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BACKGROUND: A significant association of certain
human leukocyte antigens (HLA) and haplotypic pairs
with oral submucous fibrosis (OSF) has been reported.
However, controversial result of no HLA association with
OSF has also been reported. In this study, the phenotype
and haplotype frequencies of HLA-A, -B, -C, -DRBI, and
-DQBI in 135 Taiwanese OSF patients were calculated and
compared with those in 540 healthy control Taiwanese.
METHODS: The analysis of HLA-A, -B, and -C antigens,
and of HLA-DRBI and -DQBI alleles in OSF patients and
healthy control subjects, was performed by serologic typ-
ing and DNA typing using polymerase chain reaction with
sequence-specific primers (PCR-SSP), respectively.
RESULTS: We found that the phenotype frequency of
HLA-B76 (3.0%) in OSF patients was significantly greater
than that (0%) in healthy control subjects (corrected P
(Pc) =0.000). In addition, the haplotype frequencies of
HLA-B48/Cw7 (3.0%), -B51/Cw7 (6.7%), and -B62/Cw7
(8.2%) in OSF patients were significantly greater than
the corresponding haplotype frequencies (0, 0.7, and
1.9%, respectively) in healthy control subjects
(Pc =0.000). The relative risk (RR) values of haplotypes
B51/Cw7 (9.57) and B62/Cw7 (4.7) were greater than the
RR values of phenotypes B51 (1.81), B62 (2.31), and Cw7
(1.91) in OSF patients. In addition, the etiologic fraction
(EF) value of haplotype B51/Cw7 (0.63) was higher than
the EF values of phenotypes B51 (0.2) and Cw7 (0.59).
CONCLUSIONS: We conclude that some Taiwanese
areca quid (AQ) chewers with particular HLA phenotypes
and haplotypes are prone to have OSF. In addition, some
particular HLA haplotypes may play more important roles
than the individual HLA phenotypes for the genetic sus-
ceptibility to OSF. However, the significantly increased
HLA phenotype B76 and three of the common HLA
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haplotypes detected are present in only about 20% of
incident cases of OSF.
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Introduction

Oral submucous fibrosis (OSF) is an oral precancerous
condition (1) characterized by symptoms such as intolerance
to spicy food, altered salivation, progressive difficulty in
opening the mouth, and signs like vesiculation, ulceration,
blanching, rigidity, and stiffening of the oral mucosa and
decreased mobility of the tongue (2). It is seen predomi-
nantly in Indians and people of South Asian origin and is a
chronic progressive and scaring disease of the oral cavity
characterized by juxtaepithelial inflammatory cell infiltra-
tion followed by fibrosis in the lamina propria and submu-
cosa of the oral mucosa (3). Epidemiologic studies have
suggested the habit of areca quid (AQ) chewing as a major
etiologic factor of OSF (4-6). In Taiwan, there are two
million people who have the AQ chewing habit (7). Recent
studies have demonstrated that all the OSF patients in
Taiwan have the AQ chewing habit (8-10).

OSF has rarely been described in non-AQ chewing sub-
jects (11), and severe forms of OSF can be associated with a
very short history of chewing (2, 12). In addition, only 0.1-
11% of the AQ chewers develop OSF (5, 13, 14), and the
majority of the AQ chewers show no signs and symptoms of
OSF. Furthermore, the occurrence of OSF is not necessarily
dose-dependent, and there is no relationship between the
onset of the OSF and the frequency of the AQ chewing
habit (11). This inconsistency in disease association can be
indicative of genetic predisposition.

The earlier investigations show a female predilection for
OSF patients (3). OSF frequently occurs in patients of
middle-aged group (3, 8-10, 15). Increases in serum levels
of immunoglobulins (15, 16) and in circulating immune
complexes and their immunoglobulin contents (17, 18) have
been reported in OSF patients. The defects in cellular



HLA typing in OSF patients
Chen et al.

