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Do cytokines play = role in gygtemic lupus

erythematosus?

ABSTRACT?Excessive production of pathogenic
autoantibodies is one of the hallmarks of systemic

lupus erythematosus (SLE). The mechanisms that
underlie this excessive production are still unclear.
Although there is considerable evidence to suggest that
both T-cells and B-cells play an important role in the
aetiology ©f SLE, convincing abnormalities at the T-
cell yeceptor ©* immunoglobulin gene 1oc¢i have not
been demonstrated. In this regard, because cytokines
play = pivotal role in the inflammatory response, 2
defect in the jmmunoregulation ©f B-cells by cytokines
should be considered as a potential contender in dis-
ease getiology. The hypothesis proposed here is that
multiple cytokine-mediated defects are pregent in indi-
viduals with lupus and that both cytokine produc_

tion and the response of B-cells to cytokines may be
defective.

Autoantibodies with specificity for a variety of self-anti-
gens are omne of the hallmarks of SLE. These autoanti-
bodies persist at high titre and form immune deposits
in various grgang, including the kidney [1,2]. While
the deposition of immune complexes and the recruit-
ment of other pro—inflammatory mediators can
explain the mechanism of the injury, the causes that
underlie high-level autoantibody expression =re mot
well understood. One hypothesis that can be formulat-
ed is that the potential ®° generate lupus-causing
autoantibodies may not be ynique t° lupus-prone ndi-
viduals; such antibodies may represent 2OTMal compo-
nents of the immune system that, under phySiOlOgiC
conditions, remain unstimulated ox suppressed. Their

high-level expression i® lupus may result from the
abnormal response of B-cells to regulatory stimuli

such as cytokines ©r from a= gppropriate B-cell
response £°© abnormal levels of certain cytokines.

In SLE, inbred animal models with a consistent and
spontaneous incidence of a lupus-like disease have
provided invaluable information on disease pathogen-
esis [reviewed in ref. 15], Three main types of lupus
mice have been used: MRL/lpr—lpr mice, whose genet-
ic derivation is known (LG 75%, AKR 12.6%, C3H
12.1%, and C57BL/6 0.3%);
are of unknown derivation; and BXSB mice

New Zealand mice, which

(from
C57BL/6 and SB/Le) . In all these strains, the genetic
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background predisposes to = late-life disease that
becomes clinically manifest and then fatal in the sec-
ond year ©f life. pdditionally, == accelerating factor,
acting == the lupus-prone genetic background, ===
cause conversion to an early—life disease, clinically
apparent in the first few months of life and fatal within
five to seven months. Even though observations

derived from inbred strains of mice need to be inter-

preted cautiously with regard te human disease, lupus
mice do provide an il’lSight into the role of genetic,
environmental, and regulatory factors that may be
important in disease.

Although the notion that regulatory stimuli may
underlie the pathogenesis °f lupus * appealing, exper-
imental data to support it have been relatively sparse.
Most attention has been focused on finding a struc-
tural or functional abnormality in the complex mecha-
nisms generating the antibody repertoire. Several
investigators have looked for abnormal Ig germ line or

T-cell receptor genes, the formation of unusual vari-

able, diversity, and/or joining (V,D,J) gene segment

rearrangements °F excessive somatic mutation.

The importance of T-cells in the induction of lupus
has been supported by cell transfer experiments [3-6]
and by the ameliorating effects of administered anti-
CD4 antibodies [7-11]. In studies on the role of TcR
germ line gepeg, »© difference between lupus and noxr-

mal strains has been detected at the C 4, C [} V 4, oxr

!

V P loci [12-14]. The expregsed T-°¢1l receptor reper-
toire and tolerance-related V (j clonal elimination phe-

nomena have also been examined and no defect
found [15].
Several inyvestigators have studied the contribution

of abnormalities in immunoglobulin genes t° the
development ©f lupus. N© VH germ 1ine or Igh-VH

and v kappa haplotype associations with autoantibody
production and lupus disease have been detected
[16-20]; mor is there a defect in Ig switch or in Igh
enhancer regions [21]. The role of somatic mutation
has been extensively investigated [22-24] and also
appears t©° be an unlikely cause for the high level of
autoantibody production ==== im lupus.

