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In this study Argl124Cys (exon 4), Thr538Arg, Ala546Thr, Arg555Thr, ARg55GIn (exon 12), His626Arg
(exon 14) mutations of the TGFBI gene were analyzed using polymerase chain reaction followed by
restriction digestion in 91 patients with different forms of corneal dystrophy and 31 clinically healthy
individuals from 49 unrelated families. Our results show that TGFBI gene mutations analysis is important
for differential diagnostics of corneal dystrophies with prognostic and therapeutic implications as well as
for genetic consulting in high risk families.
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Introduction. 7GFBI gene, or BIG-H3 (transforming
growth factor-beta induced gene) was discovered in
1992 by Skonier et al. while studying the influence of
transforming growth factor-beta on the cell lines of
human adenocarcinoma [1]. Two years later
independent investigations in two laboratories revealed
tgfbi protein in cornea as well [2, 3]. In the same year
three kinds of dystrophy of corneal stroma, namely,
lattice dystrophy (type I), granular dystrophy (type 1),
and Avellino dystrophy were mapped on chromosome
5 [4]. Finally, in 1997 Munier et al. determined that
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four types of dystrophy of corneal stroma (three
aforementioned plus Reis-Bucklers’ dystrophy) were
caused by different mutations in TGFBI gene [5]. This
gene was found to locate on the long arm of
chromosome 5 (5q31) and to encode extracellular
matrix protein, consisting of 683 amino acid residues.
Munier et al. called this protein “keratoepithelin”
because they believed it was expressed in cornea
solely. However, tgfbi protein was found also in other
tissues of the organism [1, 6]. Its carboxylic end
contains Arg-Gly-Asp sequence (RGD-motive), which
is recognized by surface receptor proteins — integrins
[7, 8]. Different investigations revealed covalent bond
between tgfbi protein and collagen VI in many tissues,
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including cornea [9, 10], besides, it interacts with
fibronectin [11]. Tertiary structure of tgfbi protein is
similar to that of fasciclin I — protein, performing
adhesive function in nervous cells of insects [12].
Aforementioned proteins belong to a large family,
which is specific for the presence of tandem-repeated
homologous sequences, so called FASI-domains.
Tgfbi protein consists of four such domains [13].

Hereditary = corneal  dystrophies are a
heterogeneous group of progressing diseases,
resulting in corneal opacities and significant loss of
vision. Dystrophies of corneal stroma, caused by
mutations in TGFBI gene, are autosomal dominant
diseases, characterised by a common feature — the
presence of abnormal deposits, localized either in
keratocytes or among collagen fibrils [14]. Lattice
dystrophy is specific for amyloid deposits, granular
dystrophy is characterised by hyaline deposits, while
Avellino dystrophy is notable for both amyloid and
hyaline deposits [15].

Most patients with corneal dystrophy have
mutations in codons 124 and 555 of TGFBI gene.
Besides, genetic investigations showed correlation
between some types of T7GFBI mutations and clinical
forms of dystrophy, caused by them [5, 16-18].For
instance, mutation Argl24Cys is specific for lattice
dystrophy (type I), mutation Argl124His — for Avellino
dystrophy, mutation Argl24Leu — for Reis-Bucklers’
dystrophy, mutation Arg555Trp — for granular
dystrophy (type 1), Arg555GIn — for Thiel-Behnke
dystrophy. The study on the relations of genotype and
phenotype revealed that homozygosity for mutations
in TGFBI gene causes more early onset and more
complicated clinical course [19, 20].

Lattice dystrophy is the most widely spread kind
of dystrophy, which as a rule is a bilateral
amyloidosis, characterized by refractive lattice lines.
Mutations in TGFBI gene cause several types of
lattice dystrophy. Lattice dystrophy (type I) is a
bilateral  symmetrical  disease  of  cornea,
characterized by numerous semi-transparent thin
lattice lines, associated with white spots in surface
and middle layers of central stroma. It was
established that symptoms appeared in 1*-2" decade
of life. Patients with this form of disease often suffer
from relapses of erosive processes [21-23]. It was

shown that most patients with this type of disease
have mutation Argl24Cys, however, this phenotype
may be associated with other mutations, including
Leu518Arg, Leu569Arg, and Val539Asp [24-26].

