
I. Introduction

In the series of experiments on the path-

ogenic features of the early-onset peri-

odontitis(EOP), we have initially shown our

attempts to revise the classical forms of the

EOP into the more homogeneous subsets1 ).

The subsequent immunological studies in

the EOP patients have clearly demonstrated

the diversity of immunoglobulin(Ig)G sub-

class responses against P o r p h y r o m o n a s

g i n g i v a l i s(P g) among the patients, the IgG2

and the IgG4 being most frequently found to

be elevated2 ). The phenomenon together

with the pronounced individual difference

within the same EOP subform strongly

necessitated the further studies for identi-

fying the immunogenetic factors responsi-

ble for the different patterns of the IgG

subclass responsiveness. It has been known

that the IgG subclass levels in health and

disease are under the genetic control, which

again are antigen-specific and highly race-

d e p e n d e n t3 - 1 6 ). For example, the IgG2

subclass levels, usually responding to the

bacterial carbohydrate antigens, may be

closely related to the Ig heavy-chain allo-

type markers(Gm) or the light-chain allo-

type markers(Km)7 , 8 ), present in the patient

serum. Several authors postulated the

genetic predisposition of the patients with

the allotype markers to the certain kinds of

systemic diseases1 7 , 1 8 ). Forms of the EOP

have been thought to have familial tenden-

cies and genetic predispositions1 4 , 1 5 , 1 9 , 2 0 ).

Therefore, one might reason that the ele-

vated IgG subclass levels against the bac-

terial antigen(s) in each EOP subform

should be carefully reinterpreted in terms

of the their functional roles, the immun-

odominant antigen(s), and the immuno-

genetic aspects to comprehensively under-

stand the immunopathogenic features of the

EOP more. As there have not been enough

informations on the EOP in these regards,

we have screened the Gm markers of the
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EOP patients in association with the various

IgG subclass responsiveness against

Porphyromonas gingivalis reported in the

previous studies2 ).

II. Materials and Methods

1. Selection of Study Patients
The patients who originally have been

selected for measuring the antibody levels

against Porphyromonas gingivalis in the

previous study have been examined of their

immunoglobulin allotype markers 2 1 ). The

patients were consisted of 69 patients(61

patients from the four EOP subforms and 8

patients from the age-matched adults

periodontitis) and 50 race and age-

matched control subjects, respectively. The

69 EOP patients consisted of 3 from the

subform I(distinctive localized juvenile

periodontitis(LJP) pattern), 19 from the

subform II(post-LJP pattern), 15 from the

subform III(localized but rapidly progress-

ing pattern), and 24 from the subform

IV(distinctive rapidly progressing peri-

odontitis(RPP) pattern), respectively.

2. Determination of the
Immunoglobulin Allotype
Markers(Gm Types)

The following allotype markers have been

identified by the hemagglutination inhibition

assay according to the method described by

van Loghem et al. 7 ), and others 1 6 , 1 8 );

G1m(a), G1m(x), G1m(f), G2m(n),

G3m(g), G3m(b) including b0b1b3b5,

G3m(s), G3m(t). Gm system consisted of

anti-Gm agglutinators and red blood cells

coated with Gm(+) anti-Rho antibodies.

Anti-Rho antibodies were used as the

coating antigens of red blood cells, except

for G2m(n) where erythrocytes were

coated with myeloma proteins. Nine phe-

notypes observed among the Koreans fell

into the four Gm haplotypes. Frequency

distributions of the observed four halpo-

types among the four EOP subforms were

evaluated. Based upon the data from the

measurement of the IgG subclass levels of
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Table 1. The haplotype frequencies of the various immunoglobulin allotypes observed in the
patients with four subforms of EOP, age-matched adult periodontitis(AP) and the age-
matched control subjects

H a p l o t y p e s Haplotype frequencies

S u b f o r m s A P

I I I I I I I V * C o n t r o l

n = 3 n = 1 9 n = 1 5 n = 2 4 n = 8 n = 5 0

a g 0 . 6 6 6 7 0 . 4 4 7 4 0 . 3 5 7 1 0 . 4 2 7 1 0 . 4 0 6 3 0 . 5 3 5 0

( 1 , 2 1 )

a x g 0 . 0 0 0 0 0 . 2 8 9 5 0 . 3 2 1 4 0 . 2 6 0 4 0 . 2 8 1 3 0 . 1 9 5 0

(1, 2, 12)

a b 3 s t 0 . 3 3 3 3 0 . 0 5 2 6 0 . 1 7 8 6 0 . 0 4 1 7 0 . 1 2 5 0 0 . 1 2 0 0

