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Interleukin 6 (IL-6) : The Biochemistry and Its Role on B and T Cell
Development

Wihaskoro Sostroseno *’***, Endang Herminajeng**

Abstrak

Aktivasi respon imunitas membutuhkan interaksi antara sel imunokompeten, molekul asesori dan sitokin. Dari sekian banyak
sitokin, 1L-6 adalah polipeptida dengan berat molekul 25 kD dan memegang peran penting pada proses imunitas. Paper ini adalah
telaah pustaka singkat tentang peranan IL-6 pada sel B dan T. Bekerja sama dengan jenis sitokin lainnya, IL-6 berfungsi pada tahap
akhir diferensiasi sel B yang diinduksi oleh antigen dan meningkatkan produksi antibodi. Sitokin ini mampu meningkatkan proliferasi
sel thimosit dan aktivasi sel T. Dibahas pula peranan IL-6 pada imunopatogenesis AIDS.

Abstract

The induction of immune response requires the interaction among inmunocompetent cells, accessory molecules and cytokines. Of
these cytokines, 1L-6, a 26 kD polypeptide, plays a major role on the immune response. The roles of this cytokine on the B and T cell
development are reviewed briefly. In the presence of other cytokines, IL-6 acts on antigen dependent-terminal differentiation of B cells
and increases significantly the antibody production. Both proliferation of thymocytes and T cell activation can be promoted by IL-6. The
roles of 1L-6 on the immunopathogenesis of AIDS are discussed.

Keywords : 1L-6, B cells, T cells

INTRODUCTION

The immune system is an extremely impressive and
complex network equipped to defend specifically
against a wide variety of self and non self antigens. It
is now known that cell to cell contact mediated by
adhesion molecules and costimulatory signals
provided by cytokines are necessary to activate the
immune system.l‘3 Of these cytokines, interleukin 6
(IL-6), a 26 kD polypeptide, is a pleiotropic cytokine,
in that it produces by a variety of cells and acts on a
wide range of cells. The role of IL-6 on the immune
response and tissue damage such as acute phase protein
has been well recoqnized.“'7 A mechanism by which
IL-6 involves in the acute phase protein occurring in
the liver is beyond the scope of this article. Thus, this
article is limited only to the immunoregulatory role of
IL-6 on B and T cell response as well as its biochemical
properties.

Biochemistry of IL-6

Historically, an attempt to purify proteins derived from
the fibroblast culture resulted in a polypeptide termed
interferon 2.2 Subsequently, there were a few other
proteins such as hepatocyte stimulating factor (HSF),
B cell stimulatory factor-2 (BSF-2), 26 kD protein,
hybridoma-plasmacytoma growth factor-2 (HPGF)
and myeloid blood cell differentiation-inducing pro-
tein (MGI-2A), isolated from different sources and all
shared amino acid sequence homology at both cDNA
and mature form level; thus, they are termed as IL-6
(see ref. 4, for review).

The gene encoding IL-6 has been identified and
located on the short arm chromosome 7pl5-p21
(human) and chromosome 5 (murine).g'12 Human
¢DNA of IL-6 mRNA from a T cell line'® or human
monocytes14 was cloned. The mRNA is translated into
a precursor protein containing 212 amino acids with
molecular weight of 26 kD. The removal of a 28 amino
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acid 51gna1 sequence yields a secreted 184 amino acid
protein. ! ? The cDNA for murine IL-6 was also cloned
from a T cell line and it showed that murine IL-6
contams 21 1 amino acids 1ncludmg a 24 residue signal
peptlde Both human and murine IL-6 only share
homolo§g' of 65% at ¢cDNA and 42% at protein
level.'>™® The amino acid sequence of IL-6 is dis-
played in Fig 1.