In 1991 Stock et al. described a type of dystrophy,
specific for late onset and thick lattice formations
[27]. In this case corneal erosions are an inconstant
sign. This type of dystrophy is defined as lattice
dystrophy (type IIIA), associated with mutations
Pro501Thr (spread among Japanese), Ala546Thr (
among French), Asn622Lys, ASN622His ( the
population of the British Isles) [28—30]. In 1999 the
authors of [31] identified mutation His626Arg of
TGFBI gene in patients with late onset of lattice
dystrophy. In this case the dynamics of clinical
onsets in both eyes was asynchronic, i.e.
asymmetrical. Schmitt-Bernard et al. studied
clinical, histological, and ultrastructural specificities
of dystrophy, caused by this mutation, and came to
the conclusion that this type of dystrophy is a
separate group of lattice dystrophies — intermediary
between types I and IIIA, characterized by a more
carly onset (34" decade of life) and thinner
lattice-like lines compared to type IIIA [32].

Fujiki et al. described so called deep form of
lattice dystrophy and distinguished it as the 4™ type.
Its first clinical manifistation is shown in the 5" life
decade. They are characterized by deposits of
star-like form, located in deep layers of stroma.
Radial lattice-like structures in middle layers of
stroma occur later, while in the higher layers of
stroma and epithelium deposits are completely
absent. Different authors showed this type to be
associated with mutations Leu527Arg (notable for
Japanese), Val631Asp (specific for Italian), and
Gly594Val (found in India) [26, 30, 33].

Other autosomal dominant diseases, caused by
mutations in 7GFBI gene, are granular corneal
dystrophies [23, 34]. Clinical picture of classical
granular dystrophy (type I, or Groenouw I), is
notable for grey-white non-transparent knots,
resembling bread crumbs, in corneal stroma. The first
disease signs are revealed in the 12" life decade.
With age their number and size increase, in some
places they merge and spread into middle and deep
layers of stroma [35, 36]. Some patients have erosive
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processes in cornea and pain syndrome [37]. The
majority of patients with granular dystrophy (type I)
are found to have mutation Arg555Trp [5]. Mutation
Argl24Ser was discovered only in two families with
this type of dystrophy [38]. In case of Avellino
dystrophy manifestation of clinical signs starts in the
13" life decades. In young age abnormal
formations in cornea of patients with Avellino
dystrophy are in the form of circles, disks,
snowflakes, stars, located in front and middle layers
of stroma. Lattice-like formations appear later, they
are localized in the middle and deep layers of stroma
[39, 40]. All the patients with this type of dystrophy
are found to have only one mutation — Arg124His [5].

Reis-Bucklers’ dystrophy is also called dystrophy
of Bowman’s layer, type I. Disease symptoms,
including relapsing erosion and expressed pain
syndrome, start in the first life decade. Light
microscopy allows observing degeneration of basal
epithelium and Bowman’s layer, which are
completely or partially substituted by connective
tissue. Hyaline deposits, located under epithelium,
destroy Bowman’s layer. Electronic microscopy
reveals dense rod-like granules, ultrastructural
characteristics of which correspond to granular
dystrophy of corneal stroma [41, 42].

At present three mutations, namely, Argl24Leu,
deltaF540, and Gly623Asp, are known to be
associated with Reis-Bucklers’ dystrophy [43—45].
Light microscopy of cornea of patients with
Thiel-Behnke dystrophy allows observing clinical
picture, similar to Reis-Bucklers’ dystrophy. It is
noteworthy that both kinds of dystrophy affect the
same corneal layer and differ only in morphology .
In case of Thiel-Behnke dystrophy subepithelial
deposits enter epithelium in the form of numerous
wedges, resembling saw teeth. Electronic
microscopy shows curly filaments [46, 47]. Only
one mutation Arg555GIn of TGFBI gene is
associated with Thiel-Behnke dystrophy, however,
this type of dystrophy may be caused by mutations
in another gene, mapped on chromosome 10
(10923-q24) [5, 48].

