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Chapter 1 Introductton and Literature Review 

1.0 INTRODUCTION AND LITERATURE REVIEW 

1.1 Anatomy of the cornea 

The cornea is a clear tissue pres,el1t 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 (550 microns) thick and has a diameter of 12 mm. The adultlilwmal1 

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 110 blood 

vessels. Absence of blood vessels and orderly ar.raRgerTJent of collagel1 fibers 

are responsible for cormeal transparemcy. The mean diameter of collagen fibers 

and the mean distamce between the collagen fibers are less than half of tl7le 

wavelength of visible light (400-700 nm). Due to tmis orderly arramgemel1t, the 

scattering of incident light by one collagen fiber is canceled by the interference 

from the other which allows light to pass tmrough the cornea. The cornea 

consists of 3 main and 2 auxiliary layers as shown in Figwre 1.2. The rnainlayers 

from the surface to the inner eye are epithelium, stroma and endotmelium. 

Bowman's membrane lies between the epithelium and tl7le stroma and the 

Descemet's membrane is between the stroma aRd the endotmelium. 

~----------------------------------------------------~. 1 
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Introduction and Literature Review 

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

(www nasa govl ./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 flrTl 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 flrTl and a thickness of 2-6 flm. 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 identified by electron microscopy studies on rabbit and cat 

~------------------------------------------------------~. 2 
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Chapter 1 Ir:ltroductlon and Literature Review 

corneas [Pfister et a/., 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 r~gulated in a manner dependent on the 

differentiation of corneal epithelial cells [Doran et a/. , 1980, SUr;} et a/. , 1976]. 

Among all the cells of the corneal epithelium mitotic activity is present or;} ly in tJ;Je 

basal cells. The basal cells of the corneal epitJ;Jeliur;tl secrete a 40-60 nm tllick 

layer called as basement membrane which is preser;}t immediately posterior to 

corneal epithelium. The basal cells are cuboidal in sJ;Jape ar;}d rest on the 

basement membrane with the help of J;Jemidesmosomes. Laminit71s and the type 

IV collagens are major components of tJ;Je basement membrane [Berman et a/. , 

1983]. TJ;Je presence of the basement membrane betweet71 the epitJ;Jelium and 

Bowman's layer fixes the polarity of epitJ;Jelial cells. TJ;Je epitJ;Jelium togetller with 

tear film contributes to maintenance of an optically smooth surface of the cort71ea 

and provides a barrier to external biological and chemical insults. Tlile junctions 

present between the corneal epithelial cells prevent the passage of cJ;Jemical 

substances into the deeper layers of the cornea. Different types of inte ~cellular 

junctions such as tight junctior;}s (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. 

~ ______________________________________________________ -4. 3 

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



Chapter 1 
Introduction and Literature Review 

1.1.2 Basement membrane 

The basement membraRe 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 flm and consists of 

randomly arranged collagen fibers and proteoglycans The collagen fibers are of 

type I and type III, 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 Rerve 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. 

------------------------------------------------~. 4 
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The corneal stroma consists of type I, type III, 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 swlfate. Glycosaminoglycans 

playa major role in regulation of hydration by absorbing and retainiRg water. 

Expression of integrins in the keratocytes suggests that keratocytes interact with 

extracellular matrix proteins through the integ~in system. Keratocytes are the 

cellular component of the stroma. They are spindle-shaped cells aRd have a 

turnover rate about 2-3 years. They are similar to fibroblasts and possess an 

extensive intracellular cytoskeleton. The preseRce of cytoskeleton allows the 

cells to contract and may be responsible for the mainteRance of corneal shape. 

The shape and function of keratocytes are regulated by the extracellular 

environment [Nishida et a/., 1998, Tomasek et a/., 1982]. 

1.1.5 Oescemet's membrane 

Oescemet's membraRe (OM) is a basement membrane of the endothelium, 

present adjacent to the corneal stroma (Fig 1.2). It i? formed by the secretions of 

the endothelial cells and has a tbickness of 3 ,....m at birth and 10 ,....m iR 

adulthood. Type IV collagen and laminin are predominaRt 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 poste~ior swrface of the Descemet's is 

known as the endothelium (Fig 1.2). The endothelial cells are 5 !-1m thick and 20 

!-1m wide and are polygonal (mostly hexagonal) in shape. In young adults the 

endothelial cell density is about 3500 cell/mm2 [Laule .et a/1978]. The endothelial 

cell density decreases with age. The ratio of hexagonal cells to other polygonal 

cells is te~med 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 jwnctional 

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 et al., 19841, 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 

• 6 
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Chapter 1 Introduction and Literature Review 

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. 

5 

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 

Vemugantl , 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 

dystropl:iies 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 

U) 
Epithelial basement membrane dystrophy Autosomal 

- QI (map-dGt-fiRgerprint corneal dystrophy Dominant tU·-
::.t: Band-shaped, whorled microcystic corneal X Linked QlQ. 

;~ dystrophy 
'0. U; 

Meesmann comeal dystrophy (Stocker-Holt Autosomal w>. 
0 dystrophy) Dominant 

... Comeal dystrophy of Bowman layer type I Autosomal 
QI (Reis-Bl!Icklers dystrophy) Dominant 
>'VI 
tU QI Corneal dystrophy of Bowman layer type II Autosomal ...J .-

.VI -a (Thiel-Behnkedystropl:iy) Dominant 
c: 0 

GraysoR-Wilbrandt dystrophy Autosomal tUb 
E VI DomiRant 3: >. 
0 0 SlJbepithelial mwcinous corneal dystrophy Autosomal 
al Dominant 

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

VI Central cloudy dystrophy of Francois Autosomal 
QI Dominant :E 
Q. Central crystalline dystrophy of Schnyder Autosomal e - Dominant 
VI 

Central discoid corneal dystrophy >. Autosomal 
0 
cu Dominant 
E Congenital hereditary stromal dystrophy Autosomal 
0 Dominant ... -If) 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 III Autosomal 
Recessive 

Macular corneal dystrophy Autosomal 
Recessive 

Macular corneal dystrophy type IA Autosomal 
Recessive 

Macular corneal dystrophy type II Autosomal 
Recessive 

Marginal crystalline corneoretinal dystrophy Autosomal 
(Bietti dystrophy) Recessive 
Posterior amorphous corneal dystrophy Autosomal 
(Pre-Descemet dystrophy with ichthyosis) Dominant 

X Linked 
1/1 Avellino corneal dystrophy (Combined Autosomal Q) 

:.c granular-lattice corneal dystrophy, Granular Dominant Q. 
0 corneal dystrophy type II) ... ... 

Granular corneal dystrophy type I Autosomal 1/1 
>-
C Dominant 
iii Lattice corneal dystrophy type I (Classic lattice Autosomal 
E corneal dystrophy) Dominant 0 ... 

Lattice corneal dystrophy type I/IIIA . Autosomal ... 
fI) 

Domir;lant 
Lattice corneal'dystrophy type IliA Autosomal 

Dominant 
Lattice corneal dystrophy type IV Autosomal 

Dominant 
Fuchs endothelial corneal dystrophy Autosomal 

1/1 Dominant 
.!!! Congenital hereditary endothelial dystrophy . Autosomal .c 
Q. type I Dominant e ... Congenital hereditary er;ldothelialdystrophy Autosomal 1/1 
>- type II Dominant C 
:'§ Posterior polymorphous corneal dystrophy Autosomal 
Gi Recessive 
.c Posterior polymorphous corneal dystrophy Autosomal ... 
0 

"tJ Dominant c 
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), pdsterior amorphous 

co~neal dystrophy, lattice and granl:Jlar corneal dystrophies and Thiel Behnke 

corneal dystrophy that are iRherited in an al:Jtosomal 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 aI. , 1890] followed 

by Haab [Haab et a/., 1899] alld Dimmer [Dimmer et a/. , 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 crossiRg each other. The 

featl:Jres 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 a/., 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 et a/., 

1973], and is due to the mutations in the gelsolin gene. The phenotype reported 
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by Meratoja was classified as lattice dystrophy type II. Histopathological 

identification by Jones & Zimmerman in 1961 [Jones et a/. , 1'961] 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 a/., 1961]. The amyloid deposits sl<lowed apple green 

birefringence and dichroism under polarized light. 

Lattice corneal dystrophy type I: 

LCD type I (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 st~ges 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 
Molecular Geliletic A~alysis Of Lattice And Granular Corneal Dystrophies In Indian Patients 



Chapter 1 
Introduction and Literature Review 

trichrome stain [Klintworth et a/. , 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 containiRg fine , Ron-branching filaments 80-100 nm in diameter 

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

Lattice corneal dystrophy type III/IIIA: 

Lattice corneal dystrophy type III was initially reported by Hida and co workers 

[ Hidaet a/., 1987a] in a Japanese family with affected individuals in one 

generatiol'l, al'ld is considered to be al;Jtosomal recessive. They observed a late 

onset disease with thick lattice limes im the mid-stroma [Hida et a/. , 1987b] 

without corneal erosions. 

LCD type IliA (OMIM # 608471) differs fmm LCD type III 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 III. Even 

though this phenotype is similar to type III, it shows recurrent corneal erosions. 
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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 aI., 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 I and LCD type III based on the age of onset and the 

nature of the opacities. This range of LCD phenotypes has been designated as 

" intermediate." type 11111 or as atypical and they are not strictly classifiable as 

LCD types I. III , lilA. or IV. 

1.2.3 Granular corneal dystrophy (GCO) 

Groenouw first gave a description of this disease in 1890. He described the eye 

disorder of two patients. and called the cOrlileal disease nodular corneae 

[Groenouw et al., 1890]. later in 1938. Buckler re"examined both cases and 

diagnosed one as Groenouw type I (granular comeal dystrophy) and the second 

case as Groenouw type II (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]. 

~-----------------------------------------------------. 13 
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Histopathology of granular corneal dystrophy: 

JOl7les and Zimmerman in 1961 [Jones et a/., 19611 established a method of 

stail7ling to differentiate stromal lesions with eosinophilic granular deposits which 

were not birefringeAt 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 a/., 1.967, Matsuo et a/., 1967]. 

Gce type I: 

GCD type I (OMIM # 121900) is the Groenouw type of GCD with numerous 

grayish spots in the ceAtral cornea. the opacities are located in the anterior and 

mid-stroma aAd 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 aAd number and corneal haze 

develops. 

Gce type \I: 

GCD type \I (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 a/., 19881. 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 clinical diagnosis of granular dystrophy . 
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Results of pathologic examination of the corneal buttons fmm each patient after 

penetrating keratoplasty confirmed the presence of deposits that showed 

characteristic features of deposits seen in granular dystrophy in the ante~ior 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 Italy. Similar 

ancestry to the same region of Avellino was noted in 2 other families with 

granular and lattice-like lesions in the co~nea [Hollandet al. , 1992]. Based on 

these observations, the term Avellino corneal dystrophy was proposed ~Holland 

et al., 1992]. Later stUdies showed tne same phenotype in patients from other 

regions of the world as well [Akiya et al., 1999, Meallet et al., 2004]. 1m general, 

GCD type II 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 et al., 1993]. 

GCD type III: 

GCD type III (OMIM # 608470) (also known as Reis-Bucklers corneal dystrophy) 

was first reported by Reis in 1917 [Reis et al., 1917] and further reviewed by 

Bucklers in 1949 [Bucklers et al., 1949]. They described tne opacities as having 

a g~()graphic pattern and itlvolving the Bowman's layer and superficial stroma 
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with recurrent corneal erosions The onset of the disease is in the first decade 

al'ld it progresses rapidly witi<l age. The clinical characteristics has become 

known as Reis-Bucklers dystrophy are similar to and have been confused in the 

literatlilre witi<l ti<lose of al'loti<ler dystropi<ly of the Bowmal'l 's layer that was 

deseribed by Thiel and Behnke -in 1967. Kl!Jchle et al [Kl!Jchle et al. , 1995] re­

evaluated cases with Bowman's layer dystropi1ies and proposed that CDB1 

(corneal dystroplily of Bowmam layer type I) is tlile same as Reis-Bl!Jcklers corneal 

dystrophy and COBII IS Thiel-Behnke corneal dystrophy. The deposits in COB I 

are rod-shaped on EM as seen il'l GCD al'ld stain with Masson's trichrome stain. 

Thiel-Behnke dystrophy (CDB2): 

COB type II (OMIM # 602082) cl inically manifests as hOl'leycomb-shaped sub­

epitlilelial opacities with epiti<lelial erosions. [Behl'lke and Thiel, 1965]. The 

disorder resembles GCD type III (Reis-Bucklers dystrophy) in its clinical 

appearance. By histopathology, the deposits differ in that they are not Masson­

positive and are distinguished by electron microsc0py in which deposits have ti<le 

appeararlce of curly fibers bel'leath the epiti<lelium [Kuchle et al., 1995]. 
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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 5q31 [Stone et a/., 1994]. LCD type I, GCD type I 

and GCD type II were mapped by Stone and coworkers. GCD type III was also 

mapped to chromosome 5q31 by Small et a/., [1996]. Mutations in the 

transforming growth factor beta induced gene (TGFBf) are responsible for these 

dystrophies [Munier et a/., 1997]. 

Transforming growth factorbeta-induced gene (TGFBI, BIGH3): 

The TGFBI cDNA was first isolated by Skonier [Skonier et a/., 1992] in an 

adenocarcinoma cell line in response to induction by TGFf31 . It was found to be 

expressed in several cell types including human lung adenocarcinoma, 

melanoma, keratinocytes, and fibroblasts by induction with TGFf31 . The gene 

was in itially designated as beta-igh3 (BIGH3; TGF-beta inducible human clone 

3) [Skonier et a/. , 1992]. The organization of the TGFBI gene is shown in Figure 

1 3. 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 a/., 2004]. 
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5'p-~""."~1-I."'."'.~."" ........ ~.14 ........ 1 .... ~.~. ___ 3' 
-lOOrO -i \ 

Promoter Exon Intron 

Fig 1.3: The TGFBI gene structure showing promoter, nOr:l-coding (introns), and coding regions 

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

The TGFBI geRe codes for a 68.3 kDa extracellular matrix protein (TGFBlp) 

alternatively known as Arg-Gly-Asp (RGD)-collagen associated protein (RGD-

CAP) [Hashimoto et al., 1997], MP78/70 (a component of elastilil-associated 

microfibrils) [Gibson et al., 1996], or kerato-epithelin [Murlier etal., 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 corAea. For convenience the gene is 

designated here as TGFBI and the protein as TGFBlp 

Expression of TGFBlp: 

TGFBlp was identified in boviAe tissue extracts and designated as fI1P78170, and 

was localized to collagen fibers in tissues such as developing nuchal ligament, 

aorta, lung and mature cornea to reticular fibers iR fetal spleen and to capsule 

and tubule basem~nt membranes in the developing kidRey [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., 1'997]. 

TGFBI expression is prevalent in different tissues during embryonic 

development in mouse [Schorderet et al., 2000] and throughout embryogenesis 
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in zebrafish [Hirate et al., 2003]. Escribano et al., [1994] showed the expression 

of TGFBlp (protein) in the epithelium of rabbit cornea but at lower levels in the 

stroma as well . Its expressioA 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 distributioA of TGFBI during vertebrate 

embryonic development, its function is still poorly understood. 

TGFBlp structure: 

The TGFBlp 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 FAS1 domain represents an 

ancient cell adhesion domain homologous to fasciclin I protein in Drosophila. 

Since the identification of the prototypic Drosophila protein fasciclin I [Bastiani, et 

al., 1987], other proteins having homology are the fasciclin I protein of 

grasshopper [Snow et al., 1988] and MBP70 (Mycobacterium bovus protein). 

The iAter-domaiA 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 TGFBlp/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-termimal end and a third 

region near the carboxyl end with 12 of 16 amino acids conserved [Skonier et a/., 

1992]. There are no predictive sites for N-linked glycosylation. The deduced 

amino acid sequence of TGFBlp of rabbit was 92% homologous to the 

corresponding proteins in human and mouse. It also has 43% Iilomology with 

osteoblast specific factor-2 (OSF-2) [Rawe et a/., 1997]. To date, no isoforms 

have been reported for TGFBlp and it is encoded by a single gene [Sct.lorderet 

et a/., 2000]. 

II II IV RGD 

-r=~1 
N - terminal region 

I HI_ I-[I=-rr-
C - terminal region 

Figure 1.4: Diagram of TGFBlp showing 4 Fas1 repeat domains, Integnn recognition 

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

TGFBlp has been shown to bind in vitro to a number of other extracellular matrix 

components including fibronectin, laminin, and collagens type I, type II , type IV 

and type VI [Hashimoto et a/., 1997; Rawe et a/., 1997; Billings et a/. , 2002]. In 

addition, TGFBlp has multiple cell adhesion motifs within the fasciclin-like 

domains [Skonier et a/., 1994; LeBaron et a/. , 1995; Kim et a/., 2003] that can 

mediate interactions with a variety of cell types via integrin a3f31. Cell adhesion 

activity of TGFBlp was prevented by antibodies against the integrin a3 subunit 

only. The a3 subwnit of integrin heterodimerizes with the 131 subunit, hence 

antibodies against 131 also prevented adhesion of HCE cells to TGFBlp- coated 

matrix [Kim et a/., 2000, Bae et a/., 2002]. TGFBlp interacts with other integrins 

such as a 1f31 [Ohno et a/. , 1999], aVf35 [Kim et a/., 2002a] and aVf33 . The motifs 

for interaction with a3f31 integrin have been mapped to highly conserved aspartic 

acid and isoleucine residues in the second and fourth FAS1 domains of TGFBlp 

[Kim et a/. , 2000]. The structural analysis of pentapeptides, NKDIL (2nd FAS1 

domain) and EPDIM (4th FAS1 domain) showed that they can adopt a f3-turn 

strwcture similar to the RGD peptide and suggested that the NKDIL and EPDIM 

could interact with integrin in membranes [Park et a/., 2004]. The interactions 

with integrins aVf33 and aVf35 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 TGFBlp [Kim et a/., 2002a, Nam et a/., 

2003]. 
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Functions of TGFBlp: 

The precise functions of TGFBlp 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 a/., 1997, Billing et al., 2002]. However, there is paucity of data 

on signaling and adaptor molecules that are recruited by TGFBlp during 

adhesion and migration of cells. As part of intracelll:llar signaling, TGFBlp 

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 a6133 and av135 

integrin-mediated adhesion of U87 arld vascular st:lilooth cells [Kim et al., 2003 , 

Lee et al., 2006]. Recent evidence suggests that TGFBlp may be in:lportant iii 

endothelial cell-matrix interactions during vascular remodeling and angiogerlesis 

[Aitkenhead et al., 2002] and that the proteim functioms as a negative regulator of 

mineralization during cartilage differentiation and osteogenesis [Ohno et al., 

2002, Kim et al., 2000]. Downregulation of TGFBlp was linked to tumor 

suppressor function of the protein but the effect of upregulation in some turnors 

is yet to be understood [Sasaki et al., 2002, Hourihan et al., 2003]. To date, the 

corneal stromal dystrophies represent the only known pathological manifestation 

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

A mutation of c.370C>T (Arg124Cys) was first reported for LCD and is found in 

LCD type I [Munier et a/., 1997]. Other mutations including c.1514T>A 

(VaI505Asp), c.1553T>G (Leu518pro), C.1616T>A (VaI539Asp), c.1637C>A 

(Ala546Asp), c.1652C>A (Pro551Gln), c.1706T>G (Leu569Arg), were reported 

to cause the LCD type I [Tian et a/., 2005, Endo et a/., 1999, Dighiero et a/., 

2000a, Klintworth et a/., 2004, Wa~ren et a/., 2003]. Among the various 

mutations, Arg124Cys mutation is predominant in various populations studied 

from Hungary [Takacs et a/., 2007], Japan [Yamamoto et a/., 2000, Mashima et 

a/., 2000, Fujiki et a/., 2000] and Ukraine [Pampukha et a/., 2004] and in Western 

populations [Munier et a/., 1997, Korvatska et a/., 1998, Afshari et a/., 2001]. 

Various phenotypes associated with mwtation of Arg124Cys are shown in Table 

1.2. Ttile first TGFBI mwtation identified for the LCD type lilA was c.1501C>A 

(Pro501Thr), found in patients having late-onset, ropy lattice lines, and recurrent 

corneal erosions [Yamamoto et a/. , 1998]. Other mutations associated with the 

LCD type lilA phenotype are c.1866T>G (Asn622Lys), a deletion of G at position 

1879 with a predicted frameshift at Val627 and subsequent termination 

(c.1879deIG; Va16274fs) [Munier et a/., 2002], c.1636G>A (AlaS46Thr) [Dighiero 

et a/., 2000b], and c.1619T>C (Phe540Ser) [Stix et a/., 2005]. The mutations 

associated with LCD type IV are c.1580T>G (Leu527 Arg) [Fujiki et a/., 1998] and 

c 1631A>G (Asn544Ser) [Nakagawa Asahina et a/. , 2004], found in Japanese 

patients; c.1892T>A (VaI631Asp), found in an Italian patient [Munier et a/. , 
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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 I was first reported to arise from a mutation of c.1'663C> T (Arg555Trp) 

in a family with 22 affected members [Munier et al., 1997]. Mutation of 

c.370C>A (Arg124Ser) was also reported in two families with GCD type I 

phenotype [Stewart et al., 1999b]. Arg555T~p mutatioR was identified in 

homozygous patients [Okada et al., 1998b, Masl:1ima 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 II is c.371G>A (Arg124His), 

first reported by Munier in 1997 [Munier et al., 1997], and then by Korvatska and 

co-workers [Korvatska et al., 1999]. This mutatioR was identified as a frequent 

mutation in Japanese patients [Mashima et al. , 2000], Fl:Ijiki et al., 2000). Due to 

its higher prevalence in Japan, families with homozygous Arg124His have been 

described in 4 reports [Mashima et al. , 1998, Fl:Ijiki et 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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MassoR trict<lrome. 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 mutatioR. The minimum age reported for the severe 

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

A mutation of c.371G>T (Arg124Leu) was identified in TGFBI gene in 

patients with GCD type III or CDB1 [Okada et al. , 1998a; Mashima et al. , 1999]. 

