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HLA antigens have been considered as risk factors for periodontitis. Differences
in prevalence and in the extent of attachment loss between males and females have
suggested that gender-dependent HLA deviations could play a role in individual
predisposition to periodontitis. The aim of the present study was therefore to
investigate the incidence of gender-dependent HLA associations in 50 patients
with generalized aggressive periodontitis (AP) and 102 patients with chronic
periodontitis (CP) in comparison to 102 probands without any attachment loss
caused by periodontitis. HLA typing was carried out using a
microlymphocytotoxic test and a polymerase chain reaction with sequencespecific primers (PCR-SSP). Female AP patients showed an increase in the
frequency of HLA-A*68/69 and a decrease in the frequency of DRBblank* (nonDRB3/4/5*) and DQB1*05-positive probands. Only in female CP patients was
HLA-DQB1*0303 absent, whereas HLA-DQB1*06 homozygosity increased
significantly. With regard to the (AP π CP) periodontitis group as a whole, the
increased frequency of HLA-DQB1*06 homozygosity in females was similar to
the findings obtained in the AP group. Evidently, gender is a confounding variable,
which should be considered in further studies of HLA and periodontitis.

There is evidence that bacteria play a
primary role in the etiology of all types
of periodontitis. For instance, interventions such as scaling, root planning
and surgical elimination of pathologically deepened pockets could help to halt
advanced cases of periodontitis (30).
The use of antibiotics in treating necrotizing ulcerative gingivitis (51), localized juvenile periodontitis and refractory periodontitis has improved the

therapeutic outcome (57). Microbiota
obtained from lesion sites in patients
with adult periodontitis were markedly
different from microbiota taken from
healthy sites in the same patients and
also from sites in patients suffering
from localized juvenile periodontitis
(52, 55). However, a recent study (12)
has identified various herpes viruses in
patients with periodontal disease, which
could cause transient local immunosup-
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pression and thereby subgingival overgrowth of periodontopathic bacteria.
Genetic immunological mechanisms
may determine individual host susceptibility, and thus the onset of periodontal
diseases, or individual predisposition to
mild or aggressive severe forms of periodontitis, but have not been elucidated
sufficiently. In particular, aggressive
forms of periodontitis suggest the existence of such genetic susceptibility fac-

Gender-dependent HLA frequencies
tors. For example, several studies have
demonstrated a disproportionately high
prevalence within one family in which
40–50% of siblings were affected (4, 6,
32, 34, 49). Furthermore, the prevalence
and sex ratio, in particular for localized
juvenile periodontitis, vary geographically and/or racially in different populations. In Blacks, this disease is more frequent, with a prevalence of ⬎1%, than
in Caucasians, and males are more
often affected than females. In Caucasians, the prevalence is lower, at 0.1%,
and females are more often affected (10,
31, 36). Suzuki (53) reported that the
prevalence of rapidly progressive periodontitis was 2 to 3 times higher in females than in males for rapidly progressive periodontitis type A (lower immune defense function and minimal
plaque accumulation), but not for type
B (normal immune defense and significant plaque accumulation). Several
authors have also reported gender differences in prevalence and in the extent
of attachment loss in adult populations.
Summarizing this result, chronic periodontitis among adults was more frequent in males than females and more
prevalent in Blacks than Caucasians (1,
23, 48). These gender- and race-dependent differences in aggressive and chronic
forms of periodontitis could represent
further evidence of the existence of
underlying genetic susceptibility and resistance factors. With particular regard
to possible genetic factors, the significance of various HLA markers has
been investigated in several studies determining individual susceptibility factors for localized juvenile periodontitis,
rapidly progressive periodontitis and
adult periodontitis. From bacterial
mimicry with HLA (18, 25) and HLAdependent immunoreactivity to bacterial antigens (9, 22), an association
with periodontopathic bacteria can be
assumed. The most striking positive associations with periodontitis were
found for HLA-A*24 (19, 28, 35, 46,

50) and HLA-DR4 (2, 5, 16, 27, 41).
Negative associations with periodontitis
were found for HLA-A10 (A*25/26/34/
66) (3).
Gender may thus play a role in individual predisposition to periodontitis.
To date, investigations on gender-dependent HLA associations with periodontitis have not been carried out, but
studies on patients with rheumatic diseases (Reiters’s disease, ankylosing
spondylitis, acute anterior uveitis and
psoriatic arthritis) (26), psoriasis vulgaris (33), acute lymphoblastic leukaemia (13, 15) and chronic lymphoid
leukaemia (14) have revealed such gender-dependent HLA deviations. The
primary aim of this study was therefore
to evaluate males and females separately for positive and negative HLA associations in patients with generalized
aggressive periodontitis (AP) (formerly
called rapidly progressive periodontitis
or generalized early-onset periodontitis)
and chronic periodontitis (CP) (previously called adult periodontitis) and
to compare the findings with those obtained in a control group of healthy individuals who were periodontitis-free.
Materials and methods
Study population