(1, 13, 15, 16)

a f n b 1 b 3 0 . 0 0 0 0 0 . 2 1 0 5 0 . 1 4 2 9 0 . 2 7 0 8 0 . 1 8 7 5 0 . 1 5 0 0

(1, 3, 5, 13, 23)
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Table 2. Serum IgG subclass titers to Pg in G2m(n)-positive and G2m(n)-negative patients(means±
s . d . )

G 2 m ( n + ) G 2 m ( n - )

IgG subclass n = 2 1 n = 3 9

I g G 1 4 1 3 . 1±5 0 2 . 0 * 1 4 1 . 6±2 8 4 . 0

I g G 2 6 1 4 . 4±6 2 6 . 5 * 2 4 1 . 3±2 4 7 . 0

I g G 3 6 7 . 0±1 6 4 . 2 8 2 . 9±1 4 2 . 7

I g G 4 8 6 5 . 6±1 5 6 3 . 5 * * 3 3 1 . 0±3 2 4 . 9

* significantly higher(p<0.01)

Table 3. Association of the Gm phenotypes and the patterns of the elevated lgG subclasses to
Porphyromonas gingivalis in the four EOP subforms

EOP Subforms

S u b c l a s s e s I I I I I I I V T o t a l

1 only 0 2 2 0 4

( a x g , a g f n b ) ( a x g , a x g b 3 s t )

1 + 2 0 0 0 2 2

(all agfnb)

1 + 3 0 0 0 0 0

1 + 4 0 0 1 0 1

( a g b 3 s t )

1 + 2 + 3 0 1 0 0 1

( a g b 3 s t )

1 + 2 + 4 0 3 3 6 1 2

(2agfnb, 1axgfnb) (all agfnb) (5agfnb, 1axgfnb)

1 + 3 + 4 0 0 0 0 0

1 + 2 + 3 + 4 0 2 1 1 4

(agfnb, axg) ( a g f n b ) ( a g f n b )

2 only 0 1 1 5 7

( a x g ) ( a x g b 3 s t ) (2agfnb, ag, axg, agb3st)

2 + 3 0 0 0 0 0

2 + 4 0 1 3 2 6

( a g ) (2agb3st, ag) (agfnb, axg)

2 + 3 + 4 2 1 3 0 6

(all agb3st) ( a g ) (2axg, axgb3st)

3 only 0 0 0 0 0

3 + 4 0 0 0 0 0

4 only 1 5 0 4 1 0

( a g b 3 s t ) (axgfnb, ag, axg, agfnb, agb3st) (3ag, 1axgfnb)

No elevations 0 3 1 4 8

T o t a l 3 1 9 1 5 2 4 6 1



each patient in the previous study2 ), we also

made an attempt to correlate these patterns

of the elevated IgG subclass antibodies with

the Gm phenotypes.

3. Statistical Management of the Data

A Chi-square test has been performed to

seek the differences in the observed fre-

quencies of each haplotype between the

EOP subforms or adult periodontitis and the

control group.

III. Results

Table 1 summaries the Gm haplotype

frequencies observed in the patients with

the four EOP subforms, the adult periodon-

titis and the race- and the age-matched

control. The four Gm haplotype were sig-

nificantly different in subform IV from the

control groups(p< 0.05, chi-square test) in

observed frequencies. In the subform I, the

haplotype agb3st demonstrated the high

observed frequency. As the haplotype

G2m(n) is always associated with G1m(f)

and G3m(b) in the mongolian populations8 ),

(personal communication with Dr. Hideo

Matsumoto, Osaka Medical University,

Japan), the haplotype Gm(f,n,b) has usually

been designated as G2m(n) or G2m(23).

The G2m(n)-positive patients were sig-

nificantly elevated in this group compared

with the control subjects.

The mean IgG2 levels in the G2m(n)

positive patients as a whole were signifi-

cantly higher than in the patients without

G2m(n)(p< 0.01, Table 2). Moreover, both

the mean IgG4 and IgG1 levels also were

significantly higher in the G2m(n) positive

group(p< 0.05, Table 2). When the various

patterns of elevated IgG subclasses were

correlated with the Gm phenotypes, the

patients demonstrating the patterns of

combined IgG1+2+4 or combined IgG1+2

consistently had had either the Gm pheno-

types agfnb or axgfnb both of which were

expressed positively for the haptotype

G2m(n)(Table 3).