This mutation was reported first iR Japar:lese patients [Okada et 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 (Arg555Gln) in TGFBI is associated with 

this dystrophy [Munier et al. , 1997). Apart from the TGFBI gene, CDB2 was also 

mapped to chromosome 10 (10q23-10q24) [Vee et al., 1997]. The gene has Rot 

yet been identified at tt<l is locus. 

1.3 AIM OF THE STUDY 

The aim of tnis work was to characterize the mutational spectrum and look for 

genotype-phenotype correlations ir:l 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 cOlililmon 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 aAd mutant proteins of 

TGFBI by expression in suitable celiliAes. 
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2.0 MATERIALS ANO METHODS 

2.1 Patients and controls 

Probands with granular or lattice comeal dystrophy presenting at the co~nea 

clinic of L.V. Prasad Eye Institute and available family rmembers were included it;l 

the study after approval of the protocol by the Institutior:lal Review Board. 

Diagnosis was made after clinical evaluation by slit lamp biomicroscopy to detect 

the presence of corneal opacities, and testing of viswal acuity, intraocular 

pressure, and fundus examination. Ur:laffected 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 corl7leal 

dystrophy (LCD) or granular corneal dystrophy tGCD). 

3 Histopathological criteria: Positive staining of deposits with CORgO red 

\ 

followed by apple green birefringence wnder 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 

PatieRts 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 iR heparinized vacutainers. Blood samples were stored at -

2.2 DNA Isolation 

Isolatior:J of geRomic 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 centrifugatioR at 4500 rpm to obtain a leukocyte pellet. The supernataRt was 

discarded, and pellet of white blood cells was treated with Proteinase Kin 7.5 ml 

of buffer (0.01M Tris pH 8.0, 0.1M EDTA pH 8.0, 0.5% SDS, 20mg/ml proteinase 

K (Bangalore Genei, Bangalore, India)) 35 f.ll and 10 mg/ml RNase A 17.5 f.ll 

(Bangalore GeRei, BaRgalore, 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 iR 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 1 ml 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 

I-li 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 = OD260 X 50 X dilution factor = I'lg of DNA Iml 

Quantified DNA was diluted to 50 ng/l-ll and l:lsed for polymerase cRain 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 the range of 

40-80%. Tm was calculated according to the formula Tm (0C) = 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 ca fi~ied owt with following reaction parameters 

dNTPs · 200 IJM 

peR reaction buffer 1X 

Magnesium cl:lloride 1.5 -2.5 mM 

Primer (forward) 1'0 pmoles 

P~imer ~reverse) 10pmoles 

Template DNA 50 ng 

Tag DNA polymerase (Bangalore GeAei, Bangalore, India) 1 U 

Tlile final reaction volume was..25 IJI. Dimethyl sulfoxide (OMSO) was used at a 

cOAcentration of 5% to 10% for GC-rici;) templates. 

t i;)e cycling conditions used were as follows 

1. Initial denaturation 

2. Denaturation 

3. Annealing 55-70°C,30sec 

4. EloAgation 72°C, 45 sec 

5. Final elongation 72°C, 5-7 min 

Cycles (steps 2-4) 35 

• . . . . " • 37 
Molecular Genetic AnalYSIS Of Lattice And Granular Corneal Dystrophies In Indian Patients 



C
ha

pt
er

 2
 

M
at

er
ia

ls
 a

nd
 M

et
ho

ds
 

T
A

B
L

E
 2

.1
: 

PC
R

 p
rim

er
s 

us
ed

 f
or

 T
G

F
B

I 
ex

on
s 

N
o.

O
f 

G
en

om
ic

 
P

ro
du

ct
 

A
nn

ea
lin

g 
R

es
tr

ic
tio

n 
Pr

im
er

s 
Pr

im
er

 S
eq

ue
nc

e 
B

as
es

 
D

N
A

 
Si

ze
 (b

p)
 

T
em

p 
E

nz
ym

e 
Po

si
tio

n 
1F

 
C

C
C

TC
C

C
G

C
TC

G
C

A
G

C
TT

A
C

 
20

 
5 

1R
 

C
G

C
TC

C
G

A
G

C
C

C
C

G
A

C
TA

C
C

 
20

 
31

2 
30

8 
62

°C
 

B
gl

/ 
2F

 
TG

G
G

G
TG

G
A

C
G

TG
C

TG
A

TC
A

TC
 

22
 

47
78

 
2R

 
G

G
G

G
A

A
C

TG
C

A
G

C
C

A
G

C
G

TG
 

20
 

49
84

 
20

6 
60

°C
 

3F
 

TG
A

A
G

CC
CT

G
CC

TA
A

CA
CA

A
T 

21
 

15
08

2 
3R

 
C

A
C

C
A

TT
C

C
C

TT
C

C
A

C
C

C
A

C
 

20
 

15
23

9 
15

7 
60

°C
 

4F
 

A
G

G
G

TG
TG

G
TT

G
G

G
C

TG
G

A
C

 
20

 
17

34
0 

4R
 

C
C

TC
G

G
G

G
A

A
G

TA
A

G
G

C
A

G
TI

C
 

22
 

17
62

0 
28

1 
60

0
G

 
5F

 
TG

C
A

G
C

C
C

C
iA

A
C

TG
A

C
A

C
C

C
T 

44
 

17
88

0 
5R

 
A

CA
CA

TG
G

A
A

CA
G

A
A

A
TG

G
G

 
20

 
18

14
8 

26
8 

60
°C

 
6F

 
C

TT
TG

G
G

A
C

TA
TG

C
C

TC
iG

iT
G

 
22

 
18

28
4 

6R
 

G
C

A
A

TG
TG

TC
C

C
A

A
G

C
C

TG
G

 
20

 
18

53
0 

24
8 

58
°C

 
7F

 
G

G
G

A
G

TG
C

C
A

G
A

G
TC

TT
C

A
G

O
G

 
22

 
20

49
4 

7R
 

G
C

A
G

G
TC

TT
G

G
G

C
TC

A
A

TC
TA

G
 

22
 

20
70

8 
25

4 
58

°C
 

8F
 

C
C

TG
A

G
G

TT
A

TC
G

TG
G

A
G

TG
G

A
C

 
23

 
2
~
9
1
7
 

8R
 

A
G

A
TG

G
TG

G
G

C
C

A
G

G
C

A
G

G
 

19
 

24
23

0 
31

3 
70

°C
 

M
sp

l 
9F

 
A

TG
C

C
C

TG
G

G
G

TG
G

A
TG

A
A

TG
A

 
22

 
24

93
4 

9R
 

A
C

A
G

G
G

G
TG

G
G

G
A

A
G

C
TG

C
C

 
20

 
25

20
4 

27
0 

58
°C

 
10

F 
G

C
A

C
A

TC
TC

TC
TG

G
A

C
C

TA
A

C
 

22
 

25
74

2 
10

R
 

G
TA

A
G

G
A

G
C

TT
C

C
C

A
G

G
A

G
C

 
20

 
25

96
9 

22
7 

58
°C

 
11

F 
G

G
A

G
G

C
G

C
C

TC
G

TG
G

A
A

G
TA

 
20

 
26

68
7 

-
-
-

L
-

_
_

 

38
 

M
ol

ec
ul

ar
 G

en
et

ic
 A

na
ly

sI
s 

O
f L

at
tic

e 
A

nd
 G

ra
nu

la
r 

C
or

ne
al

 D
ys

tr
op

hi
es

 I
n 

In
di

an
 P

at
ie

nt
s 



C
ha

pt
er

 2
 

M
at

er
ia

ls
 a

nd
 M

et
ho

ds
 

11
R

 
G

G
A

A
G

G
TC

G
CA

G
CA

G
TG

CA
C 

20
 

27
01

8 
33

1 
58

°C
 

S
m

a
l 

I 
12

F 
TC

A
G

CG
TG

G
TG

A
G

G
TA

TT
TA

A
G

G
 

23
 

27
66

2 
I 

12
R

 
G

G
G

CC
CT

G
A

G
G

G
A

TC
A

CT
A

C 
20

 
27

91
8 

25
9 

58
°C

 
13

F 
CC

CT
CC

TT
G

A
CC

A
G

G
CT

A
A

TT
A

 
22

 
30

08
9 

13
R

 
G

A
TA

TG
TC

CT
G

G
A

G
CC

CT
G

C 
20

 
30

34
1 

25
3 

58
°C

 
14

F 
G

CG
A

CA
A

G
A

TT
G

A
A

A
CT

CC
A

TC
T 

25
 

31
75

2 
CA

 
14

R
 

TT
CT

TC
TC

TC
CA

CC
A

A
CT

G
CC

A
 

22
 

32
07

1 
31

9 
62

°C
 

H
in

fl 

15
F 

G
TT

TC
A

CT
CT

G
G

TC
A

A
A

CC
TG

C 
22

 
32

52
5 

15
R

 
CC

A
A

A
CA

G
A

G
G

A
CC

TG
A

G
G

C 
20

 
32

70
0 

17
5 

58
°C

 
16

F 
A

G
CA

G
TT

G
CA

G
G

TA
TA

A
CT

TT
CA

 
24

 
33

67
2 

C
 

16
R

 
CT

TG
G

G
G

G
TA

A
G

G
CC

TA
A

A
C 

20
 

33
80

8 
13

6 
58

°C
 

17
F 

G
A

CA
TG

G
G

G
A

G
A

TC
TG

CA
CC

 
20

 
34

20
1 

17
R

 
TC

TC
A

TT
A

TG
G

TG
C

G
G

C
C

C
A

 
20

 
34

42
3 

22
2 

60
°C

 

TA
BL

E 
2.

1
: 

P
ri

m
er

 s
eq

ue
nc

es
, p

ro
du

ct
 S

iz
es

, a
nn

ea
lin

g 
te

m
pe

ra
tu

re
s 

an
d 

th
e 

re
st

ric
tio

n 
e

n
zy

m
e

s 
us

ed
 f

or
 d

ig
es

tio
n 

o
f 

P
C

R
 p

ro
du

ct
s 

gr
ea

te
r t

ha
n 

30
0 

bp
 

N
um

be
rs

 1
 to

 1
7 

re
fe

r 
to

 T
G

F
B

I 
ex

on
s,

 F
&

R
 d

e
n

o
te

 fo
rw

ar
d 

an
d 

re
ve

rs
e,

 r
es

pe
ct

iv
el

y 

'-

39
 

M
ol

ec
ul

ar
 G

en
et

ic
 A

na
ly

sI
s 

O
f L

at
tic

e 
A

n
d

 G
ra

nu
la

r 
C

or
ne

al
 D

ys
tr

op
hi

es
 I

n 
In

di
an

 P
at

ie
nt

s 
~
 

'>
 



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 Na2EDTA) (1X final concentration) electrophoresis buffer by 

heating in a microwave oven, followed by addition of ethidium bromide to a final 

concentration of 0.25 iJg/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% w/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 tOX Tns 

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 J..LI of ammonium persulphate (0.06%) and 30 J..LI 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 denaturation 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. 
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For SSCP analysis, 2 J.!I of PCR product was mixed with 4 J.!I of 95% 

forrnamide 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. .All 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 I!litrate for tl:le 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 TGFBI eDNA 

Human cadaveric co~neas 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 of blood or 106 blood leukocytes or 100 mg 

of tissue was taken in a sterile 2 ml microfl:Jge 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 mil'! to separate the 

organic and aqueous layer. The samples were then centrifl:Jged 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 microfl:Jge tube and RNA was 

precipitated by adding 0.5 ml of isopropal'!ol. 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, .. d 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 l:Jnit 

equal to 40 J.lg 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 sodiwm acetate and 10 mM EDTA pH 8.0). RNA samples were loaded by 

preparing a mix of 2 J.l1 of the sample, 2 J.l1 of the 10X MOPS buffer, 4.0 J.l1 

formaldehyde, 10 J.l1 of formamide and ethidium bromide to a final concentration 

of 0.25 J.lg/ml. Denatured at 55°C in water bath for 10 min and placed on ice. To 

the denatured sample 2 J.l1 of the 1'OX formaldehyde-Ioa~ing buffer (50% 

glycerol, 10 mM EDTA pH 8.0, 0.25% brornopl:lenol blue, 0.25% xylene cyanol) 

was added and samples were loaded onto the agarose gel, which was 

submerged in 1X MOPS bwffer. Electrophoresis was performed at 4 to 5 V/cm 

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

system. 

Reverse transc~iption PCR (RT-PCR) 

Reverse traAscription of eDNA from the RNA preparation was performed using 

a mix ·of 4 J.l1 (1 J.lg) of the RNA and 1 J.l1 (50 pmols) oligo dT primer (previously 

denatured at 600 e for 1'0 minutes and chilled on ice), 10 J.l1 of 5X RT-buffer, 5 J.l1 

of 10 mM dNTP, 1J.l1 (200 U/J.lI) MMLV-RT enzyme (MBI-Fermentas 

Inc, Maryland, USA) and 29 J.l1 of sterile, de-ionized water. The cDNA 

preparation was subjected to peR amplification using primers specific for the 

human TGFBI cDNA (shown in Table 2.3). 

The reaction was incwbated at 25°e for 10 minutes for primer annealing, 

42°e for 1 hour for reverse transcription and heated at 700 e for 10 minutes to 

inactivate the enzyme. The following conditions were used to amplify the cDNA 
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with Taq DNA Polymerase- one cycle at 94°e for 5 minutes, followed by 35 

cycles of 94°e for 1 minute, 56°e for 1 miAute, and 72°e for 3 minutes, followed 

by one cycle at 72°e for 10 miAutes: 

2.9 Preparation of Competent E.coli cells and transformation 

Bacte~ial 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 mediulill overnight. 1ml of overnight cultwFe 

was added to 100 ml of fresh LB medium with owt antibiotic for preparing 

competent cells [Sam brook et aI. , 1989]. 

Transformations were performed with DNA ~up to a volume of 5 f.ll) aAd 

100 f.ll 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°e for 90 sec, 

and immediately placed on ice. 400 IJI of LB medium was added to the cells and 

they were then incubated at 3re for 45 min to allow for recovery of cells. A 

volume of 200 /-ll of the culture was spread on LB agar plates with 50 /-lg/ml 

ampicillin . The plates were incubated for 16 hrs at 37°C. 

~~------~--~---------------------------------------· 46 
Molecular G'enei ic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients 



Chapter 2 
Materials and Methods 

2.10 Isolation of plasmid DNA 

Alkaline lysIs method was used for the isolation of plasmid from bacterial ceLis. 

The method liIsed was as described in cloning manual (Sam brook et al., 1989). 

Plasmid mini preps were made from 1.5 III I of overnight culture. Briefly, cells 

were pelleted and cell pellets from 1.5 ml cultures were resuspended in 100 IJI of 

Glucose-Tris-EDTA (GTE) solliltion (GlliIcose 50 mM, Tris pH 7.5, 25 mM, EDTA 

10 mM), inclilbated on ice fOllowed by lysis in 200 IJI of a solution containing 0.2N 

NaOH and 1 % sodium dodecyl sulphate (SDS) and mixed by gentle inversion. 

The ceillysates were treated witl:l 150 IJI of 5M potassium acetate (pH 5.8) on ice 

and then cent~ifuged at 13,000 rpm for 10 min . The supernatants were removed 

and DNA was precipitated with 800 IJI of ethanol. Isolated plasmid DNA was then 

washed with 75% ethanol and air-dried. The pellet was resuspended in 30 IJI of 

autoclaved de-ionized water containing 10 j.:I9/ml RNase A. 

2.11 Cloning of wild type TGFBI c. DNA 

Cloning of wild type TGFBI cDNA was perrormed in following steps 

A) Cloning into TA vector 

B) Sub-cloning into pCMV-HA vector 

C) Insertion of C-terminal 6X-Histidine tag into TGFBI cDNA clone 

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

addition of A at the 3'end of the amplified product. The PCR product can be 

directly inserted into the vector pTZ57RIT 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). 

Fig 2.1: pTZ57RfT vector with multiple cloning site and the location of the insert. 
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Ligation procedure 

Vector pTZ57Rff, (0.165 \1g, 0.18 pmol ends. specified in protocol for kit­

InsTA clone™ PCR CloRing Kit, cat # 1213» - 31:l1 

Purified PCR fragment 

5X LigatioR Buffer 

De-ionized Water 

T 4 DNA Ligase -1).:11 (conc 5U11;1J1) 

The reaction was incubated at 22°C over.night. The .ligation mix was transformed 

into competent DH5u (Eco/i) cells. A ligation reaction with vector only was also 

set up to assess the extent of self-ligation of vector. 

B) Sub-cloningof TGFBI cDNA into pCMV·HA vector 

The insert was released from the pTZ57Rff- TGFBI clone by using Sfil and Notl 

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 seql:lence was inserted into the reverse primer used for 

amplifying the TGFBI cDNA. The full length cDNA was amplified using a forward 

primer BIGSFII 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 theTGFBI 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 the6X His tag. This 

PCR product (size 2097 bp) was cut with Pdil and Not! enzymes (location of RE 

sites shown in Figu~e 2.2). The fragment was ligated into pCMV-HA- TGFBlclone 

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. 

5' 

pCMV-HA 
3.8kb 

ACCATG lAC CCATAC GATGTT eeA GATTAC GCT CTT 
HAtll;! 

Xbal[6Z6) 

MCS 

Xba·1 
(1125) 

Pdi1 (GCCGGC, 1190-1195bp) 

3' 

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 

transform ants. The TGFBI cDNA was released from the pTZ57Rrr- TGFBI with 

Xbal and Not! enzymes and ligated into pcDNA3.1 Neo cut with Xbal and Not! 

enzymes as shown in Figure 2.3. The released product from the pTZ57Rrr­

TGFBI had 3 bp (AGA) additional to the insert before ATG. The 6X-His tag was 

inserted in frame with TGFBI as mentioned in 2.11 c. 

5' 

a2 

pcDNA3.1 (+/-) 
5428/5427 bp 

moos 1022-1039 

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

Mutants of TGFBI were generated in the wild type cDNA by megaprimer-based 

site-directed mutagenesis (Fig 2.4). Primers spannimg the sites of the desired 

mutation, and designed to contain the mutant base at the appropriate positioR 

in the primer sequence, were used (Table 2.4). The primer containimg the 

mutation was used for amplification of a part of the cDNA to obtaiR a PCR 

pmduct containing the mutation. For creating the cDNAs (c.370C> T, c.371 G>A, 

c.371G>T) corresponding to Arg124Cys, Arg124His, Arg124Leu mutations, 

different mutation-containing primers (spannimg residues 360 to 380 of the 

TGFBI cDNA with respect to the first base of tI;Je 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 ct, A and T were located at positions 11 

and 10 of the reverse primers, shown in Table 2.4). For thec.1653C> T 

mutation corresponding to mutation of Arg555Trp, a mutant primer (spanRing 

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 Arg-124His, 

Arg124Cys, and Arg124Leu and 428bp in length for mutant Arg555np. 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 2nd roumd of arnplification 
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were designed from the 3' end of the coding regiorl (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 Arg55"5 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 CClts 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 (-) -

Neo TGFBI wt clones after digesting both the plasm ids with the same restriction 

enzymes and purifying the vectors. The Arg5"55Trp mutant-encoding PCR 

product was digested with Pdil and Notl. The product (887bp) of Pdil and Not! 

digest was ligated into the wild type cDNA clones, pCMVHA-TGFBI wt and I 

pcDNA3.1 (-) - NeoTGFBI wt -TGFBI clones after digesting with the same 

restfiction enzymes and purifying the vectors. Transformants were screened by 

Cpol and BstXl 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 TGFBI cDNAs 

in pCMVHA vector had the HA (hemagglutinin) tag at the N-terminus and 6X­

His tag at the C-terminus of the TGFBI 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 
Sf; I Forward primer 

Mutated Reverse 
primer 1 

Materials and Methods 

First round PCR 

Mega primer 

Sfi ~;;;;;;;;=';;"""""~=~==~ 
Second round PCR Not I Reverse Drimer 

~"""II ...... P.! .I ..... ! 1 
Stil Mutated cDNA Not I 

Fig 2.4: Megapnmer-based method for creating mutants irJ 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 Oulbecco's modified Eagles medium (OMEM, 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 9 of 

minimal essential medium (MEM) (Sigma-Aldrich, USA) & 6.66 9 of Hams F12 

in 824 ml of autoclaved de-ionized water, with addition of 1.38 9 sodium 

bica~bonate, 5 mg bovine insulin, 150 mg penicillin, 100 mg streptomycin, 2.5 

mg amphotericil7l-B, 4 mg gentamycin (100 IJI, 40 mg/ml) , The medium was 

sterilized by passing through 0.21!Jm filter. To the sterilized medium 100 IJI of 

epidermal growth factor tEGF, 0.1 mg/ml) was added. Cells were incubated at 

37°C with 5% CO2. OM EM was prepared from 13.4 9 of powder in 1 litre of 

autoclaved de-ionized water, with addition of 3.7 9 sodium bicarbonate, 150 mg 

penicillin, 100 mg streptomycin, 2.5 mg amphotericin B, and 4 mg gel7ltamycin 

(100 IJI of 40 mg/ml) (Sigma-Aldrich, USA). The medium was sterilized by 

passing through 0.2 IJm 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 9 

sodium chloride (NaCI), 0.02 9 potassium chloride (KCI), 0.012 g, potassium 

dihydrogen phosphate (KH2P04), 0.091g disodium hydrogen phosphate 

(Na2HP04) in 100 ml autoclaved de-ionized water. 1 ml trypsin (0.125 g, 

(0.125%) trypsin, 0.02 g (0.02% EOTA in 100 ml of autoclaved de-ionized . .~ 
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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, Carlsbad, 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 IJ.I of lipofectamine in 100 IJ.I of transfection medium and 0:5-2 J.lg of plasmid 

, - .57 
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in 100 ~I 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 ~I of transfection medium, drop by drop to cover toe entire 

surface of the culture dish. After addition of transfection mix, toe cells were 

incubated at 37°C with 5% CO2 After 6-8 hrs incubation, 1ml of medil:lm 

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 IJI per 35 mm dish), cell demsity 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 I 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% Tritom 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 IJI primary antibody diluted 1 :25 (4 IJg/ml) was placed 

on a parafilm, on which cover slips were placed in an inverted position. Cells 

I . .58 
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were incubated in primary antibody for 4 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 1 to 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 mlc~oscope (Zeiss, Axiocam 510, Germany) at excitation wavelength 

of 490 nm and emission wavelength 530 nf:Tl. 

