrophy
are distingwished based on chnical and histopathologic
features ' Granular corneal dystrophy type I, onginally
described by Groenouw, 1s predominantly due to a mu-
tation that results in an Arg555Trp substitution > We pre-
sent herem the climical and genetic analyses of ndividu-
als from 2 Indian families with muluple affected members
having granular corneal dystrophy Consangunty was
present in both families There were 2 severities of mam-
festation 1 the farmlies Individuals with the more se-
vere phenotype were homozygous for the Arg555Trp mu-
tation, while those with a milder phenotype resembling
the “typical” form of granular corneal dystrophy were het-
erozygous for the Arg555Trp mutation

— T

Molecular genetic analyses were performed in 7 individuals (pa-
tients IV 2,1V 3, IV 5,1V 7,V 1,V 2, and V 3) fiom fanuly A
and i 2 individuals (patients V 1 and IV 3) from famuly B
(Figure 1) The study was approved by the mstitutional re-
view board, and blood samples were collected from subjects
after obtaiming mformed consent ‘Genomic DNA was 1solated
from leukocytes by standard procedures '* Exon 12 of the
IGFBI gene was amphfied from 50 ng of genomic DNA by poly-
merase chain reaction (PCR) using specific primers (thermal
cycler P1C200, MJ Research, Inc, Watertown, Mass) Se-
quences of the primers were 5" TCAGCGTGGTGAGGTATT-
TAAGG 3’ (forward) and 5'GGGCCCTGAGGGATCACTAC
3’ (reverse)

Cycling conditions mcluded an 1nitial denaturation at 94°C
for 1 munute, followed by 34 cycles of denaturation at 94°C for
45 seconds, annealing at 58°C for 30 seconds, and extension
at 72°C for 45 seconds The amplified products were purified
on Amicon columns (Millipore, Billerica, Mass) and directly
sequenced on the ABI310 genetic analyzer (Applied Biosys-
tems, Foster City, Calif) using PCR primers Sequences were
compared with those of healthy control samples and with the
genomic sequence of TGFBI (GenBank accession No AY149344,
version AY149344 1)

The presence of the A1g555Trp mutation, located n exon
12, was tested by digestion with the enzyme BstXI Polymer-
ase cham reaction products of exon 12 were digested with BstXI,
and the digested fragments were resolved on agarose gels DNA
from healthy individuals was not cut by the enzyme and showed
aband corresponding to a fragment of 259 base parrs (bp), which
was the full-length PCR product Inaddition to the 259-bp frag-
ment, the presence of a heterozygous mutation yielded 2 frag-
ments of 182 and 77 bp, while the homozygous mutauon re-
sulted in 2 fragments of 182 and 77 bp In addition, 100 healthy
unrelated control subjects were screened for the sequence
changes 1dentified 1n pauents by digestion with BstXI

REPORT OF CASES

FAMILY A

Patient IV-2

A 40-year-old woman (the proband) was an offspring of
a consanguineous marriage. She had had complamts of
defecuve vision since childhood Her vision had wors-
ened 1n the last 4 years She had recurrent episodes of
watering and photophobia in both eyes. On examina-
tion, she had a visual acuity of counting fingers 1n both
the eyes Corneal examination revealed coarse reticu-
late subepithehal opacities in both eyes, with spheroidal
degeneration nvolving the central cornea The opaci-
ties spared the mbus but were close to 1t (Figure 2A)

Detauls of the anterior chamber and lens were not visu-
alized She underwent phototherapeutic keratectomy m
the nght eye (Zyoptic, Bausch & Lomb, Rochester, NY)

After the epithehial defect healed, she had a visual acuity
of 20/125 OU and mudstromal granular opacities and haze

