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INTRODUCTION 

The major antibody isotypes in
volved in immune responses in the oral 
cavity are IgG and IgA. The IgG anti
bodies seen in oral fluids originate from 
serum via the gingival crevicular fluid 
(GCF). Thus, the concentration of IgG 
antibody in GCF is very similar with 
those seen in serum (~12 mg/ml) (Shil
litoe and Lehner, 1972). Further, some 
IgA antibodies, especially the mono
meric form, are also derived from serum 
via GCF. On the other hand, pre
dominant IgA antibody seen in oral 
fluids is either dimeric or larger mo
lecular weight polymers (dIgA or pIgA, 
respectively) and is produced by plasma 
cells which reside in the salivary gland 
(Mestecky and McGhee, 1987; Brandt
zaeg, 1988). This antibody isotype is 
extremely important in immune re
sponses, which occur at mucosal sur
faces, since most pathogens and foreign 
antigens enter the host through these 
mucous membranes. Mucosal surfaces 
represent over 400 square meters of 
surface area in humans which require 
immune protection (Mestecky and 
McGhee, 1987; Brandtzaeg, 1988, 

1989). Both dIgA and pIgA production 
by plasma cells occur in mucosal asso
ciated tissues including the lamina pro
pria regions of the gastrointestinal, up
per respiratory and genitourinary tracts, 
and exocrine tissues. It has been esti
mated that greater than 1010 plasma cells 
per meter of intestine occur and ap
proximately 80% of these are committed 
to the secretion of the dIgA or pIgA 
isotype (Brandtzaeg, 1989). Therefore, 
it is important to elucidate the exact 
regulatory mechanisms which modulate 
IgA responses at mucosal surfaces in
cluding those of the oral cavity. 

Adult periodontitis (AP) is one of the 
most common chronic inflammatory 
diseases which occur in the oral tissues. 
AP is characterised by a local accumu
lation of activated B-cells and plasma 
cells and significant polyclonal immu
noglobulin synthesis (Brandtzaeg, 
1988). When gingival mononuclear 
cells (GMC) were enzymatically isolated 
from inflamed tissues of AP, high 
frequencies of plasma cells were present 
(McGhee et al., 1989a; Ogawa et al., 
1989a). Further, when Ig producing 
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Table 1: Effect of cytokines on B-cells 
——————————————————————————————————————— 

Cytokines Effects on B-cells 
——————————————————————————————————————— 

IL-2 Co-stimulation of B-cell growth and differentiation 

IFN-γ	 Enhances IgM and IgG2a in LPS triggered cultures
 
Suppresses effects of IL-4 on B-cells
 

TGFβ	 Induction of IgA isotype switching
 
Inhibition of B-cell responses
 

IL-4 	 Induces B-cell entry into G1 
Enhances IgE and IgG1 isotype switching and production in LPS 
and some antigen-specific B-cell systems 
Involvement in IgA isotype switching? 

IL-5 	Induces B-cell proliferation
 
Enhances B-cell differentiation
 
Synergises with IL-2 for B-cell proliferation
 
Enhances IgA synthesis in sIgA+ B-cells
 

IL-6 Induces terminal differentiation of B-cells committed to all isotypes 
Significantly enhances IgA synthesis in sIgA+ B-cell subsets 

——————————————————————————————————————— 

cells were assessed by the enzyme
linked immunospot (ELISPOT) and by 
immunofluorescence, the GMC con
tained predominantly IgG followed by 
IgA and essentially no IgM secreting 
cells (McGhee et al., 1989a; Ogawa et 
al., 1989a). When Ig subclasses were 
assessed, the IgG profile was IgG1 > 
IgG2 > IgG3 = IgG4 and for IgA was 
IgA1 > IgA2 (Ogawa et al., 1989a). 
Other studies using immunofluores
cence analysis of sections from gingival 
tissues have also shown that IgG fol
lowed by IgA are the predominant 
plasma cell isotypes seen in AP (Killian 
et al., 1989). Thus, it is of importance 

to determine the exact mechanism which 
regulates production of high IgG and 
IgA isotype responses seen in inflam
matory lesions. Since recent studies 
with recombinant interleukins (IL) 
clearly showed that certain interleukins 
(e.g., IL-4, IL-5 and IL-6) are of par
ticular importance in B-cell responses 
(McGhee et al., 1989b; Kishimoto and 
Hirano, 1988), this article summarises 
our recent findings on the regulation of 
IgA synthesis by interleukins in both the 
normal situation and on local production 
of increased IgG and IgA antibodies 
seen in inflamed gingiva of AP patients. 