Fifty German Caucasian patients with
AP and 102 German Caucasian patients with CP were investigated. The
two groups were subdivided into males
and females and separately evaluated
and compared with a group of 102 German Caucasian individuals who were
free of periodontitis. The numbers of
males and females and important
demographic variables such as age
range and median and smoking status
are presented in Table 1. The clinical assessment included determination of the
following
parameters:
anamnesis,
smoking status, approximal plaque
index (API) (29) and modified sulcular
bleeding index (SBI). Both the maxi-
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mum clinical probing depth (PD) and
maximum clinical attachment loss (AL)
for each tooth were derived by measuring six sites around each tooth and recording the maximum values. Alveolar
bone loss on interproximal tooth surfaces was estimated by panoramic
radiograph saided by single radiographs when necessary. Furthermore, a
group of 157 German Caucasian blood
donors without periodontal assessment
were also included, representing the
normal HLA marker distribution
found in the population.
Out of a group of 4131 patients with
different forms of periodontal disease,
who received treatment at our Department of Operative Dentistry and Periodontology over a 4-year period, we selected 50 cases of AP, according to the
following minimal published clinical
criteria (56) for AP: age of onset of
periodontitis under 35 years, at least
eight teeth with an attachment loss of 4
mm or more, at least three affected
teeth other than molars or incisors,
more vertical than horizontal approximal bone loss in the affected sites, minimal accumulation of mineralized
plaque in comparison to chronic periodontitis, bleeding on probing, increased mobility of certain teeth, rapid
course, and no systemic diseases. In a
few cases our investigations also included patients with AP who were older
than 35 years at the time the HLA typing was carried out, but it was proved
from case histories and previous X-ray
protocols that they developed the disease before they turned 35.
A total of 102 cases with CP were selected from a group of 6800 individuals
receiving dental treatment at two of our
dental departments over a period of 4
years fulfilling the following criteria:
age of onset ⬎38, at least 10 teeth present, at least five teeth with an attachment loss of 4 mm or more, more horizontal than vertical approximal bone
loss in the affected sites, bleeding on

Table 1. Demographic values and smoking status in relation to gender-specific differences in all investigated cohorts
Variable

Aggressive periodontitis
(n Ω 50)

Chronic
periodontitis
(n Ω 102)

No
periodontitis
(n Ω 102)

Prevalence
Median age (range)
Number (males/females)
Male:female ratio
Percentage smokers
Percentage smokers (male/female)

1.21
33.0 (19–43)
22/28
1 : 1.27
35.6
40/32

1.5
52.5 (38–73)
39/63
1 : 1.62
44
62.5/34.8

1.5
61.0 (38–95)
40/62
1 : 1.55
32.2
48.0/38.0

Blood
donors
(n Ω 157)
29.2 (19–39)
63/94
1 : 1.49

362

Reichert et al.

probing, often extensive accumulation
of mineralized plaque, increased mobility of certain teeth, slow course, and
no systemic diseases.
The 102 periodontitis-free probands
were selected from the same 6800 individuals who fulfilled the following inclusion criteria: older than 38 years,
probing depth ⬍3.5 mm, recession of
maximum 4 mm at facial or oral surfaces not caused by periodontitis, and
no approximal alveolar bone loss in Xrays. We selected controls displaying a
lack of adequate oral hygiene with an
API of more than 30%.
The 157 blood donors were not
examined for periodontal diseases since
they represented the normal distribution of HLA antigens in our geographic region. All blood donors were
systemically checked according to
guidelines for blood donation in Germany. In particular, probands who were
infected with the human immunodeficiency virus 1 or 2 or any variety of
hepatitis virus were excluded. All patients and controls were of Caucasian
descent and were unrelated and free
from general diseases known to be associated with certain HLA markers.
Serologic HLA typing

Anticoagulated blood samples (20 ml)
were taken from all patients and control

probands. Lymphocytes as indicator
cells were separated from peripheral
blood by density gradient centrifugation (7). All probands were typed for
HLA-A, -B, and -Cw antigens
(Lymphotype 144, Biotest, Dreieich,
Germany) using the standard National
Institute of Health (NIH) microlymphocytotoxicity test following the
manufacturer’s instructions.