192

immunity have also been observed in patients with OSF (17,
19, 20). Furthermore, the high incidence of autoantibodies,
including anti-nuclear, anti-smooth muscle, anti-gastric par-
ietal cell, anti-thyroid microsomal, and anti-reticulin anti-
bodies, has been observed in patients with OSF (10, 15). A
genetic predisposition, involving the human leukocyte anti-
gens (HLA) A10, DR3, DR7, and haplotypic pairs A10/
DR3, B8&/DR3, and A10/B8 has also been demonstrated in
OSF patients (21). Recent study by use of the polymerase
chain reaction (PCR) also shows significantly raised fre-
quencies of HLA-A24, DRB1-11, and DRB3-0202/3 in OSF
patients when compared with the English controls (22, 23).
Higher frequencies of Cw2 and DR1 have also been reported
in OSF patients than in healthy controls in Karachi,
Pakistan (24). The female predilection, the onset of disease in
the middle life, alterations in humoral and cellular immu-
nities, the high incidence of autoantibodies, and the involve-
ment of the DR locus in the genetic predisposition suggest
that OSF may be an autoimmune disease (15). In addition,
certain HLA alleles are associated with an increased risk for
autoimmune diseases such as scleroderma and rheumatoid
arthritis (25, 26). However, controversial result of no HLA-
associated susceptibility to OSF has been reported in Afri-
can OSF patients (27). Because of the conflicting informa-
tion on HLA frequencies reported so far, any genetic
predisposition to the OSF was still worthy of further inves-
tigation. Furthermore, to the best of our knowledge, no
previous study has focused on HLA typing in OSF patients
in Taiwan or in South-east Asia. Therefore, in this study, the
phenotype and haplotype frequencies of HLA-A, -B, -C, -
DRBI, and -DQBI in 135 Taiwanese patients with OSF
were calculated and compared with those in 540 healthy
control Taiwanese. We tried to find out whether some
Taiwanese AQ chewers with specific HLA phenotypes or
haplotypes are prone to have OSF and whether some specific
HLA haplotypic pairs are more important than the individual
HLA phenotypes for the genetic susceptibility to OSF.

Materials and methods

Patients and control subjects

One hundred and thirty-five OSF patients (aged 17-60 years,
mean age 35.7 £ 9.8 years; 132 men and 3 women) were
included in this study. For the ethnicity of 135 OSF patients,
there were 121 Fukienese, 4 Hakkas, 8 mainlanders, and 2
aborigines. Clinical diagnosis of OSF was made when
patients showed characteristic features of OSF, including
intolerance to spicy foods, blanching and stiffness of the oral
mucosa, fibrous bands in the buccal or labial mucosa, and
progressive inability to open the mouth. Some OSF patients
might also have a burning sensation in the mouth, xerosto-
mia, the presence of vesicles or ulcers on the oral mucosa,
depapillation of the tongue, and impaired tongue mobility.
The maximum mouth opening (MMO) and the oral mucosal
sites (soft palate, retromolar area, buccal mucosa, labial
mucosa, floor of the mouth, and tongue) of involvement in
OSF patients were recorded. The mean MMO of 135 OSF
patients was 28.8 9.3 mm; 55 had MMO <25 mm, 65 had
MMO between 26 and 40 mm, and 15 had MMO >41 mm.
The mean number of site of involvement of 135 OSF patients
was 4.5 =+ 1.1. Of 135 OSF cases, the disease involved 2 sites
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in 5 cases, 3 sites in 25 cases, 4 sites in 34 cases, 5 sites in
40 cases, and 6 sites in 31 cases. The buccal mucosa and
retromolar area were the two sites that were involved by
OSF in every case, with extra involvement of soft palate in
130 cases (96.3%), of labial mucosa in 95 cases (70.4%), of
floor of the mouth in 56 cases (41.5%), and of tongue in 56
cases (41.5%).

For each patient, clinical diagnosis was confirmed by
histopathologic examination of a biopsy specimen taken
from the buccal mucosa. The histologic criteria for a diag-
nosis of OSF were: (i) atrophic epithelium with paraker-
atosis or hyperkeratosis; and (ii) mild, moderate, or marked
fibrosis or hyalinization in the lamina propria, submucosa,
and superficial muscle layer. These 135 OSF specimens
were further divided into early (n = 6), moderately advanced
(n=63), and advanced (n=66) OSF subgroups accord-
ing to the histologic criteria described by Sirsat and
Pindborg (28).

All the 135 OSF patients had AQ chewing habit; they
chewed 2-300 (mean, 29.2 + 32.5) quids per day for 0.5-36
(mean, 10.5 +7.1) years. One hundred and eighteen of the
135 (87.4%) OSF patients were smokers; they smoked 1-60
(mean, 21.0 £11.2) cigarettes per day for 3—-40 (mean,
149+7.9) years. Sixty-nine of the 135 (51.1%) OSF
patients were alcohol drinkers; they drank 15.9-6450.3
(mean, 563.6 £955.0) grams of pure alcohol per week for
0.5-40 (mean, 11.9 +9.2) years.