INTERLEUKIN REGULATION OF MUCOSAL IMMUNE
 
RESPONSES
 

The cDNA cloning of cytokines fect other immunocompetent cells in
during the past few years has led to the cluding T-cells and antigen presenting 
finding that more than one cytokine can cells (APCs) (Kishimoto and Hirano, 
induce B-cell responses at the stages of 1988; Paul and O'hara, 1987). In this 
activation, proliferation and differentia- regard, IL-4, IL-5 and IL-6 have been 
tion, and that the cytokine may also af- shown to be key cytokines for the B-cell 
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activation, proliferation and differ
entiation (Table 1). It is generally ac
cepted that IL-4 induces resting B-cells 
to enter G1, express MHC class II anti
gens and receptors for other cytokines 
(Noelle et al., 1984; Rabin et al., 1985). 
Activated B-cells respond to IL-5 and 
undergo cell division, and studies in 
mice have shown that this cytokine also 
induces B-cell differentiation and Ig 
synthesis (Karasuyama et al., 1988; 
Swain et al., 1983). However, its pre
cise role in human Ig production re
mains unclear. IL-6 has been shown to 
induce B-cells to differentiate into 
plasma cells, with subsequent high rate 
Ig synthesis (Hirano et al., 1986; Bea
gley et al., 1989). In this regard, IL-6 
induced high levels of IgM, IgG and 
IgA synthesis in mitogen-stimulated 
human tonsillar B-cell cultures (Mura
guchi et al., 1988). A significant role in 
terminal differentiation was also sug
gested by the finding that anti-IL-6 anti
bodies, when added to pokeweed mito
gen (PWM) stimulated peripheral blood 
mononuclear cells (PBMC), inhibited Ig 
synthesis of all isotypes (Muraguchi et 
al., 1988). For convenience, we will 
discuss major effects of IL-4, IL-5 and 
IL-6 on B-cell responses, especially for 
IgA synthesis and refer the reader to 
more general reviews of these cytokines 
for the other effects which are seen (Ki
shimoto and Hirano, 1988; Paul and 
O'hara, 1987). 

Switch cytokines for IgA expres-
sion 

Two important processes occur dur
ing the development of IgA producing 
cells which include the B-cell heavy 
chain switching to 3' isotypes (e.g., 
µ +→ α+) and the terminal differentiation 
of IgA committed B-cells to high Ig se
creting plasma cells. The heavy-chain 
gene family is present as a long se
quence on a single chromosome and 
consists of exons (specific coding se

quences) separated by introns (long 
stretches of non-coding DNA se
quences). In the mouse, the order of 
heavy-chain constant-region (CH) genes 
on chromosome 12 is 5'-µ-δ-γ3-γ1-γ2b
γ2a-ε-α-3'. The CH gene order on hu
man chromosome 14 is 5'-µ-δ-γ3-γ1
ϕε-α1-ϕγ-γ2-γ4-ε-α2-3' (Cooper, 1987; 
Webb et al., 1986). After the formation 
of VHDJH gene in a developing pro
genitor B-cells for the antigen specific
ity, a VHDJH-Cµ mRNA transcript is 
then differentially spliced for synthesis 
of a functional µ chain and the latter 
process defines the stage of a pre-B-cell 
(Cooper, 1987). Similarly, light-chain 
gene rearrangements (VLJCL) occur and, 
together with the VHDJH exon, provide 
the developing B-cell with precise anti-
gen specificity. This leads to the forma
tion of an IgM molecule, which is in
serted into the surface of cell membrane 
(as sIgM). Surface IgD (sIgD) of the 
same VHDJH and VLJCL specificity re
sults from differential splicing of the 
VDJCµ-Cδ gene complex (Cooper, 
1987; Webb et al., 1986). Mature 
sIgM+, sIgD+ B-cells may be induced to 
switch from the production of IgM to 
that of any other isotype, e.g., to the 
expression of Cα-chain gene, a process 
which is broadly termed isotype 
switching (Webb et al., 1986). Gener
ally, most agree that switching is ac
complished by deletion of 5' CH se
quences to those expressed in fully dif
ferentiated plasma cells. 