IV. Discussion

This probably would be the fast report on

the genetic predisposition of the EOP sub-

form IV(distinctive rapidly progressing

periodontitis pattern) based on the

observed frequencies of the Gm haplotypes.

We were unable to find the similar results in

the other subforms and the adult periodon-

titis. In the subform I, the haplotype ab3st

demonstrated the high observed frequency.

However due to the very small sample size,

we were unable to make any conclusion and

hence we are currently under the study

using the large numbers of the serum sam-

ples. The association of Gm types with the

systemic diseases have extensively been

s t u d i e d1 7 , 1 8 ).

We could clearly demonstrate the elevat-

ed IgG2 levels in the patients who were

positive for the genetic marker, G2m(n).

This indicated that the IgG subclass

response to the bacterial antigen(s) are

under the immunogenetic control, which

might explain for the diverse patterns in the

IgG subclass responsiveness among the

patients within the same disease pheno-

types. This may further explain the differ-
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ent result among races in these regards

reported by the authors2 2 , 2 3 ). The IgG4 as

well as the IgG1 levels were also concomi-

tantly higher in patients positive for the

G2m(n) which was similar with the result

shown by others2 4 ). This result confirmed

the possible cross reaction of the antibody

IgG4 with the IgG2b molecules in the

p a t i e n t s4 , 2 5 , 2 6 ). However, the exact features

might have to be understood more clearly

by the analysis on the immunodominant

antigens according to the patterns of the

elevated IgG subclass antibodies.

With these in mind, a caution may have to

be exercised when interpreting the mean

values of the elevated IgG subclass levels.

For an example, the mean IgG3 in LJP were

significantly higher in the subform I com-

pared with the subform IV in our previous

e x p e r i m e n t1 ). When we carefully looked

into the IgG3 levels in each individual, no

one in the subform I demonstrated the ele-

vated level of the single IgG3

subclass(Table 3). The elevated IgG3 lev-

els were consistently accompanied by the

elevated IgG2 or IgG4 antibodies, This

phenomenon was understood better by the

variety in the distributions of observed Gm

phenotypes in those patients.

There were hardly any patients who

demonstrated the elevated levels in the

single IgG subclass among the total EOP

patients, except for the IgG2 and the IgG4,

which were frequently found to be elevated

mostly in the subforms III or IV. This led us

to reason that the elevated responses in the

IgG2 and the IgG4 subclass against P g

might be important in the most, if not all, of

the severe forms of the EOP. This folding

again has been shown to be closely related

the genetic predisposition of the subform IV

patients who had a significantly higher

G2m(n) haplotypes. As this probably the

first reports on the immunogenetic predis-

position of RPP, it is tempting to postulate a

genetic mechanism underlying in this form

of the EOP based on our research findings.

This also may be true for the RPP patients

in Caucasians. It is very important to con-

sider that Gm and Km types are race-

d e p e n d e n t7 , 8 , 1 3 ) (van Loghem, 1984, 1986,

Matsumoto, 1989). LJP patients are more

frequently found in the black, while these

are usually lacks G2m(n) in contrast with

the most of the Asian peoples. To look into

a possible genetic predisposition of the LJP

in the blacks, it may be wise to consider

their Km frequencies in the populations.

It is also interesting to find that the ele-

vated IgG1+2 or IgG1+2+4 antibodies are

always associated with the Gm phenotypes

agfnb or axgfnb, while Gm haplotype afnb-

positive(i.e. G2m(n+)) patients demon-

strated the higher IgG1, IgG2 and IgG4

levels compared with the G2m(n-)

patients(Tables 2 and 3). Therefore we

may reason that the G2m(n+) patients,

most of whom are subform IV(distinctive

RPP pattern) patients, had the elevated

primarily IgG2 levels accompanied by the

IgG4 or the IgG1 levels. This strongly sug-

gests the complex protein-carbohydrate

antigenic challenges in the pathogenesis of

the RPP(and possibly severe forms of the

EOP). Realizing the importance of these

antibody subclasses in the EOP, we are

currently under the experiments aimed at

identifying the immunodominant antigens of
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P g in these groups of patients.