For each OSF patient, four healthy control subjects of the
same gender were selected with the age of these four sub-
jects being within +2 years of the age of the corresponding
OSF patient. Thus, 540 age- and sex-matched healthy con-
trol subjects (aged 18—61 years, mean age 36.1 £9.5 years;
528 men and 12 women; 497 Fukienese, 11 Hakkas, 25
mainlanders, and 7 aborigines) were included in this study.
These control subjects were selected from the dental patients
with dental caries, pulpal diseases, malocclusion, or missing
of teeth but without any oral mucosal diseases. All the OSF
patients and selected control subjects did not have any
systemic and autoimmune diseases. They were all treated
at the Department of Dentistry, National Taiwan University
Hospital (NTUH), Taipei, Taiwan during the period from
1997 to 2002. In addition, all of them were unrelated to avoid
overlapped calculation of some specific HLA antigens or
haplotypes. A verbal explanation of the HLA typing and
risks was given to each subject participating in this study,
and 15ml of peripheral venous blood was collected from
each subject after informed consent being obtained. This
study was approved by the Ethic Committee on Use of
Humans as Experimental Subjects in NTUH.

Serologic typing

This study began in 1997; at that stage, only serologic typing
for MHC class I (HLA-A, -B, and -C) antigens was available
in our laboratory. Although DNA typing for MHC class I
antigens has been developed in our laboratory since 2001,
for the consistency throughout the entire study we used only
serologic typing for the analysis of MHC class I antigens in
all subjects. The analyzed lymphocytes were isolated by
Ficoll-Hypaque (Pharmacia Biotech, Uppsala, Sweden)
gradient centrifugation from 10ml of peripheral blood.
Determination of antigens was performed by a standard



complement-dependent microlymphocytotoxicity tech-
nique (29) in Terasaki Chinese HLA-ABC 72-well trays
(One Lambda Inc., Canoga Park, CA, USA).

DNA typing

The DNA typing for HLA-DRB1 and -DQB1 polymorph-
isms has been established in our laboratory since 1996.
Therefore, the identification of HLA-DRB1 and -DQB1
alleles in all subjects was performed by DNA typing using
PCR with sequence-specific primers (PCR-SSP) as pre-
viously described (30-32). Briefly, genomic DNA was
obtained from Ficoll-Hypaque-purified lymphocytes, and
80ng of the DNA was amplified by PCR (Perkin Elmer
Thermocycler 9600; PE Applied Biosystems, Foster City,
CA, USA) in 30 cycles. A total of 48 sequence-specific
oligonucleotide primers were used to identify 14 DRB1 and
13 DQBI1 alleles. The detailed sequences of the PCR primers
have been shown in the previous study (30).

Statistical analysis

Our previous studies have shown a significant correlation
between MMO and the number of site of involvement in
Taiwanese OSF patients (8—10). However, no significant
correlation has been found between MMO, the number of
site of involvement, or histologic staging of OSF and the
daily/weekly or total consumption of AQs, cigarettes and
alcohol or the duration of these oral habits in Taiwanese OSF
patients. In addition, there is no significant association
between histologic staging of OSF and MMO or the number
of site of involvement in Taiwanese OSF patients (8—10).
Therefore, in this study, we did not attempt to analyze the
relationship between any two of the clinical and histologic
parameters.

In order to evaluate the association of HLA antigens with
OSF, chi-square with Yates’ correction or, in the expected
frequencies being too small (n < 5), Fisher’s exact test was
used to calculate the P-value. The value was then corrected
by multiplying with the number of antigens tested (n = 85).
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Corrected P-value (Pc) was considered to be significant
when Pc was less than 0.05 (33). For measuring the strength
of an association of a specific antigen with OSF, relative risk
(RR) was estimated by the following formula:

RR = (P xC7)/(P~ xC")

P* or P~ denotes the number of OSF patients with positive
or negative expressions for a specific antigen, and C* or C~
denotes the number of control subjects having positive or
negative results for the same antigen, respectively (34). If
there was zero number in any one cell, the P-value and 95%
confidence interval of RR were calculated by Cornfield’s
iterative approximation (35). A RR value greater than 1.0
implies that subjects carrying the antigen are at an increased
risk of a disease (a positive association), while a RR value
less than 1.0 implies that subjects carrying the antigen are at
a lower risk than those not carrying the antigen (a negative
association). Furthermore, the etiologic fraction (EF), which
may be a more informative estimate of the strength of
association, was calculated as follows: EF=(RR — 1/
RR) x frequency in patients (36). The EF value of 1.0 means
complete association.