Genomic HLA typing

DNA was prepared from blood leukocytes using a salting-out procedure to
extract DNA from human nucleated
cells (38), i.e. after lysis of erythrocytes
in red cell lysis buffer (RCLB) and protein digestion in proteinase K solution.
DNA was extracted by precipitation of
proteins using a saturating salt solution. The final cleaning of DNA was effected by ethanol precipitation resulting
from the withdrawal of water.
All patients and controls were DNA
typed by standard polymerase chain reaction–sequence-specific
priming
(PCR-SSP) (PE 9600, Perkin Elmer,
Weiterstadt, Germany) for HLA-A, -B
and -Cw (Deutsche Dynal AG, Hamburg, Germany) and HLA-DRB1, DRB3/4/5, and -DQB1 markers using a
low-resolution technique (HistotypeDR, Histotype-DQ, BAG, Lich, Ger-

many) according to the protocol provided by the manufacturer.
Quality control

Quality was verified by regular HLA
typing of control samples from the Institute for Standardization and Demonstration in Medical Laboratories (INSTAND e.V., Düsseldorf, Germany)
and from the International DNA Exchange, UCLA Tissue Typing DNA
Laboratory (Los Angeles, CA).
Degree of differentiation in HLA typing

Using a serologic technique (the microlymphocytotoxic test), we determined
MHC class I markers (HLA-A, -B,
and -Cw) and their splits. By using an
additional PCR-SSP procedure these
serologic findings were confirmed and
extended. Because the serologic typing
of HLA class II markers (DRB1,
DRB3/4/5 and DQB1) is difficult and
unsafe, it was only carried out with
PCR-SSP. All the HLA markers investigated are listed in Table 2.
Statistical analysis

Each of the three patient groups (AP,
CP and AP π CP) were compared with
periodontitis-free controls and were
separated into male and female prob-

Table 2. List of the investigated class I and II HLA markers in all patient and control groups
HLA-A

HLA-B

A*01
A*02
A*03
A*23 (9)

B*51 (5)
B*52 (5)
B*07
B*08

B*50
B*54
B*55
B*56

A*24 (9)

B*44 (12)

B*27

A*25
A*26
A*34
A*66
A*11
A*29
A*30
A*31
A*32
A*33
A*74
A*68
A*69
A*36

B*45
B*13
B*14
B*15
B*15
B*15
B*15
B*15
B*38
B*39
B*57

(62)
(63)
(75)
(76)
(77)
(16)
(16)
(17)

B*35
B*37
B*40 (60)
B*40 (61)
B*41
B*42
B*46
B*47
B*48
B*53
B*59

B*58 (17)
B*18

B*67
B*15 (71)

B*49 (21)

B*15 (72)

A*80

(10)
(10)
(10)
(10)
(19)
(19)
(19)
(19)
(19)
(19)
(28)
(28)

(12)

(21)
(22)
(22)
(22)

HLA-Cw

HLA-DR

HLA-DQ

Bw*4

Cw*01
Cw*02
Cw*03
Cw*04

DRB1*01
DRB1*15 (2)
DRB1*16 (2)
DRB1*03

Bw*6

Cw*05

DRB1*04

Cw*06
Cw*07
Cw*08
Cw*blank

DRB1*11
DRB1*12
DRB1*13
DRB1*14
DRB1*07
DRB1*08
DRB1*09
DRB1*10

DQB1*05 (1)
DQB1*06 (2)
DQB1*02
DQB1*0301 (7)
DQB1*0304 (7)
DQB1*0302 (8)
DQB1*0303 (9)
DQB1*0308 (9)
DQB1*04

B*73
B*78

(5)
(5)
(6)
(6)

DRB3*(DR52)
DRB4*(DR53)
DRB5*(DR51)
DRBblank*
(non-DRB3/4/5)