More than 30 mutations are identified in TGFBI
gene. The majority of them are located in exons 4, 12,
and 14. Investigations on the association of certain
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mutant variants and clinical characteristics of corneal
dystrophy are important for both determination of the
function of tgfbi protein, and the analysis of
mechanisms of disease pathogenesis. In its turn, the
results of such investigations allow to improve
differential diagnostics and prognosis of clinical
course.

The aim of our work was to study mutations
Argl24Cys (exon 4), Thr538Arg, Ala546Thr,
Arg555Thr, Arg555GIn (exon 12), and His626Arg
(exon 14) of TGFBI gene in patients with different
clinical forms of corneal dystrophy.

Materials and Methods. Clinical and
molecular-genetic investigations were performed
with 91 patients with hereditary dystrophy of
corneal stroma from 49 families, and with 31
clinically healthy family members of patients. The
investigated group included 45 patients and 11
healthy persons from 20 families with lattice
dystrophy (type I), 16 patients and 1 healthy person
from 10 families with granular dystrophy (type 1), 4
patients from 2 families with the clinical diagnosis
of Reis-Bucklers’ dystrophy, 26 patients and 18
healthy persons from 17 families with lattice
dystrophy and late onset.

The materials for molecular-genetic
investigation were samples of peripheral blood,
obtained at the conditions of informed consent of the
individuals from the investigated group. The
materials for morphological and histochemical
investigation were corneal disks, obtained after
performed  keratoplasty.  Histochemical and
ultrastructural analyses were conducted as described
in [49].

DNA preparations were extracted from
leukocytes of peripheral blood and purified by the
standard method of phenol-chloroform extraction
[50].

To analyse mutant variants of TGFBI gene we
conducted specific in vitro amplification of
DNA-sequences of exons 4, 12, and 14 by the
method of polymerase chain reaction (PCR) [51] in
automatic regime on Perkin Elmer thermocycler
(Cetus, USA) according to the following scheme:
denaturation of DNA — 45 sec, 94°C; annealing of
primers — 45 sec, 55°C; elongation — 1 min, 72°C.
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Fig.1 Analysis of mutation R555W in exon 12 of TGFBI gene in patients
with granular dystrophy (PCR + BstXI; 10% PAAG): / — marker of
molecular weight pUCI9DNA/Mspl; 2, 3 — patients; 4 — healthy
individuals

Specific oligonucleotides, synthesized in
accordance to corresponding exon sequences of
TGFBI gene, were used as primers:

for mutation Argl124Cys —
forward (5 -CAGAGGCCATCCCTCCTTCT-3),
reverse (5 -CAGGCCTCAGCTTCTCCCTG-3 );

for mutations Thr538Arg, Ala546Thr, Arg555Thr —
forward (5 -GGACTGACGGAGACCCTCAA-3),
reverse (5 -GGAGACGTGTACTTAAGTTGGTC-3 ),

for mutation Arg555GIn —
forward (5 -GGACTGACGGAGACCCTCAA-3),
reverse (5 -CTTTACCCAAGAGTCAGATC-3);

for mutation Hys626Arg —
forward (5 -GAAAAACAATGTGGTGAGTGTC-3),
reverse (5 -CATGGAGAAAAGGACTGGCTG-3).

To perform differential analysis of some types of
mutations, amplified sequences of exons 4, 12, and 14
were hydrolyzed by restriction endonucleases Pst/,
Hinfl, Mwol, BstXI, Bglll, Nlalll for mutations
Argl24Cys, Thr538Arg, Ala546Thr, ARg555Thr,
ARg555GIn, Hys626Arg, respectively.

b.p.