Results

The phenotype frequencies of HLA-A, -B, -C, -DRBI1, and
-DQBI1 antigens in 135 OSF patients and 540 healthy control
subjects are showed in Tables 1-4. We found that the
phenotype frequency of HLA-B48 (7.4%, P =0.032),
-B51 (15.6%, P=10.048), -B62 (20.7%, P=0.001), -B76
(3.0%, P=0.000), -Cw4 (14.1%, P=0.042), -Cw7 (43%,
P =0.001), or -DQ5.3 antigen (12.6%, P =0.005) in OSF
patients was significantly greater than the corresponding
phenotype frequency in healthy control subjects. However,
the phenotype frequency of HLA-B55 (0.7%, P =0.048),
-B58 (9.6%, P=0.019), -DR17 (5.2%, P =0.002), -DQ02
(9.6%, P=10.002), or -DQ6.1 antigen (15.6%, P =0.002) in
OSF patients was significantly lower than the corresponding

Table1l Phenotype frequencies of HLA-A antigens in patients with OSF and in healthy control subjects

OSF patients (n=135)

Control subjects (n=540)

Antigens No. % P Pc RR EF No. %
Al 3 22 0.690 7 1.3
A2 68 50.4 0.985 - 270 50
A3 0 0 0.707 - - - 4 0.7
All 78 57.8 0.922 - 312 57.8
A23 0 0 0.707 - 4 0.7
A24 41 304 0.849 - 157 29.1
A25 0 0 0.575 - - - 5 0.9
A26 8 59 0.618 - 24 4.4
A29 0 0 0.473 - 6 1.1
A30 4 3 0.957 - 18 33
A31 9 6.7 0.578 - - - 27 5
A32 0 0 0.707 - - 4 0.7
A33 19 14.1 0.278 - 100 18.5
A34 0 0 0.859 - - - 2 0.4
A66 0 0 - - 0 0
A68 0 0 - - 0 0
A74 0 0 - - - - 0 0

P, P-value; Pc, corrected P-value; RR, relative risk; EF, etiologic fraction.
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Table2 Phenotype frequencies of HLA-B antigens in patients with OSF and in healthy control subjects

OSF patients (n=135)

Control subjects (n=540)

Antigens No. % P Pc RR EF No. %

B7 2 1.5 0.839 - - - 12 2.2
B8 1 0.7 0.885 - - - 2 0.4
B13 16 11.9 0.252 - - - 88 16.3
B18 1 0.7 0.859 - - - 1 0.2
B27 6 44 0.541 - - - 34 6.3
B35 10 7.4 0.600 - - - 31 5.7
B37 1 0.7 0.575 - - - 4 0.7
B38 8 59 0.969 - - - 35 6.5
B39 9 6.7 0.243 - - - 21 39
B42 0 0 - - - - 0 0

B44 0 0 0.275 - - - 9 1.7
B45 0 0 0.859 - - - 2 0.4
B46 25 18.5 0.179 - - - 132 244
B47 0 0 0.859 - - - 2 0.4
B48 10 74 0.032 2.72 2.62 0.17 16 3

B49 0 0 - - - - 0 0

B50 0 0 0.453 - - - 1 0.2
B51 21 15.6 0.048 4.08 1.81 0.2 50 9.3
B52 1 0.7 0.116 - - - 21 3.9
B53 1 0.7 0.885 - - - 2 0.4
B54 11 8.2 0.104 - - - 23 43
B35 1 0.7 0.048 4.08 0.14 0 27 5

B56 3 22 0.951 - - - 14 2.6
B57 0 0 0.473 - - - 6 1.1
B58 13 9.6 0.019 1.615 0.47 —-0.2 100 18.5
B59 0 0 - - - - 0 0

B60 62 459 0.164 - - - 210 48.9
B61 6 44 0.964 - - - 27 5

B62 28 20.7 0.001 0.085 2.31 0.39 55 10.2
B63 0 0 - - - - 1 0.2
B67 0 0 0.710 - - - 4 0.7
B71 0 0 - - - - 0 0

B75 8 59 0.261 - - - 51 9.4
B76 4 3 0.000 0.000 00 - 0 0

B77 0 0 - - - - 0 0

P, P-value; Pc, corrected P-value; RR, relative risk; EF, etiologic fraction.

phenotype frequency in healthy control subjects. After
correction of the P-value, only the phenotype frequency
of HLA-B76 (3.0%) in OSF patients was still significantly
greater than that (0%) in healthy control subjects
(Pc=0.000). As none of the healthy control subjects bore
HLA-B76 antigen, 95% confidence interval of RR was
between 4.25 and infinite calculated by Cornfield’s iterative
approximation (35) (Table 2).

