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BACKGROUND: Oral submucous fibrosis (OSF) is an
insidious, pre-cancerous, chronic disease that may affect
the entire oral cavity and sometimes extend to the phar-
ynx. It has been reported to be associated with immune
function. Cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4; CD (cluster of differentiation) 152) is a negative
regulator of T-lymphocyte activation. Particular geno-
types of the locus encoding the CTLA-4 glycoprotein have
been associated with susceptibility to various autoim-
mune diseases. This study was designed to investigate
the role of CTLA-4 polymorphism in susceptibility to OSF.
METHODS: We genotyped 62 patients with OSF and 147
healthy controls for allelic determinants at the exon | +49
polymorphism site by restriction fragment length poly-
morphism. Genotype and phenotype frequencies were
evaluated with Chi-squared test.

RESULTS: The Gallele at position +-49 of exon | was signi-
ficantly associated with OSF. The frequency of A/A homo-
zygotes was higher in controls than in patients (17.0% vs.
3.2%; x*=17.65, P=0.02); the G phenotype was more
frequent in patients than in controls (96.8% vs. 83.0%;
x>=9.31, P=0.002). Compared with controls, the G allele
genotype and phenotype frequencies were increased in
patients with OSF.

CONCLUSION: This is the first report that the CTLA-4
+49 G allele confers an increased risk of OSF in Taiwan.
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Introduction

Oral submucous fibrosis (OSF) is an insidious, pre-cancer-
ous chronic disease that may affect the entire oral cavity; it
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sometimes extends to the pharynx (1, 2). OSF is character-
ized by mucosal rigidity of varying intensity because of
fibro-elastic transformation of the juxta-epithelial layer. A
subepithelial inflammatory reaction is followed by fibro-
elastic changes of the lamina propria accompanied by
epithelial atrophy (3). This leads to restricted mouth opening
and inability to eat (2). The presence of palpable fibrous
bands is a requisite diagnostic criterion for this condition.

OSF is predominately seen in people in south Asian
countries (4), or in south Asian immigrants to other parts
of the world (5, 6). It is now a public health issue in many
parts of the world, including the UK (7), South Africa (8),
and many south-east Asian countries (6, 9, 10).

Although the available epidemiological evidence indicates
that the chewing of areca nut is an important risk for develop-
ment of OSF (9, 11-13), not all chewers develop the disease.
To date, no conclusive etiologic agent has been identified,
despite investigation of factors implicated in the development
of oral cancer, including genetic factors, infectious agents,
carcinogens, and nutritional, immunologic, and autoimmune
factors (2, 14-19). Haque etal. (20) studied OSF with
immunohistochemical methods and found immunocompe-
tent cells to be present, with a high ratio of CD4 to CDS cells.
Therefore, they suggested an ongoing cellular immune
response leading to a possible imbalance of immunoregula-
tion with eventual local alterations in tissue architecture.

The cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4; CD152) located on chromosome 2q33 plays an
important role in the maintenance of immune tolerance. It is
a homolog of CD28 on the T-cell surface. They share
common ligands — B7-1 (CD80) and B7-2 (CD86) — on
antigen-presenting cells (APC) and thus constitute the B7-
CD28/CTLA-4 costimulatory pathway of T-cell activation
(21). CD28-B7 interaction activates T cells and induces
antigen-specific T-cell clone proliferation, whereas binding
of CTLA-4 to the same ligand down-regulates T-cell activa-
tion and might contribute to peripheral tolerance (22-26).

The human CTLA-4 gene contains a polymorphism at
position —318 in the promoter region (27), an A/G transition
at position +49 in exon 1 (28), and a dinucleotide (AT),
repeat sequence in the 3’ untranslated region of exon 4 at
position 642 (28-30). The A/G polymorphism at exon 1



position +49 results in an amino acid exchange, threonine to
alanine, in the peptide leader sequence. In addition, several
invitro studies have demonstrated that +49 polymorphism
alters CTLA-4 function vis-a-vis T-cell activation (31).
Certain autoimmune diseases, including systemic lupus
erythematosus (32, 33), insulin-dependent diabetes mellitus
(34-36), Graves’ disease (37, 38), Hashimoto thyroiditis (38),
multiple sclerosis (39, 40), and rheumatoid arthritis (41) have
been shown to be associated with CTLA-4 449 polymor-
phism. We designed this study to investigate an association
between CTLA-4 polymorphism at position +49 and OSF.