She underwent debridement of the lesions 1n the left eye

Patient IV:3

A 37-year-old man, the brother of the proband, had had
white opacities 1n both eyes since childhood He com-
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planed that the opacities were
gave a history suggestive of having undergone lamellar
corneal grafting in the left eye 17 years earlier On ex-
amnauon, he had a visual acwty of counting fingers at
I mODand at 2 m OS Corneal exammation revez;led
coarse reticulate subepithehial opacities and some mid-
stromal granular opacities He underwent superficial kera-
tectomy n the left eye and debridement in the right eye
The keratectomy specimen was submutted for histopatho-
logic examination One week after surgery, his visual acu-
1ty was 20/80 OD and 20/40 OS, and there were mudstro-
mal granular opacities and scarring '

gradually increasing He

Patient IV.5

PatentIV 5, asister of the proband who was 31 years old
complained of having had white opacities in both eyes since
she was 11 years old, which were progressively ncreas-
ng, with occasional pam and watering She had a best-
corrected visual acuity of 20/120 OU Corneal examima-
tion revealed coarse reticulate subepithelial lesions The
cornea between the lesions showed deep stromal granu-
lar opacities She underwent superficial keratectomy n the
night eye and debrnidement in the left eye The keratec-
tomy specimen was submutted for histopathologic exami-
nation Following surgery, her visual acuity was 20/60 OD
and 20/125 OS, and deep stromal opacities remained

Patient IV.7

Another sister of the proband (patient1V-7), age 25 years,
had had dimnution of vision 1 both eyes since child-
hood She had undergone surgery in the nght eye 10 years
previously On examinaton, her visual acuity was 20/
100 OD and 20/125 OS, the nght eye had a failed graft,
with reticulate subepithelial opacities In the left eye, simi-
lar opacities were seen that were subepithehal and -
volving the anterior stroma These opacities spared the
peripheral 1 mm of the imbus She underwent debride-
ment of the lesions n the left eye Her visual acuty im-
proved to 20/60 OS There was anterior stromal haze, with
granular deposits m the stroma

Patients V.1, V:2, and V.3

A 2l-year-old man (patient V 1) complaned of occa-
sional eye watering He had a visual acuity 0f 20/20 to 20/25
OU On examination, anterior to midstromal discrete granu-
lar opacities were seen (Figure 2B), with a clear hmbus

An 18-year-old man (patent V 2) had a visual acuity
of 20/20 OU Antenior to midstromal discrete opacities
were seen (Figure 2C) The hmbus was free of opacities

A 14-year-old girl (pauent V 3) had a visual acuty of
20720 OU, with anterior to midstromal opacities The lim-
bus was clear

FAMILY B
Pauent V-1

A 23-year-old woman, an offspring of a consangumeous
marriage, had had complamnts of dimmnution of visionn

Figure 2 Diffuse shtlamp views from patients in family A A, Right-eye of
patient IV-2 age 40 years, showing dense subepithelial lesions B, Left eye of
patient V 1, age 21 years showing granular deposits C, Left eye of patent

V 2, age 18 years showing granular deposits

both eyes since she was 8 years of age She also had
complaints of hght sensiivity She gave a history of
having undergone corneal gralting i both eyes about
10 years earlier Her medical history was unremarkable
She had a visual acuity of counting fingers at 1 5 m OU,
which could not be improved further Anterior segment
evaluation 1n both eyes showed confluent subepithehal
opacities mvolving the entire graft, extending mto the
posterior cornea (Figure 3A) She underwent pen-
etrating keratoplasty in the right eye Five months after
surgery, she had a visual acuity of 20/40 OD At her re-
cent follow-up, the graft was clear, and she had an in-
traocular pressure of 14 mm Hg (Figure 3B) The cor-
neal button was subjected to routine histopathologic
evaluation
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; i
Figure 3. Diffuse shittlamp views from patient in family B A Right eye of
patient V 1, age 23 years, sh g granular g the graft
Note that the lesions are beyond the graft, reaching close to the imbus
B, Same eye following a repeated penetrating keratoplasty Note the clear
graft, with lesions beyond the graft