Further analysis of the haplotype frequencies in OSF
patients and healthy control subjects discovered that there
was a significant increase in the haplotype frequencies of
B62/Cw4 (11.1%, P =0.004), B48/Cw7 (3.0%, P = 0.000),
B51/Cw7 (6.7%, P =0.000), B62/Cw7 (8.2%, P =0.000),
B48/DQ5.3 (3%, P=0.046), and B51/DQ5.3 (2.2%,
P =0.006) in OSF patients as well as a significant decrease
in the haplotype frequencies of DRI17/DQO02 (5.2%,

Table3 Phenotype frequencies of HLA-C antigens in patients with OSF and in healthy control subjects

OSF patients (n=135)

Control subjects (n=540)

Antigens No. % P Pc RR EF No. %

Cwl 42 31.1 0.555 - - - 185 343
Cw4 19 14.1 0.042 3.57 1.89 0.19 43 8

Cwo 9 6.7 0.847 - - - 36 6.7
Cw7 58 43 0.001 0.085 1.91 0.59 153 28.3
Cw9 13 9.6 0.826 - - - 58 10.7
Cwl0 37 27.4 0.088 7.48 1.49 0.23 109 20.2

P, P-value; Pc, corrected P-value; RR, relative risk; EF, etiologic fraction.
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Table4 Phenotype frequencies of HLA-DR and -DQ antigens in patients with OSF and in healthy control subjects

OSF patients (n=135)

Control subjects (n=540)

Antigens (alleles) No. % P Pc RR EF No. %

DRO1 (DRB1%01) 0 0 0.575 - - - 5 0.9
DRO04 (DRB1704) 43 31.9 0.082 - - - 130 24.1
DRO7 (DRB1707) 8 5.9 0.839 - - - 32 5.9
DROS8 (DRB1708) 21 15.6 0.060 - 127 23.5
DR09 (DRB1709) 40 29.6 0.950 - - - 164 30.4
DR10 (DRB1710) 2 1.5 0.265 - - - 21 39
DR11 (DRB1*11) 33 24.4 0.125 - - - 98 18.2
DR12 (DRB17*12) 36 26.7 0.461 - - - 164 30.4
DR13 (DRB1*13) 6 4.4 0.303 - - - 40 74
DR14 (DRB1714) 23 17 0.062 - 58 10.7
DR15 (DRB1715) 22 16.3 0.536 - - - 103 19.1
DR16 (DRB1*16) 14 10.4 0.875 - - - 56 10.4
DR17 (DRB170301) 7 5.2 0.002 0.17 0.29 —0.16 85 15.7
DRB170302; 0303 0 0 - - - - 0 0

DQO2 (DQB1*02) 13 9.6 0.002 0.17 0.39 —0.21 117 21.7
DQO7 (DQB170301) 65 48.1 0.893 - - - 254 47

DQO8 (DQB1%0302) 28 20.7 0.152 - - - 82 15.2
DQ09 (DQB170303) 42 31.1 0.950 - - - 164 30.4
DQ4.1 (DQB170401) 17 12.6 0.318 - - - 50 9.3
DQ4.2 (DQB170402) 5 3.7 0.411 - - - 11 2

DQ5.1 (DQB170501) 3 2.2 0.099 - - - 34 6.3
DQ5.2 (DQB170502) 25 18.5 0.980 - - - 103 19.1
DQ5.3 (DQB170503) 17 12.6 0.005 0.425 2.54 0.27 29 54
DQ6.1 (DQB170601) 21 15.6 0.002 0.17 0.45 —0.27 156 28.9
DQ6.2 (DQB170602) 7 5.2 0.473 - - - 40 7.4
DQ6.3 (DQB170603) 0 0 0.328 - - - 8 1.5
DQ6.459 (DQB1°060459) 6 44 0.646 - - - 32 5.9

P, P-value; Pc, corrected P-value; RR, relative risk; EF, etiologic fraction.

P =0.005), BS8/DR17 (4.4%, P=0.014), and B58/DQ02
(5.2%, P=0.013) in OSF patients, compared with the
corresponding haplotype frequencies in healthy control
subjects (Tables5 and 6). After correction of the P-value,
only the haplotype frequencies of B48/Cw7 (3.0%,
Pc=0.000), B51/Cw7 (6.7%, Pc=0.000), and B62/Cw7
(8.2%, Pc =0.000) in OSF patients were still significantly
higher than the corresponding haplotype frequencies (0, 0.7,

and 1.9%, respectively) in healthy control subjects. The RR
value for OSF patients with B51/Cw7 or B62/Cw7 haplo-
type was 9.57 or 4.7, respectively, suggesting that patients
with HLA-B51/Cw7 and -B62/Cw7 haplotypes had 9.57-
and 4.7-fold risk to contract OSF compared to healthy
control subjects. In addition, the EF value for OSF patients
with B51/Cw7 or B62/Cw7 haplotype was 0.63 or 0.37,
respectively, indicating that the genes coding for HLA-B51/

Table5 Haplotype frequencies of HLA-B/C and DR/DQ antigens in patients with OSF and in healthy control subjects

OSF patients (n=135)

Control subjects (n=540)