Materials and methods

Subjects

Between November 2000 and December 2002, we recruited
62 consecutive male patients with OSF from the Oral and
Maxillofacial Department at the Taipei Mackay Memorial
Hospital. All patients were diagnosed by clinical examination
and histopathology of biopsy specimens. None of the patients
had oral cancer. One hundred and forty-seven control subjects
were selected from among people who came for routine
physical checkups, non-neoplastic minor operations, or
maxillofacial trauma. Those with autoimmune disorders,
blood diseases, and previous malignancy were excluded.

DNA extraction

Peripheral blood samples were drawn from all study sub-
jects. Genomic DNA was extracted from fresh or frozen
peripheral blood leukocytes using the Pharmacia DNA
isolation kit (Pharmacia Biotech, Germany).

Polymerase chain reaction (PCR)

The A/G polymorphisms at exon 1 position +49 of CTLA-4
were amplified using a forward primer, 5-AAGGCT-
CAGCTGAACCTGGT-3', and a reverse primer, 5'-
CTGCTGAAACAAATGAAACCC-3' (36). Amplification
was carried out using 1pg of genomic DNA, 100ng of
forward and reverse primers, 200uM dNTP, and 1U
Tag polymerase in 30 pul of reaction mixture containing
1x PCR buffer (10mM Tris—HCI, pH8.4, 50mM KCl,
0.01% gelatin). Samples were subjected to initial denatura-
tion at 95°C for 3 min, followed by 35 cycles of 30 s at 94°C
for denaturing, 30 s at 56°C for annealing and 1 min at 72°C
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for extension, and a final extension at 72°C for 7 min in a
DNA Thermal Cycler (Perkin-Elmer Corporation, Foster
City, CA, USA). The amplified PCR products were analyzed
on 2.0% agarose gel.

Restriction fragment length polymorphism (RFLP) analysis
Ten microliters of the amplified PCR products was digested
in a volume of 12.1 pl with 1U restriction enzyme BstEII
under the appropriate buffer conditions (60°C, overnight).
The fragments were analyzed on 3.5% agarose gel.

Statistical analysis

Genotype was treated as a 2 x 3 contingency with Chi-
squared test for comparison. Statistical significance was
defined as P. < 0.05.

Results

The amplified PCR products consisted of 153-bp fragments.
BstEII digestion yielded fragments of 131 and 22 bp (Fig. 1).

Table 1 shows that the +49 genotypes in the patients and
147 controls were patients (17.0% vs. 3.2%; x2 =7.65,

Figurel BstEll-digested PCR products analyzed on 3.5% agarose gel .
Lane M denotes the 100-bp protein marker; lanes 1 and 6 are homozygous

Tablel Comparison of CTLA-4 exon 1 +49 genotype polymorphism between OSF patients and controls

OSF Control
N=62 % N=147 % % P-value
Genotype
A/A 2 32 25 17.0 7.652 0.02
A/G 29 46.8 64 435
G/G 31 50.0 58 39.5
Gene frequencies
A 33 26.6 114 38.8 5.66 0.01
G 91 73.4 180 61.2 5.66 0.01
Phenotype frequencies
31 50.0 89 60.5 0.8 0.37
G 60 96.8 122 83.0 9.31 0.002

N, number of cases; Xz, Chi-squared.
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P =0.02). Compared with controls, the G allele genotype
and phenotype frequencies were increased in patients with
OSF (73.4% vs. 61.2%; X2 =15.66, P=0.01 and 96.8% vs.
83.0%, x>*=9.31, P=0.002).