93
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Fig.2 Analysis of mutation R/24C in exon 4 of TGFBI gene in patients
with lattice corneal dystrophy (PCR + PstI; 10% PAAG): 1, 2 —healthy
individuals; 3, 4, 5 — patients; 6 — marker of molecular weight
pUCI19DNA/Mspl

Results and Discussion. Molecular-genetic
analysis of exon 12 of TGFBI gene revealed mutation
Arg555Thr in five families with clinical diagnosis of
granular corneal dystrophy, including the case of a
9-year-old child (Fig.1). Other five families with
clinical diagnosis of granular dystrophy did not have
mutation R555W, specific for this dystrophy kind.
Detailed study of clinical picture in four families
showed clinical signs, notable for macular corneal
dystrophy. Besides, it is possible to forecast autosomal
recessive type of inheritance in these families.
Therefore, the analysis of genealogy and phenotypic
signs of disease with the consideration of the data of
molecular-genetic analysis allowed reviewing the
primary diagnosis.

Clinical and genealogic analysis of all the patients
with lattice dystrophy demonstrated the autosomal
dominant type of inheritance. Histochemical
investigations were performed on the material of cornea
after keratoplasty. Patients with clinical diagnosis of
lattice corneal dystrophy showed morphological and
ultrastructural features, specific for this kind of
dystrophy [49].
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b.p.

89

112

Fig.3 Analysis of mutation R5550 in exon 4 of TGFBI gene (PCR +
BgllI; 10% PAAG): I — marker of molecular weight pUCI9DNA/Mspl;
2, 3 — heterozygous mutation carriers; 4 — healthy individual

Fig.4 Analysis of mutation H626R in exon 14 of TGFBI gene in patients
with lattice corneal dystrophy (PCR + Nialll; 10% PAAG): I — marker
of molecular weight GeneRuler 50bp DNA Ladder; 2, 3, 4 — patients, 5,
6 — healthy individuals

Molecular-genetic analysis of exon 4 of TGFBI
gene allowed determining mutation Argl24Cys in
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patients of 15 families and one 11-year-old child, who
did not have clinical signs of lattice dystrophy, type I
(Fig.2). Besides, this mutation was found in a patient
with clinical diagnosis of Reis-Bucklers’ dystrophy.
Since mutation Argl24Cys causes the development of
lattice dystrophy (type I), the primary diagnosis of this
patient was reviewed. Five families with clinical
diagnosis of lattice dystrophy (type 1) did not have
mutation Argl124Cys. Another family with the primary
clinical diagnosis of Reis-Bucklers’ dystrophy had
mutation Arg555GlIn, associated with Thiel-Behnke
dystrophy (Fig.3). The primary clinical diagnosis of
this family was also changed. Similarity of clinical
pictures  for  Thiel-Behnke  dystrophy  and
Reis-Bucklers’ dystrophy, as well as similar early
onsets of these kinds of dystrophy and lattice dystrophy
are reasons of wrong diagnoses.

We did not identify mutation Ala546Thr using
molecular-genetic analysis in any investigated patients
with late onset of corneal dystrophy. It was found only
in French patients [29].