Patient1V:3

A 41-year-old woman had had complants of diminu-
ton of vision 1n both eyes since age 1% years Her visual
acuity was 20/25 OU. Anterior segment evaluation re-
vealed discrete opaaties involving the antenior to mid-
stroma 1 both eyes The results of the rest of the ocular
examination were normal

— T

Because the Arg555Trp mutation 1s a predominant cause
of granular corneal dystrophy, we screened for the pres-
ence of this mutation 1 9 members of the 2 families
(Figure 1) Allindividuals were tested by digestion of the
PCR-amplified product of exon 12 with BstXI as de-
scribed 1 the “Methods” section A homozygous C—T
transition (at residue 1710 of TGFBI complementary
DNA) corresponding to the Arg555Trp mutation was
found 1n pauents IV 2,1V 3, 1V 5, and IV 7 from family
Aandn patient V.1 from farmly B This change was het-
erozygousn patients V 1,V 2, and V 3 from family A and
i pauent IV 3 from famly B To confirm that the ob-
served patterns of BstXI restriction digests corre-

sponded to homozygous and heterozygous mutations, a
representative sample of each these patterns was sub-
Jjected to direct sequencing (data not shown)

The cluncal features of all pauents are summanzed n
the Table Pauents with thc homozygous Arg555Trp mu-
tation had early-onset disease that mamfested durmg chuld-
hood, severe visual loss, and a dense reticulate pattern of
opacities on shtlamp exammation that was superficial
(Figures 2A and 3A) In farmly A (Figure 1), this included
4 siblings, who were the offspring of first cousins Two of
these (patients IV 3and IV 7), who had corneal grafts, had
arapid 1ecurrence of disease, with opacities redevelopmg
within 2 and 10 years of surgery, respecuvely Their mother
was reportedly affected, although we did not examine her
No mformation is available about the father, who was de-
ceased The chuldren of these homozygous individuals are
obligate heterozygotes Three of the offspring were stud-
1ed, namely, patients V1,V 2, and V3 As shown 1 the
Table, although theyhad discrete granular opacities on sht-
lamp exammation, they were asymptomatic (the oldest pa-
uentexamined in this generation was 21 years old) and had
visual acumties of 20/20 OU The opacities were located m
the anterior and midstroma, 1 contrast to the predomi-
nantly subepithelial opacities seen m the homozygous par-
ents In famly B (Figure 1), panent V 1 was homozygous,
she was the offspring of a consanguineous marriage. Her
parents were reportedly affected, although they were not
exammedat our mstitution The features of her disease were
sumlar to those of the homozygous members of farmly A
(Table) Patient IV 3 (Figure 1, farmly B) displayed a milder
phenotype that was consistent with the typical form of
granular corneal dystrophy

Ihistopathologic examnauon of the keratectomy speci-
mens from patients IV 3 and IV 5 of farmly A showed simi-
lar features The epithelium was made up of 2 to 5 lay-
ers of cells, with areas of attenuation and absent Bowman
layers There were eosinophulic, patchy to confluent, ir-
regular deposits seen 1n the subepithelial regions, caus-
g attenuation of the overlyng epithehum (Figure 4A)
The deposits appeared bright red with Masson tr1-
chrome staiming (Figure 4B)

The keratoplasty specimen from patient V 1 (farmly
B) showed an intact epithelium with patchy, irregular de-
posits that were abundant in the subepithehal stroma, with
some deposits 1n the deep stroma The deposits stamned
bright red with Masson trichrome, consistent with granu-
lar corneal dystrophy (Figure 4C).