The best characterised interleukin 
which regulate 5' CH to 3' CH isotype 
switching has come from studies with 
IL-4 in the murine system (Paul and 
O'hara, 1987; Coffman et al., 1988). 
IL-4 has been shown to enhance isotype 
switching of sIgG- B-cells to sIgG1 
bearing B-cells which lead to the en
hancement of IgG1 synthesis in LPS
stimulated B-cell cultures (Lutzker et 
al., 1988). Further, IL-4 also acts di
rectly on sIgM+ B-cells for the induction 
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Figure 1: T-cells and cytokines involved in regulation of IgA synthesis. 
DC: dendritic cells, Th: helper T-cells, Tsw: switch T-cells. 

of switches to sIgE+ B-cells (Savelkoul 
et al., 1988). Evidence for IL-4 in
volvement in IgA isotype switching has 
been provided by experiments using the 
sIgM bearing CH12LX B-cell line 
(Kunimoto et al., 1988). Incubation of 
CH12LX cells with IL-4 markedly en
hanced numbers of sIgA+ cells. On the 
other hand, IL-5 did not affect these 
cells. It was suggested that IL-4 induced 
the switching of sIgM+ B-cells 
(Kunimoto et al., 1988). However, it is 
also possible that IL-4 may simply be 
expanding a small population of sIgA 
bearing cells in CH12LX cell line, since 
approximately 1% of these cells ex
presses sIgA. Therefore, it remains to 
be determined if IL-4 is a key interleu
kin for the induction of µ→ α switching. 

Most recent studies have provided 
evidence that transforming growth fac
tor beta (TGFβ) is a switch factor for 
IgA (Coffman et al., 1989; Sonoda et 

al., 1989). Addition of TGFβ to splenic 
B-cells triggered with LPS gave 10-fold 
increases in IgA synthesis (Coffman et 
al., 1989; Sonoda et al., 1989). It was 
also shown that addition of IL-5 to 
TGFβ-treated cultures markedly en
hanced IgA synthesis. These results 
have presumably suggested TGFβ in
duced sIgM+ → sIgA+ commitment and 
IL-5 resulted in terminal differentiation. 
More definitive evidence for TGFβ-in

+→ α+duced µ switching was suggested 
by the most recent study that TGFβ in
duced sIgA+ cells and more of the se
creted form of mRNA (s-mRNA) than 
for the membrane form and that IL-2 
enhanced these B-cells to produce more 
s-mRNA and total IgA synthesis (Leb
man et al., 1990). Thus, both IL-4 and 
TGFβ have been shown to induce 
sIgM+ B-cells to switch to more 3' iso
types including IgA (Figure 1). 
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Differentiation of IgA committed 
B-cells to IgA plasma cells by 
interleukins 