The investigations performed determined mutation
Hys626ARg in patients from 12 families; only in one
family with primary clinical diagnosis of lattice
dystrophy (type IIIA) this mutation was not revealed
(Fig.4). Besides, the mutation was found in six persons
who did not have clinical signs of disease yet. It is
worth mentioning that mutation Hys626Arg was also
found in one patient with the clinical diagnosis of lattice
dystrophy (type I) which afforded grounds for doubting
the sufficiency of data of clinical investigation to define
correct diagnosis and identify the form of the disease.
This assumption is also favoured by the results of the
analysis of mutation Thr538ARg in the investigated
group of patients. This mutation was not found in any
patients with late onset of lattice dystrophy. However,
mutation Thr538Arg was found in a patient with
clinical diagnosis of lattice dystrophy, type I (Fig.5).
Munier et al. supposed that mentioned mutation,
discovered by Othenin-Girard et al, similar to mutation
Hys626Arg, may be associated with the intermediary,
type /IITA [30, 52]. It is interesting that patients from
four families with mutation Hys626Arg were
characterized by so called asymmetry of clinical
picture. It was evident from the fact that pathological
deposits were observed in one eye first, and only in
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Fig.5 Analysis of mutation 7538R in exon 12 of TGFBI gene in patients
with lattice corneal dystrophy (PCR + Hinfl; 10% PAAG): 1, 2 —
patients; 3, 4, 5 — healthy individuals; 6 — marker of molecular weight
pUCI19DNA/Mspl

several years slight manifestations of lattice dystrophy
may be found in the other eye. At present nobody
suggests a possible mechanism of these processes,
therefore, detailed study of the structure and features of
mutant protein and its interaction with protein-partners
may clarify the nature of the asymmetry phenomenon.

Four of investigated families had characteristic
symptoms of lattice dystrophy (type IV). None of them
had mutations.

Clout and Hohenester believe that hot spots for
mutations in positions Argl24 and Arg555 are
located in the sequence, encoding the binding site of
6-spirals in protein domains 1 and 4, and
substitutions of these amino acid residues destroy
stability and solubility of the protein rather than its
structure [13]. Mutations Argl124His and Arg124Cys
cause the formation of amyloid deposits, but other
mutations in positions Argl124 and Arg555 make the
protein more hydrophobic and thus lead to the
formation of hyaline deposits. On the other hand,
some researchers believe that most mutations,
located in the 4" Fas1-domain, have more significant
influence on the protein structure, since they are
located in conservative positions. However, this
assumption does not explain insignificant
destruction of the protein structure by mutations in
other three homologous domain of tgfbi.

The results of modelling the tertiary structure of
domain 4 of tgfbi protein allowed assuming that
mutation Thr538Arg, resulting in the substitution of
threonine for arginine, causes the disorder in folding of
protein product, which, in its turn, makes protein
secretion impossible [13]. The authors of this work
consider that amyloid deposits in patients with this
mutation should appear in the first life decade.
However, we revealed mutation Thr538Arg in a
patient, whose disease manifestation appeared in the
third life decade.

Basing on the results of modelling, we came to the
conclusion that protein secretion becomes impossible
when mutation Ala546Thr occurs, because this
mutation results in its significant destabilization.
Mutation His626Arg destroys hydrogen bonds.
Besides, conservatism of histidine in this position,
observed in domains of all proteins of
Fasl-superfamily, testifies to its significance for the
process of folding, therefore, it is not likely that the
protein with mutation His626Arg will be folded and
secreted. Taking into consideration forecasted
functions of mutant proteins, determined by the results
of modelling tertiary structure, it is possible to assume
that patients with mutations Thr538 Arg and His626Arg
will have early onset. However, the data obtained by us,
do not support such assumption. All our patients with
mentioned mutations, except for one case with the
primary clinical diagnosis of lattice dystrophy, type I,
and early onset, had the beginning of disease
manifestation in the 3"-4" life decade.

The accumulation of mutant protein tgfbi in the
form on insoluble deposits takes place only in cornea,
though this protein is expressed in other tissues as well,
therefore, it is possible to assume that tissue-specific
factors are involved in pathogenesis. It is yet to be
discovered why mutations in one gene or even
mutations in one codon are capable of inducing such
different phenotypic manifestations. For instance, in
case of substituting arginine in codon 124 for cysteine,
leucine, histidine, the deposits of amyloid, hyaline or
mixed deposits are formed in cornea.