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 J.l1 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 J.l1 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 

~----------------------------------------------~. ~9 
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disposable cell scraper and collected in 100 1-11 of cell lysis buffer (Brij buffer) 

which contains 0.1M Tris, 2mM EDTA, 0.5 M NaCl, 1% Brij 96, 1% NP40, 3 

I-Ig/ml Aprotinin, 1mM PMSF. 501-11 of 2x loading (Laemmli's) bwffer was added 

to the Iysates. The samples were denatured for 5 min at 94°C placed on ice, 

and loaded onto SDS-polyacrylamide gels. 

2.17505 PAGE 

Discontinuous SDS polyacrylamide gel electfophoresis (gel size, height x width, 

10 x 10) was performed with separating ar:td stacking gels of 8% atld 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 -4.6ml 

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

1.5M (4X) Tris pH 8.8 - 2.5 ml (1X final) 

10% SDS - 100 1-11 (0.1 % final) 

10%APS - 100 1-11 (0.1 % final) 

TEMED 

10.06 

• • 60 
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Stacking gel: 

De-Ionized water 

30% (29: 1) acrylamide 

0.5M (4X) Tris pH 6.3 

10% SDS 

10% APS 

TEMED 

Materials and Methods 

-1 .72 ml 

- 0.50 ml (5% final) 

- 0.75 ml (1X final) 

- 30 IJI (0.1 % final) 

- 30 IJI (0.1 % final~ 

- 3 IJI 

3.06ml 

40 IJI of cell lysate (corresponding to abol:lt 1/3fd of aT -25 culture dish) and 20 

IJI protein extract from culture medium (about half of total volume of extract 

from 35 mm disl1) were loaded on the gel and electrophoresis was performed 

with 1X Tris-glycine SDS bl:lffer (0.25 M Trls, 19.2 mM glycine and 0.01% SDS) 

at a constant current (25 mAmps) for 1 hour 30 mill. 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 n01) were cut to the 

same size as the gel and soaked ir:l 1X transfer buffer {0.25 M Tris, 19.2 mM 

glycine and 0.01 % SDS with 20% methanol) for 15 mill . 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 anotller, in tile 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 immur:lO- detection. 

Immuno-detection of TGFBI protein was carried out by first placililg tile 

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 tllen washed 3X 

with PBS containing 0.05% Tween 20) and incubated with secolildary aliltibody 

(anti-mouse IgG~ cOliljugated with Ilorseradish peroxidase (Sigma-Aldrich, 

USA), at a dilution of 1 :6000 for 2 hrs at room temperature. Tbe 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 rnM Coumar.ic 

acid, 2.5 mM luminol, 1-00 mM Tris pH 8.5) was mixed with 1 ml of solution 2 (5 

mM H20 2, 100 mM Tris pH 8.5) before pourililg on to tile membrane. Signal was 

detected by exposing the blot to an X-Ray film in an awtoradiography cassette, 

following development of the film using X-ray film developer and fixer. 
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3.0 RESULTS 

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 foulild in 25 families with LCD 

and 31 families with GCD. The mutations idet;ltified were not present im 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 patiemts with LCD are given in Table 3.1. 

PCR-amplified products of all exons amd flanking regions of TGFBI obtait;led 

from genomic DNA of LCD patients were screened for mwtations 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 

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

~--------------------------------------------------------~. 63 
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probands, amd c.1877 A>G co~respomding to change of histidine-626 to arginine 

found in 2 probands (sequence data in Figure 3.1). 
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Chapter 3 Results 

Co-segregation of the above 2 mutatiolils 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 1 enzyme for 

c.370C>T (Arg124Cys) (details in Chapter 2). The results of RFLP al'!alysis with 

Cpo1 for family LCO-4 are shawl'! in Fig 3.2A. As shown in the figure, the 

presence of two fragments (lane 4) of 129 bp and 152 bp indicates 2 no~mal 

alleles and the presence of an uncut fragrnel'!t of 281 bp along with the Cpo1 

digested 129 bp and 152 bp fragments indicates one nor.r:nal and one Ii11Lltant 

allele (Lanes 2 & 3). For the c.1877 A>G/His626Arg rnwtation, co-segregatiol'! 

was assessed by sequel'!ciRg of the relevant PCR prodwct from 2 affected 

individuals of a family. Both these mutations were absent in 100 unrelated 

normal controls tested by the above methods. 

2 3 4 5 2 2 3 

300 

200 

100 

Fig 3.2: A. Cpo1 digesllon of PCR-amplifled fragment of exon 4 for family LCD-4. Lane 1'1 OObp 

DNA size standard. Digests of PCR-ampllfled 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. Taa1 digestion of PCR product of exon 12 for family LCD-13 Lane 1 proband, lane 2 
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normal control C Hmc /I digestion of PCR-ampllfled exon 13 product for the family LCD-6 Lane 

proband (I 1 Fig 34), Lane 2 offspring (II 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). ChaRge of T>A at c.1616 (located in exon 12 of the gene) 

leading to an amino acid substitution of valine-539 to aspartic acid (VaI539Asp) 

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 cOl7ltrols . The c.1616 T>A change results 

in the abolition of the site for Taa 1. Upon digestion with Taa 1, the exol7I 12 

PCR-amplified product from a normal control showed fragments of 135 bp al7ld 

124 bp (Fig 32B, lal7le 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 (11.1 il7l pedigree), aged 34 yrs, was heterozygous for the 

mutation but had a 17I0rmai phenotype. This suggests that either the mutation is 

Rot 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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1 2 
T,A 

2 3 

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 chan@e ideRtified was c.1782G> T, iR exon 13 of the 

TGFBI gene leading to substitution of glycine-594 for valine (Gly594Val). PCR-

RFLP with Hinc 1/ was used for co-segregation analysis alild to test for the 

presence of the mutation in controls. A c.1781G>T results in tt.te creatioR of a site 

for Hinc 1/ enzyme. Upon digestion with Hinc 1/, the exon 13 PCR amplified product 

from a normal individual showed a 253 bp fragment corresponding to uncut PCR 

product (Fig 3.2C, laRe 3) whereas DNA from a heterozygous individual showed 

fragments of 253 bp, 170 bp and 83 bp (Fig 3.2C lane 1 and 2). 

c.1781 G> T/Gly594Vai 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 (11.6) years were both heterozygous for 

Gly594Vai and yet asymptomatic and clinically unaffected. 
~ .~ 
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1 
G,G 

2 

4 
G,G 

6 

Results .. .. 

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,d novel change observed was c.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 c.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 

offsp~ing (111. 1, 111.2, and 111.3) of the proband were in their 1st decade at the time 

of evaluation and his mother (1.2) was in her ih decade. They were all 

heterozygous and had no history of corneal disease. 
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G,A G,A G,A 

Fig 3.5: Pedigrees of the families LCD-7 (A) and LCD-20 (8) showing affected and unaffected 

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

The 4th novel mutation identified was c.1870_1875deINaI624_VaI625 del 

located in exon 14, predicting a deletion of 2 amino acids, valine-624 and valine­

• • 71 
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625. Sequencing of exon 14 in normal controls did not show Va1624_Va1625del 

change. Co-segregation of tl:1is mutation is sl:1own in the pedigree (Fig 3.6). 6 

members (3 affeGted and 3 umaffected ~ were tested for co-segregation. The 

probamd, l:1is older brotl:1er (11.1 in pedigree) and brother's daughter (111.1 in 

pedigree) were affected, heterozygous for the mutation and the other three 

members (111.2, 111.3, alld lilA) were unaffected and had 2 normal alleles. 

III 
4 

wt,wt 

5 6 7 8 

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 witl:1 LCD. 

The mutatioAs identified were located ill either the N-termillal region (exon 4) or 

in the fourtl:1 fasciclin-like domain of the protein. 16 of the 29 families with LCD 

bad mutations at hotspot aminoacid, Arg124. This is similar to data obtained on 

other populatiolls sucl:1 as those from Japan [Mashima et a/. , 2000, Fujiki et a/., 

2000], HUllgary [Takacs et aI. , 2007], Ukraine [Pampukha et a/., 2004], and in 

Western populations [Munier et al., 1997, Korvatska 1998, Afshari et a/., 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.1616NaI539Asp, c.1781G> T IGly594 Val, c.1867G>AlGly623Ser, 

c.1870_1875deINaI624_VaI625del) 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 r:l'lutation 

His626Arg. One showed posterior stromal opacities (LCD-2) as shown in the 

Figure 3.7 and the other (LCD-10) had aAterior to mid-stromal opacities. The 

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

The p~evioi:lsly 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 strorha, which were confirmed as amyloid by histopathology. The onset 

of the disease was at the age of 65 yrs. 

Fig 3.8: Slit lamp view of the cornea of the patient with mutation Val539Asp (LCD-13). 

Two unrelated probands with mutation of Gly594Vai (LCD-6, LCD-9), in 

their sixth and seventh decades of life respectively, showed posterior stromal 
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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 Gly594Vai mutation were 

similar to those reported for two other mutations, Leu527 Arg [Fujiki et a/., 1998] 

and Val631Asp [Munier et a/., 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 . 

... .,eA,·lt* .,;; .... -.... ,\ 
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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 th decade. The 

other two probands (families LCD-? and LCD-20) were homozygous for the 

same mutation. The proband from family LCD-? presented at 2? yrs of age with 

corneal opacities. On examination, the opacities were located in the corneal 

stroma and were rounded in appearance with no detectable lattice lines (shown 

in Fig 3.1,OB). The nature of his corneal dystrophy could not be diagnosed with 

certainty based on clinical evaluation (Le. whether macular or granular or lattice 

corneal dystrophy). The patient had corneal grafts in both eyes at age 34 yrs 

(r,ight eye) and 38 yrs (left eye). At p~esentation, 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 2nd proband (LCD-?), also homozygous for the same mutation, 

presented at 30 yrs of age with corneal opacities appearing as thick lattice lines 

as shown in Fig 3.100. The patient had a visual acuity of 6/9 in the right eye and 

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

Gly623Asp showed phenotypic variability between the two families. 

Fig 3.10: Slit lamp view of the patient LCD-22 with heterozygous mutation of Gly623Ser showing 

faint lattice lines (A). Slit lamp view of the proband LCD-? With homozygous Gly623Ser mutation 

(S) 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; ,,: 4 in pedigree, Fig 3.6) with mutation of 

Val 624_ 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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3.11 C). 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 tl:le superficial stroma and his cornea showed similar histopathologic 

findings as that of the proband. 

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

COl7lgo red-stained section of cornea of same patient showing amyloid deposits. 
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Chapter 3 

• 
3.1.3 Granular corneal dystrophy- Mutational screening 

Results 

Probands from 31 families with GCD were incll;lded in ml;ltational amalysis. The 

total numbers of affected and unaffected individuals available from 31 families 

were 45 and 7 respectively. Diagnosis of GCD was based on clinical evaluatiom 

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

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

Mutation in 
Proba TGFBI Co-

-nds Exon Detection RE site segr:egation 

Cn) cDNA Amino method change tested 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 Seql;lencing (Abolition) 
PCR-RFLP 

1 c.1663 Arg555 12 SSCP + Bstx1 40 affected, 
C>T Trp Sequencimg (Creation) 7 unaffected 

PCR-RFLP 

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

the site due to the mutation. 

Mutations idemtified in GCDare summarized in Table 3.3 Tlile most 

common mutation, foumd in 29 Ol;lt of 31 families with GCD, was a change of 

C> T at position 1'663 of tl:le cDNA of TGFBI resulting in substiMion of arginine-

555 for tryptopl:lan (Arg555Trp). The Arg555Trp mutation was identified as a 

heterozygous change in 25 families (40 affected amd 7 unaffected were tested). 

Homozygous Arg555T~p was found in 8 affected individuals from four families 
• • 85 
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Chapter 3 
to 

~ 3.1.3 Granular corneal dystrophy- Mutational screening 

Results 

;, Probands from 31 families with GCD were included irl 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 comeal sections for 15 patients. 

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

Mutation in 
Proba TGFBI Co-

-nds Exon Detectian RE site segregation 

(n) cDNA Amino method change tested in 
Acid r:elatives 

29 c.371 Arg124 4 SSCP - Cp01 3 affected 
G>A His sequencing (AbolitioR~ 

PCR-RFLP 
1 c.371 Arg124 4 SSCP - Cpo1 2 affected 

G>T Leu Se<;Jl!Iencing (Abolition) 
PCR-RFLP 

1 c.1663 Arg555 12 SSCP + Bstx1 40 affected, 
C>T Trp Sequencing (Creatiorl) 7 unaffected 

PCR-RFLP 

TABLE 3.3 Restnction enzyme sites altered are shown as loss (Aboilllon) or gain (Creation) of 

the site due to the mutation 

Mutations identified in GCD are summarized in Table 3.3 The most 

commoR 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 substitutiorl 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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Chapter 3 Results 

• 
(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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Chapter 3 Results 

A G R R H G G R B A C c H C A c c N 
190 

C A 

Fig 3.13: Sequence electropherograms showing mutations found iii patients with GCD. A: 

Mutation c.1663C> T (Arg555Trp) shown for proband from family GCD-1 B: Mutation 

c.371 G>A (Arg124His) found in family GCD-21 . C: Mlitatiol1c.371-G>T (Arg124Lell) found in 

family GCD-18. 

Mutation of c.371 G>A (Arg124His) (Fig 3.13B) was fOl!.lnd in one family 

(Fig 3.14) (3 aHected individuals tested). Digestion of the exon 4 peR products 

with Cpo 1 was used to check co-segregation of this change with disease ill the 

family. The results are shown in Fig 3.15. This analysis showed that all the three 

affected members (1.2, 11.2, and 11.3) of the family had heterozygous mutation of 

Arg124His. As shown in the figtlre 3.15, the presence of two fragments (lane 6) 

of 129 bp and 152 bp indicates normal alleles and pr,esence of an uncut 

fragment of 281 bp ~Ianes 2, 4 and 5 of Pig 3.15) along with the 129 and 152 bp 

fragments indicates a heterozygous mutation. 

• • 89 
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II 

Results -, 

Fig 3.14: Pedigree of tlile family GCD- 21 with Arg124His mutation slilowing affected and 

llmaffected individuals. Genotypes are shown below each symbol. 

2 3 4 5 6 

400 bp 

300 bp 

200 bp 

100 bp 

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 (11.2 in Fig 3.14). Lane 3: undigested DNA. 

Lane 4: DNA from probamd'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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rd 

change found iR GCD was c. 371G>T (shown in Fig 3.13c) 

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

individuals. 

The frequel'lcy of the detect~d mutations was 100% in patients with GCD. 

The mutations identified were located in either the N-terminal region (exol'l 4) or 

in the fourth fasciclin-like domain of the proteil'l as idel'ltified in LCD. 31/31 

families with GCD had mutations at either of two reported hotspots, Arg124 al'ld 

Arg555. This is in contrast to data obtail'led from Japan and Korea where in 

Arg124His mutatiol'l was most prevalent [Mashima et a/. , 2000, Fujiki et a/., 

2000]. 

3.1.4 Clinical and J;iistopathological features of patients with GCD 

Mutation Arg555np was ideRtified in 29 families witt;, GCD. The patients with 

heterozygous Arg555Trp mutatiolil presented with granular opacities witt;, tt;,e 

extel'lt of opacities ral'lging from the anterior third to tt;,e full thickness of the 

stroma (Table 3.4) 

Four families had different iRdividuals who were homozygous as well as 

heterozygous for mutation of Arg555T~p. The clinical details of these patients are 

shown il'l Table 3.4. Eight homozygous individuals f.rom 4 families were fouRd to 

have severe manifestations with an early age of onset (childhood) "aRd deRse 

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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abundant superficially located Masson-positive deposits (shown in Fig 3.16C). 

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

ttile A~g555Trp mutation. 7 of the 8 heterozygotes were found to have relatively 

mild phenotypes alild were asymptomatic in their twenties (representative 

photograph shown in Figure 3.168). 

The data from 4 families with homozygous mutations showing that the two 

mutated alleles (homozygous) of the gene is responsible for th~ early occurrence 

of the phenotype in cont~ast 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 il'l families with severe phenotype [Mashima et al., 1998 Fujiki et al., 

1998]. Fror:T'l our study, the data on onset of the disease, age at intervention and 

tMe recurrence pe~iod 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-B8cklers corneal dystrophy, although the clinical appearance 

of Reis-BOcklers 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 comeas of individuals from family GCO-30 homozygous aged 40 

yrs (A) and heterozygous aged 21 yrs (8) sl;iowing comeal opacities. Tl;ie Massol'l's t~ichrome­

stained corneal section of the patient with l;iomozygous mutation showing sub-epithelial deposits. 

Arrows point to the corneal deposits. 

The proband with heterozygous mutation of Ar.g124!His (II: 2 in pedig~ee 

3.14) had few sub-epithelial and anter,ior stromal grayish-white rounded 

opacities involving the central cmnea (Fig 3.17 A) at 25 yrs of age. Her mother 

aged 45 yrs (1:2 in pedigree) and brother aged 24 yrs (11:2 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. Anter.ior segment evalwation 

revealed a few anter.ior stromal granular opacities (Fig 3.17B) involving the 

central cornea. The brother of the proband (II: 3in Fig 3.14), had no specific 

complaints other than refractive error. Anterior segrnent evaluation revealed a 

clear cornea in the right eye and a single granular opacity in the anter.ior stroma 

(Fig 3.17C) in the left eye. 

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

of the phenotype, with greater degr.ee of corneal opacity irI 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 come as of individuals from family GCD-21 . A: proband. B: 

prooand's mother. C: proband's brother. 

One patient (GCD-18) with mutation of Arg124Leu received a clinical 

diagnosis of Reis-Bucklers dystrophy (GCD type III) 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 III) 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 (8) of the cornea of patient GCD-18 with mutation of 

Arg124Leu. 

3.1.5 Polymorph isms 

Apart from the mutations, we found 12 single nucleotide polymorph isms (11 in 

LCD and 12 in GCD patients). Of the twelve single nucleotide polymor.phisms 

(Table 3.5), seven were noval and not reported prior to tlilis study. One of the 

polymorphisms found was a novel missense change of leucine-269 to 

phenylalanine (Lew269Phe). 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 no~mal individuals as a heterozygolls 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 

. ·,s 
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ambiguous. Finding mutations with high frequency may help in development of 

il"lexpensive PCR .... HFLP based diagnostic method . 
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Chapter 3 Results 

3.2 Cloning and expression of TGFBI cDNA 

3.2.1 Construction of wild type and mutant cDNA clones 

Wild type and mutant TGFBI 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. 

Fig 3.20: PCR amplification of TGFBI cDNA. I 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 TGFBI cDNAs were cloned into pCMV-HA (pCMV­

HA- TGFBI-WT-6XHis , pCMV-HA- TGFBI-Arg124CYS-6XHis, pCMV-HA- TGFBI­

Arg124His, pCMV-HA-TGFBI-Arg124Leu and pCMV-HA-TGFBI-Arg555Trp) 
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plasmid. pCMV-HA was used to express protein with N-terminal HA tag and C-

terminal His tag (the cloning strategy is given in chapter 2). Wild type and 

mutant TGFBI cDNA were cloned in addition,into pcDNA3.1{-) plasmid (Clones 

pCDNA3.1(-)-TGFBI-WT-6XHis, 

pcDNA3.1 (-)-TGFBI-Arg124His, 

pcDNA3.1 (-)-TGFBI-Arg124Cys-6XHis, 

. pcDNA3.1(-)-TGFBI-Arg124Leu al'ld 

pcDNA3.1 (-)-TGFBI-Arg555Trp~ . pcDNA3.1 (-) 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 sequeAce of the 

insert and insert Ivector junctions were confirmed .by direct sequencil'lg. 