It has been shown that murine IL-5 
selectively enhances IgA synthesis in 
purified B-cell cultures (Table 1). The 
autoreactive T-cell lines produced both 
IL-4 and IL-5 after antigen stimulation 
and enhanced IgG1 and IgA synthesis 
in B-cell cultures co-stimulated with 
LPS (Murray et al., 1987). When puri
fied IL-5 was added to LPS-driven B
cell cultures, enhanced IgA production 
was seen, and this effect was further 
augmented by IL-4 (Murray et al., 
1987). The other studies have shown 
that supernatants from Th2-cell clones 
contained IL-5 and enhanced IgA syn
thesis in LPS-triggered splenic B-cell 
cultures (Coffman et al., 1987). The 
precise mechanisms for the IL-5 regula
tion of IgA synthesis was studied in 
more detail in Peyer's patch (PP) B-cell 
cultures, since PP is an important IgA 
inductive site which contain a high fre
quency of IgA committed B-cells and 
approximately 30-40 percent of PP B
cells are in cell cycle (McGhee et al., 
1989b; Beagley et al., 1988). The addi
tion of recombinant IL-5 (rIL-5) to PP 
B-cell cultures resulted in increased 
synthesis of only the IgA isotype (Bea
gley et al., 1988). The IL-5-induced 
increase in IgA synthesis was confined 
to the large blast B-cell subset. Further, 
the IL-5-induced effect was entirely re
stricted to the sIgA+ B-cell fraction 
(Beagley et al., 1988). These studies 
suggest that IL-5 induces sIgA+ B-cells 
to differentiate into cells secreting IgA. 
Similar findings were also noted in 
LPS-driven PP B-cell cultures where 
IL-5 induced IgA synthesis in LPS
stimulated sIgA+ B-cells but not in sIgA

B-cells (Coffman et al., 1987; Harriman 
et al., 1988). Based on these findings, it 
is now clear that IL-5 is an important 
cytokine, which can induce IgA, com
mitted B-cells to become IgA producing 
cells (Figure 1). 

The major cytokine for the regulation 
of terminal differentiation of B-cells to 
plasma cells is IL-6 (Table 1), since this 
interleukin has been shown to induce 
terminal differentiation of mitogen- or 
antigen-activated B-cells to Ig secreting 
cells of all isotypes (Kishimoto and Hi
rano, 1988). In addition to the effect of 
rIL-5 on IgA, rIL-6 also induced sig
nificant increases in IgA synthesis in PP 
B-cell cultures (Beagley et al., 1989). In 
these studies, rIL-6 induced two- or 
three-fold higher levels of IgA than 
were seen with rIL-5 (Beagley et al., 
1989). Further, both rIL-5 and rIL-6 
induced significant increases in IgA lev
els in the large blast B-cell population. 
When PP B-cells were separated into 
sIgA+ and sIgA- B-cell subsets by flow 
cytometry, removal of sIgA+ B-cells 
abolished the effect of both rIL-5 and 
rIL-6 on IgA synthesis (Beagley et al., 
1989). On the other hand, B-cells en
riched for sIgA+ cells and incubated 
with rIL5 or rIL-6 increased IgA syn
thesis in a dose-dependent manner; rIL
6 induced two- to fourfold higher levels 
of IgA synthesis than did rIL-5. Thus, 
both IL-5 and IL-6 induce sIgA+ blast 
B-cell subsets to differentiate into IgA
secreting cells (Beagley et al., 1989). 
Since IL-6 induces increased numbers 
of B-cells which secrete IgA and in 
higher levels of total IgA synthesis, it is 
more effective for terminal differentia
tion than is IL-5. IL-5 and IL-6 both 
appear to act on B-cells already com
mitted to IgA (Figure 1). 

ROLE OF INTERLEUKINS IN ADULT PERIODONTITIS
 

It is well known that local infiltration cytes, plasma cells, monocytes/macro
of lymphoid cells, including lympho- phages and neutrophils occur in in
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Table 2: Production of IL-6 by gingival mononuclear cells isolated from patients 
with adult periodontitis* 

——————————————————————————————————————— 
Cultures contained IL-6 activity 

——————————————————— —————————————————— 
Samples 

(culture supernatants) Con-A Anti-IL-6 [O.D. (590-650nm) value x 1.000 ± S.D.] 
——————————————————————————————————————— 

GMC - - 411 ± 65 
GMC - + 28 ± 13 

PBMC - - 39 ± 20
 
PBMC + - 198 ± 29
 
PBMC + + 21 ± 14
 

rIL-6 - - 395 ± 24
 
rIL-6 - + 20 ± 15
 

——————————————————————————————————————— 
*Culture supernatants from GMC or PBMC cultures were measured for IL-6 activity by biological 
assay using IL-6 dependent MOPC 104E kD 83 cell line. Cultures containing kD 83 cells (5 x 
103/50 µl) and different dilution of samples (50 µl) were incubated for 48 hr. During the final 4-hr 
incubation, MTT was added. Isopropanol was then added for the colour development. The intensity 
of colour was determined by use of a Titertek Multiskan MC photometer. 