Antigens No. % P Pc RR EF No. %
B48/Cw4 0 0 - - - - 0 0
B51/Cw4 1 0.7 0.885 - - - 2 0.4
B55/Cw4 0 0 0.859 - - - 2 0.4
B58/Cw4 0 0 0.859 - - - 2 0.4
B62/Cw4 15 11.1 0.004 0.34 2.81 0.27 23 43
B76/Cw4 1 0.7 0.453 - - - 0 0
B48/Cw7 4 3 0.000 0.000 - - 0 0
B51/Cw7 9 6.7 0.000 0.000 9.57 0.63 4 0.7
BS55/Cw7 0 0 0.885 - - - 3 0.6
B58/Cw7 6 44 0.961 - - - 21 39
B62/Cw7 11 8.2 0.000 0.000 4.7 0.37 10 1.9
B76/Cw7 1 0.7 0.453 - - - 0 0
DR17/DQ02 7 52 0.005 0.425 0.32 —0.1 79 14.6
DR17/DQ5.3 1 0.7 0.453 - - - 0 0
DR17/DQ6.1 1 0.7 0.380 - - - 13 2.4

P, P-value; Pc, corrected P-value; RR, relative risk; EF, etiologic fraction.
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Table6 Haplotype frequencies of HLA-B/DR, Cw/DR, B/DQ, and Cw/DQ antigens in patients with OSF and in healthy control subjects

OSF patients (n=135)

Control subjects (n=540)

Antigens No. % P Pc RR EF No. %
B48/DR17 0 0 0.575 - - - 5 0.9
B51/DR17 0 0 0.885 - - 3 0.5
B55/DR17 0 0 - - - - 0 0
B58/DR17 6 44 0.014 1.19 0.33 —0.12 66 12.2
B62/DR17 0 0 0.088 - - - 16 3
B76/DR17 0 0 - - - - 0 0
Cw4/DR17 0 0 0.328 - - - 8 1.5
Cw7/DR17 4 3 0.958 - - - 19 35
B48/DQ02 0 0 0.575 - - - 5 0.9
B51/DQ02 2 1.5 0.924 - - - 5 0.9
B55/DQ02 0 0 - - - - 0 0
B58/DQ02 7 52 0.013 1.105 0.36 —0.13 72 133
B62/DQ02 0 0 0.055 - - - 19 35
B76/DQ02 0 0 - - - - 0 0
Cw4/DQ02 0 0 0.141 - - - 13 24
Cw7/DQ02 5 3.7 0.887 - - - 24 44
B48/DQ5.3 4 3 0.046 391 5.47 0.16 3 0.6
B51/DQ5.3 3 22 0.006 0.51 - - 0 0
B55/DQ5.3 0 0 - - - - 0 0
B58/DQ5.3 1 0.7 0.453 - - - 0 0
B62/DQ5.3 2 1.5 0.575 - - - 3 0.6
B76/DQ5.3 0 0 - - - - 0 0
Cw4/DQ5.3 1 0.7 0.453 - - - 0 0
Cw7/DQ5.3 8 5.9 0.302 - - - 19 35
B48/DQ6.1 2 1.5 0.69 - - - 8 1.5
B51/DQ6.1 3 22 0.839 - - - 11 2
B55/DQ6.1 0 0 0.196 - - - 11 2
B58/DQ6.1 2 1.5 0.346 - - - 19 35
B62/DQ6.1 3 22 0.424 - - - 5 0.9
B76/DQ6.1 0 0 - - - - 0 0
Cw4/DQ6.1 2 1.5 0.575 - - - 3 0.6
Cw7/DQ6.1 11 8.2 0.238 - - - 66 12.2

P, P-value; Pc, corrected P-value; RR, relative risk; EF, etiologic fraction.

Cw7 and -B62/Cw7 haplotypes in AQ chewers were par-
tially (63 and 37%, respectively) responsible for the suscept-
ibility to OSF (Tables 5 and 6).

Discussion

In this study, the HLA phenotype and haplotype frequencies
in OSF patients were determined and compared with those in
healthy control subjects. We found a significant increase in
the phenotype frequency of HLA-B76 and in haplotype
frequencies of HLA-B48/Cw7, B51/Cw7, and B62/Cw7
in OSF patients compared with the corresponding phenotype
and haplotype frequencies in healthy control subjects. Simi-
lar findings of a positive HLA association with OSF have
also been reported by others (21-24). Canniff et al. (21)
showed significantly raised phenotype frequencies of HLA-
A10 and -DR3 as well as a significantly elevated haplotype
frequency of HLA-A10/DR3 in 50 OSF patients. Saeed
et al. (22) demonstrated significantly raised frequencies of
HLA-A24,-DRBI-11, and -DRB3-0202/3 in 21 OSF patients
when compared to the English controls. However, when the
OSF patient group was compared to the Indian controls, only
the phenotype frequency of HLA-DRBI1-11 was signifi-
cantly raised (22). Higher phenotype frequencies of HLA-
Cw?2 and -DR1 have also been found in OSF patients than in
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healthy control subjects living in Karachi, Pakistan (24). The
significantly increased HLA phenotype and haplotype fre-
quencies reported in three previous and the present studies
suggest a definite genetic predisposition and a positive HLA
association with OSF.