— N

Homozygosity for dominant disease genes 1s a rare oc-
currence, found 1n some communities where mnbreed-
g 1s prevalent. Most dominant disease genes show par-
tial dominance, resulting in an increased severity of disease
marnufestation in homozygotes, sometimes affecting other
ussues or organs There are few examples of true domi-
nance, 1n which there are no differences m phenotype
between homozygotes and heterozygotes for the disease
gene A prominent example of true dommance 1s Hun-
ungton disease '* A similar phenomenon has been ob-
served m vitteous amyloidosis,”® arising from a muta-
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Table; Clinical Features and Myt
A atil i i
v — on Status of Patients With Granular Corneal Dystrophy
Patient Nature  Logati A at
) ' cation - Ppor
No: Age at Onset  of Opacity  of Lesjons KSui-'gerv" P b "Surglcal il i s i
= F Surgery Clinscal Picture Status
V2 Firstto second Coarse Subepith
elial -
e gecades ek p None CFoU PTK 20/1250U  Central comneal haze  Homozygous
"3 Firsttosecond Coarse Subepithelial, LK U
decades reticulate elm.penorI el 0Pl De?é;i;;:;g; 20/2%0/3)005 sl e
stroma feye
IV Firstto seo £ y SK (left eye)
decadesond Co?;slzmate Sng:{me]r::]erual, None .20/120 ou SK (righteye)  20/600D,  Siight comeal haze, Homozygous
ot aegndement 20112508  midstromal
T left eye) deposits
f‘lec(; gggond Co:‘ske:um Subepithelial . PK (nghteye)  20/100 0D, Debridement  20/60 0S Feuled,J graft (nght eye), Homozygous
¢ A . 20112508 (left eye) corneal haze '
V1 Asymptomatic Discrete  Antenorto - None © .- - 50/20-50/05 (et
v ato1y s mosvoma. e 02 0U fore reronLs
- Asymptomatic Discrete  Antenorto  None 2002
V3 A at18y granular  mudstroma.. ¢ 9 (,)U» e i
3 Asymplomatic Discrete  Anterorto> “None 20720100
- at1dy granufar  midstroma - - i fore rets
Farnily B° e R © ’
« Mk~ ﬁrfiﬂojesond Confluent  Subepithelial, “PK (both eyes) CFOL - PKrepeated ~ 20/400D  Clear graft Homozjgous
: lecades anterior (right eye)
V3 < 40 stroma” s =" s Mo )
i3 - 40y Discrete  Anteriortd’  None 202500 . None
granular  midstoma Ly g rme
Abbreviations CF, counting fingers LK lamellar plasty PK, p g plasty PTK, ph p SK, superficial keratectomy, VA, visual

acuity
*Before the patient was seen at our institution

tion m the transthyretin gene, and m retimtis pigmentosa,
caused by a mutation in the rhodopsin gene '° At the other
extreme 1s an 1nstance of a homozygous missense mu-
tation 1n the myocilin gene in a family wath primary open-
angle glaucoma, which resulted 1 a normal phenotype,
whereas heterozygotes for the same mutation were af-
fected ' The presence of a phenotype only 1n heterozy-
gotes has been attributed to a dominant negative effect
of the heterozygous mutant allele

We report herein for the first ime, to our knowl-
edge, the clinical, histopathologic, and genetic analyses
of a severe form of granular corneal dystrophy 1n India
Our data from 2 famihes support the view that there 1s a
“dosage” effect of the mutant protemn in homozygotes for
the Arg555Trp mutation 1n keratoepitheln Compared
with heterozygotes from the same family, ndividuals ho-
mozygous for the mutation displayed a severe pheno-
type Despite the ubiquitous expression pattern of the
TGFBI gene, homozygotes had no obvious mamfesta-
tions 1n other organs

Severe forms of granular corneal dystrophy have been
documented m previous studies Before knowledge of the
genetic defect underlying granular corneal dystrophy, the
severe phenotype was proposed to be due to homozygos
1ty, as suggested by pedigree data >'¢'? Such a phenotype
has subsequently been linked to homozygous mutations
of TGFBI, including Arg555Trp® and Argl24ths °*! The
charactenistics of the severe form of disease 1n all pauents
descrbed mn these earhier reports are early onset (in the frrst
to second decades of life), rapid recurrence after surgery,
and multiple surgical procedures * ® Notably, deposits are