flamed gingiva of AP patients 
(Brandtzaeg, 1988). These infiltrating 
lymphoid cells induce abnormal immu
nological responses in the soft tissue of 
gingiva, which results in the alveolar 
bone loss in AP. Thus, AP closely re
sembles the destructive reactions seen in 
rheumatoid arthritis (RA). In both 
cases, the local accumulation of acti
vated lymphoid cells results in the in
creased production of both polyclonal 
and antigen-specific antibodies, cytoki
nes and inflammatory mediators at the 
disease site which lead to the destruction 
of both connective tissue and bone 
(Brandtzaeg, 1988; Snyderman and 
McCarty, 1982). When mononuclear 
cells were isolated from gingiva of pa
tients with AP, GMC contained high 
numbers of Ig secreting cells, especially 
of the IgG and IgA isotypes include 
their subclasses (McGhee et al., 1989a; 
Ogawa et al., 1989a). It was also 
shown that elevated local IgG and IgA 
subclass responses occur to the protein 
antigen of a major AP-associated patho
gen Porphyromonas  (Bacteroides) gin
givalis  (Ogawa et al., 1989b). Similar 

findings were derived from the analysis 
of GCF and gingival homogenates of 
AP patients (Ebersole et al., 1986; Naito 
et al., 1987; Smith et al., 1985). In 
addition, it was also shown that in
creased level of endogenous antigen, 
e.g., Type I and II collagen-specific an
tibody-producing cells were seen in 
GMC of patients with AP (Hirsch et al., 
1988). Based upon these observations, 
it was important to determine the mo
lecular mechanisms, which induce aber
rant Ig responses at the local disease 
site. Thus, the role of cytokines, espe
cially IL-6, in this process was re
viewed in this section. 

IL-6 in chronic inflammatory 
disease 

The involvement of IL-6 in aberrant 
immune responses which occur in 
chronic inflammatory disease was 
originally described as a B-cell differ
entiation factor (BCDF) activity in the 
synovial fluid of RA patients (Al-
Balaghi et al., 1984). The synovial fluid 
isolated from RA patients contained 
BCDF and induced Ig secretion in acti
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vated B-cells and in B-cell lines. Recent 
studies have formally proven that the 
synovial fluid of RA patients possesses 
high levels of IL-6 (Hirano et al., 
1988). In this study, high concentra
tions of IL-6 were detected in synovial 
fluids obtained from the joints of RA 
patients. Further, the mononuclear cells 
freshly isolated from synovial fluid 
constitutively expressed high levels of 
IL-6 specific mRNA. Excess production 
of IL-6 in the inflamed joints of RA 
patients could explain the occurrence of 
abnormal autoantibody production by 
mononuclear cells in the inflamed syno
via. The dysregulation of IL-6 produc
tion is also seen in other diseases. Thus, 
tumour cells isolated from patients with 
cardiac myxoma, cervical cancer or 
bladder carcinomas secrete abnormal 
amounts of IL-6 (Kishimoto and 
Hirano, 1988). This would contribute to 
the induction of high amounts of 
autoantibodies and autoimmune-like 
symptoms seen in these patients. Fur
ther, the correlation of excess produc
tion of IL-6 and induction of comple
ment-reactive protein, an example of a 
non-antibody protein which appears in 
high quantities in serum following the 
onset of infection or tissue destruction 
has also been shown in patients with 
systemic lupus erythematosus (Swaak et 
al., 1989), RA (Houssiau et al., 1988), 
severe burns (Nysten et al., 1987) and 
renal transplantation (van Oers et al., 
1988). 