Although significantly higher phenotype and haplotype
frequencies have been shown in OSF patients than in healthy
control subjects (21-24), van WKy et al. (27) were unable to
demonstrate an HLA-associated susceptibility in African
OSF patients. The variations and discrepancies in the results
of these five studies could be because of differences in
characteristics of the groups studied, in OSF diagnosis
methods used, and in HLA typing methods used. The
characteristics of the groups included sample size, race,
age, sex, and socio-economic status of the study and control
subjects. The study group of Canniff et al. (21) consists of 50
OSF patients (48 Indians and 2 Pakistanis living in the UK,
37 women and 13 men, mean age 44.4 years); that of van
Wyk et al. (27) consists of 75 areca nut chewers without OSF
and 47 OSF patients (all are South Africans of Indian
extraction, 116 women and 6 men, mean age 52.5 years);
that of Saeed et al. (22) is composed of 21 OSF patients (all
are Indians living in the UK, sex and mean age of the patients
unknown); and that of this study comprises 135 OSF patients
(121 Fukienese, 4 Hakkas, 8 mainlanders, and 2 aborigines;



3 women and 132 men, mean age 35.7 years). The charac-
teristic features of Maher’s study group are not available (24).
It was very clear that the sample size of OSF patients in
this study was the largest; that of Canniff et al. (21) or of van
Wyk et al. (27) was modest, and that of Saeed et al. (22) was
small. Furthermore, there was a marked female predilection
for the study groups of Canniff et al. (21) and van Wyk
et al. (27) and a prominent male predisposition for our study
group. In addition, the majority of study subjects of van
Wyk et al. (27) are non-economically active, elderly women,
and they form a relatively small proportion of the whole
population. However, most of our study subjects are eco-
nomically active, young or middle-aged adult men, and
they are more evenly distributed in the whole population.
As the sample size, race, sex, and age may have influence
on genetic susceptibilities to a specific disease like OSF,
differences in sample size, race, age, sex, and socio-eco-
nomic status of the study and control subjects could partially
explain the variations and discrepancies in the HLA typing
results in different groups of OSF patients.

Various OSF diagnosis methods have been used in the
previous and present studies. In the present study and in that
of Canniff et al. (21), all OSF cases were confirmed by
histologic examination of biopsy specimens. Moreover,
nearly all of our OSF cases (95.6%) belonged to moderately
advanced and advanced OSF according to the histologic
criteria described by Sirsat and Pindborg (28). In the study of
van Wky et al. (27), the diagnosis of OSF is based on clinical
symptoms and signs especially the presence of fibrous band
in one or multiple oral mucosal sites rather than on histo-
logic examination of biopsy specimens. About 36% (17/47)
of their OSF cases belong to early or mild OSF. As patients
with various degrees of severity of OSF may have different
genetic susceptibilities to OSF, the variations in HLA typing
results in different groups of OSF patients could also be
attributed to the use of different criteria to select OSF
patients. Furthermore, the HLA typing methods used were
also varied. Canniff et al. (21) and van Wky et al. (27) used a
standard complement-dependent microlymphocytotoxicity
technique to type HLA antigens. Saeed et al. (22, 23) used a
comprehensive DNA typing for HLA class I and II antigens
by PCR-SSP technique. We used a serologic typing for
assessing the HLA-A, -B, and -C antigens and a genotyping
with PCR-SSP technique for determining the HLA-DRB1
and -DQBI1 antigens. DNA typing by use of PCR-SSP
technique is supposed to have an overall resolution greater
than or equivalent to good serology (23). Therefore, the
variations in HLA typing results in different groups of OSF
patients could also be because of the use of different
techniques to identify HLA antigens.