predommnantly located m the superficial cornea, with most
lestons at the level of Bowman layer,*¢ leading to the term
superficial juvenile granular dystrophy * These features are
simlar to those of the homozygous patients in our study
(Table and Figure 4) The superficial confluent nature of
the deposits may be suggestive of Reis-Bucklers corneal dys-
trophy,*?2 but the chimcal appearance of Reis-Bucklers cor-
neal dystrophy, which consists of fine opaciues that show
a geographic pattern, 1s different from that of the pauents
mourstudy Another unusual feature that we observed was
that lesions extended close to the hmbus m the homozy-
gous individuals (Figure 2A), compared with the typical
form of granular corneal dystrophy

Superficial keratectomy, phototherapeutic keratec-
tomy, and simple debridement are alternative modes of
treatment of this condition In both families, the depos-
1ts recurred after penetrating keratoplasty and lamellar
keratoplasty (Table) Sajjadiand Javadi’ reported deeper
recurrence after penetrating keratoplasty in patients with
superficial juvenile granular corneal dystrophy

The mcreased dosage effect due to homozygosity for
the mutant TGFBI allele may explain an increased se-
venty of disease, yet 1t 1s not clear why the deposits showed
an altered distnbution Typical granular corneal dystro-
phy resulting from a heterozygous Arg555Trp mutation
shows granular deposits primarily in the stroma Kera-
toeptthehn 15 present manly mn the corneal epithelium
and Bowman layer but 1s also seen 1n the stromal nter-
lamellar regions and at the Descemet membrane ** How-
ever, TGFBI messenger RNA 1s expressed primarily m the
epithelum of the normal adult cornea, during corneal
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Frgure 4. Patrent IV 5:n family A (A and B) A, Corneal section from the
keratectomy specimen shGws reddish crystalline subepithelial deposits,
causing attenuation of the overlying epithelium (hematoxylin-eosin, onginal
magnification x400) B, Deposits appeared bnght red on staming with
Masson trichrome (origmal n, xX400) G, G section
from patient V 1 family B shows confluent bright red deposits in the
subepithelral stroma, with some deposits in the deep posterior stroma
{Masson trichrome, onginal magnification X100)

development and wound healing, 1t 15 expressed 1 all
regions of the cornea ? Mutant keratoepithehn 1s pre-
sumably a component of the corneal deposits found n
granular and latuce dystrophies, as indicated by immu-
nohustochemcal studies %€ Although, to our knowl-
edge, there have been no studies on the Arg555Trp-
mduced changes n the keratoepithehn protein, 1t can be
speculated from mnvestigation of the Argl24Leu muta-
ton that the nonamyloid types of deposits do not result
from abnormal proteolysis of keratoepithelin but may be
associated with a change n protem stability*’ or abnor-
mal interactions of keratoepithelin The predominantly
epithehal location of deposits in homozygous mdividu-
als may suggest that the wild-type allele of TGFBI has a
protective ot alleviating effect and that 1ts absence, as in
the case of a homozygous Arg555Trp mutant, promotes
the deposition of other proteins of epithelial origin along
with mutant keratoepithelin

Whatever the exact pathogenesis of the homozygous
form of granular corneal dystrophy, the resulung phe-
notype m terms of visual prognosis and pattein of cor-
neal deposits appears distinctive 1 its severity, as ob-
served mn our patients and 1n previously described patients
from different populauons *® We suggest that the se-

vere phenotype of the disease described herein 1s distin-
guishable from the typical heterozygous form of granu-
lar corneal dystrophy The presence of these clinical
features suggests possible underlying homozygosity, es-
pecially among pauents from communities where n-
breeding 1s prevalent Our data further establish that there
1s a consistent genotype-phenotype correlation among ho-
mozygous imdividuals with granular corneal dystrophy
across ditferent populations
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Figure 1. Right eye at \nitial examination showing optic disc edema
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visitors to make a d1agnosis based on selected information from a case report or other feature sched-
uled to be pubhished n the following month's print e
e-mail our Web editors with the correct answer will be recognized in the print Journal and on our
Web site and will also be able to choose one of the following books pubhished by AMA Press Clini-
cal Eye Atlas, Clinical Reting, or Users’ Guides to the Medical Literature