Discussion

Our case-control study demonstrated that patients with OSF
had a higher frequency of the G allele at position +49 in
exon 1 of CTLA-4 compared with controls. This is the first
study to demonstrate such an association with OSF. OSF was
originally called idiopathic scleroderma of the mouth (17).
The defects in cellular immunity in the disorder are sugges-
tive of an autoimmune phenomenon. Therefore, it is not
surprising that CTLA-4 polymorphism might play a role
in susceptibility to OSF. In functional studies, Ligers et al.
(42), demonstrated that the exon 1 allele is associated with a
lower expression of the CTLA-4 protein. This might cause
dysregulation of CTLA-4-driven down-regulation of T-cell
activation, reduced immune tolerance, and development of
autoimmune disease.

Several factors have been suggested in the etiology of
OSE. Some authors have suggested that molecular mimicry
may explain the association between human leukocyte
antigen (HLA) and autoimmune disease (14). Canniff
et al. (7) performed HLA tissue typing of OSF and observed
that the frequencies of HLA A10, DR3, and DR7 were
significantly different from that of a control group, with a
higher incidence of DR3 in OSF and also the presence of
serum immunoglobulins and autoantibodies. In addition,
other antibody studies and HLA-typing in individuals
with OSF have led to the conclusion that the origin of the
disease is multifactorial and that it may be an autoimmune
condition with a genetic predisposition (7, 8, 14). We
previously investigated the allelic distribution of microsa-
tellite polymorphism in the transmembrane region of the
MHC class I Chain-related gene A (MICA) gene among
OSF patients in Taiwan. In that study, we provided novel
evidence, indicating a higher frequency of the MICA A6
allele in OSF patients in comparison with normal indivi-
duals (43).

Expression of the G/G allele of CTLA-4 correlates with
increased T-cell proliferation after stimulation with an allo-
genic cell line and demonstrates significantly increased
CTLA-4 surface expression in cells from donors homozy-
gous for adenine at position +49 (39, 44). According to
recent studies, the majority of CTLA-4 protein is found
intracellularly and can be rapidly mobilized from these
intracellular stores to the site of T-cell receptor engagement
on the cell surface (45). These data suggest that CTLA-4
surface expression is dynamically regulated with transition
of the molecules between intracellular stores and the cell
surface in response to environmental stimuli. Therefore,
differences in the amount of intracellular CTLA-4 might
result in variations in CTLA-4 cell-surface expression. Exon
1 of the CTLA-4 gene encodes for the hydrophobic 37 amino
acid leader sequence of the protein (46). The leader peptide
serves as a signal peptide that directs the secreted protein to
the endoplasmic reticulum, which may result in an ‘altered
address’ from the CTLA-4 protein, and might interfere with
the intracellular storage pool (31, 47). This could result in an
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altered transition between intracellular stores and the cell
surface.

In order to substantiate the functional relevance of the
CTLA-4 +49 polymorphism in not only a qualitative but
also a quantitative way. CD28/B7 interaction results in
increased IL-2 production and subsequent arrest of cell
cycle progression, rather than induction of apoptotic
cell death (48, 49). This reversal of CD28-dependent T-cell
activation suggests that CTLA-4 acts as a competitive
antagonist of CD28. Cells with the G/G genotype showed
an increased mRNA protein expression of the primary T-cell
growth factor IL-2 in comparison with cells with the A/A
genotype. This antagonism is of particular importance early
in the immune response under suboptimal stimulation con-
ditions (often present in autoimmune reactions), because
CTLA-4 can attenuate weak signals delivered by the T-cell
receptor and CD28, and might in that way contribute to
peripheral tolerance.

Genetic factors are thought to be responsible for immune
abnormalities in many autoimmune diseases. Immune
response genes may be linked to the HLA-DR locus of
the major histocompatibility complex (MHC) in humans,
and association between this locus and autoimmune diseases
have been sought. The DR antigens are associated with
susceptibility to diseases with an autoimmune aspect in their
pathogenesis; this may be because the immune response
genes are situated at or near the D locus on chromosome 6.
As many of the connective tissue disorders, including rheu-
matoid arthritis and systemic lupus erythematous, have been
reported to be associated with unique HLA-DR antigens, a
similar association has been sought for OSF. We are plan-
ning further investigation to define the role of genetic
abnormalities apart from MHC variability in OSF in Taiwan.
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