Class I markers were detected by microlymphocytotoxic test and PCR-SSP, whereas class II markers were detected only by PCR-SSP. The
main markers are shown in parentheses. HLA-DRB*blank indicates that none of the supertypes DRB3*/DRB4*/DRB5* was detectable.
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ands. Statistical analysis was performed
according to the published (17) instructions on the design and interpretation
of studies on a major histocompatibility
complex in a disease, i.e. HLA phenotype frequencies in patients and controls were determined by directly counting the probands as being positive for a
certain HLA antigen and were represented as a percentage (pf %) of the
total number of probands in the group
(N). Statistical comparison between patients and healthy individuals was based
on a 2 ¿ 2 contingency table and performed by c2 testing with Yates’ continuity correction. If there were less than
five patients in a group who tested positive for a certain HLA allele, Fisher’s
exact test was used. A P value ⬍ 0.05
was considered significant. The relative
disease risk (RR) of an observed association was calculated using a 2 ¿ 2 contingency table. If less than five patients
tested positive or negative for a certain
HLA allele a modification according to
Haldane (24) was used. RR ⬎ 1 indicated a positive disease association and
RR ⬍ 1 indicated a negative disease association.
Quantitative clinical variables such as
API, SBI, PD and AL were described
in terms of the mean. t-tests were performed to compare differences in
means between males and females
within a cohort. P values ⬍0.05 were
accepted as statistically significant.
Databank searching for MHC ligands

Using two different MHC databases,
MHCPEP (8) and SYFPEITHI (44),
we looked for HLA class II markers
that were positively or negatively associated with the AP, CP or AP π CP group
with regard to their anchor amino acid
residues. Whereas the entries in the
database SYFPEITHI were compiled
only from published reports, the database MHCPEP contains additional direct submissions of experimental data.
A 53-kDa outer membrane protein
from
Porphyromonas
gingivalis
(NKVPIIVKRAAIRASMTITQQ:
Ag53 p141–161), which was found to
stimulate T cells from patients with
early-onset periodontitis very strongly
(40), was used to search for possible
motifs binding to the HLA class II
markers revealed in the present study.
Finally, we looked for published motifs
of other periodontopathic antigenic
peptides which could bind to our striking HLA class II markers.

Results
Clinical findings

In all cohorts, there were more females
than males. Smokers were more frequent among male patients and the
male periodontitis-free controls (Table
1). Since clinical measurements for the
CP group were taken after initial therapy, including scaling and root planning, we found the lowest values for
API and SBI in this group. Values for
API were not significantly different between females and males amongst all
groups, while values for SBI were significantly higher in the female patient
groups and the female control group
than in the male groups. With regard to
PD and AL, no significant differences
between males and females were found
(Table 3).
HLA deviations in the AP group

The significantly decreased frequency of
HLA-DRBblank*
(non-DRB3/4/5*)
and the significantly increased frequency of HLA-DRB1*13 in the AP
group as a whole compared with the
controls was mainly caused by deviations found in AP females in comparison with female periodontitis-free probands. Furthermore, HLA-A*68/69
(A28) occurred at a significantly higher
frequency and HLA-DQB1*05 at a significantly lower frequency in AP females than in female controls, whereas
AP males and the AP group as a whole
showed no significant differences for
these alleles relative to controls.
No significant differences were revealed between male patients and male
controls. However, the significantly
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higher occurrence of HLA*29 in the AP
group as a whole was attributed to the
increased frequency of this marker in
AP males, whereas in female patients
HLA-A*29 was in the normal range.
HLA-A*31 and HLA*30/31 were absent in both genders (Table 4).

HLA deviations in the CP group

HLA-DQB1*0303 (DQ09) was absent
in female CP patients and in the normal
range in male CP patients. Moreover,
homozygosity for HLA-DQB1*06 was
significantly more frequent only in female patients.
In the CP group as a whole, the deviations of HLA-A*03, -A*11, -B*14,
and -Cw*08 were caused by similar deviations in both genders. The positive
associations of HLA-B*14 and -Cw*08,
as well as the negative association of
HLA-B*27, were caused by a deviation
in the controls from the normal distribution (there was no deviation within
the AP group) (Table 5).

HLA deviations in the combined (AP π CP)
periodontitis group

In addition to analyzing patients with
CP and AP separately, the two patient
groups were combined (CP π AP) and
compared with the controls. Similarly
to the CP group, homozygosity for
HLA-DQB1*06 was significantly more
frequent only in female periodontitis
patients as opposed to male patients.
Additionally, the significantly decreased frequency of the marker HLAA*31 in the combined periodontitis
group was mainly caused by devi-

Table 3. Approximal plaque index (API), sulcular bleeding index (SBI), pocket depth (PD)
and attachment loss (AL) in relation to gender-specific differences
Variable

API (%)
Total
Males/females
SBI (%)
Total
Males/females
PD (mm)
Total
Males/females
AL (mm)
Total
Males/females
*P ⬍ 0.05.