IL-6 receptor has also been identified and cDNA
for IL-6R from COS?7 cells was cloned.!” The IL-6R
contains 468 amino acids including a 19 amino acid
signal peptide with a presumed trans membran domain
of 28 amino acids, a cytoplasmic domain of 82 amino
acids and an extracellular portion of 339 amino acids.
The domain of IL-6R reveals a close similarity with
that of immunoglobulin; thus, IL-6R is included in the
immunoglobulin super fami]y.7 IL-6R is expressed in
a wide variety of cells such as activated B cells, resting
T cells, plasma cell ]me histiocytes cell line and
glioblastoma cell line.’ Intcrestmgly, the cytoplasmic
domain of IL-6R does not act as a signal tranducer. In
this respect, a surface protein receptor (gp130) closely
associated with IL-6R is capable of transducing the
growth signal; thus, following interaction of IL-6 with
its receptor, the IL-6R 1s mtlmate with gpl30 and
signal tranduction occurs’ (see Fig. 2).

The biological activities of IL-6

IL-6 can be produced from different sources such as
fibroblast, mononuclear cells, endothelial cells, mac-
rophages, keratinocytes and T-cell line, as well as
certain tumor cells (such as T24 bladder carcinoma).2l
This growing list of IL-6-producing cells suggests that
IL-6 is secreted by both normal and neoplastic cells.

1. The effects of IL-6 on B cells

B cell differentiation into plasma cells can be divided
into 3 major steps, viz., activation, proliferation and
differentiation. In this respect, B cell activation may
be proceeded by two pathways, i. e., antigen-depend-
ent and antigen independent activation.?? Briefly, free
antigens can be recognized and captured by surface
immunoglobulin attached on B cells. Subsequently,
the cells with their receptors (TcRs) recognize antigens
plus MHC molecules and provide different cytokines
which in turn help B cells to further proliferate and
differentiate.”® Antigen independent activation of B
cells is mediated by T cell- derived lymphokines such
as IL-4 and will not be further discussed.

It is now known that B cell activation is under
control of the cytokine network. IL-4 and IL-5 play a
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major role on B cells activation and proliferation.?? On
the other hand, the role of IL-6 on B cells is somewhat
different. In humans, antibody production in S. aureus
Cowan I-stimulated B cell and a transformed B cell line
culture is induced when IL-6 is added.'® Additional
IL-6 at concentration up to 10 ng/ml in pokeweed
mitogen (PWM) stimulated mononuclear cells induces
high titer IgG, IgM and IgA antibody production.zs It
seems therefore that IL-6 only acts on activated B cells
undergoing terminal differentiation (see Fig. 3).

It should however be noted that the biological
functions of IL-6 on B cell activation require the
presence of other cytokines. This is based upon the fact
that only in the presence of IL-1, TNF- and TNF-B,
IL-6 supports the long term growth of B cells lines in
vitro.?” Cocktail of IL-1B and TNF-o only induces
IL-6 production but fails to stimulate antlbody produc-
tion of human bone marrow B cells.?® The antibodies
of IL-18 and TNF-a-stimulated BM cells were
secreted if IL-6 was added, suggesting that the former
cytokines provoke the secreted IL-6 which in turn
stimulates the antibody production.?®

IL-6 as a factor for B cell terminal differentiation
is also supported by the fact that Peyer's patch (PP)
cell cu]ture produces high rate IgA antibody when IL-6
is added.”® In this study, the effect of IL-6 was much
greater than that of IL-5. Further more, it also revealed
that IL-6 did not induce B cell proliferation, but it did
increase the number of IgA-secreting B cells. More-
over, in the IgA ;/stem where IL-5 is a potent differen-
tiation factor,****3! the effect of cocktail IL-5 and
IL-6 on IgA productlon is far superior than that of IL-5
or IL-6 alone.>? In humans, additional IL-6 stlmulates
appendix-derived B cells to produce high rate of IgA.
These results suggest therefore that in the mucosal
immune system, IL-6 is a potent costimulator for
terminal differentiation of IgA-committed B cells and
acts synergically with IL-5.