Involvement of IL-6 in induction 
of aberrant IgG and IgA synthe-
sis at localised inflamed gingiva 

Since GMC from AP patients contain 
high numbers of IgG and IgA antibody 
producing cells (McGhee et al., 1989a; 
Ogawa et al., 1989a,b), it was impor
tant to determine if IL-6 present in these 
sites account for these responses. In 
order to examine whether GMC from 
inflamed tissues produce this cytokine, 

GMC from AP patients were incubated 
for 24-72 hr and culture supernatants 
were then harvested for the assessment 
of IL-6 activity using the IL-6 depend
ent MOPC 104E kD 83 cell line (Kono 
et al., 1990). GMC isolated from in
flamed tissues of patients with AP 
spontaneously produce high levels of 
IL-6. Thus, when freshly isolated GMC 
were incubated in cultures without any 
stimulant, high levels of biologically 
active IL-6 were detected within 24 hr 
of culture (Table 2). The addition of 
goat-anti-human IL-6 to GMC culture 
supernatants resulted in inhibition of IL
6 activity, while the same amount of 
normal goat serum did not affect IL-6 
activity in GMC culture sups (Table 2). 
This formally proves that GMC sponta
neously produces IL-6 (Kono et al., 
1990). On the other hand, PBMC from 
AP patients did not secrete IL-6 during a 
24-72 hr incubation period. In order to 
induce IL-6 production, it was neces
sary to incubate PBMC with T-cell mi
togens (e.g., Con A and PHA) (Table 
2). Similar findings were also seen at 
the mRNA level since hybridisation of 
total mRNA from GMC and PBMC of 
the same patients with a IL-6 specific 
cDNA probe resulted in higher levels of 
IL-6 specific message in GMC but not 
in PBMC. 

Based on the finding that GMC su
pernatants contained high levels of IL-6, 
it was important to examine whether 
GMC produced IL-6 possesses biologi
cally active B-cell stimulatory factor-2 
(BSF-2) function. Thus, PBMC iso
lated from AP patients or normal sub
jects were incubated in the presence (or 
absence) of GMC supernatants for 7 
days and the cultures assessed for IgM, 
IgG and IgA secreting cells by the 
ELISPOT assay. Although GMC su
pernatants augmented SFC of all 3 iso
types, the major increases were seen 
with IgG and IgA isotypes (Kono et al., 
1990). On the other hand, stimulation of 
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PBMC with pokeweed mitogen (PWM) 
resulted in a response pattern of IgM > 
IgG > IgA. Addition of goat anti-IL-6 to 
GMC sups neutralised BSF-2 activity 
and completely abrogated spot forming 
cell (SFC) responses of all isotypes. 
These findings provide strong evidence 
that GMC isolated from inflamed gin
giva of AP patients spontaneously pro
duce high levels of IL-6 (Kono et al., 
1990). Further, these results suggest 
that GMC produced other cytokines in 
addition to excess amounts of IL-6. One 
possibility is that GMC produce addi
tional cytokines which induce switching 
of sIgM+ B-cells to IgG or IgA bearing 
B-cells and trigger their responsiveness 
to IL-6. In this regard, it has been 
shown that malignant T-cells from a pa
tient Rac with mycosis fungoides/ 
Sezary-like syndrome produce an un
characterised factor(s) which induce 
sIgM+ B-cells to switch to IgG and IgA 
producing cells (Mayer et al., 1985). 
Alternatively, GMC may produce cyto
kines which activate resting B-cells to 

become blasts with a sIgD- phenotype, 
since previous studies showed that dis
appearance of sIgD on the B-cell surface 
could lead to a stage for final maturation 
into Ig-producing cells (Kuritani and 
Cooper, 1982). Further, other studies 
have provided evidence that IL-6 
induces Ig production in sIgD- activated 
B-cells (Cooper, 1987). Support for 
this latter possibility was provided by 
experiments where pre-incubation of 
normal PBMC cells or purified B-cells 
with GMC culture sups (even in the 
presence of anti-human IL-6) induced 
expression of IL-6R on B-cells (Kono 
et al., 1990). Further, GMC super
natant-treated PBMC were responsive to 
IL-6, since the addition of rhIL-6 to 
GMC supernatant pre-treated PBMC 
resulted in the enhancement of IgG and 
IgA SFC. These results strongly sug
gest that GMC produces several cytoki
nes, which may be involved in the 
process of isotype switching and/or in 
the induction of IL6R on resting B
cells. 
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