Aggressive
periodontitis
(n Ω 50)

Chronic
periodontitis
(n Ω 102)

No
periodontitis
(n Ω 102)

42.7
36.4/47.3

18.8
17.6/19.4

56.9
55.5/57.8

55.36
44.6/64.0*

19.1
14.7/21.3*

60.8
54.9/64.6*

5.7
5.6/5.8

4.9
5.0/4.9

1.9
1.9/2.0

6.7
6.7/6.7

5.7
5.8/5.6

3.4
3.2/3.5
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Table 4. Striking HLA phenotype frequencies in patients with aggressive periodontitis (AP) and the periodontitis-free control group (NP) in
relation to gender.
Total
HLA

A*68/69
A*29
A*31
A*30/31
DRBblank*
DQB1*05
DRB1*13

AP
(n Ω 50)
pf (%)
22.00↑
8.00↑
0.00↓
0.00↓
18.00↓
22.00↓
36.00↑

Female
NP
(n Ω 102)
pf (%)
9.80
0.98↓
8.82↑
11.76↑
34.31↑
34.31↑
20.59↓

Pc/RR
n.s.
0.040/6.55
0.024/0.10
0.007/0.07
0.036/0.42
n.s.
0.046/2.17

AP
(n Ω 28)
pf (%)
28.57↑
3.57
0.00↓
0.00↓
17.86↓
17.86↓
42.86↑

Male
NP
(n Ω 62)
pf (%)
6.45↓
0.00↓
9.86↑
11.29↑
41.94↑
43.55↑
24.19

Pc/RR
0.007/5.39
n.s.
n.s.
n.s.
0.026/0.30
0.019/0.28
n.s.

AP
(n Ω 22)
pf (%)
13.64
13.64↑
0.00↓
0.00↓
18.18↓
27.27
27.27

NP
(n Ω 40)
pf (%)
15.00
2.50
7.50↑
12.50↑
22.50↓
20.00↓
15.00↓

Pc/RR
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

The arrows indicate a higher (↑) or lower (↓) frequency within a group compared with the distribution in blood donors. pf Ω frequency
of HLA phenotype; PC Ω P corrected (Yates or Fisher); RR Ω relative risk; n.s. Ω not significant.

Table 5. Striking HLA phenotype frequencies in patients with chronic periodontitis (CP) and in the periodontitis-free control group (NP) in
relation to gender
Total
HLA

A*03
A*11
B*14
B*27
Cw*08
DQB1*0303
DQB1*06,06

CP
(n Ω 102)
pf (%)
19.61↓
14.71↑
5.88
8.82
5.88
2.94↓
9.80↑

Female
NP
(n Ω 102)
pf (%)
32.35↑
5.88↓
0.00↓
14.71↑
0.00↓
6.86
4.90

Pc/RR
0.039/0.51
0.041/2.76
0.014/13.8
n.s.
0.041/13.8
n.s.
n.s.

CP
(n Ω 63)
pf (%)
20.63↓
15.87↑
6.35
6.35
6.35
0.00↓
11.11↑

Male
NP
(n Ω 62)
pf (%)
33.87↑
4.84↓
0.00↓
17.74↑
0.00↓
8.06
1.61↓

Pc/RR
n.s.
0.040/3.34
n.s.
0.045/0.34
n.s.
0.028/0.08
0.032/5.54

CP
(n Ω 39)
pf (%)
17.95↓
12.82↑
5.13
12.82↑
5.13
7.69
7.69

NP
(n Ω 40)
pf (%)
30.00
7.50
0.00↓
10.00
0.00↓
5.00↓
10↑

Pc/RR
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.
n.s.

The arrows indicate a higher (↑) or lower (↓) frequency within a group compared with the distribution in blood donors. pf Ω frequency of
HLA phenotype; PC Ω P corrected (Yates or Fisher); RR Ω relative risk; n.s. Ω not significant.

Table 6. Striking HLA phenotype frequencies in patients with periodontitis (AP π CP) and in periodontitis-free controls (NP) in relation to
gender
Total
HLA

A*11
A*24
A*29
A*31
A*30π31
B*60 (B40)
DQB1*06,06

AP π CP
(n Ω 152)
pf (%)
13.82↑
15.79
7.24↑
2.63↓
3.95↓
15.13↑
10.35↑

Female
NP
(n Ω 102)
pf (%)
5.88
21.57
0.98↓
8.82↑
11.76↑
10.78
4.90

Pc/RR
0.044/2.56
n.s.
0.017/5.50
0.029/0.30
0.022/0.31
n.s.
n.s.