In this study, assumed haplotype frequencies were deter-
mined for OSF patients. Haplotypic pairs of HLA-B51/Cw7
and B62/Cw7 showed significantly higher frequencies in
OSF patients than in healthy control subjects even after the
P-value had been corrected. The RR values of haplotypes
B51/Cw7 (9.57) and B62/Cw7 (4.7) were greater than the
RR values of phenotypes B51 (1.81), B62 (2.31), and Cw7
(1.91). In addition, the EF value of haplotype B51/Cw7
(0.63) was higher than the EF values of phenotypes B51
(0.2) and Cw7 (0.59). These findings suggest that some
particular HLA haplotypes are more important than indivi-
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dual HLA antigens for the genetic susceptibility to OSF.
Similar results of greater importance of HLA haplotypes
than phenotypes have also been reported in other systemic
diseases, like rheumatoid arthritis, insulin-dependent dia-
betes mellitus (37), and gold-induced nephropathy (38).
Recently, we also reported that some specific HLA-DR/
DQ haplotypes are found to be more important than indi-
vidual HLA-DR and -DQ phenotypes for the development of
mucocutaneous type of Behcet’s disease and for the disease
shift from recurrent aphthous stomatitis to mucocutaneous
type of Behcet’s disease (39).

In addition to MHC class I- and class II-related genes,
there may be other susceptible genes that are not in the MHC
class I and class II regions but are responsible for the
development of OSF. Our recent study (40) demonstrated
that the genetic polymorphism of the genes coding for tumor
necrosis factor-a (TNF-a) is significantly associated with
the risk of OSF. The peripheral blood mononuclear cells
from OSF patients secrete increased levels of stimulated
TNF-a compared to the control subjects (41). TNF-a can
stimulate fibroblast proliferation in vitro (42) and has been
demonstrated to up-regulate mRNA expression of collagen
types I and III (43). Intradermal injections of TNF-a sti-
mulate the accumulation of fibroblasts and collagen (44).
Therefore, TNF-a is a cytokine that plays a positive role in
the pathogenesis of OSF. As the TNF-a gene locates in
the MHC class III region, it is beyond the detection of this
study. Therefore, it is highly possible that there may exist
other genes in the MHC class III region or other non-MHC
associated genes that are responsible for the susceptibility
to OSF. Further investigations are needed to verify this
possibility.

Although a significant increase in phenotype frequency of
HLA-B76 and in haplotype frequencies of HLA-B48/Cw7,
-B51/Cw7, and -B62/Cw7 was shown in our OSF patients,
the percentages OSF patients carrying HLA-B76, -B48/
Cw7, -B51/Cw7, and -B62/Cw7 were only 3, 3, 6.7, and
8.2%, respectively. In the study of Canniff et al. (15, 21),
significantly elevated phenotype frequencies of HLA-A10
and -DR3 and significantly raised haplotype frequencies of
HLA-A10/DR3 are found. However, the percentages OSF
patients bearing A10, DR3, and A10/DR3 are only 23, 34,
and 16%, respectively. These findings indicate that HLA
class I and class II genes only play a minor role in the
pathogenesis of OSF. There must be other factors that play
more important roles in the pathogenesis of OSF.

Several factors have been involved in the etiology of OSF.
Epidemiologic studies have shown the intimate relationship
between the AQ chewing habit and OSF (4-6). Our recent
studies have also demonstrated that all the OSF patients in
Taiwan have the AQ chewing habit (8—10). The areca nut
alkaloids can stimulate the fibroblast proliferation and col-
lagen synthesis (45). Cytokines and growth factors produced
by inflammatory cells within the OSF tissues may promote
fibrosis by inducing proliferation of fibroblasts, up-regulat-
ing collagen synthesis and down-regulating collagenase
production (46). The areca nut polyphenols, (4)-catechin
and tannins, can stabilize the collagen structure (47, 48).
OSF fibroblasts have been shown to produce the collagen
with more stable structure such as collagen type I trimer (49)
and secrete more lysyl oxidase, which causes an increase in
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collagen cross-linkages (50, 51). In addition, the OSF
fibroblasts secrete less amount of collagenase (52) and have
less collagen phagocytosis activity than the normal oral
mucosal fibroblasts (53). These previous studies support
that, in addition to genetic susceptibility, the mechanisms
leading to increased production of collagen and decreased
degradation of collagen also play very important roles in the
pathogenesis of OSF.

To the best of our knowledge, this is the first paper report-
ing the HLA typing results in Taiwanese patients with OSF.
This study found significantly greater phenotype frequency
of HLA-B76 and haplotype frequencies of HLA-B48/Cw7,
-B51/Cw7, and -B62/Cw7 in Taiwanese OSF patients than in
healthy control subjects. These findings suggest that some
Taiwanese AQ chewers with specific HLA phenotypes or
haplotypes are prone to have OSF. Further analysis of the RR
and EF values for OSF patients with these specific HLA
phenotypes and haplotypes indicates that some particular
HLA haplotypes play more important roles than the indivi-
dual HLA phenotypes for the genetic susceptibility to OSF.
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