2. The effects of IL-6 on T cells

Thymocyte differentiation leading to maturation of T
cells has long been an enigma. A complex interaction
among components of the thymic microenviroment
directs the selection of T cells in which T cells recog-
nizing the self antigens will be neglected. Of these
components, cytokines produced by both thymocytes
and other thymic cells provide a birectional com-
mumcatlon in controlling T cell selection and matura-
tion.> A]ong with other cytokines, the ability of IL-6
to induce thymocyte proliferation has been docu-
mented. In the presence of lectins, I1-6 stimulates the
prohferatlon of both human and murine thymo-
cytes.*>® Further analysis of phenotypic thymocytes
revealed that IL-6 does not generate immature cell
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Figure 1. Amino acid sequence of IL-6. Numbers seen represent the position of the residue. Redrawn from ref. 1.

Figure 2. Signal transduction induced by the binding of IL-6 and IL-6R.
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Figure 3. The role of IL-6 on the antigen-dependent B cell activation. This model shows the interaction between IL-6 and other
cytokines in regulating B cell differentiation. Therefore, the immune network seen is not exclusively mediated by IL-6 rather
the function of IL-6 on the target cells requires synergically other type of cytokines. Modified from ref. 26.

proliferation but it does stimulate L3T4'Lyt2" and
L3T4 Lyt2*-mature thymocytes.‘%’37 Indeed, it recent-
ly showed that the development of immature thymo-
cytes is in fact mediated by IL-7.38 Thus, one may
interpret that IL-6 acts on the thymocyte develop-
ment following the action of IL-7. The role of IL-6 on
the thymocytes is further evidenced that IL-1-stimu-
lated thymocyte proliferation requires the presence of
IL-6; thus, IL- 1 induces IL-6 production and increases
the sensitivity of thymocytes for IL-6.3°

The exact mechanism of T cell activation is still
far from clear. However, IL-2 has been known to
provide a costimulatory signal on this cell activation;*°
thus® lack of IL-2 may induce T cell anergy, leading to
the induction of T cell tolerance.*! Evidences have
emerged that I1-6 may be a good candidate for T cell
activation in IL-2-independent fashion. Ceuppens, et
al., pointed out that IL-6 acts synergically with PHA

to induce strong T cell proliferation without the addi-
tion of IL-2.4? Likewise, thymocyte proliferation can
be induced by IL-6, in IL-2 independent fashion.*> It
remains however to be determined what the physio-
logical relevance of these observations are, since it
appers that IL-2 and IL-2R may involve in IL-6-in-
duced T cell proliferation.* For example, IL-6 is able
to restore the proliferation of ConA or Anti-TcR anti-
body-srimulated T cells, but this effect is Blocked by
anti IL-2 antibody.** This study also showes that puri-
fied CD8" T cells can be activated by IL-6 in the pre-
sence of ConA to secrete IL-2, suggesting that IL-6 is
asecond signal in primary-antigen-receptor-dependent
T cell activation. IL-6 activities on T cells activation
may therefore be referred as an “IL-2 inducer”.3”*
The exact mechanism of T cell activation is still
far from clear. However, IL-2 has been known to
provide a costimulatory signal on this cell activation;*’



82  Sosroseno and Herminajeng

thus’ lack of IL-2 may induce T cell ancrgy, leading to
the induction of T cell tolerance.*' Evidences have
emerged that II-6 may be a good candidate for T cell
activation in IL-2-independent fashion. Ceuppens, et
al., pointed out that IL-6 acts synergically with PHA
to 1nduu3 :-.lrong T cell proliferation without the addi-
tion of IL-2."" Likewise, thymocyte prol]feratlon can
be induced by IL-6, in IL-2 independent fashion.*? It
remains however to be determined what the physio-
logical relevance of these observations are, since it
appers that IL-2 and IL- 2R may involve in IL-6-in-
duced T cell prollferatlon For example, IL-6 is able
to restore the proliferation of ConA or Anti-TcR anti-
body-srimulated T ccl]s but this effect is Blocked by
anti IL-2 antlbody * This study also showes that puri-
fied CD8™ T cells can be activated by IL-6 in the pre-
sence of ConA to secrete IL-2, suggesting that IL-6 is
asecond signal in primary-antigen-receptor-dependent
T cell activation. IL-6 activities on T cells activation
may therefore be referred as an “IL-2 inducer”.>”*>