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

cell lines 

Human corneal epithelial (HCE), HeLa and Cos I cells were used for transient 

expression of the wild type and Illutant TGFBI cDNA expressionplasmids. TIile 

transfection procedl:Jre was stal'ldardized l!lsiAg pEGFP vector, which codes for 

the enhanced green fluorescent protein (EGFP) expressed from the 

cytomegalovirus immediate-early promoter (Invitrogen Corporatiolil Ltd, Faraday 

AveAue, Carlsbad, Califorlilia, USA). Amounts of plasmid tested were 0.2 fig, 0.5 

f.lg, 1f.lg, 2 O.f.lg; volume of lipofectamine reagernt was varied from 2 to 4 

microliters, and time periods of 12 hrs, 24 hrs, 48 hrs and 72 hrs betweeA 

transfection and harvest were tested to determine optimum efficielilcy of 

transfection. TransfectioA efficiency was maximal at about 30% of cells 

expressing green fluorescent protein per field (average frolll 3 fields) irn 2 
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different wells and was obtained at 0.5 Ilg of plasmid DNA in 2.0 fll 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 pC~V-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 HeLa 

and Cos 1 cells and less than 1% in HCE cells (Fig 3.21b). Using optimized 

parameters, transfections were initially performed with plasm ids 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. 

----------------------------------------------------104 
Molecular Genetic Analysis Of Lattice And Granular Corneal Dystrophies In Indian Patients 



Chapter 3 
Results 

Fig 3.21: A: pEGFP transfected Cos1 cells counterstained with propidium Iodide showing green 

fluorescence in cells expressing EGFP (confocal microscope, excitation wavelength of 488-

543nm and emission wavelength of 505-530nm, magnification 400X). B: pCMV-HA-TGFBI-WT-

6XHis transfected Cos1 cells immuno-stalned with anti-HIs antibody (magnification 400Xl 
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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 propldium 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, Iysates of transfected cells were 

prepared alild sl:Jbjected to Western blottillg. We could not detect the protein on 

Westem blots using mouse anti-HA or mouse anti-His antibody in either the 

medium or the cell extracts suggestillg 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 

I:laving the neomycin-resistance gene was then carried out to achieve stable 

expression of the TGFBlp in the transfected cells. This was done in order to get 

a higher proportiolil 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/ml 

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 experimelTlts 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 aI., 2002J that did not find 

any significant difference between wild type and mutants iA 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 Ilwtant proteins in the cell 

culture systems tested . 
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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 Herem 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 frameshlft [MUnier et al., 2002], 1 insertion 

[Schmitt-Bernard et al.,2000] and 5 deletions [Dlghiero 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 involvmg 

the N-terminus of the protein, and 5 other mutations-Val539Asp, Gly594Val, 

Gly623Ser, Va1624_ V625del and His626Arg, all located in the fourth Fas1 

domain of the protein. In compa~ison to LCD, the mutation spectrl:lm 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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AmoAg all the mutations identified in our study Arg124Cys (found in 16/29 

pts) was the most freqUlent mutation in LCD and Arg55'5Trp (found in 29/31) was 

the predomil7lant ol7le in GCD. This is similar to data obtained on othe"r 

populations sUlch as those ,from Japan [Mashimaet a/., .2000, Fujiki et a/., 2000], 

Hungary [Takacs et a/. , 2007], Ukraine [Pampukha et a/., 2004], and in Westem 

populations [Munier et al., 1997, Korvatska 1998, Afshari et al., 2001, Munier et 

a/. , 2002]. In cOAtrast, data f~om a study 01'1 Vietnamese patients with LCD found 

that ml!ltation of His626Arg may be more frequeAt [Chau et a/., 2003] and from 

Japal7l and Korea showing that mUltation Arg1.24Hisis the most frequent mutation 

amomg patiel7lts witl:! GOD [Mashima et ar, 2000, Fujiki et a/., 2000]. In general, 

the pnenotypes of the patients with the mutations at the 2 hotspots of Arg124 and 

Arg555 were similar to earlier ~eports . The phenotypes associated with novel 

ml:.ltatioAs Va1539Asp, Gly594Val, Gly623Ser, Va1624_ V625del were distinct from 

one ar:lotl:!er. The Val539Asp mutation was associated with typical lattice-like 

opacities as seen iii! LCD type\. Tl:!is adds to tl:!e spectrum of mutations reported 

for typical fo~ms of LCD. Two patients from different families with mutation of 

Gly594Vai showed similar pl:!enotypes involving late onset (6th 
_ih 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, Asm544Ser and Va1631Asp) in the literature [Fujiki et a/., 1998; 

Nakagawa Asahina et a/. , 2004; Munier et ar, 2002]. An atypical phenotype was 
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also found in association with the mwtation Va1624_ Val625del in the present 

study. We did not find evidel7lce of clinically detectable lattice lines in this patient 

This would add to the spectrum of the atypical phenotypes reported for different 

TGFB/ mutations including Asp123Hls [Ha et a/., 2003], Arg124Cys [Nakamura 

et a/. , 2000, Morishige et a/., 2004 and Yoshida et a/., 2004 and EI-Ashry et a/., 

2004], Val624Met [Afshari et a/., 2004] and Phe547Ser [Takacs et a/., 2007]. 

The 4th novel mwtation Gly623Ser idel7ltifled in the present stwdy was 

found in both heterozygous and homozygous Il7Idividuals. In homozygows state, 

the mutation was associated with a more severe phenotype with ea~lier onset of 

disease (2nd decade of life), thowgh there was variability of phel7lotype between 2 

probands. In one heterozygous patiel7lt, opacities were mild al7ld the disease was 

evidently of later onset (6th decade) The ea~lier ol7lset and more severe 

phenotype in case of homozygosity for dominant mutations was also reported for 

Arg124His [Mashima et a/., 1998, FUJiki et a/., 1998] and Arg555Trp [Okada et 

a/., 1998b] mutations that cause granular dystrophy. In our study, we observed 

I;]omozygous and heterozygows individuals with Arg555T~p in four families. 

Similar to previous reports in literature [Okada et al., 1998b], the homozygous 

individuals having Arg555Tr.p mutation showed severe phenotypes and an early 

age of onset [Okada et a/. , 1998b]. The severe phenotype in individuals with 

homozygous mutations could be due to a greater amount of mutant protein. 
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TAe mutation Arg124His Aas been associated with combined lattice­

granular or Avellil7lo corneal dystrophy [Munier et al., 1997]. The family described 

by us with mutation ·of Arg124His showed gral7lular opacities but no signs of 

lattice-type of opacities.lrl the present study we iderltified one family with 

Arg124Leu showirng characteristics of Reis-Bucklers corneal dystrophy with 

Aoney-comb sAaped Masson's positive opacities that were in the superficial 

stroma, in agreement with earlier reports [Haddad et al. , 1977; Kuchle et al., 

1995, Okada et al., 1998b, Mashima et al., 1999]. 

From our data it is apparel7lt that TGFBI associated corl7leal dystrophies 

comprise both typical and atypical pherlotypes. Further, this study supports the 

genotype-phenotype correlations derived for the common TGFBI mutations 

causing LCD and GCD irl previous studies [Kannabiran & Klintworth, 2006]. 

Detectiol7l of mutatiorls in tt:le majority of patierlts suggests that mutation analysis 

of TGFBI may help il7l confirmirn9 the diagnosis of the disease where the clinical 

features are ambiguous. 

Very few attempts have been made to elucidate tt:le role of TGFBI gene 

mutations irl disease patt:logenesis. Takacs et aI., [1.998] in a study showed the 

differel7lce irl localization of TGFBlp in rnormal (epithelium) and dystrophic 

corneas (sl!lb-epithelium~ . Electrophoretic analysis of protein from deposits 

showed an additional 42 kDa band in dystrophic patients. Immunohistochemical 

studies on LCD type I and GCD types I & II by Korvatska and co-workers (1999) 
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with different antibodies specific for N-terminal and C-terminal regions of the 

TGFBlp showed the presence of C-termlnal fragments in corneal deposits in a 

cornea with GCD type I, whereas N-terminal fragments were detected in a 

cornea with LCD type 1. Both types 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 a/ , 

1999]. In a subsequent study, Korvatska et a/., [2000] showed ml:ltation-speclfic 

accumulation of the TGFBlp 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-lil'1es did not show 

any difference in turnover products [Kim et a/. , 2002b]. The failure to detect 

differences in protein turnover in cell culture systems [Kim et a/., 2Ci02b] in 

contrast to mutation-specific degradatior.l products in Intact corneas of patients 

with lattice and granular corneal dystrophies [Takacs et a/., 1998; Korvatska et 

a/., 1999; Korvatska et a/., 2000] could be to the interactiol'1s between TGFBlp 

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 understar.ld 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 differel'1ce in the 
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intracellular localization of the transiently expressed wild type and mutant 

proteins. This IS similar to a previous shJdy [Kim et aI. , 2002b] that did not find 

any significant difference betweelil 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 protei lils in the cell culture systems tested. 
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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 structu~e, 

function and interactions of the TGFBI protein In extracellular mlleu 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 enrollment of 

patieJ:lts and sample collection, principles aJ:ld procedures of the vanous 

molecular genetic techniques, clonlmg, site-directed mutagenesis, cell culture, 

transfection and immumoflurorescemce assay and Westem blotting. 

Chapter 3: Mutation screening and genotype-phenotype 

correlations 

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

granular corneal dystrophies, correlatioms of genotype with pheJ:lotype, and 
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studies OR transieRt expression of the wild type and mutant clones of TGFBI by 

expressloR in HCE, Cos1, and HeLa cell lines. 

Impo·rtant findings of the present study 

Lattice corneal dystrophy 

Tl:le frequency of the detected mutations in in TGFBI gene was 87% in patients 

with LCD. The mutations iderltified were located at either a) one of the hotspots 

at Arg124 or Arg555 or b) in residues in the fOl!Jrth fasciclin-like domain of the 

protein. 16 of the 29 families with LCD had mwtations at Arg124. 4 novel 

mllltations fOlllnd iR patients with LCD wene Va1539Asp, GIy594Val, Gly623Ser, 

and Val624 _ Val625del. URuslllal phenotypes found in association with some of 

these mutations were presented. 

Granular corneal dystrophy 

The frequency of the detected mutatiol'ls in TGFBI gene was 100% in patients 

(from 31 families) with GCD. The mutations ideRtified were located involved only 

either of the two hotspot residues Arg 124 or Arg555 mutations. The pr.edominant 

mutation was Arg555Trp found in 29/31 probands with GCD. Mutation 

Arg124His in exon 4 wasfolllnd in one family, and Arg124Leu, also in exon 4, 

was fOlllnd 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 sl:lowed features of GCD type III 

Experiments involving transient expression of TGFBI wild type and mutant 

clones in cell culture did not show any detectable differences betweer:l Wild type 

and mutant proteins. 
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Appendix 

Appendix 

List of Antibodies used: 

Anti-HA antibody-monoclonal antibody (Santa Crwz, California, cat # sc- 7392) 

Anti-6XHistidine antibody-monoclonal antibody (Calblochem cat # 0805) 

Anti-human BIG-H3 antibody-mOl;'joc\onal mOl!1se IgG1 (R&D systems, Cat # 

MAB2935) . 
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• Abbreviations 

ABBREVIATIONS 

/lg : Microgram 

/-1-1 : Microlitre 

/-I-M Micromolar 

A : Adenine 

APS · Ammonium perslJlfate 

bp · Base pair 

BSA · Bovine serum albumin 

C : Cytosil7le 

cDNA : Complementary DNA 

Cos 1 · African green monkey kidney cells 

Del · Deletion 

OM : Descemet's membrane 

DMEM : Dulbecco's modified Eagles medium 

OM SO : Dimethylsulphoxide 

DNA : DeoxynbonlJcleic acid 

dNTPs : Deoxy nucleoside triphospl7lates 

EDTA : Ethylene diamine tetraacetic acid 

EGFP · Enl7lanced green fluorescence protein 

FBS : Fetal bovine serum 

fs : Frameshift 

G : Guanine 
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GCD 

HA 

IF 

Ins 

KDa 

LCD 

MCS 

MEM 

ml 

rom 

00 

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 

· Millilitre 

: Nanometer 

: Optical density 

· Periodic acid-Schiff 

Abbrevi~tions 

: Polyacrylamide gel electrophoresis 

: Phosphate buffered saline 

· Polymer.ase 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 r:ll!lcleotide polymorphism 

SSCP 
. Sllilgle strand conformation polyrnotphism 

T 
: Thymine 

TBE 
. Tris borate EDTA 

TCA 
: Tri-chlo~o acetic aCid 

TEMED 
: Tetramethylethyler:ledlamlne 

TGFBI 
: Transforming gFowth factor beta Induced 

ger:le 

TAE : Tris Acetic acid EDT A 

VA : Visual acuity 
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HUMAN MUTATION Mutation In Bricf#652 (2003) Online 

MUTATION IN BRIEF 

Mutational Screening of the RBI Gene in Indian 
Patients with Retinoblastoma Reveals Eight Novel 
and Several Recurrent Mutations 
Velamakanni Saroj Kiran " Chitra Kannabiran 1*; Kalyana Chakravarthil, Geeta K. Vemuganti " 
and Santosh G. Honavar3 
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Prof BYlen Holden Eye Research Centre, L V Prasad Eye Inslltute, L V Prasad Marg, Banjara Hills, Hyderabad 
500034,lndw 
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Retinoblastoma is the most common primary intraocular malignancy in children, caused by 
inactivation of the RBI gene on chromosome 13. We carried out a mutational screen of the 
exons and promoter of the RBI gene in Indian patients with retinoblastoma in order to 
determine the range of mutations giving rise to disease. Forty-seven patients were screened 
for mntations in all exons and promoter of the RBI gene by single strand conformation 
polymorphism followed by sequencing. Tumors were availahle from 27 patients (12 bilateral 
and 15 unilateral 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 peripberal blood. Eight novel mutations were identified, including 4 
single base changes, 2 small deletions and 1 duplication. These are g.6436ST>G (Tyr32STer), 
g.7813IG>A (TrpSISTer), g.IS006IG>T (GluS87Ter), g.I70383C>G (S834X), g.4I924A>C 
(IVS3-2A>C), g.IS0064ins4, g.I60792deI22, and g.76940de114 (IVSIS del +20-33). Almost all 
mutations produced nonsense codons or frameshifts. Recurrent mutations, especially at CpG 
sites were seen predominantly. Detectable mutations in exons were found in 46% of patients 
tested. Large deletions, epigenetic changes as well as mutations in non-coding regions may be 
the cause of disease in the remainder of patients. Knowledge of the full range of mutations 
can aid in the design of screening tests for individuals at risk. © 2003 Wlley·Llss, Inc 
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INTRODUCTION 

RetInoblastoma (MIM# 180200), a mahgnancy of retmal precursor cells usually OCCUITIng m chIldren below the 
age of 5 years, IS brought about by tnactlvatlOn of the RBI gene on chromosome 13ql4 (Fnend et ai , 1986) One 
mutant allele of the RB I gene IS reqUIred for heredItary transmISSIOn of dIsease, whIle the development of 
maltgnancy requnes the mutatIOn of the second allele at the cellular level (Knudson, 1971) The heredItary form IS 
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mherlted as an autosomal dommant trait, mostly manifests bilaterally and with high penetrance In the non­
hereditary form of disease, which IS umlateral, mutatIOnal inactivatIOn of both alleles of RB I IS somatic. About 
12% of unilateral cases are hereditary (Vogel, 1979) Most RB I gene mutatIOns occur de-novo, and are new 
mutatIOns arlsmg In the germhne or dUring embryomc development Thus slbhngs and offspnng of all mdlvlduals 
with bilateral and some with umlateral disease may be at rIsk of developing the disease, even 10 the absence of a 
family history. IdentificatIOn of mutatIOns In the RB I gene In individuals with retmoblastoma has been recognIZed 
as a valuable adjunct to the management of the disease smce It enables the uneqUivocal IdentificatIOn of camers 
and accurate risk evaluatIOn for relatives (Nooram et ai, 1996; Smith and O' Bnen, 1996). It IS Important for 
counsehng of mdlvlduals wIth heredItary .dIsease 10 general smce such mdlvlduals may have affected offspring and 
have an Increased hkehhood of second mahgnancles 

Retmoblastoma IS one of the most common types of mahgnant tumors occumng 10 chIldren below the age of 'S 
yrs 10 IndIa (Pratap et aI., 1973; Das et al , 1994), although no populatIOn-based prevalence data are avaIlable The 
ratIO of umlateral'bllateral dIsease IS 6040 with famlhal dIsease occurring 10 -4-5% or less of patients (Honavar 
S, unpublished data) The major features of the disease as It occurs 10 IndIa, noted 10 chnlcopathologlc studies 
mclude a relatIVely hIgh frequency of mfiltratlOl1linvaslOn of tumor mto surrounding tissues, found m 56% of 
patIents, and a hIgher mean age at presentatIOn (Sahu et al , 1998) than reported In V{estern countnes (Gupta et aI., 
2002), both of these features are pOSSIbly due to a delay 10 seekmg treatment We analyzed the RB I gene for 
mutatIOns wlthm the exons and sphce Junctions as well as the promoter m IndIan patIents with retmoblastoma In 
order to determine the range of mutatIOns occurrmg m these patIents 

We screened for mutatIOns wIthin exons and sphce JunctIOns as well as the promoter of the RB I gene among 
47 patIents, 32 wIth bIlateral and 15 wIth umlateral retmoblastoma, usmg penpheral blood (20 patIents) and tumors 
(27 patIents). By means of smgle-strand conformatIOn polymorphIsm (SSCP) analysIs followed by sequencmg, 
mutatIOns were IdentIfied m 22 patients (46%) EIght mutatIOns IdentIfied In thIS study are novel. 

PATIENTS AND METHODS 

Patients and sample collection 

Penpheral blood samples were collected from 47 unrelated probands wIth retmoblastoma and where famIly 
hIstory was present, from famIly members as well after obtammg mformed consent. All except two patients 
recrUited for thIS study had sporadIC dISease The two patients with familial dIsease had affected slbhngs WIth the 
parents bemg normal. The follow-up penod from the start of the study was too short to know of the occurrence of 
second mahgnancy m any of the patients The study protocol adhered to the tenets of the DeclaratIOn of Helsmkl 
and the research was done after prior approval by the mstltutltonal revIew board of the L. V. Prasad Eye Institute. 
Fresh tIssue was obtamed from tumors of patIents (27) who underwent enucleatIOn. Retmoblastoma was dIagnosed 
accordmg to standard chmcal and hIstopathologIcal crltena. DNA was Isolated from blood leukocytes and tumors 
and used for PCR amphficatlOn 

PCR amplification 

Primers and the PCR condItIOns used for mdlvldual exons were as descnbed prevIOusly (Ata-ur-Rasheed et al , 
2002) The pnmers used for amphficatlOn of the RB I promoter were as follows. the upstream pnmer was as 
descnbed (Lohmann et ai, 1994), starting at posItion 1377 of the RBI gene. The sequence of thIS pnmer was: 5' 
GCGAATTCCCAAAAGGCCAGCAAGTGTCT 3' The downstream pnmer was deSIgned so as to mclude all 
sequences upstream of the first exon, and starts at pOSItion 2060 of RB I. The sequence of the reverse pnmer was. 
5' GGGGGTTTTGGGCGGCAT 3'. PCR amphficatlOn of the promoter was camed out at an anneahng 
temperature of 61°C WIth other parameters bemg the same as for all exons 

SSCP 

PCR products that were greater than 300 bp m SIze were dIgested so as to produce smaller fragments that were 
wlthm the range of IllJtatlOn detectIOn by SSCP For SSCP screening, the PCR product for the RB I promoter was 
digested WIth CfrlOI so as to produce a fragment of2S6 bp contammg the proximal promoter sequence upstream 
of exon I mcludmg the Sp I, A TF and pS3 bmdlng ·sltes. 
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PCR products were mixed with an equal volume f Ii 
followed by Immediate chlllmg In IC It 0 ormamlde, denatured by heating at 95° C for 5 minutes 

<>-sa mixture (temperatu 18°C) separation of denatured PCR products 20 16 re, - Essentially SSCP was performed by 
5% glycerol electrophoresed m I XTBE ~~ ~ cm acrylamlde gels (8% acrylamlde, 39 I acrylamlde bls) with 
Oels were fixed m 10% ethanol'O 50' tns - or date EDTA) buffer at <fc and at room temperature for 8-16 hrs 

. '0 ace IC aCI washed d d They were then washed developed I 50/. d ' m elOntze water and stained In 02% silver nttrate 
deSired mtenslty and photographedl~n a ~~I~~m hydroXide 0 4% formaldehyde until bands were VISible at the 
Fragments showmg altered mobil ty I t c gel documentatIOn system (UYITec, Cambndge, England) 

I re a Ive to controls were sequenced directly 

Sequencing 

PCR products were punfied on M PCR fil 
d b d II 

Icrocon- Iter umts (Mllhpore CorpororatlOn USA) and directly 
sequence I lrectlOna y usmg PCR pnmers on t d ' , RB I an au ornate sequencer Sequences were compared to pubhshed 

gene sequence (Oenbank accessIOn no L1l910 I) 

RESULTS AND DISCUSSION 

From prevIOus studies that have charactenzed mutatIOns m the RBI gene (Harbour, 1998), the predominant 
types of mutatIOns m retmoblastoma are small mutatIOns affectmg the codmg sequence We therefore looked for 
mutatIOns m all the exons, sphceJunctlOns, and the promoter We screened a total of47 patients (Table I) 32 With 
bilateral and IS with umlateral retmoblastoma Tumor tissue was available from of 27 pattents (12 bllater~1 and IS 
umlateral) 

Table 1: Details of Patients and Samples Studied 

No. of patients Total no. Mutations 
Source of DNA Bilateral Unilateral found 

Tumor 12 IS 27 9 
Blood leukocytes 20 - 20 13 

The method of SSCP was standardIzed by usmg PCR fragments contammg known mutatIOns m the RB I gene, 
mcludmg pomt mutations (5) and small length alteratIOns (2) preVIOusly Identified by direct sequencmg (Ata-ur­
Rasheed et aI., 2002). Our present analYSIS of all exons and promoter 10 47 unrelated patients revealed mutatIons 10 

22 (46%) Out of 27 tumors analyzed, mutatIOns were found 10 mne pattents, five WIth umlateral, and four WIth 
bIlateral dIsease (Table I). AnalysIS of leukocyte DNA of these 9 pattents revealed the presence of the mutatIOn 
IdentIfied m tumor DNA m all four patients WIth bIlateral dIsease mdICatmg that they were all germhne mutatIOns, 
and the absence of the correspondmg mutatIOns m all five WIth unIlateral dISease mdICatmg that these mutatIOns 
were somatIc In addItIOn, 13 mutatIOns were found 10 20 pattents WIth bilateral dIsease upon screemng of 
penpheral blood alone. In two patIents, DNA from tumors dId not produce any amplIficatIOn products for several 
ofthe exons (data not shown) suggestmg the presence of large homozygous deletIOns at the RBI locus 

DetaIls of mutatIOns and polymorphlsms IdentIfied are shown m Table 2 To our knowledge, 8 mutatIOns and I 
polymorphISm (Table 2 and data reVIewed but not shown) IdentIfied 10 thIS study are novel (RB I gene mutatIOn 
database webSIte AvaIlable at http llwww d-Iohmann delRb/mutattons htrnl) 

Among these, four nonsense mutatIOns, g64365T>0 (Tyr32STer), g 781310>A (TrpSISTer), g IS00610>T 
(01u587Ter) and g 170383C>0 (Ser834X), and were IdentIfied and these are shown m Table 2 A novel sphce­
SIte mutatIon g41924A>C (IYS3-2A>C), was found m the splIce acceptor sIte ofmtron 3 resultmg 10 an AO>CO 
heterozygous change Such an alteratIOn may pOSSIbly lead to sklppmg of exon 4, whIch would result 10 an 10-

frame deletIOn. If It results m the retentIOn of the mtron It would .produce a frameshlft AnalYSIS of RNA, whIch IS 
not avaIlable to us at the present tIme, IS reqUIred to dlstmgUlsh these pOSSIbIlIties. 