Previously the diagnosis of different forms of
hereditary corneal dystrophy was made on the basis of
specific clinical picture as well as typical
morphological and histochemical features. Taking into
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account that morphological and histochemical
investigations using the material of cornea are possible
only after keratoplasty, the main role in setting the
diagnosis in pre-surgery period is given to the clinical
picture of disease.

Molecular-genetic analysis of mutations in 7TGFBI
gene is highly informative for the purpose of accurate
differential diagnostics of hereditary dystrophy of
corneal stroma, it is also very important for performing
pre-symptomatic diagnostics in the members of patient
family and forecasting the clinical course with
corresponding therapy.

The obtained data on the association of mutant
variants of TGFBI gene and clinical signs of dystrophy
of corneal stroma give reasonable grounds for
conclusion that the efforts in understanding
pathogenesis of this disease should be directed onto the
determination of the nature of interaction of
tissue-specific factors and mutant protein tgfbi in
cornea, as well as onto the clarification of factors,
influencing its structure and stability.

B. M. Illamnyxa, I'. 1. /[poacocuna, JI. A. Jlisuuys

Hocnimxenns myrauiii rena TGFBI
Yy XBOPHUX Ha AUCTPOQil0 CTPOMHU POTiBKH,

K1 IPOXKUBAIOTH B YKpaiHi

Pesrome

Ilpoananizosano mymayii Argl24Cys (exson 4), Thr5384rg,
Ala546Thr, Arg555Thr, Arg55Gin (ex3zon 12), His626Arg (exson
14) 2ena TGFBI 3 6uxopucmannsam memooy noiimepasnoi 1anyio2o-
601 peakyii 3 nacmynnoio pecmpuxyicio y 91 nayicuma 3 piznumu
Gopmamu oucmpoghii pocisku ma 31 kniniuno 300p08020 iHOUGida 3
49 necnopionenux pooun. Ompumani pe3yromamu noKA3yomby, wo
ananiz mymayii ¢ zeni TGFBI mae sasxcnuge snauenns y ougpe-
penyiuniu oiaenocmuyi oucmpo@ii po2ieku 3 npoOSHOCMUYHUM |
mepanesmuiHUM 3aCMOCYSANHAM, d MAKOIC 015 2eHeMUYHO020 KOH-
CYNbIMYBAHHS 8 POOUHAX BUCOKO20 PUBUKY.

Knwowuoei cnosa: een TGFBI, kepamoenimenin, oucmpogis
PO2IBKU.

B. H. Ilamnyxa, I'. U. [poowcocuna, JI. A. Jluswuy

Hccnenopanue myraunit rena TGFBI y GonbHbIX ¢ quctpodusMn

CTPOMBI pPOTOBHIIBI, ITPOKNUBAIOIINX B praI/IHC

Pesrome

Ilpoananusuposanvr mymayuu Argl24Cys (sx3on 4), Thr5384rg,
Ala546Thr, Arg555Thr, Arg55GIn (3k30n 12), His626Arg (sx30H
14) eena TGFBI ¢ ucnonvzosanuem memooa noiumMepastoul yenHou
peakyuu ¢ nociedyrwell pecmpuxkyueu y 91 nayuenma ¢ pasnoimu
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Gdopmamu  ducmpogpuu  pocosuyer u cpedou 31 KiuHUYeCKU
300p06020 unousuda uz 49 nepoocmeennvix cemeil. Ilonyuennvie
pe3yabmamul C6UOemenbCmeyion 0 nmom, 4mo aHaius Mymayui 6
eene TGFBI umeem sasicnoe 3nauenue ¢ ougpepenyuanshou ouae-
HOcmuke Oucmpoguii po2osuybl ¢ NPO2HOCMUYECKUM U mepanes-
MU4eCKUM  NpUMEHeHueM, a makdxce Ol  2eHemuyecKo20
KOHCYbMUPOBAHUS 6 CEMbAX 6bICOKO20 PUCKA.

Knwuesue crosa: cen TGFBI, kepamosnumenun, oucmpogus
Dpo208uUYbL
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