It becomes apparent that the abilities of IL-6 on
T cell proliferation have somehow been complicated
by the fact that this cytokine inhibits delayed type
hypersensitivity (DTH) in an animal model.*® Given
that DTH response is mediated by Th1 cells and sup-
pressed b 4y the cytokines (such as IL-4 and IL-10) of
Th2 cells™’, it would appear that IL-6 of Th2 cells down
regulates the function of Th1 cells. If so, should Thl
cells be suppressed by IL-6, it needs arguably another
mechanism other than mentioned above. One pos-
sibility is that IL-6 does not induce CD4 cells into type
1 and type 2 cells, it rather stimulates this cell subset
into ThO type cells which secrete various cytokines.*®
Thus, no effector T cells for DTH response would be
generated if IL-6 is present. Whether IL-6-mediated
DTH unresponsiveness is orchestrated by this pathway
remains to be investigated.

Perspective

The relevancy of IL-6 on the B and T cell development
is more appreciated if the associated pathological fea-
tures are discussed. IL-6 has been believed to play a
role on cardiac myxoma, rheumatoid arthritis, pso-
riasis, lymphoma and leukemia.’

However, the role of this cytokine on the patho-
genesis of AIDS (acquired immunodeficiency syn-
drome) is perhaps one of the most intriguing questions.

Recent studies showed that IL-6 is believed to be
involved in the spreading of HIV (human immuno-
deficiency virus) infection as demonstrated by a high
level of serum IL-6 and soluble IL-6 receptor and an
increased number of IL-6-producing monocyte cells
from HIV- infected donors.*? HIV is capable to
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induce the excessive production of IL-6 in human B
cells, in the presence of IL-4.>° These results may
therefore explain partly the occurrence of B cell hyper-
activation in HIV-infected patients.>* Furthermore, a
report of Schnittman, et al., revealed that thymic
epithelial cells produce IL-6 which induces the HIV
replication in chronically infected HIV cells.>® These
results suggested that in AIDS patients, IL-6 in the
thymus may maintain and promote the HIV replication
of intrathymic precursor T cells. Hence, treatment of
HIV-infected patients with antiretroviral agents may
only partly suppress the HIV replication, but the T cell
defect still occurs due to the fact that IL-6 prevents the
intrathymic development of T cells by enhancing HIV
replication in the infected T cell precursor.

Whilst the role of IL-6 on the previously men-
tioned pathological features is still being profoundly
investigated, the use of this cytokine for clinical pur-
poses has been put forward in the animal model. Injec-
tion of recombinant IL-6 reduces the tumor growth in
mice, by enhancing the activities of cytotoxic T cells.”®
These findings reveal the broad spectrum of IL-6 for
the clinical immunotherapy and hence raise the possi-
bility as an alternative for IL-2 usage in tumor
regresion.

CONCLUSION

It becomes apparent that IL-6 is one of the cytokines
which serves as an immunoregulator. This cytokine
shows to act on the antigen- dependent terminal dif-
ferentiation of B cells and to enhance the antibody
production. Both thymocyte proliferation and T cell
activation can be up-regulated by IL-6. Thus, the
pathological features associated with these abilities of
Il-6 on T and B cell Development would be obvious.
For example, increased serum IL-6 and HIV replica-
tion in thymus in HIV-infected patients reveal, to some
degree, the influence of IL-6 on the course of AIDS.
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