Other novel mutatIOns xientlfied mclude small length alteratIOns found m three patIents One pattent (RB65, 
Table 1) had a duplIcatIOn of 4 bp m exon 18 (g IS0064ms4). ThIS duplIcatIOn creates a nonsense codon wlthm 
exon 18. Small deletIOns were found m 2 patIents. Of partIcular mterest IS a 14 bp deletIOn m mtron IS 
(g.76940de1l4;IYSIS del +20-33) extendmg from +18 to +32 of the mtron (RBn). The effect of thIS deletIon 
wlthm mtron IS IS not clear although It IS probably oncogemc smce no other mutatIOns were found m thIS patIent 
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Furthennore, a deletIon of an overlappIng regIOn to the one descnbed here was reported In a prevIous study (Lm et 
ai, 1995). It IS possible that the deleted sequence Includes the spItcmg branchpoInt of the Intron although no 
perfect match for the branchpoint consensus IS found In the regIOn of the deletIOn A 22 bp deletIOn In exon 21, 
g 160792deI22, was found In one patient (RB74), this would be expected to result In frameshlft In exon 21. 

Recurrent mutatIOns were Identified that Involved C>T changes at arginIne codons includIng (Table 2) 
Arg255Ter (g 69695C>T) and Arg445Ter (g 76430C>T) MutatIOns at spItce donor sites of Introns 12 and 14, 
g 70339G>A an.d g 76488T>Cwere also to recur (Table 2 and Ata-ur-Rasheed et ai, 2002). 

Table-2: RBI Gene Alterations Identified 

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

Exon 8 RBZS" 12 yrslF Umlateral g59695C>T Tumor Arg2S5X; tennlnatlon 
Exon 8 RB56 2 yrs/M Bilateral g.59695C>T Blood Arg255X; tennlnatlOn 
Exon 10 RB27 2 yrs/M Umlateral g 64348C>T Tumor Arg320X; tennlnatlOn 
Exon 10 RB40" 2 yrs/F Umlateral g64365T>G* Tumor Tyr325X' tennlnatlon 
Exon 14 RB26 I yr/M Bilateral g.76430C>T Tumor Arg445X; tennInatlOn 
Exon 14 RB34 4mths/M Bilateral g.76430C>T Tumor Arg445X; tennlnatlOn 
Exon 15 RB60 II mthslM Bilateral g76898C>T Blood Arg467X; tennlnatlOn 
Exon 16 RB44 I yr/M Bilateral g.77073T>G Blood Tyr498X; tennInatIon 
Exon 17 RB58 I yr/M Bilateral g78238C>T Blood Arg552X; tennInatlOn 
Exon 17 RB59 I yrlM Bilateral £.78131G>A* Blood Trp515X, tennInatlOn 
Exon 17 RB63 7 yrs/M Umlateral g78250C>T Tumor Arg556X, tennlnatlOn 
Exon 18 RB54 3 mths/F Bilateral g.150061G>T* Tumor Glu587X; tennInatlOn 
Exon 18 RB65 2 yrs/F Bilateral g.150064ins4* Blood frameshlft 
Exon 19 RB55 9 yrs/M Bilateral g 153284C>T Blood Gln63 I X; tennInatlOn 
Exon2 1 RB74 4 yrs/F Bilateral g.160792deI22* Blood frameshlft 

Exon24 RB57 I mthIF Btlateral g.170383C>G* Blood Ser834X; tennInalton 
IVS3 RB66 3 yrs/M Bilateral j(.41924A>C* Blood AG>CG; exon skippIng 
IVSI2 RB23"" 2 yrs.lM Bilateral /(7033OG>A Blood GT>AT' exon skipPIng 
IVS 12 RB29 3 yrs/F Umlateral g7033OG>A Tumor GT>AT; exon skippIng 
IVS 12 RB73 5 yrs/M Bilateral g.73752G>A Blood AG>AA; exon skipping 
IVS 14 RB62 I yr/M Bilateral g76488T>C Tumor GT>GC;exon skIPPIn/( 
IVS 15 RB72 3 yrs/F Bilateral g.76940deI14* Blood del+20-33; exon skipping 
IVSZS RB35 2 yrs/M Bilateral g .173882T>C* Blood Polymorphism 

RB39 4 yrs/M Umlateral Tumor 
IVSZS RB36 5 yrs/M Bilateral g 174351T>A Blood Polymorphism 

Mutallons are designated according to their posillon In the genomic sequence of RBI (GenBank accessIOn no. LlI910.1). @RB23 has 
famlhal disease With one affected sibling and unaffected parents 'Novel changes Idenllfied In thIs study. • These paltents had 
mutatIOns that were heterozygous In tumors. 

With the exceptIOn of 2 patients who had mutatIOns Involving spItce acceptor sites of Introns 3 and 12, which 
would be expected to lead pOSSibly to In-frame deletIOns, all other mutatIOns produced premature tennInatlOn 
co dons (see Table 2) We did not correlate these genotypes With cItmcal and histological features SInce prevIOus 
studies that have attempted to correlate the position of nonsense mutatIOns with disease parameters such as age at 
diagnOSIs or number of tumor fOCI have essentially found no correlatIOn (Lohmann et ai., 1996). 

The senSitiVity of SSCP In general may not be high enough to detect all changes, and more effiCient 
techmques such as DHPLC may prOVide a better estimate of the frequency of small mutatIOns In the patient 
populatIOn studied. Our earher analYSIS of RB 1 mutatIOns USIng direct -sequencIng of all exons (Ata-ur-Rasheed et 
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ai , 2002) revealed mutattons m 7 of 14 
fl k 

pattents The frequ f d 
an Ing sequences m retinoblastoma has va db ency 0 etectlOn of mutatIOns wlthm RB I exons and 

1995 L h 
ne etween 200/, d 70· 

, 0 mannetal.,1996,Alonsoetal 2001) A .an Y.(see below,LlUet al 1995 Blanquetetal 
fr ,com pans f d ' " 

equency and types of small mutatIOns m th RB I on a ata obtamed In the present study WIth the 
shown In Table 3 It IS eVIdent that wh I the f gene reported for pallents from some other populatIOns IS 

lee requency of det t 
mutatlOOs IS very SimIlar across vanous I ec IOn vanes over a wide range the pattern of 

popu atlOns studIed th ' 
studIes being nonsense and frameshlft mutatIons (Table 3 S' e most predominant category (70-80%) from all 
cases, WIth a very small number of mlsse f) phce sIte mutatIons account for most of the remamlng 
expected to lead to frameshlfts nse or In rame mutatIOns Many of the sphce mutatIOns would also be 

Table 3: Frequency and Distribution of Small Mutal" . h . 
R 

Ions 10 t e Codmg Sequences ofthe RBI Gene 
eported from Different Ct' oun nes 

Patient Reference Screening Frequency % nonsense! % missense 0/0 splice 
population methodes) of frameshift & inframe site/intron from detection@ mutations mutations mutations 

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

UK LIU etal , 1995 SSCP 48% 74 8 17 

France Blanquet et al , 1995 DGGE 20%' 76 13 II 

Gennany Lohmann et al , 1996 SSCP,HDA, 68% 88 0 II 
sequencing 

Spain Alonso et al , 200 I Sequencing 67% 69 0 31 

Cluna Choy et aI. , 2002 SSCP 38%' 64 12 24 

India Ata-ur-Rasheed et Sequencing, 47% 70 0 28 
aI. , 2002, thIS study SSCP 

Shown above are the data reported for small mutatIOns m Ihe RB I gene deleclable by PeR-based analySIS of exons and sphce Slles on 
vanous populatIOns @Prequency IS gtven as %age of patients havmg detectable mutations % of each type of mutatIon IS the fractIOn 
oflbe tolal number of mutatIOn (percentages were rounded off and hence may not add up 10 100%) ' These sludles Included sporadIC 

umlateral retmoblastoma In a screen for constltutlOnal mutatIons 

< , 

The absence of detectable mutatIOns In a proportIOn of pallents m our study could be explamed m part by the 
presence of large deletIOns, eIther hetero- or homozygous A combinatIOn of approaches mcludlng quanlltatlve 
peR and sequencmg have been found to Identlfy mutatIOns m almost 90% of pallents (RIchter et al ,2003) Other 
phenomena such as mosaiCIsm, eplgenellc alteratIOns or a pOSSIble mactlvallon of RB I through mulallOn of non­
coding sequences may also be Invoked to explain the cause of dISease m the remamder of patients 

These studIes prOVIde a detaIled molecular genetIc analYSIS of retinoblastoma In an Indian populatIOn for whIch 
few studieS have been done so far. Data suggest that the mutatIOnal spectrum obtamed IS essentially SImIlar to that 
obtamed m other populatIOns and that more senSlhve and mulhple approaches to mutatIOn screeDlng WIll be 
reqUIred to determine the baSIS of dISease ID all pallents These data may contrIbute to the deSIgn and 

ImplementatIOn of screeDlng strategIes for pahents m the future 
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GFBI Gene Mutations Causing Lattice and Granular 
orneal Dystrophies in Indian Patients' 

'S, v. V. Kalyana Chakravarthi 1 Chitra Kannabiran,l Mittanamalli S. Sridbar,2 and 
Geeta K. Vemuganti~ , 

PuRPoSE, To Identify mutations III the rGFEI genc III Indmn 
patients WIth lattIce corneal dYMrophy (LCD) or grdnul,lr COr­

I neal dy~trophy (GCD) and to look for genotype-phenotype 
1. correlations. 

MEnrODS. Thjrty-~even unrelated patients were ~tlldied 18 
With LCD and 19 with GCD TIle dIagnOSIS of LCD Or GCD'was 

, made on the baSIS of CltlllCal ,md/or lu;topathologlCotl ev,llua­
tlOn Exons and tlankmg mtron ,cqucnces of the rGFBI gene 

, were amplified by PCR WIth speCIfic pnmers PCR products 
were screened by the method of slllgie-strand confonuation 
polymorphtsm followed by sequenclllg Mutatton, were con­
finued by screenlllg at least 100 unrelated normal cOlllrol 
subjects 

REsULTS. MutatIons were IdentIfied III 14 of 18 patIents WIth 
LCD and in all 19 patIents With GCD In LCD, three novel 
heterozygous mutatIons found were glycllle-594-valtne 
(Gly594Val) m 2 of 18 patIents, valtne-539-aspartlc aCid 
(Val539Asp) in 1 patIent, and deletIOn ofvalllle 624, valtne 625 
(Val624-Val625del) in I patient In addItIon, mutatIon of argl­
nme 124-to-cysteme (ArgI24Cys) was tOI111d 111 8 of 18 patients 
and histidme 626-to-arglllIne (Hls626Arg) In 2 of 18 pattents 
Atypical clinical features for LCD were noted III patients with 
the Gly594Vai and Val624-Va1625dcl mutatIOns In GCD, 18 
patients WIth GCD type I had a mutatIon ot argmlllc 555 to­
tryptophan (Arg555Trp) and I patient WIth GCD type m (Rels­
Bucklers dystrophy), had the Arg124Leu mutatIon Seven novel 
single-nucleotide polymorphtsms (SNPs) were also found , of 
which a change of leucIne 269 to phenyialanllle (l.eu269Phe) 
was found m 12 of 18 patients WIth the Arg555Trp mutatIOn 

CONClUSIONS. Arg124Cys and Arg555Trp appear to be the pre­
dominant mutations causlllg LCD and GCD, respectively, m the 
population studted The novel mutatIOns Identified in thiS 
srudyare asSOCiated WIth dlstmct phenotypes (Invest aphthal­
mol Vis Sci_ 2005,46121-125) DorIO 1167/lovs 04-0440 

Corneal dystrophtes involve the formation of corneal opac­
ities that are mo,t often charactenled by blldteral, tnher­

ited, noninflammatory, and progressive leSIOns The opacities 
are caused by progressIve accumulatIon of depo"ts tn the 
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cornea reslIitlllg in loss of transparenq' and ViSUal IInpamnent 
Latttce corneal dYMrophy (LCD) and granul,lf corneal dybtro­
phy (GCD) are autosomal dommant dystrophIes of the corneal 
stroma caused by mllt,ltlon, m the TGF/if gene (TGIIJI or 
BIGfl3 , transtormmg growth factor-(:l tnduced) on chromo­
some 5 at q31 I Z The protem product of the TGFBI gene, 
kemtoeplthehn, ,.., an extracellular m,ltnx protem expre~..,ed m 
many tlssucs, as wcll as tn the corneal cptthclmm ~ 4 Its func 
tJon In the cornea I~ not understood a'a yet, although Jt hJ~ been 
found to affect the adheslOn·of dIfferent types of cells \0 vItro 5 

10 the cornea, It presumably contnbutes to the structure of the 
extracellular matrIX 

LCD (OMIM 122200, On-ltne Mendeltan Inhentance \0 Man, 
http //www ncbl nlm mh gov/Omnn/ proVIded \0 the publtc 
domam by the NatIonal Center for BIotechnology InformatIon 
[NCBI], Bethesda, MD) IS a p"mary, u"lally bIlateral, corneal 
amylOIdOSIS charactenzed by rcfracttle Ime, that arc tn the 
torm ot a fine , branchtng network HIstologIcally, the depOSIts 
m LCD stam POSItIvely WIth Congo red and are blrefnngent 
under polanzed Itght LCD has at least four dtfferent subtypes 
(reVIewed \0 Ref 6) LCD type C IS an autosomal dommant, 
bilaterally symmetncal corneal dtsorder that IS charactcnzed by 
numerous translucent fine lattice hnes that ate aSSOCiated WIth 
whIte dots and famt haze III the suptrficl'1 and mIddle layers of 
the central stroma. LCD type Ill" " a late-onset dIsease of 
autosomal recessive mhentance th.lt appears ''11th decreased 
VISIon m the fifth to seventh decades of !tfe Asynunetrtcal 
findmgs are common L.attICe hnes extend up to che hmbus, are 
thtcker, and are more easIly seen WIth dtrect Illummatton than 
tho,e tn LCD type I LCD type lIlA dIffers from type III III the 
presence of erosions and an autosomal dommant mhencance 
pattern 9 Recently, LCD type IV has been de'<_nbed, WIth deep 
stromal opaCities and lace onset ot disease (-) 

GCD type I (OMIM 121900) IS charactenzed by small, dIS­
crete, sharply demarcated graY'sh whIte opacItIes m the ant:'~ 
nor central stroma resemblIng bread crumbs or snowflakes 
HistologIcally, the corneal deposlb statn poslttvely WIth Mas­
son tnchromc and are nonamylold II As the condItIon ad­
vJ.n<.es lOruVldud.1 leslons increa~e m S17e .md number and may 
coales~e, cxtendmg mto the deeper and more penpheral 
stroma GCD type 11 (AvellIno corneal dystrophy, OMIM 
607541), shares features of lattIce and granular dy,~~ophles and 
has both granular and amylOId types of depOSIts It IS cltnt­
cally sundar to GCD type I GCD type III " • superfiCIal vart.nt 
of GCD13 (Rels-Buclders dystrophy, OMIM 608470) and the 
depOSIts are morphologIcally smular to tho,e m GCD type I, 
but are present mainly m the Bowman's layer and beneath the 
eplthehum 

Phenotype-speCIfic mutatIOns have been characterllcd In 

the TGFBI gene Most patIents have muWtlons at mutatIonal 
hot spots correspondtng to argtnme 124 ,md argtnme 555 of 
the keratoepltheltn protem 'These mclude the argtnine 124-to­
cysteme (ArgI24Cys) mutatIon m LCD type I, argmme 555-to­
tryptophan (Arg555Trp) m GCD type L, argmine 124-to-hIStl­
dtne (ArgI24HI~) tn Avellmo corneal dy;trophy! 11 and 
argintnel24-to-Ieucine (ArgI24Leu) tn Rels-Bucklers corneal 
dystrophy" 10 addItIOn to these common mutatIOns, muta-
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TABU- 1. Details of TGFB! Gene MutatIons and Phenotypes of Proband~ ~tth I CJ) or Gel) 

Mutation in TGFBI Restriction 

Probands Site Histopatholo 

(n) Amino Acid eDNA Change Clinical Features Features 

8 Arg124Cys c 417C->'l <-pol- AntenoNo-mtd stromal lattice hnes AmyloId (4)t 

2 H1S626Arg c 1924A-<; Antcnor to-dcep MromaL LattIce Ime~ AmyloId (I) 

I Va1539Asp' c 1663T->A TaaI- Amenol and tnld-stLOmal lattice hnes AmyloId 

2 Gly594Val' c 1828G->T HmeIl+ Postenor stromal, thIck lattice iUles, NA 
late onset 

Va1624, Val625del' c 1917-22del AvaIl- Antcl10r slIOmal opacmcs and scarrmg. Amyloid in anteno 
no clImcally eVident lattl<..c Ime., 'itroma 

None IdenufIed Antertor to mId o,tromJl lattlLC hnes AmylOId 

18 Arg555Trp e 1710C-,I B;tXl+ Granular OpaCltleS 10 antcn.or thrrd to Masson +ve (9) 
fu ll stroma 

Arg124Leu c418G->T Cpol- SubeplthehaJ and stromal opacItIes 
wIth recurrence after graftIng 

Masson +ve depQSl 

'I he first column shows the number of pattents WIth each of the mutations Restnctlon sItes created (+) or destroyed (-) as a result 
mutatIOn are ",hown NA, data not tlvatlable 

'" Novel mutatlons 
t 1\umber of patients for whom data were available In {hose without a number, data were available for aU 

nonal heterogeneIty eXIsts, partIcularly in dtfferent forms of 
lattice dystrophy 16 

We screened the TGFBI gene for mutatIons in Indtan pa­
ttents wIth LGD and GCD to determine the range of mutation~ 
lmderlying these dIseases and to charactenze the associated 
phenotype~ LCD and GCD account for approxImately 15% to 
25% of all pattents WIth corneal dystrophy requtnng corneal 
grafts 10 our 111stltutton, a tertIary-care referral center 111 south­
ern Indta 17 No genetIc ~tudle~ have been reported so far on 
lattIce and granular dystroplues in IndIans We report the 
results of our study on 37 unrelated pattents (18 with tCD, 19 
With GCD) 

MATERIALS AND MErnODS 

The study protocol adhered ,to the tenets of the DeclardtlOn of Helsmkl 
Corneal dystrophIes were diagnosed by c1ullcal and/or hIstopatholog· 
ICdl eVdluation, and cltmcal exammatton wa~ performed by sht lamp 
blOtruCroSCOpv HistopathologiCal data were avatlable for 11 pattents 
wIth LCD and 10 patient", with GCD who underwent corne-AI trans­
plantatIon For histopathology, corneal sectIons were processed by 
standard methods and stalfled with Congo red or Masson tnchrome 
The presen<..e of amyloid wa~ confirmed by blrefnngence under polar· 
Ized ltght Blood sample..s were collected from patients and avatlable 
family member~ after ohtammg mformed consent and approval of the 
study by the Institutional ReView Board of the L V Prasad Eye Instt~ 

tute Among the pattent, studIed, 7 wIth LCD and 13 wIth (,cD had a 
family hlscory of rusease, and all pauents were btlaterally affected 
None of the patients had any systemic mamfestattons The control 
population con~lsted of 100 unrelated mdlVldual& who had no 111~tory 
of the diseases studied 

GenomIC DNA was Isolated from blood Leukocyte., by standard 
procedures 18 IndiVidual exons of the TGFBI gene were amphhed with 
prImers deSigned by tIS, spt.clfic for flankmg mtron ~equences (pnmer 
sequen<.es avatlable on request) peR ampLthed produLts of all 17 
exons were screened for sequence changes by the method of Single 
strand conformation polymorplltsm (SSCP), a~ preViously descnbed 19 

Fragmems showing altered mobil1ty relative to control subjects were 
sequenced bidirectIOnally Sequencing of punfied peR prouuclS was 
performed (BlgDye Termmator KIt on a model 310 Pnsm sequencer, 
ApplIed BloSj'stems, Inc [AB!!. foster CIty, CA) Sequences were 
compared With the publ~hed sequen<..e of TGFBI (GenBdnk acce~lOn 
no for genomIc sequence. A Y 149344, mRNA sequence- NM_000358, 
versIon NM_000358 I , http//www ncbl nlm nth gov/Genbdnk, pro­
VIded in the pubhc domalO by the Nattonal Center for BIOtechnology 

Info['matlon, Bethc",d.t, MD) Al l samples (hat were negative tor mu 
tlons on screenmg by SSCP, were sequenced directly in aU exons 
IdentIfy mutatIons At lea~t 100 normal unrelated control indiViduals 
well as family member., "'ere ~creened for Identlhed mutations t 
confirm pathogemclt)' peR restnctlOn fragment length polymorphlsl 
(RFLP) was used to test for [hc p['esence of vanow, mutatIOns 
unrelated control subjects and fanuly members RestnctIon Sit 
change& are detaIled to T.tblc 1 peR products of normal and mutan 
DNAs were dlge~ted With the reLev.tnt restnctlon enzyme and resolve 
on polyacrvlamlde or agarose gels DNA was vlsualJ.zed by stainmg wltlt 
ethldmrn bronude 

REsULTS 

Detads of mutatlons and phenotypIc fedntres of pattents are 
summanzed 10 Table 1. 