AP π CP
(n Ω 91)
pf (%)
14.29↑
19.78
5.49
2.20↓
3.30↓
17.58↑
10.99↑

Male
NP
(n Ω 62)
pf (%)
4.84↓
19.35
0.00↓
9.68↑
11.29↑
17.74↑
1.61↓

Pc/RR
n.s.
n.s.
n.s.
0.048/0.24
n.s.
n.s.
0.024/5.28

AP π CP
(n Ω 61)
pf (%)
13.11↑
9.84↓
9.84↑
3.28
4.92↓
11.48
9.84

NP
(n Ω 40)
pf (%)
7.50
25.00
2.50↓
7.50↑
12.50↑
0.00↓
10.00

Pc/RR
n.s.
0.049/0.33
n.s.
n.s.
n.s.
0.025/11.15
n.s.

The arrows indicate a higher (↑) or lower (↓) frequency within a group compared with the distribution in blood donors. pf Ω frequency of
HLA phenotype; PC Ω P corrected (Yates or Fisher); RR Ω relative risk; n.s. Ω not significant.

ations found in female patients and
controls.
In male periodontitis patients, HLAA*24 was significantly decreased,
whereas this marker was in the normal
range in female patients and in the combined periodontitis group. The significant positive association of HLA-B*60
(as a split of HLA-B40) in male periodontitis patients was attributed to an
absence of this marker in the male con-

trols, as the frequency of this marker in
male patients corresponded to the normal distribution. HLA-A*11, which
was positively associated with CP π AP
(combined group), showed the same
tendency of deviations in both genders,
but without statistical significance.
Similarly to the AP group, the significantly increased frequency of HLAA*29 was caused by an absence of this
marker in female controls and an in-

creased frequency in male patients
(Table 6).
Searching MHC databases for results for
binding motifs

In neither database were there any entries for known periodontal pathogens
for ligands or T-cell epitopes to match
the striking MHC class II markers revealed in our investigations. For Ag53
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Fig. 1. (A) Possible motifs binding to HLA-DRB1*1301. Anchor amino acid residues for the
HLA-DRB1*1301 molecule (44) are shown. Possible binding motifs found in the Ag53 p141–
161 peptide are shown by ?. ? indicates insufficient match to the anchor. (B) Possible motifs
binding to HLA-DRB1*1302. Anchor amino acid residues for the HLA-DRB1*1302 molecule
(44) are shown. The boxes have the same meanings as those in (A).

p141–161, we found possible motifs
binding to HLA-DRB1*1301 and HLADRB1*1302 (both high-resolution alleles of HLA-DRB1*13) as well as HLADQB1*0602 (split of HLA-DQB1*06).
The anchor amino acid residues of
DRB1*1301 and DRB1*1302 were
located at the first, fourth, sixth and
ninth positions (44). For Ag53 p141–
161, we found in both alleles two possible T-cell epitopes matching three of the
four anchor residues. Epitope 1 matched
the first, sixth and ninth, and epitope 2
the first, fourth and ninth residues (Figs
1A and B). The anchor residues of HLADQB1*0602 were located at the first,
third, fourth, sixth and ninth positions
(44). At this point, three possible T-cell
epitopes were detected. Epitope 1
matched four of five anchor residues and
epitopes 2 and 3 each matched three of
five residues (Fig. 2).