ditton of the ARCHIVES The first vistor to

In scarnng human corneas Graefes Arch Clin Exp Ophthalmol 1999 237 529

Streeten BW Qi Y Kiintworth GK Eagle RC Jr Strauss JA Bennett K Immuno
focalization of Big-h3 protein in 5q31-linked corneal dystrophies and normal
corneas Arch Ophthaimol 1999 117 67-75

Rawe IM, Zhan Q, Burrows R, Bennett K Cintron C Beta 1g Molecular cloning
and 1n situ hybnidization in corneal tissues /nvest Ophthalmol Vis Sci 1997
38 893-300

Korvatska E, Munter FL Chaubert P, etal On the role of kerato-epithelin in the
pathogenesis of 5631 linked corneal dystrophies Invest Ophthalmol Vis Sci 1999
40 2213-2219

Korvatska E Henry H Mashima Y et al Amyloid and non-amylotd forms of
5q31-linked corneal dystrophy from kerato epithelin mutations at Arg 124 are

:ss“%uated with abnormal turnover of protein J Biol Chem 2000 275 11466
1469

(REPRINTED) ARCH OPHTHALMOL/VOL 123, AUG 2005 WWW ARCHOPHTIALMOL COM
1133

loaded from www archophthalmol com on September 1, 2008
Jical A iation All

‘I@ZOOS American

Al rights reserved.



4 i,
4 Fa e

P < g S
B2 0% nry @Eég&%m 75 3,
wle Bieies i o8 O o

%

o

g S e G
b

A S

Figure 4. Patient IV 5 1n family A (A and B) A Corneal section from the
keratectomy specimen shows reddish crystalline subepithelial deposits
causing attenuation of the overlying epithelium (hematoxylin eosm original
magnification x400) B, Deposits appeared bright red on staining with
Masson trichrome (ongmal magnification, xX400) C, Corneal button section
from patient V 1 in family B-shows confiuent bright red deposits in the
subemithelial stroma, with some deposits in the deep posterior stroma
(Masson trichrome, original- magnification x100)

development and wound healing, 1t 1s expressed 1n all
regions of the cornea  Mutant keratoepithehn 1s pre-
sumably a component of the corneal deposits found 1n
granular and latuce dystrophues, as indicated by immu-
nohustochemical studies 226 Although, to our knowl-
edge, there have been no studies on the Arg555Trp-
induced changes n the keratoepithelin protein, 1t can be
speculated from 1nvestigation of the Argl24Leu muta-
tion that the nonamyloid types of deposits do not result
from abnormal proteolysis of keratoepithelm but may be
associated with a change n protein stability*” or abnor-
mal mteractions of keratoepithelin The predominantly
epithelial location of deposits in homozygous mdividu-
als may suggest that the wild-type allele of TGFBI has a
protective or alleviating effect and that 1ts absence, as 1n
the case of a homozygous Arg555Trp mutant, promotes
the deposition of other protems of epithehal ongin along
with mutant keratoepithelin

Whatever the exact pathogenesis of the homozygous
form of granular corneal dystrophy, the resulung phe-
notype 1n terms of visual prognosis and pattern of cor-
neal deposits appears distinctive In 1ts severity, as ob-
served 1n our patients and m previously described patients
from different populauons ' We suggest that the se-

vere phenotype of the disease described herein 1s distip.-
guishable from the typical heterozygous form of giany.
lar corneal dystrophy The presence of these clinical
features suggests possible underlying homozygosity, es-
pecially among patients from communities where 1n-
breeding 1s prevalent Our data further establish that there
1s a consistent genotype-phenotype correlation among ho-
mozygous individuals with granular corneal dystrophy
across different populations
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