Mutations 

FIve mutatIOns, of whIch three are novel, were IdentIfied in 14 
patIents with a diagnosis of tCD EIght pattents had a mutatIOn 
of argimne 1,24 to cysteine (ArgI24Cys), two pattents had a 
mutatton of hIstid10e 626 to argInIne (lhs626Arg), one pancnt 
had a mutation of valme 539 to aspartic aCId (VaI539Asp), two 
pattcnts had a mutation of glyc10e 594 to valtne (Gly594VaI), 
and one pattent had an 1O-frame deletion of two amino acids, 
vahne 624 and valtne 625 (Val624-Val625del) All the mutations 
detected were heterozygous in pro bands and were absent In 
100 unrelated unaffected indtVlduals No mutattons were iden­
ttfiable aftcr sequenc10g of all exons of TGPBl10 the remaining 
four pattent~ EIghteen pattent~ with a dtagnosis of GCD type I 
had a mutatIOn of arg10Ine 555 to tryptophan (Arg555Trp), and 
one patient WIth a diagnosis of GCD type III (or Rels.-Buclders 
dystrophy) had a mutatIon of arginine 124 to leucine 
(ArgI24I.eu) PedIgrees with segregation of novel mutations in 
available famtly members are ~hown in Figure I 

Clinical and Histopathological Features 
of Patients 

LCD. C1l1l1cal and lustop,tthological features of patients 
bearing the three novel mutations Identllied In th,S study arC 
described 10 the following sectlons, 

Va1539Asp. The silt lamp photograph of the cornea of the 
proband IS ,hown in Figure 2A TIle opaCities were III the fonn 
of lattice lines in the anterior stroma, Cosegre~ation analysis of 
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FIGURE 1. PedJgrees of paocnto; havmg novel mutations In TGJ<'si 
shOWIng segregation ot mutattons and dIsease statu~ of mdlvlduJ.ls 
exam111ed (A) Va1539Asp, (8) Gly594Val, (C) Gly594Val, and (D) 
Va1624-Val625del Onl} parts of the pedIgree contauung mdlVlduals 
tested are shown M, mutant allele, +. wtld type allele Probandto> arc 
marked by an anow at the lower/eftofthe symbol Cosegreganon was 
checked by PCR~RFU) ( rcc;tnctlon enzymes used tor each mutatIOn arc 
m Table I) 

the mutation 10 tlus pedigree, shown 10 Figure lA, revealed 
that his older son, aged 34 years, affected but asymptomatic, 
was heterozygous for the mutation 

Gly594Vai Two unrelated patients with tlus mutanon had 
opaclttes 10 the postenor stroma on chmcal exammation They 
presented With late-onset rusease, 10 the sixth and seventh 
decades of hfe, and thick lattice bnes (FIgs 2B-D) extenrung 
IOto the corneoscleral lunbus No histopathological data were 
available for these patlcnt' Cosegregatlon analysis of the avail­
able members of the fanuhes of the two probands IS shown 10 
Figures IB and IC As shown in Figure IB, two offspring of the 
proband who were aged 44 and 40 years earned the mutation 
-but showed no signs of rusease on sIlt lamp exammatlOn 

Va1624-Va1625del One patient had thiS mutatIOn and 
showed marufestatlOns that are atypical of LCD (FIgs 3A, 3B) 
He had diffuse corneal opacities With no clear lattice hnes He 

FIGURE 2. Sltt view of pauent With mutation Va1539Asp showlll? 
lattice lines on mdIrect tllumlnauon (A) Dtffuse (B) and retroilluml 
nated (C) sltt lamp views of patient With Gly594Vai showmg thick 
lattice hoes with mtervening opaCity (D) Sltt lamp VIew of second 
pattent WIth Gly594VaI showing lattice hoes 

F'J.<.URE 3. Diffuse slit lamp VIew of the patIent ~lth deletion of 
Vat624-VaI62" (A) showmg opacIties [\jote the a<i'ioClared "pheroldaL 
degener-drlOn Nurow sht VIt"W of the COnted III the same p ancor (8) 
Congo fed stallled sectIon (C) when seen under polart.lc.c\ filters 
showed blrefnngence Ifi the subeplthcll.tl region (arrow ) MaglllhLa 
hon X 100 

complalOcd of progresslvc loss of VISIOn and photophobIa 
dunng hiS 20s and at the age of 30 years, underwent corneal 
graftmg The dIagnOSIs of LCD was based on the lustopathol 
ogy of the corneal button, which ,howed amylOId depOSIts 10 

the antenor ,troma (Pig 3C) The depOSIts were negative for 
Masson tnchrome H,s father and two slbhngs were reported to 
be sllmlddy affected 10 their 20, The hrother of the proband, 
who was also cxamlOed III our mstttutlOn, had scamng and 
depOSits III the superfiCial strom.! He WAS diagnosed to have 
corneal dystrophy of an unspecIfied type After a corneal graft 
at the age of 30 years, h1<topathology revealed amylOid depos­
ItS 10 the Bowman's layer and antenor stroma The pedIgree 
was analyzed for cosegregatlon of the mutation with dIsease, 
and detalb are ,hown 10 Figure I I) 

GCD_ Eighteen patients WIth granular dystrophy had the 
Arg555Trp mutatIon and pre,enle" with feature, of type I 
GCI), with granular opacities, the extent of whIch ranged from 
the antenor third to the full tluckness of the stroma (summa­
nzed 10 Table I) 

Onc patIent with the Argl24Leu mutatIOn, receIved a chn 
ICai diagnOSIs of Re,,-Bucklers dy'trophy (GCD type Ill) with 
stromailOvolvement, based on rhe presence of multIple opac­
Itle& In a honeyc.omb pattern m the ~ubeplthehal and &uperfi· 
cl3l ,tromal laye .... (Figs 4A, 4B) DI"ease had Its onset dunng 
the second decade The patient underwent corneal transplan­
tation Ul both eyes WIth recurrence of the opaotles withlO a 
few years of surgery HistopathologIcal evaluation revealed 
granular Mru,son posltJVe depo:,Its J11 the ')troma 

Polymorphisms Identified in TGFBI 

In addition to the mut.lttOns Just descrtbed, we Identified sev­
eral smglc nucleotide polymorplllsms (SNPs) 111 the TGFBI 
gene Details are shown 10 Table 2 Eight ex011lc polymor­
plusms, of wluch four are novel, and four IOtronlc polymor 
phlsms, three novel, were Identified Among the exolllc poly 
morphlsms, seYen were located at the thIrd base POSitIon of 
the respective codons and dId not result 10 a codon change 

The remammg exoOlc polymorphlMn, located m exon 7, 
consIsts of a C->T vanatlon at cDNA posItion 852, and results 

FIGURE 4_ Diffuse (A) and sht (B) vIews of proband with Argl24LclI 
mutation showmg multiple opacities m ~ubepltheha1 and anreno r stro 
mal regions 
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TABLE 2. SNPs In the TGFBI Gene 

Location 

Exon 6 
E-,.on 7 
Exon 7 
Exon 8 
Exon 8 
Lxon 11 
Fxon 12 
Exon 12 
IVSI2 
IVSI3 
IVS13 
IVSI4 

Polymorphlsm (codon) 

c 698C--->G (Leu2l7Leu) 
c 852C--->T (l.eu269Pbe) 
c 863C--->T (Asn272Asn) 
c 977C--->T (Hls3IOHls) 
~ J 028A--->G (VaI327Val) 
c l46,3C--->T (Leu472Leu) 
c 16'\ I G--->A CThr528Thr) 
c J667C->T (Phe540Phe) 
g 29683G/A 
g 336l8A(G 
g 33635T/A 
g 33836T/C 

NoveVReported 

Reported (20) 
No"el 
Novel 
Novel 
Reported (I'i) 
Reported (J 4) 
Novel 
Reported (14) 
Reported (14) 
Novel 
Novel 
Novel 

Polymorplusms Identmed are shown accordmg to pOSItion In 

eDNA or genolTIK DNA Codons Involved are given 10 parenthe!<tcs In 
column ~, the numbers mdKate the first pubhshcd report of the 
polymorphl'im (V~, Intervenmg sequence 

in a change of CTT (codmg for leucme 269) to TIT (pheny­
lalanme) 11us change was heterozygous m 12 of 18 patients 
with GCD type I and m 3 of 100 unrelated normal control 
subjects It cosegregated with the Arg555Trp mutatIOn m some 
affected fanuhes and m one fanuly (not included m tlus senes), 
affected members were homozygous for both the Arg555Trp 
mutatIOn and the Lcu269Phe variant (data not shown), suggest­
mg that the two sequence changes may be m ctS ThlS .poly­
morph.sm was absent m the pat.ents that we stud.ed who had 
LCD and Re.&'BuckIers dystrophy 

DISCUSSION 

Our study of 37 patients ot Indtan ongin with LCD and GCD, 
shows that the predominant mutatIOns causmg these diseases 
m the patient cohort screened were Arg124Cys (found m 8/18 
patients w.th LCD) and Arg555Trp (found m 18/19 patients 
WIth GCD) Although these two mutatIOn, have been found to 
be the major causes of LCD andGCD respectively m different 
ethlllc group,,21 populatlOn-'pectfic vanatlons in the preva­
lence of dtfferent mutations in TGFBI have been documented 
For example, GCD type II (Avellino corneal dystrophy) caused 
by the Arg124His mutation, .s the most common rype of GCD 
m Japan22 and His626Arg may be more trequent than 
Arg124Cy, among V.etnamese pat.ents with LCD 20> 

We observed a broad correspondence surular to that re­
ported m earher ,tudles, between mutations at arg111ine 124 
and arg.rune 555 res.dues m TGFBI and their associated phe­
norypes 2,14 In addlt.on, our stlldy demonstrates further muta­
tIOnal heterogene.ry m TGFBI and bnngs to hght unusual 
phenorypes of TGFBI-hnked corneal dystroplues (Table 1) 

The three novel mutations .dentlfied 111 th.s study were each 
assoc.ated w.th ditferent phenotypes of LCD All three muta­
tions mvolve the fourth fascicIin-ltke doma111 111 wh.ch moM 
pathogenic alterations in TGFBI have been found The two 
mIssense changes at valme 539 and gIycme 594, as well as the 
m-frame delet.on at val111e reSidues 624 and 625, 111volve h.ghly 
conserved res.dues, conserved among fascichn-ltke domains of 
several protems (NCB! Conserved Domam Database, available 
in the public domain at http//www,ncbi nlm mh gov/entrez/ 
query fcg,'db=cdd) 

For the Gly594VaI mutation, the clinical features in both 
probands (Table 1) were late onset of d.sease and the presence 
of deep ,tromal opacitie, that extended up to the hmbus 
These mamfestauons are simtlar to those reported for two 
other mutations-namely, Lcu527Arg24 and VaI631A,p21-and 
have been class.fied as LCD type IV 6 The Gly594VaI mutat.on, 
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to our knowledge, represents the third mutation caus! 
form of LCD Cosegregauon analysis in the famlly m ' 
revealed that fWO offspnng of one of the patientS (Fig, 
carned the mutation but dId not manifest disease It is p 
that the mutation carriers in tlus fantiIy may manifest dis 
a more advanced age or that this mutation has ineom 
penetrance, The l11gh degree of conservation of the fe$1 
mutated, as well a., the ab.ence of the change in 100 unrel 
control subjects support the conclUSIOn that it .s patho 

TIle novel deletIOn of Va1624-Va1625 occurred in a pa 
havmg diffuse corneal opaciues witll no cltmcally evident' 
t.ce type pattern anu amylOId depos.ts in the stroma (F'g. 3 
nonlatt.ce pattem of corneal opac.ficatlon has also been 
served 111 assoctauon with the Arg124Cys mutation," 
rat'111g the .dea that factors such as advanced stage dlse 
agemg, env.ronmental factors. or mod.fier genes colltflbut 
the phenotype In add.non, a nonlattice phenotype resul 
from a mutanon m TGFBI was reported in a fanuIy 
polymorphic cornca'! amyloidos.s.26 These data together 
large the range of phenorypic vanabiliry associated with T<l 
gene mutations and suggest that the latticc and nonlattice t 
of stromal amylo.doses shOWIng autosomal dommant mh 
tance may be part of a spectrum of phenotypes of the 5 

d.sease 
An mtere'tmg novel polymorph.sm .dent.fied in th.s s 

.s a change of leucme269 to phenylalanmc (Lcu269Phe) 
th.rds of the pat.ent. WIth GCD (12/18) with the Arg555 
mutation were hetcrozygous for Leu269Phe as were 3% 
normal control subjects Analys.s of a larger cohort of fa . 
with GCD is necessary to determine whether the Lcu269 
polymorph.sm .s in linkage diseqwlibnum with the Arg555 
mutat.on m th.s populatIOn To examine the possib.hty 
common ongm of the Arg555Trp allele in patients with 
Arg555Trp and Lcu269Phe changes, we looked at the ha 
types of the other SNPs that we .denttfied in the TGFBI ge 
as well a, of fiankmg microsatelhte marke" We found t 
there was more than one haplotype m th.s group of 12 patie 
(data not shown) The small number of patients with G 
studted did not perm.t a conclusion as to whetller there ' 
s'gmficJnt dIfference ill the frequency of any haplotypc 
tween pat.ents and control subjects 

No mutations were .dentified in four pat.ents d.agno 
w.th LCD climcally and histopathologically (Table 1). I 
poss.ble that mutat.ons 111 these cases lie WIthin the introns 
promoter of the TGFBI gene. 

The keratoeplthehn protein has four mternal repeat 
mains, the FAS1 domams with homology to fasciclm-l, 
msect ceil-adheSIOn molecule.27 Most of the mutations so 
reported he 111 the fourth fascicl11l-hke doma11l Structural m 
ehng of the fourth FAS1 doma11l in TGFBI has pred.cted t 
the mutanons in this domam possibly d.srupt the structure 
lead11lg to ITIlSfoldtng of the protein,zs Mutant keratoepith 
espec.aIIy for the Arg124 mutations, appears to wldergo 
nonnal prOCes.111g and lor turnover, resulting in tile accu 
latlon of mutant protem or fragments thereof 29 30 It may 
speculated tIMt the mutants within FASl domain 4 also foil 
a smular route. Leucme 269 is present in the second F 
domam ot keratoep.tlleIin (NCBI Conserved Domain D 
base). Because no pathogenic alterations have been found 
this regIOn, it is possible that sequence variations, especI 
replacement of one hydrophobic residue with another, as 
the case of i.eu269Phe, are tolerated Knowledge of the 
tions of the different domatflS of keratocpithelin may eve 
ally provide msight into the pathogenesis of the different fo 
of TGFBI-Iinked corneal dystrophies. 
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Genotype-Phenotype Correlation in 2 Indian 
Families With Severe Granular Corneal Dystrophy 
Chltm Kannablran, PhD, Mwanamalll 5 Sndhar MD 5 Kalyana Chakrava, lhl, MSc, 
Geeta K Vemugalltl, MD, Meena Lal,sltnllpathl, MD ' 

Objectives: To determll1e genotypes 1I1 2 Indian faml­
hes with severe glanular corneal dystrophy, to docu­
ment chmcal and lustopathologlc features , and to at­
tempt a genotype-phenotype correlanon 

corneal specimens from 2 homozygous pauen ts con­
firmed the presence of superficial granular depOSits 

Methods: MutatIOn analysIs of exon 12 of the TGFBl 
gene was carned out 1I1 9 individuals from 2 families 

Conclusions: To our knowledge, tbls IS tbe hrst mo­
lecular and chmcal charactenzatlon of severe granular 
corneal dystrophy In India Genotype-phenotype corre­
lanon and companson with ear~er reports on thiS enUly 
highlIght the umfonn expresslvIty of the Arg555Trp al­
lele In homozygous indiViduals Results: A C--7T mutauon at reSidue 1710 of TGFBI 

complementary DNA, correspondll1g to an Arg555Trp 
mutation 111 keratoeplthelll1, was found In affected mem­
bers of both fanuhes In 5 patlems, tll1S mutaUon was ho­
mozygous, and It was heterozygous 1I1 the other 4 Chm­
cal examination revealed a severe fonn of granular corneal 
dystrophy with early onset and superficial lesIOns In the 
homozygous indIViduals and a mIlder phenotype 1I1 the 
heterozygous indiViduals Iltstopathologlc evaluatIOn of 

Clinical Relevance: Homozygous granular corneal dys­
trophy has a severe phenotype and can be recogmzed 
based on chmcal and histopathologic features, espe­
Cially In assooaUon \Vlth consangUlmty or mbreedmg 
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G 
RANUI AR CORNEAL DYS­

trophy (Onhne Mende­
han Inhentance In Man 
121900) IS an autoso­
mal dominant disorder 

charactenzed by small whIle, sharply de-
marcaled spots that resemble bread crumbs 
In the cornea beneath the Bowman layer 
The opacltles vary III shape but usually fall 
Into 3 baSIC morphologiC types of drop , 
crumb, and nng shapes 1 2 The overall pat­
tern of depoSlUonls radial or disk shaped, 
or It may be III the form of a Chnstmas 
tree 1 Imnally, the regIOn of the corneal 
stroma between the opaclUes remams d ear 
VISion IS usually not affecled In the early 
stage of the disease, but some pauents may 
have mtld photophobia from hght scat­
leTlng by the corneal leSIOns In a subsel 
of pauents, erostve epiSodes are more com­
mon As the condltlon advances, mdl­
Vidual leSIOns mcrease In s ize and num­
ber and may coalesce They frequently 
extend mto deeper and more penpheral 
stroma However, 2 to 3 mm of the pe-

npheral cornea usuallyrema\ll~ free of de­
pOSits WHh more advanced disease, the 
Intervenmg cornea develops a diffuse hazy 
appearance Although the le~lOns can in­
volve the Bowman layer and result III su­
perfiCial trregu lantles, recurrent ero­
SlQns are unusual Visual Impairment IS 
rare before the fifth decade ofhfe and usu­
aUy develops secondary to tbe opaClflca­
uon of the Intervemng stroma Corneal 
sensanon IS vanably affected 

Atypical more ~evcre and early-onset 
forms of granular corneal dystrophy have 
been reported, m wluch onset of vISual loss 
occurs wlthm the fIrst to second decades 
of hfe and repeated corneal grafts are of­
ten necessary" These phenotypes have 
been hnked to homozyg6u~ mutatIOns III 
the dommant disease gene ' 6 