Discussion

Our patients and periodontitis-free
probands were selected on the basis of
the inclusion and exclusion criteria for
studies on HLA-associated diseases. All
patients with AP who were treated in
our department over a period of 4 years
were HLA typed. The prevalence of our
AP was 1.2%. This was lower than the
values found in another study (45) on
rapidly progressive periodontitis which
revealed a prevalence ranging from 2 to
5%. In the AP cohort of the present
study there were more females, but the
male:female ratio of 1 : 1.27 was lower
than that found by Suzuki (53). Comparison of our epidemiologic data for
CP patients and periodontitis-free controls with that of other epidemiolgic
studies is not meaningful, because only
a proportion of the total number of CP
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patients treated at two different departments could be examined for striking
HLA markers. Among the blood donors, we found a higher proportion of
females. This suggested that females in
general are more willing to donate
blood than their male counterparts, a
social effect that should also be taken
into consideration. Female patients and
periodontitis-free probands had higher
values for API and correspondingly significantly increased values for SBI. Although smokers were more frequent in
male periodontitis patients and male
periodontitis-free probands than in females, we did not find any significant
gender differences for PD or AL.
Because there were more female than
male patients with AP in this and in
other studies, and because gender-dependent HLA deviations have been
demonstrated in several types of rheumatic disease with similarities in their
pathophysiology to periodontitis (37),
gender-dependent genetic susceptibility
or resistant factors could exist and
therefore separate HLA typing for females and males was required.
In contrast to most other studies on
associations between HLA and periodontitis, our patient groups were compared with 102 periodontitis-free probands as a control group. We therefore
experienced a much greater contrast between ‘affected’ and ‘healthy’. The
minimum age of the controls was restricted to 38 years, excluding the possibility that AP could develop at a later
age. However, CP could appear later
than the age of 38 years and so a strict
differentiation between periodontal
healthy controls and CP is impossible.
All patient groups and the control
group were examined both as a whole
and for females and males separately, in
order to investigate gender-determined
HLA deviations. The data for blood
donors represented the normal distribution and corresponded to values already published (20). This group was
checked for infections and diseases according to the guidelines for blood donation in Germany, but was not examined for periodontal diseases and therefore represents a heterogeneous group
in terms of periodontal diseases. Therefore, a direct comparison between
blood donors and patient groups was
not in any way meaningful. Rather, the
blood donor group was used to estimate whether any HLA deviation
affected the patients, the controls or
both groups. Significantly increased or
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Fig. 2. Possible motifs binding to HLA-DQB1*0602. Anchor amino acid residues for the
HLA-DQB1*0602 molecule are shown (44). Possible binding motifs found in the Ag53 p141–
161 peptide are shown. The boxes have the same meanings as those shown in Fig. 1.

decreased HLA frequencies in patients
in comparison to controls and the normal distribution could be associated
with higher or lower susceptibility to
periodontitis, respectively.
Separate HLA typing for males and
females revealed some striking HLA
markers, which to date are unidentified,
as well as some discrepancies in the results of other studies on the association
of class I and II HLA markers in periodontitis. The significant negative association of HLA-DQB1*0303 with CP
in females has not previously been described. The increased frequency of
HLA-A*68/69 (A28)-positive AP females has not been confirmed in other
groups with rapidly progressive periodontitis, but is supported by findings
in a Danish Caucasian juvenile periodontitis group (46). In contrast to our
findings, in two previous studies of
adult and juvenile periodontitis, respectively (39, 54), the marker A28 (A*68/
89) and its split A68 (A*68) were found
to be decreased. This may be a hint that
HLA-A28 plays a role in periodontitis.
In contrast to previous studies on juvenile periodontitis (19, 46, 50) and
rapidly progressive periodontitis (3, 19,
28), we revealed a significantly lower

frequency of HLA-A*24 in our AP π
CP females. Moreover, in contrast to
the increased frequency of HLADQB1*0503 (high-resolution allele of
DQB1*05) in Japanese early onset periodontitis (EOP) patients (40, 41), we
obtained a lower frequency of HLADQB1*05, predominantly in female AP
patients. However, gender dependent
HLA phenotype frequences of HLAA*24 and HLA-DQB1*05 have not
been considered in these former studies.
HLA-B*14, -B*27 and -Cw*08 cannot
be considered as susceptibility or resistance factors for CP females or for
the CP group as a whole, because these
HLA deviations were caused by differences in the periodontitis-free control
group.
A Japanese study on EOP patients
(41) revealed a higher frequency of
HLA-DQB1*0602 and supported the
finding of the present study of a higher
frequency of HLA-DQB1*06 homozygosity in CP and AP π CP females.
HLA-DQB1*0602 could be linked to
HLA-DRB1*1501, and this HLADRB1 molecule was found to be responsible for T-cell proliferation in Japanese EOP patients (40).
Takashiba et al. (54) found two poss-