Genetic epidemiology is another field of

study to confirm the genetic aspects of the

EOP. If we consider that haplotype G2m(n)

frequencies are extremely higher in the

souther Chinese populations1 3 ), there would

be a much higher prevalences than any

other part of the world. This possibility has

been proved in part by our fast reports on

the prevalence of the EOP in Korean popu-

lations visiting the periodontal clinic, which

comprised greater than 10%, even exclud-

ing the patients whose accurate diagnosis

could not be made due to insufficient

data(1). The mean haplotype G2m(n) fre-

quencies in Korean population are about

0.15, while that of southern Chinese is

about 0.81 3 ). We are under the collaboratory

works with the Chinese researchers to

verify this concept. As we were also inter-

ested in the immunodominant antigens rec-

ognized the predominant IgG subclasses

which were under the immunogenetic con-

trol as well. We are currently under the

experiments to identify the P g a n t i g e n ( s )

responsible for the pathogenesis of the each

E O P .

Based on the findings from our series

studies, it has become more evident that the

different patterns of elevated IgG subclass-

es among the patients even within the same

disease entities and the genetic control over

the elevated antibody responses. Moreover,

the immunodominant bacterial antigen(s)

may have to identified in accordance with

the various pattern of elevated IgG sub-

classes. The concept based on the IgG

subclasses-immunodominant antigen(s)-

immunogenetic markers-axis must be

exercised in the design of the animal

immunization experiments with immun-

odominant antigen preparations for the

more consistent and conclusive outcomes.

Through these systematic efforts, we may

hopefully fold clues to establish the specific

pathogen-free human in the near future2 7 ).

Consequently, our have initiated the exper-

iments aimed at the identifying various

immunodominant antigen(s) of P g in the

EOP patients showing the different pattern

of elevated IgG subclasses.
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국문초록

조기발병형 치주염환자의 표현

형에 따른 IgG subclass에 따른

면역 유전학적 연구

최점일, 김준홍, 하미혜, 김성조

부산대학교치과대학치주과학교실

본 논문은조기발병형치주염에이환된환자

의 immunoglobulin allotype markers(Gm)에

대한 연구를 한 것이다. 원래 이전의 논문에서

Porphyromonas gingivalis(Pg)에 대한 항체

역가를 측정하기위해 선택되었던 환자로 이는

subform Ⅰ(distinctive localized juvenile

periodontitis(LIP) pattern)으로부터 3명,

subtype Ⅱ(post-LJP pattern)으로부터 1 9

명, subform Ⅲ(localized but rapidly pro-

gressing pattern)으로부터1 5명 그리고s u b-

form Ⅳ(distinctive rapidly pregressing

p e r i o d o n t i t i s ( R P P )으로부터 2 4명을 추출하여

구성하였고, 각각 인종과 나이에 맞게 5 0명의

대조군을 구성했다. Gm type은 h e m a g g l u t i-

nation inhibition assay; b0b1b3b5, G3m(s),

G 3 m ( t )를 포함한G1m(a), G1m(x), G1m(f),

G2m(n), G3m(g), G3m(b)로 확인했었다. 관

찰되어진 Gm haplotypes의 도수는 각각의

EOP subform에따라계산되었고Gm pheno-

t y p e s은 각 환자에서발견된증가된 IgG sub-

class responses의다양성에따라구분했다. 

환자들중에서관찰된9개의Gm phenotype

은 4개의 Gm haplotype으로 나타났다. sub-

form Ⅳ에서관찰되어진모든4개의Gm hap-

l o t y p e의 도수는 대조군과 유의성있는 차이가

났다. 특히 haplotype afnb(Gm(n))의 그것이

유의성있게 높았다. 더욱이 G 2 m ( n )은 I g G 4와
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I g G 1의 l e v e l뿐만 아니라 IgG2 level의 증가와

밀접한관련이있었다. Gm phenotype을 검사

할 때 I g G 1 + 2와 I g G 1 + 2 + 4모두에서 a n t i-

body level이 증가한 모든 환자가 일관되게

Gm phenotype agfnb나a x f n b를가졌다. 

결론적으로, IgG subclass response는개인

의 immunogenetic marker에의해조절되었고

genetic predisposition의가능성은EOP sub-

form Ⅳ환자에서 관찰할 수 있었다. 더욱이

G 2 m ( n )과 Gm phenotype agfnb나 axfnb 모

두 IgG1+2 나 IgG1+2+4 antibody의 증가와

밀접한관련이있었다.
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