Granular corneal dystrophy anses as a 
result of mutations m the TGFBI (trans­
forming growth faclOr i3 mduced) gene on 
chromosome 5q31 , 7 the protem product 
of wInch ts known as keratoeplthelm 
KeratoepIlhelm IS expressed III the cor-
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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, MlM, homozygous mutant allele 
(Arg555Trp), and M/+, heterozygous mutant allele The number ' 3" In the 
first symbol In generatIOn II deSignates 3 male siblings 

nea and many other ti.<.sues, I~ up-regulated by trans­
formmg growth factor {:\, and IS an extracellular matnx 
protem, possibly medlatmg cell-cell adhesIOn S 10 Spe­
cIfiC mutattons m the TGFBI gene are responSible for dif­
ferent types of granular and lattlce types of corneal dy,­
trophies 7 These mutanons lead to the formatlon of 
msoluble depOSits Wlthm the cornea that are recogmzed 
by their charactensttc hIstopathologIc stammg proper­
tIes, whIch are dlstmctlve for granular and lattlce types 
of dystrophIes In granular corneal dystrophy, the cor­
nea shows hyaline deposits that are nonamylOld m na­
ture and stam positively WIth Masson trichrome Ultra­
~tructurally, the deposlts appear as rhombOId-shaped 
crystals Three subtypes of granular corneal dystrophy 
are dlstmgUlshed ba,ed on cllmcal and hIstopathologIc 
fea tures II Granular corneal dystrophy type I, ongmally 
descnbed by Groenouw, IS predommantly due to a mu­
tation that results 10 an Arg555Trp subsututton 12 We pre­
sent herem the chmcal and genetIc analy~es of mdlvldu­
als from 2 Indllln famIlies With muluple affected members 
havmg granular corneal dystrophy ConsangUlmty wa~ 
present 10 both famlhes There were 2 seventles of mam­
fe,tallon 10 the famlhe~ IndIVIduals wlth the more se­
vere phenotype were homozygous for the Arg555Trp mu­
tatlon, while those WIth a milder phenotype re~emblmg 
the "typIcal" fonn of granular corneal dystrophy were het­
erozygous for the Arg555Trp mutatIOn 

•• 
Molecular genetIc analyses were performed III 7 mdlVldual, (pa­
tIents IV 2, IV 3, IV 5, IV 7, V 1, V 2, and V 3) from family A 
and In 2 tndlvlduals (patients V 1 and IV 3) from family B 
(Figure 1 ) The study was appro"d by the InslltutIonal re­
VieW board, and blood .amples were collected from ,ublects 
after obtammg mformed consent Genomlc DNA was lsolated 
from leukocytes by standard procedures IJ Exon 12 o[ lhe 
I GFBI gene was ampltfted from 50 ng of genomic D:-.JA by poly­
merase cham reaction (PCR) uSing speCIfIc primers (thermal 
cycler PI C200, MJ Research, Inc, W",tertown, Mass) Se­
quences 01 the primers were 5'TCAGCGTGGTGAGGTATT­
TAAGG l' (forward) and 5'GGGCCCTGAGGGATCACTAC 
3' (Ie;erse) 

Cydmg condItIOn. Included an lIIuIaI denaturation at 94°C 
for 1 nunute, followed by 34 cycles of denaturallon at 94°C fo 
45 seconds, anneahng at 58°C [{)[ 30 ,"conds, and extenSIOn 
at 72Q C for 45 seconds 1 he amphfied products were punfled 
on Amlcon columns '(MdlIpore, Btllenca, Mass) and directly 
sequenced on the AB131 0 genellc analyzer (ApplIed BlOsys­
terns, FOSler CIty, CahO usmg PCR pnmers Sequences wer 
compared WIth those of healthy control samples and WIth th 
genonuc sequence of TGFBI (GenBank accessIon No A Y149344 
veNon AY149344]) 

The presence of the AIg555Trp mutanon, located III exo 
l2, was tested by dlgesuon With the enzyme B,tXl Polymer­
ase cham~eawon products of exon 12 were digested With BstXI , 
and the dIgested fragment, were resolved on agawse gel, DN 
fwm healthy indIVIduals was not cut by the enzyme and showe 
a band correspondmg to a fragment 0[259 base patrs (bp), "hlch 
was the full-length PCR product In addlnon tD the 259-bp frag­
ment, the presence of a heterozygous mutauon Yielded 2 frag 
ments of 182 and 77 bp, whIle the homozygous mutatIOn re­
sulted III 2 fragments of 182 and 77 bp In addlnon, 100 healrh) 
unrelated -control subjects were screened for the sequence 
changes Idenuhed 111 panents by dlgesnon With BstXI .. ' 

FAMILY A 

Patient IV'2 

A 40-year-old woman (the proband) was an offspnng 0 

a consangumeous marnage. She had had complamts 0 

defecuve VISIOn smce chIldhood Her VISIOn had wors­
ened m the last 4 years She had recurrent epIsodes 0 

watenng and photophobia m both eyes On examma­
tlOn, she had a VIsual acuity of countmg fmgers m both 
the eyes Corneal exammauon revealed coarse reticu­
late subepIthelial opacltLes m both eyes, WIth spherOIdal 
degenerallon mvolvmg the central cornea The opacl­
ues spared the hmbus but were close to It (Figure 2A) 
DetaIls of the antenor chamber and len~ were not VlSU­

ahzed She underwent phototherapeuuc keratectomy m 
the nght eye (Zyopuc; Bausch &: Lomb, Rochester, NY) 
After the eplthehal defect healed, she had a Visual acmty 
of 20/U5 OU and mldstromal granular opaCitIes and haze 
She underwent debndement of the leSIOns m the left eye 

Patient IV.3 

A 37-year-old man, the brother of the proband, had had 
whtte ~paclties 10 both eyes smce chlldh~od He com-
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FIgure 1. PedIgrees of the famlloes studied Ctear corcles and squares 
rndlcate unaffected women and men, respectIvely dark symbols, severely 
affected, shaded symbols, mIldly affecte~, asterisk, dIsease status unknown, 
double line, consangurneous spouses, M/M, homozygous mutant allele 
·(Arg555Trp), and ,M/+, heterozygous mutant allele The number "3' on the 
forst symbol In generatIon II deSignates 3 male slblongs 

nea and many other tIssues, I, up-regulated by trans­
fonnmg growth factor [3, and IS an extracellular matrix 
protem, possibly medlatmg cell-cell adhesIOn 8 10 Spe­
cIlk mutations m the TGFBl gene are responsIble for dIf­
ferent types of granular and lattl<:e types of corneal dy,­
trophIes 7 These mutations lead to the formallon of 
msolubl e depOSIts Wlthm the cornea that are recoglllzed 
by then charactenstIc hIstopathologic stammg proper­
ne" whIch are distmctIVe for granular and lattIce type, 
of dystrophIes In granular corneaL dystrophy, the cor­
nea shows hyalme depo,Its that are nonamylOId m na­
ture and stam posItIvely WIth Masson trIchrome Ultra­
structurally, the deposIts appear as rhombOId-shaped 
crystals Three subtypes of granular corneaL dystrophy 
are dlstmgUlshed based on chmcal and hIstopathologIc 
features II Granular corneal dystrophy type I, ongmally 
descnbed by Groenouw, IS predommantly due to a mu­
tatIOn that results m an ArgSSSTrp substItuuon 12 We pre­
sent herem the chmcal and genellc analyses of mdlvldu­
aLs from 2 IndIan famlhes WIth muLtIpLe affected members 
havmg granular corneaL dystrophy ConsangUlmty wa, 
present m both famlhes There were 2 sevenues of malll­
festalIOn m the famIlies IndIViduals With the more se­
vere phenotype were homozygous for the ArgSSSTrp mu­
tallon, while those with a milder phenotype resemblmg 
the "typIcal" fonn of granular corneal dystrophy were het­
erozygou, for the ArgSSSTrp mutation 

Molecular genetic analY'es were perfonmed 111 7111dlvlduals (pa­
tIents IV 2, IV 3, IV 5, IV 7, V I , V 2, and V 3) from famIly A.. 
and ,n 2 ondlvlduals (pallents V 1 and IV 3) from famIly 13 
(Figure 1) The srudy was approved by the ,"stnuuonal re_ 
VIew board, and blood samples were collected from sublecL. 
after obtammg mfOl med consent GenomIc DNA was tsolatcd 
from leukocytes by standard procedures 13 Exon 12 of the 
I G~BI gene was amphfled from 50 ng of genomic DNA by poly­
merase cham reaction (PCR) usmg speCIfic pnmers (thermal 
cycler PI ClOD, MJ Research, Inc , Wat"nown, Mass) Se­
quences of the pnmel'!> were 5'TCAGCGTGGTGAGGTATT­
TAAGG 3' (forward) and 5'GGGCCCTGAGGGATCACTAC 
3' (reverse) 

Cyclmg cond,tIOn. mcluded an InItial denaturallon at 94°C 
for 1 mmute, followed by 34tycles of denaturallon at 94°C for 
45 seconds, anneahng at 58°C ['Or 30 seconds, and .extenSIOn 
at 72°C for 45 seconds The amphfoed products were punfied 
on Amlcon columns (Mllhpore, BIllerICa, Mass) and directly 
sequenced on the AB13l0 genetic analyzer (Apphed Blosys, 
terns, FOSler City, Cahf) usmg peR pnmers Sequence.;; were 
compared \\~th those of healthy control samples and with the 
genomIc sequence ofTGFBI (GenBank accessIOn No A YI49344, 
verSIon AY149H4 1) 

The presence of the Alg555Trp mutation, located 111 c"on 
12, was tested by dlg"'tlon with the enzyme B,tXI Polymer­
ase cham reacuon products of exon 12 were dIgested with BstX!. 
and the dIgested fragments were resolved on agarose gel. DNA 
from healthy mdlVlduals was not cut by the enzyme and showed 
a band correspondmg to a fragment of 259 base paIrs (bp), whIch 
was the full-length PCR product In addItion to the 259-bp frag­
ment, the presence of a heterozygous mUlaUon y,elded 2 frag­
ments of 182 and 77 bp, while the homozygous mutation re­
sulted 1112 fragments of 182 and 77 bp In add,uon, 100 healthy 
unrelated -control subjects were screened for the seq uence 
changes Identified m patients by dIgestion WIth B,cXI 

-iBU·!I,,·jlMW· 
FAMILY A 

PatIent IV:2 

A 40-year-old woman (the proband) was an off<;pnng of 
a consangumeous marnage She had had complamts of 
defective VISIOn smce childhood Her VISIOn had wors­
ened m the last 4 years She had recurrent eptsodcs of 
watenng and phOlophobla in both eyes On exan1lna­
non, she had a VisuaL acuny of countmg fmgers m both 
the eyes CorneaL exammanon reveaLed coarse rellcu­
late subeptthehal opaclUes m both eyes, wtth spherOidal 
degenelanon mvolvlllg the central cornea The opacl­
lIes spared the hmbus but were close to It (Figure 2A) 
DetaIls of the antenor chamber and len~ were not VISU­
ahzed She underwent photo therapeutIc keratectomy m 
the nght eye (ZyoptIC, Bausch &: Lomb, Rochester, NY) 
After the eplthehal defect healed, she had a VIsual acuity 
of 20/US OU and mldstromal granuLar opacIties and haze 
She underwent debndement of the leSIOns m the left eye 

Patient IV:3 

A 37-year-old man, the brother of the proband, had had 
white opacItIes m both eyes smce childhood. He com-
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plamed that the opacIties were gradually mcreasmg He 
gave a hIstory suggestive of having undelgone lamellar 
corneal graftmg m the left eye 17 years earher On ex­
ammatlon, he had a visual acuity of counting fmgers at 
1 m 00 and at 2 m OS Corneal exammauon revealed 
coarse retlculate subepuhehal oraClUe, and some mld­
stromal granular opaotles He underwent superflctal kera­
tectomy m the left eye and debndement m the nght eye 
The keratectomy specimen was submitted forh,stopatho_ 
logiC exammatlOn One week after surgery, hiS Vlsual acu­
Ity was 20/S0 00 and 20/40,05, and there were mldstro-
mal granular opacltle, and scarnng , 

Patient IV'5 

Patlent IV 5, a sister of the proband who was 31 years old, 
complamed ofhavmg had white opaclUes m both eyes smce 
~he was II year~ old, which were progressively mcreas­
mg, with occaslOnal pam and watenng She had a best­
corrected Visual aCUlty of 20/120 OU Corneal examma­
Uon revealed coarse renculate subeplthehalleslOns The 
cornea between the leslOns showed deep ~tromal granu' 
lar opacllies She underwent superhclal keratectomy m the 
nght eye and debndement m the left eye The keratec­
tomy specllnen was submitted for histopathologic examl­
naUon Followmg surgery, her VlSual aCUltywas 20/6000 
and 20/125 OS, and deep stromal opacities remamed 

Patient IV:7 

Another Sister of the proband (patient IV 7), age 25 years, 
had had dlmmutlOn of vIsion m both eyes smce child­
hood She had undergone surgery m the nght eye 10 years 
prevlOusly On examm.tlOn , her Visual aCUlty was 201 
100 00 and 20/125 OS, the nght eye had a fatled graft, 
with renculate ~ubepllhebal opacities In the left eye, slml­
'iar opacmes were seen that were subeplthehal and m­
volvmg the antenor stroma These opaotles spared the 
penpheral 1 mm of the limbus She underwent debnde­
ment of the leslOns III the left eye Her Visual aCUlty Im­
proved to 20/60 OS There wa; antenor'stromal haze, wah 
granular deposlls m the s troma 

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

A 21-year-old man (pallent V 1) complamed of occa­
slOnal eye watenng He had a VIsual aC!lIty of 20/20 to 20/25 
OU On exammanon, antenor to mldstromal dIScrete granu­
lar opaclnes were seen (Figure 2B) , With a clear hmbus 

An lS-year-old lllan (pauent V 2) had a Visual aCUlty 
of 20120 OU Antenor to mldstromal discrete opaclUes 
were seen (FIgure 2C) The hmbus was free of opaclUes 

A 14-year-old girl (pauent V 3) had a VIsual aCUlty of 
20/20 OU, wllh antenor to Imdstromal opaclUes The lim­
bus was clear 

FAMILYB 

Patient Vol 

A 23-year-old woman , an offspnng of a consangUIneous 
marnage, had had complamts of dim mull on of VISIOn m 

Flgur. 2, Diffuse slltlamp VieWS from patlents m famIly A A, Right eye of 
patient IV 2, age 40 years, showmg dense subepithelial lesIons B, ~efl eye of 
patlenf V 1 age 21 years, showmg granular depoSits C Left eye of patient 
V 2 age 18 years shOWing granular depOSIts 

both eyes smce she was S years of age She al,o had 
complamts of hght sensItivI ty She gave a hIstory of 
havlllg undergone corneal graftmg m both eyes about 
10 years earher Her medIcal hIStory was unremarkable 
She had a vls",al acUlty of lOuntmg fmgers at I 5 m OU, 
which could not be unproved further Antenor segment 
evaluauon m both eyes showed confluent subepnhehal 
opacmes involvmg the enure graft, extendmg mto the 
po,tenor cornea (Figure 3A) She underwent pen­
etratmg keratoplasty m the nght eye FIve months after 
surgery, she had a v"nal acuny of 20/40 00 At her re­
cent follow-up, the graft was clear, and she had an lll­

traocular pressure of 14 mm Hg (Flgure 3B) The cor­
neal button was subjected to roUlme histopathologic 
evaluatlOn 
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Family A 

III 

IV 

Faml!yB 
I' 2' 

III 

IV 

M/M 

Figure 1 Pedigrees of the families studied Clear corcles and squares 
indicate unaffected women and men respectively, dark symbols, severely 
affected shaded symbols, mildly affected, asterosk, dlsease'Status unknown, 
double hne consanguineous spouses, M1M, homozygous mutant allele 
(Arg555Trp), and M/+, heterozygous mutant allele The number "3" on the 
forst symbol In generation II deSignates 3 male siblings 

nea and many other tJOsues, I~ up-regulated by trans­
formmg growth factor [3, and IS an extracellular matnx 
protem, possibly medJatmg cell-cell adhesIOn 810 Spe­
cific mutanons m the TGFBI gene are responsible for dif­
ferent types of granular and latnce types of corneal dys­
trophies 7 These mutanons lead to the formanon of 
m~oluble depOSIt; within the cornea that are recogmzed 
by then charactensuc histopathologic stammg proper­
ties, which are dlstmctlve for granular and lattlLe types 
of dystrophies In granular corneal dystrophy, the cor­
nea shows hyalme depOSits that are nonamylOid m na­
ture and stam POSlllvely with Masson tnchrome Ultra­
structurally, the deposits appear as rhombOid-shaped 
crystals Three subtypes of granular corneal dystrophy 
are dlstmgUlshed baoed on climcal and histopathologic 
features 11 Granular corneal dystrophy type I, ongmally 
descnbed by Groenouw, IS predommantly due to a mu­
tatIOn that results man Arg555Trp subsntutlOn 12 We pre­
sent herem the chmcal and genetic analyses of mdlVldu­
als from 2 Indian famlhes WIth mulnple affected members 
havmg granular corneal dystrophy ConsangUlmty wa, 
present m both famlhes There were 2 seventIes of mam­
festatlOn m the famlhes IndiVidual> with the more se­
vere phenotype were homozygous for the Arg555Trp mu­
tanon, while those With a milder phenotype re.<>emblmg 
the "typical" fonn of granular corneal dystrophy were het­
erozygous for the Arg555Trp mutauon 

--------. §lil!!.!.; .1------
Molecular genetic analyses were performed In 7 mdlVlduals (pa­
toents IV 2, LV 3, IV 5, IV 7, V 1, V 2, and V 3) f,om fanuly A 
and on 2 ondlvldual, (patoents V 1 and IV 3) from family B 
(Figure 1) The stlldy was approved by the Institutoonal re­
vIew board, and blood sample, 'Were collected from sub,ects 
after obtammg mformed consent Genomlc DNA was Isolated 
from leukocytes by standard plOcedures 13 Exon 12 of the 
I Gf- HI gene was amphhed from 50 ng of genomIC DNA by poly­
mera,e cham reaellon (PCR) usmg specdle pnmers (thermal 
cycler P L C200 , MJ Research, Inc , Waterto\\ n, Mass) Se­
quences of the pnmers were 5'TCAGCGTGGTGAGGTATT­
TAAGG 3' (forward) and 5'GGGCCCTGAGGGATCACTAC 
3' (reverse) 

Cyclmg condmons mcluded an InItoal denaturatoon at 94'C 
for 1 mInute, followed by 34 cycles of denaturatIOn at 94' C for 
45 <ieconds) anneahng at 58°C [-or 30 -seconds, and extensIOn 
at 72°C for 45 seconds 1 he amphfled products were punfied 
on Amlcon columns (MIlhpore, IlIllenca, Mass) and directly 
sequenced on the ABI3IO genetic analyzer (ApplIed BlOSYS­
tems, Foster CIty, CahO usmg PCR prnners Sequences were 
compared Wlth those of healthy control samples and wnh the 
genonuc sequence ofTGFBI (GenBank aCCCSSlOn No A YI49344, 
ver>lOn AY149344 1) 

The presence of the Alg555Trp mutatlOn, located 111 exon 
12, was te,ted by dlge'llon wnh the enzyme B'tXI Polymer­
ase challl~eaCtlOn products of exon 12 were dIgested WIth BstXI, 
and the dIgested fragment' were resolved on agarose gel, DN 4. 
from healthy mdlVlduals was not cut by the enzyme and showed 
aband correspondmg to a fragment of 259 base paors (bp), WhlCh 
was the full-length PCR product In addmon to the 259-bp frag­
ment., the presence of a heterozygous muLalion YIelded 2 frag­
ments of 182 and 77 bp, whIle the homozygous mutation re­
sulted 1Ol2 fragments of 182 and 77 bp In addition, 100 healthv 
unrelated ~on[rol subjects were screened for the sequence 
changes Identified In patients by dIgestion WIth B'tXI 

FAMILY A 

Patient IV'2 

A 40-year-old woman (the proband) was an offsprIng of 
a consangumeous marnage. She had had complamts of 
defecnve VISIOn smce childhood Her VISIOn had wors­
ened m the last 4 years She had recurrent episodes of 
watenng and photophobia m both eye<, On examma­
non, she had a Visual acUIty of countmg fingers III both 
the eyes Corneal exammatlOn revealed coarse rettcu­
late subeplthehal opacltles III both eyes, wtth spherOIdal 
degenerallon mvolvmg the central cornea The opacI­
ties spared the lImbus but were close to tt (Figure 2A) 
DetaIls of the antenor chamber and lens were not visu­
ahzed She underwent photo therapeutic keratectomy m 
the rIght eye (ZyoptlC, Bausch &: Lomb, Rochester, NY) 
After the eplthehal defect healed, she had a VIsual aCUIty 
of 20/125 OU and mldstromalgranular opacIties and haze 
She underwent debndement of the leSIOns III the le[t eye 