ible motifs binding to HLADRB1*1501 in an outer membrane protein of P. ginigivalis (Ag53 p141–161).
To search for motifs binding to the
striking MHC class II markers found in
the present study, two different databases were used in which possible anchor amino acid residues were characterized. At least three anchor amino
acid residues had to be matched by the
antigenic peptide for binding to a MHC
class II molecule. When Ag53 was applied to HLA-DRB1*1301 and DRB1*1302 (alleles of the marker
HLA-DRB1*13 increased in the AP
group as a whole) as well as HLADQB1*0602 (allele of HLA-DQB1*06
with a significantly increased frequency
of homozygosity in CP and AP π CP females), two or three possible T-cell epitopes, respectively, emerged (Figs 1A,B
and 2). HLA-DQB1*0501 (allele of
HLA-DQB1*05 decreased in our AP
females) prefers leucine as an anchor at
relative position 1 and tyrosine/phenylalanine/tryptophan at relative position
5. When the Ag53 p141–161 peptide
was applied, in contrast to HLADRB1*13 and HLA-DQB1*06, no
binding motifs could be defined. Anchor residues for HLA-DRBblank*
(negatively associated with AP) and
HLA-DQB1*0303 (not present in CP
females) have not yet been characterized (44). However, this theoretical ‘epitope prediction’ allowed only a preselection of antigenic peptides. The ability
to bind certain HLA molecules and to
activate T cells should be investigated in
further studies. Nevertheless, this result
could be a possible indication that certain HLA class II alleles could directly
affect the capability to bind certain bacterial antigens and in this manner influence susceptibility or resistance to
periodontitis.
In comparison to MHC class II molecules, the HLA-A, -B, and -C markers
present peptides from proteins compounded within a cell (virus peptides
and cancer peptides), and therefore
binding of peptides from periodontitis
bacteria is improbable. Nevertheless,
previous studies and our investigations
have revealed positive as well as negative associations of several HLA class I
markers in periodontitis. Possible reasons for these associations are molecular mimicry of HLA for certain periodontopathic bacteria (18) with impaired immune response or tissue
destruction by autoimmune reactions.
Furthermore, striking HLA class I

Gender-dependent HLA frequencies
markers could be linked to (as yet unknown) susceptibility or resistance factors to periodontitis. The ability of class
I markers to bind viruses could play an
adjuvant role in the pathogenesis of
periodontitis. In a recent study, Contreras and Slots (12) detected herpes viruses (Epstein-Barr virus and cytomegalovirus) in gingival biopsies from patients with periodontitis. It was inferred
that virus infection impairs periodontal
defense, thereby permitting overgrowth
of periodontopathic bacteria. It has
been reported that several MHC class I
molecules are able to bind to virus peptides. For example, HLA-A*29, which
was significantly increased in our AP
and CP π AP groups, and HLA-A*11,
which was significantly increased in our
CP and CP π AP groups, are able to
bind peptides from Epstein-Barr virus
(EBV) (42, 47, 58). However, HLAA*3002 (an allele of HLA-A*30 not
present in the AP group and significantly decreased in the AP πCP group)
is able to bind EBV-EBNA-3 176–184
(47).
The present study has revealed some
gender-determined differences in HLA
deviations in relationship to AP and CP.
Thus, there is not only a direct relationship between gender and the disease
(especially its aggressive forms), but
also an indirect relationship in terms of
certain HLA factors. In addition to
other factors, such as analysis of infrequent HLA alleles in groups of insufficient size, different geographical/ethnological origins of groups, use of only
a serologic typing technique, investigation of either class I or class II HLA
markers, and control groups without
periodontal examination, differences in
the sex ratio of patients or control
groups could explain discrepancies in
the results of some previous HLA
studies. Only by evaluating HLA deviations separately for females and males
was it possible to define HLA markers
positively or negatively associated with
periodontitis which were inconspicuous
in groups that were not separated.
Moreover, it was possible to determine
whether significant HLA deviations in
patient groups as a whole were attributable to males, females or both genders.
In the AP π CP group, females but not
males showed significant HLA deviations. Therefore, it would be useful to
investigate the possible associations between certain HLA markers and sex
hormones. For instance, HLA-B*27 is
linked to high testosterone levels in men

suffering from HLA-related rheumatic
diseases (26). Regarding the different
striking HLA markers in AP and CP,
the results suggest that the two periodontal diseases are under different
genetic control. In the present paper
and in other studies, however, no striking associations between HLA markers
and periodontitis have been revealed.
Therefore, our findings suggest that certain HLA markers or other genetic factors linked to them could affect, but not
completely determine, susceptibility or
resistance to periodontitis. Evidently,
gender is an additional confounding
variable which should be considered in
further studies on HLA and periodontitis. Because of the large number
of potential periodontal pathogens
(bacteria and viruses) and the apparent
commensal nature of many of them
(43), searching HLA databases for
possible ligands or T-cell epitopes could
be useful for the preselection of antigenic peptides before carrying out
further binding studies. It is possible
that HLA-DRB1*13 and HLADQB1*0601 are able to bind an outer
membrane protein of P. gingivalis
(Ag53), and this could lead to an accelerated T-cell response and hyperimmune reactions to P. gingivalis, and
thus to higher susceptibility to AP and
CP, respectively. Further studies on
other antigenic peptides and their ability to bind to several striking HLA
markers, as well as investigations into
other genetic risk factors that could be
linked to HLA, are required.
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