Collectively, these studies gyggest that the 1g and T-
cell receptor locus is probably normal in lupus.
Recently, we and others have developed = technique
that uses pairg ©f highly specific oligonucleotide
probes hybridised at high stringency t° study P pres-
ence and EXpI‘ESSiOH of a single V gene in the immune
repertoire of autoimmune and normal individuals

25 26]. This has been a gignifi advance because
/26 significant

previously the complexity ©f large V gene families
made it difficult to detect individual v genes. We have
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identified a geym 1iMe gene (MRL 330) .that is repeat-
edly used to encode for pathogenic anti-DNA antibod-
les in Jypyg mice and is pregent but poorly expressed
in some normal mice. This suggests that the Ig reper-
toire 5, be one of the genetic ris.k factorsbin lupu;l.l
The presence of the MRL 330 gene in some ut not.
normal mice also gtrongly suggests that the requlation
of potentially pathogenic V genes in B-cells blg
cytokines may be of great relevance. The ll’l.fluence o
cytokines on the activation of these B-cells, in general,
can be via a directed flow of lymphokines from the T-
cell to the B-cell and the modulating influences of
other cytokines in the extracellular milieu, derived
chlefly from macrophages and T-cells.
Most attention has been paid to IL-2,

Investigators have studied IL-2 levels in lupus mice and
IL-2 levels in autoim-

IL-1, and TNF.

the administration of IL-2 in vivo.
d decline which corre-

mune mice show an age-relate
with IL-2

lates with disease activity [27]. Experiments
gene therapy in MRL/lpr-lpr mice also suppo:tctd'an
i : - t all studies
aetiological role for IL-2 [28]. However, ne e
concur. Strom and colleagues [29] show that an , -
: ini mice

receptor antibody administered te NZB/W lupus o
results in gignificant amelioration of disease activity,
whereas Owen et al found that IL-2 treatment caused

neither an improvement me¥ =n acceleration in disease

activity [30].

TWO groups in particular . ' iet
in detail [31-34]. Again, their results are in conflict.

Although both groups looked at the expression of IL-1
and TNF in macrophages, Kelley et al found enhanced
TNF and IL-1 expression in glomerular macrophages
from MRL/lpr mice [31,32], while Beller's group

found defective IL-1 and normal TNF gene expression
in several autoimmune

have studied IL-1 and TNF

in peritoneal macrophages '™ . .
murine strains [33,34]. This difference 1n cytokine
expression Petween peritoneal 3P4 glomerular
macrophages has not been explained.

The studies with IL-2, IL-1, and TNF suggest that
multiple cytokine defects are probably important **
the pathogenesis ©f lupus. THis Conteritlorll e sfu%%o}i;

o
ed by the presence ©F abnormal evels . i
cytokines [35-37]. However, given the interactions ©

- . it ' that the
different cytokines, it is also conCelvablle
abnormal production ©f one ©r £v° cytokines may
tiate the release of a cascade of other cytokines

amplify the effect of the initiating Stimulus;l abnormal
involved in this cascade

ini-

that

levels of several cytokines
would then be an epiphenomenon.

The evidence for a direct effect of cytokines ©= B-
cells in Jypyg individuals is restricted to in Vitro experi-
ments. Klinman et al [35] Observed that NZB/W B-
cells incubated with IL-4 have a defect in their ghility
to yndergo class switching and to proliferate 2fteT

i ] i found
switching. In MRL/lpr-lpr mice, however, they
that the response t° IL-4 was Similar to controls but

that the age-related change in isotype from IgM to IgG
in MRL/1lpr-1lpr mice was the ‘result‘of 1ncreasei pro-
duction of IFN gamma . Other investigators have found
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that there may also be defects in the responsiveness of
B-cells to normal levels of cytokines [37,38].

These experimental observations point to a com-
plex role for cytokines in the regulation of B-cell prg.
duction of autoreactive immunoglobulin. In NZB/W
mice, there pay, be altered responsiveness to normal
levels of cytokines, whereas in MRL/lpr-1lpr mice there

appears ©° be an gppropriate B-cell response to
increased levels of cytokines. Moreover, the synergistic

or antagonistic effect of one cytokine on another may
add a further level of complexity to their overall role

in Jupus. Nevertheless, the hypothesis that cytokine
regulation of B-cells may be a central defect in the

pathogenesis of lupus does appear tenable. More
detailed study in in vitro and in vivo settings with a

panel °f cytokines administered jpgividually o= in
combination may elucidate the nature of the cytokine

defect more fully.
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