Patient IV:3 

A 37-year-old man, the brother of the proband, had had 
whue opacities III both eyes smce chIldhood He com-
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plamed that the opaCitIes were gradually mcreasmg He 
gave a hIstory suggestIve of hdvmg undergone lamellar 
corneal graftmg m the left eye 17 yearsearher On ex­
ammanon, he had a vIsual acuny of countmg fmgers at 
1 m aD and at 2 m as Corneal exammatlon revealed 
coarse retIculate subepIlhehal opacltles and some mld­
stromal granular opacltles He underwent superftClal kera­
tectomy m the left eye and debndementmthe nght eye 
The keratectomy specImen was submmed for hIstopatho­
logIC exammatlOn One week after surgery, h,S vISual acu­
Hy was 20/80 OD and 20/40 a s, and there were mldstro-
mal granular opaCllles and scarnng , 

PatIent IV.5 

Panent IV 5, a sIster of the proband who was 31 years old, 
complamed ofhavmg had whIte opacItIes m both eyes smce 
~he wa~ II years old, whIch were progresslvely mcreas­
mg, wnh occaslOnal pam and watenng She had a best­
corrected VIsual aCUIty of 201120 au Corneal examma­
tIon revealed coarse renculate subeplthehalleslOns The 
cornea between the leswos showed deep stromal granu­
lar opacltles She underwent superfIcIal keratectomy m,the 
nght eye and debndement m the left eye The keratec­
tomy specllnen was submlttedJor hIstopathologIc examI­
natIon Followmg surgery, her VIsual acuny was 20/60 aD 
and 20/125 OS, and deep stromal opacltles remamed 

Patient IV.7 

Another SIster of the proband (panentIV' 7), age 25 years, 
had had dnnmutlOn of vlSlOn m both eyes smce chIld­
hood She had undergone surgery m the nght eye 10 years 
prevIOusly On exammatlOn , her VIsual aCUlty wa~ 201 
100 OD and 20/125 as, the nght eye had a faIled graft, 
WIth renculate ~ubeplthehal opacltles In the left eye, SImI­
lar opaclnes were seen that were subepnhehal and m­
volvmg the antenor stroma These opacltles spared the 
penpheral 1 mm of the hmbus She underwent debnde­
ment of the leslOns m the left eye Her vlsual aCUIty Im­
proved to 20/60 OS There was antenor stromal haze, WIth 
granular deposHs m the stroma 

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

A 2l-year-old man (patient V 1) complamed of occa­
SIOnal eye watenng He had a VIsual acuny of20120to 20125 
au On exammanon, antenor to mldstromal dtscrete granu­
lar opaclnes were seen (FIgure 2B), WIth a clear hmbus 

An IS-year-old man (pauent V 2) had a VIsual ",cuny 
of 20/20 au Antenor to mldstromal d,screte opaCIties 
were seen (FIgure 2C) The hmbus was free of opacHles 

A 14-year-old gIrl (pauent V 3)had a VISual aCUIty of 
20120 au, WIth antenor to -Imdstromal opacltles The hm­
bus was clear 

FAMILY B 

Pallent V-I 

A 23-year-old woman, an offspnng of a consangumeous 
marTlage, had had complamlS of dlmmutlOn of VISIOn m 

Figure 2 Diffuse shtlamp views from patlents ;ln faml1y,A A, Right-eye of 
pat"nt IV 2 age 40 years, shOWing dense subepithelial lesions B, Len eye of 
patrent V 1, age 21 years showlng,granular depOSits C, Left eye of pat"nt 
V 2, age 18 years shOWing granular depOSits 

both eyes smce she was 8 years of age She also had 
complamts of hght SenSlllVl!y She gave a 1115 tory of 
havmg undergone corneal graftmg m both eyes about 
10 years earher Her medIcal hIStory was unremarkable 
,he had a vIs"al acuIty of wuntmg fmgers at 1 5 m OU, 
whIch could notbe unproved further Antenor segment 
evaluation m both eyes showed confluent subeplthehal 
opaclUes mvolvmg the enure graft, extendlllg 1I1to the 
posterior cornea (Figure 3A) She underwent pen­
etratmg keratoplasty m the nght eye FIve months after 
surgery, she had a VISual acuity of 20/40 aD At her re­
cent roHow-up, the graft was clear, and she had an m­
traocular pressure of [4 mm Hg (FIgure 3B) The cor­
neal button was subjected to routme hIstopathologIC 
evaluation 

(REPRINTED) AROi OPHTHALMOLIVOL 123, AUG ;010;9 WWW ARCHOPIiTHALMOL COM 

Downloaded from www archophlhahnol.com on S~ptcmber l, 2008 
©2005 American Medical AsSOCIation. All nghts resf!rved 



FIgure 3. DIffuse slltlamp vIews from patIent In ·famlly B A RIght eye of 
patIent V 1, age 23 years, showing granular opacItIes Involvoog the gralt 
Note that the lesIons are beyond the graft, reachIng close to·the limbus 
B, Same eye following a repeated penetrating keratoplasty Note the clear 
gralt, wIth lesIons beyond the graft 

Patien,IV:3 

A 4 1-year-old woman had had compla1Ots of dlm1Ou­
tlon of VI~\On m both·eyes smce age 1 Y2 years HervI~ual 
aCUIty was 20/25 OU. AnterIOr segment evaluation re­
vealed dIscrete opautles 1OvolVlng the antenor to mld­
stroma 10 both eyes The results of the rest of the ocular 
exammatlOn were normal 

RESULTS 

Because the Arg555Trp mutatIOn IS a predommant cause 
of granular corneal dystrophy, we screened for the pres­
ence of thIS mutallon m 9 members of the 2 famlhes 
(FIgure I) All mdlVlduals were tested by dIgestIOn of the 
PCR-ampllfled product of ex on 12 wllh B,IXI as de­
scnbed III the "Methods" section A homozygous C~T 
tranSlHon (at reSIdue 1710 of TGFB! complementary 
DNA) ·correspond1Og to the Arg555Trp mutation was 
found 10 paltents IV 2, IV 3, IV 5, and IV 7 from famIly 
A and 10 patientV.1 from famllyB This change was het­
erozygous m patIents V 1, V 2, and V 3 from falmly A and 
III patient IV 3 from famIly B To confum that the ob­
served patte·rns vf BSIXI restnctlOn dIges ts torre-

sponded to homozygous and heterozygous mutations, a 
represental1ve sample of each these pallern, was <;ub­
Jected to dIrect sequencmg (data not shown) 

The chmcal features of all pauents are <;ummanzed In 

the Table Patients wllh thc homozygous Arg555Trp mu­
tauon had early-onset d,sease that mamfested during chIld­
hood, severe VIsual loss, and a dense retIculate pattern of 
opacll1e<; on ~htlamp examlllallon that was superfICIal 
(FIgures 2A and 3A) In fanuly A (Figure 1), thIS mcluded 
4 slbhngs, who were the offspnng of first COUSIns Two of 
these (patients IV 3 and IV 7), who hadcornealgraflS, had 
a rapid lecurrence of dlsea,e, WIth opaCities redeveloping 
wuhm 2 and 10 years of surgery, respecl1vely Their mother 
was leportedly affected, although we did not examme her 
No mformatlOn IS aVailable about the father, who was<ie­
cea,ed The chIldren of these homozygous mdlVlduals ale 
obligate heterozygotes Three of the offspnng were s tud­
Ied, namely, pallen,ts V 1, V 2, and V 3 A, shown m the 
Table, although they,had discrete granular opacltles on sht­
lampexamlllatton, they were asymptomatic (theolde5t pa­
nent exammed III thiS generallon was 21 years old) and had 
VI;ual acultles of 20/20 OU The opacilles were located 111 

the antenor and mldstroma, III contrast to the predomi­
nantly subepithelial opaclues seen III the homozygous par­
ents In famllyB (FIgure 1), pallent V 1 was homozygous, 
,he wa, the offspnng of a consangumeous marnage. Her 
parents were reportedly affected, although they were not 
exammedat ourm~lltullon The features of her disease were 
SImIlar to those of the homozygous members of famtly A 
(Table) PatIent IV 3 (Figure 1, family B) d"played amtlder 
phenotype that was consistent with the typical form of 
granularwrneal dystrophy 

I ltstopathologlc exammatlon of the keratectomy speCi­
mens from patients IV 3 and N 5 of famtly A showed ,nUl­
lar features The eplthehum was made up of 2 to 5 lay­
ers of cells, WIth areas of attenuation and absent Bowman 
layels There were eosmophlhc, patchy to confluent, Ir­
regular depo~lts seen m the subeplthehal regIOns, caus­
mg attenuation of the overlymg eplthehum (Figure 4A) 
The depo"ts appeared bnght red w'lth Masson trl­

chmme stammg (figure 4B) 
The keratoplasty specimen from patient V 1 (family 

B) showed an mtact eplthehum With patchy, trregular de­
pOSitS that were abundant m the subeplthehal stroma, WIth 
some depOSits m the deep stroma The deposIts stamed 
bnght red with Ma~on tnchrome, consistent WIth granu­
lar corneal dystrophy (Figure 4C). 

-----...,_ liM"" _1-------
Homozygosity for domlllant disease genes IS a rare oc­
currence, found m some commumues where mbreed­
mg IS prevalent. Most dommant d"ea,e genes show par­
l1al dommance, resultmg m an mcreased seventy of disease 
mamfestatlon m homozygotes, sometimes affectmg other 
tissues or organs There are few examples of true domi­
nance, m which there are no dIfferences m phenotype 
between homozygotes and heterozygotes for the dIsease 
gene A promment example of true dommance IS Hun­
tington disease 14 A Similar phenomenon has been ob­
served m vltleous amyloldo"s," ansing from a muta-
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,> TablOl qlinlc~1 Fealures and MUlalion Status of Palients \N'lh G 
'., _ • ' 4 ' " _ i ' " !" ranular-Corneal Dystrophy 
, f.'l ient ~atijre " - ~( ."or - " , $ , 
, ,t{07 Kge.~l Onset olOp 'tv ~c~trpn \~. , vA at 'Su'1ll,c31 

a,CI ot es.!ons' S'U-r!l$e:yf , ,P",selj/ation ,Proce~ure VA After 
SurgelY 

Jinal 
Climcal Pu:ture . 

Mutation 
Status • F'I!iJdV,A 

Subepithelial -None 
201125 au Central comeal haze Homo/Jgous 

jV'2 F"~t to second Coarse 
dec3!jes retlculale 

IY;;! Coarse 

CFOU PTK 

Subep,thel@I" ),Kile" ej'I!l OF 60 aurem)r " Oejinooment 20180 00 
s\fo"" _ (nght eye), 20/40 0$ 

Firsl to"s~con~ 
decaQes retlcu!ate Colneal haze Homo/Jgo~s 

IV~' Fir~t to second Coarse S a. I , / 'SK (leff eye) 
u,beplule!llj!, I'!on~ .;o(j,20 au s~ (rigllt eye) lO/60 00, 
antenor '"' -
slroma ~ debndefnent 201125 as 

1'<'1' Ar,st-to S8' cond C [ (left eye) 

'decapes retlcul~te Slight comeal haze, 
midstromal 
depo~ts 

Homozygous 

decades oar~e 'SUbePlthella , PK (ng,hieye)' 20il,00 00 Deb ndement 20/60 as 
reticulate A' , . " ~91~$aS, (left eye) 

Fruled graft (n(jht eye), 
coWeal haze 

Homo/Jgous 
, 

DIScrete :Antenar 10 '1: Noh; (?/ 40tlO,igl2g'QU 'None 
granular !)1ldstrgfl);i.·. , 

Y , Y 1 Ao/mptowallc 
• at 211 

(left eye) 
Heterozygous 

'iJ!J. MymptoU\atlc 
~118y 

\~ ' jl'synjptomatlc 

Discrete AnteMrto / NQn: - -2Qh'il 611, :: None 
Qranulai tTJldst~m,!>- ( / }. / Heler6zygoys 

, '.t14 y 
Dlscre\. e.nt~~lor JO) i.fioo,[:, • .20120:0tf 

granular .J11ld~tl.9tna . -;~ , 
'None Heiero/Jgous 

...-~ ~ / r 1;" 

Confluent >su¥~il~el!al; 'gK?(tl,6th ~t.es) cfolf~; ' PK,repeated 
~rlor Y' / r , i rlght eye) 

FamilY B' 
~ ~V+f'- ~ first to<second 

~ -; ... '7 .t:1eea.des 20/40 00 Clear graft 
i 

Homozygous 

..stWma- ) '" ,, ". I' '1)L4 ..,. 
DIscrete Jinte·n~9ftt N9flt ) "? ~ '<l' ",®.d1PY t{ I' ;~ofte~ 

granolar mldstfoma. ) . "Y~" "I ,/ 1 

.: ?, • y (J .. }t', .J.;... -" ....... 't.-,j 

Heterozygous 

act,~brevlatlons CF, counting fmgers LK lamellar keratoplasty PK, penetrallng keratoplasty PT!<. phototherapeullc keratectomy, SK, supertlclal keratectomy. VA, vIsual 

"'Before the patIent was seen at our rnstltutlon 

tlOn m the tran;thyretm gene, and m reumtl; plgmento,a, 
caused by a mutatlon m the rhodopsm gene 16 At the other 
extreme IS an mstance of a homozygous mlssen,e mu­
tation m the myocllm gene m a family With pnmary open­
angle glaucoma, which re, ulted m a normal phenotype, 
whereas heterozygotes for the same mutation were af­
fected 17 The presente of a phenotype only m heterozy­
gotes has been attnbuted to a domman t negatlve effect 
of the heterozygous mutant allele 

We report herem for the ftrs t lime , to our knowl­
edge, the chmt'll l, hr;topathologlc, and genenc analyse, 
of a severe form of granular corneal dystrophy m India 
Our data from 2 famlhes support the Vlew that there IS a 
"dosage" effect of the mUlant protem m homozygotes for 
the Arg555Trp mutatIOn m keratoeplthelm Compared 
With heterozygotes from the same famtly, mdlvlduals ho­
mozygous for the mutatlon dIsplayed a severe pheno­
type Despne the ubIqUitous expressIOn pattern of the 
TeFBl gene, homo zygotes had no obvlOu; mamfesta­
nons m other organs 

Severe forms of granular wrneal dystrophy have been 
documented m prevIOus studies Before knowledge of the 
geneUc defett underlymg granular corneal dy,trophy, the 
severe phenotype was proposed to be due to homozygos 
Ity, as suggested by pedigree data " 18 19 Such a phenotype 
has subsequently been hnked to homozygous mutattons 
of TeFRl, mcludmg Arg555Trp6 and Arg124Hls 20 21 The 
charactensucs of the severe form or disease m all pallents 
descnbed m these earlier reports are early on,et (m the flr;t 
to second decades of hfe) , rapid recurrence after surgery, 
and mUltiple ;urglcal protedures' 6 Notably, depOSIts are 

predommantly located m the superfICial cornea, With most 
lesIOns at the level of Bowman layer,'6 Ieadmg to the tenn 
supeificeal Jltvelll/c grcenular dy,trQpley 4 The;. feMure$ are 
SImilar to those of the homozygous patients 1Il our study 
(Table and Figure 4) The ;uperftcral confluent nature of 
the depOSits may be suggestIve ofRels-Bucklers corneal dys­
trophy,"2 but the cbl1lcal appearante of Rer;-Buckler; lOr­
neal dystrophy, whIch consISts of fine opac\lles that show 
a geographIC pattern, "different from that of the pauents 
m our study Another unusual feature that we observed was 
that lesIOns extended d o,e to the hmbu; m the homozy­
gous mdlvlduals (fIgure 2A), compared with the typIcal 
fonn of granular wrne.,,1 dystrophy 

Superflclal keratectomy , phototherapeuuc keratec­
tomy, and SImple debndement are alternanve mode; of 
treatment of thl' condmon In both famlhes, the depos­
Its returred after penetratmg kelatoplasty and lamellar 
keratoplasty (Table) SaJJadl andJavadl' reported deeper 
recurrence after penetraung keratopla;ty m patIents with 
superfiCial Juvemle granular corneal dystrophy 

The mcreased dosage effect due to homozygosIty for 
the mutant TeFBl allele may explam an mcreased se­
venty of dr;ea~e, yet IllS not clear why the depo;lt; ~howed 
an altered dlstrIbullOn TypIcal granular corneal dystro­
phy re;ultmg from a heterozygou~ Arg555Trp mutallon 
shows granular depOSits pnmanly m the s troma Kera­
toeplthe1m I; pre,ent mamly m th e tarneal eplthelium 
and Bowman layer hut 15 also seen 111 the stromal Inter­
lamellar reglon~ and at the Descemet membrane n 24 How­
ever, TeFBI messenger RNA IS expressed pnmanly m the 
eplth ehum of the normal adult tornea, dunng corneal 
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FIgure 4. PatIent IV 5 In famljy A (A and 8) A, Corneal section from the 
keratectomy specllnen shows reddIsh crystalline subepIthelial depOSIts, 
causing attenuatIOn of the overlYing epIthelium (hematoxylin-eosin, angInal 
magnificatIOn x400) B, DepOSIts appearedbnght red on staIning WIth 
Masson trichrome (origmal magmflcatlon, x400) C, Corneal button section 
from patient V 1 In famIly B shows confluent bnght red depOSIts In the 
subepIthelial stroma, WIth some depOSIts In the deep postenor stroma 
(Masson tnchrome, anginal magnifIcatIon x100) 

development and wound healmg, It IS expr.essed m all 
regIOns of the comea 2> Mutant keratoeptthelm IS pre­
sumably a component of the comeal deposits found m 
granular and iatllce dystroph,es, as md,cated by Immu­
nohIstochemICal stndles 2426 Although, to our knowl­
edge, there have been no studIes on the Arg555Trp­
mdnced changes m the keratoeplthelm protem, It can be 
speculated from mvestlgatlOn of the ArgI24Leu muta­
tIOn that the nonamylOld types of depOSIts do not result 
from abnormal proteolYSIS ofkeratoeplthehn but may be 
assoCIated WIth a change III protem stabIlIty" or abnor­
mal mteractlOns ofkeratoepnhelm The predommantly 
epithelIal locatIOn of depOSIts m homozygous IlldlVldu­
als may suggest that the WIld-type allele of TGFBI has a 
protectIve 01 allevlatmg effect and that Its absence, as m 
the case of a homozygous Arg555Trp mutant, promotes 
the depOSitIOn of other protems of eptthehal ongm along 
WIth mutant keratoeplthelm 

Whatever the exact pathogeneSIs of the homozygous 
fOlm of granular corneal dystrophy, the resultmg phe­
notype m tenns of VIsual prognosIs and pattelll of cor­
neal depOSIts appears d,stmctIve m Its seventy, as ob­
served m our patIents and m previously described patlents 
from dIfferent populatIons 46 We suggest that the se-

vere phenotype of the d,sease descnbed herem IS d,stm­
gmshable from the typIcal heterozygous form of granu­
lar corneal dystrophy The presence of these clInical 
feature,suggest<; pOSSIble underlymg homozygoslly, es­
peCIally among patlents from commumtles where m­
brecdmg IS prevalent Our data further establIsh that there 
IS a consIStent genotype-phenotype correlatIOn among ho­
mozygous mdlvlduals WIth granular corneal dy~trophy 
across dIlferent populanons 
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Figure 4. Pal18nliV 5 10 family A (A and B) A Corneal seclion from Ihe 
keraleclomy specimen shows reddish cl)'slailine subepllhellal deposlls 
causing attenuatlOno! IheoverlYing epllhellUrn (hematoxylin eosm orlgmal 
magmflcatlon x400) 8, Deposits appeared bright red on stammg wtlh 
Masson trichrome (onginalmagm!lcation. x400) G. Corneal'bullon secllon 
frompallenl V 1 In family 8 shows confluent brlghl red deposits In the 
subepithelial stroma, with some deposits In the deep postenor stroma 
(Masson trichrome, orlgmalmagmflcallon x100) 

development and wound healmg, It IS expr.essed m all 
reglOno of the cornea 2, Mutant keratoepllhelm IS pre­
sumably a component of the corneal deposits found m 
granular and latllce dystrophies, as mdlcated by Immu­
nohistochemical studies 2426 Although, to our knowl­
edge, there have been no studies on the Arg555Trp­
mducedchanges m the keratoeplthelm protem, It can be 
speculated from mvestigatlOn of the IIrg124Leu muta­
tion that the nonamylmd types of depOSits do not result 
from abnormal proteolysIs ofkeratoeplthelm but may be 
assoCiated With a change m protem stabllity27 or abnor­
mal mteractlOns of keratoepilhelin The predommantly 
epithelial locatIOn of deposits m homozygous mdlvldu­
als may suggest that the Wild-type allele of TGFBI has a 
protective or allevlatmg effect and that ItS absence, as m 
the case of a homozygous Arg555Trp mutant, promotes 
the depOSitIOn of otherprotems of eplthehal ongm along 
with mutant keratoepilhelm 

Whatever the exact pathogenesIs of the homozygous 
form of granular corneal d)"'trophy, the resultmg phe­
notype m tenns of Visual prognosIs and pattern of cor­
neal deposits appears dlstmctlve m Its seventy, as ob­
served m our patients and m prevIOusly descnbed patients 
from different populallons 4 6 We suggest that the se-

vere phenotype of the disease descnbed herein IS dIStin­
gUishable from the tYPICal heterozygous form of glantl­
lar corneal dystrophy The presence of these t hmcal 
features suggests pOSSible underlymg homozygosIty , es­
peCially among patients from communltles where Ill­

breedmg IS prevalent Our data further estabhsh that there 
IS a consIStent genotype-phenotype correlatIOn among ho­
mozygous mdlvlduals with granular corneal dystrophy 
across dlffer.ent populatIOns 
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