
the interaction between IgG containing immune
complexes and myeloid-derived effector cells
through the binding of the receptor for the Fc
portion of IgG3. This interaction primes subse-
quent events leading to renal damage and ulti-
mately renal. As regards this context, cytokines
could play a pivotal role by modulating the
glomerular inflammatory response determining
the renal injury.

Cytokines normally produced by the renal
cells are overexpressed in LN4. It is evident that
several immunostimulatory are produced in ex-
cess by activated T helper (Th) lymphocytes and
are primarily involved in renal damage.

Recent data suggest that both Th1 and Th2 cy-
tokines can be elevated in SLE patients indicat-
ing that the disease is the result of different lym-
phokine systems activation5. In fact, an increased
Th1/Th2 ratio in the peripheral blood has been
proposed to promote renal injury in SLE6. Uhm
et al7 have documented a predominance of cells
producing Th1 cytokines in the kidneys of SLE
patients with diffuse proliferative glomeru-
lonephritis and its correlation with histological
disease activity8.

Tomour Necrosis Factor 
Tumour necrosis factor (TNF) is a proinflam-

matory cytokine with several potential im-
munoregulatory effects in SLE. Monocyte TNF
production can be induced by antibodies to
double-stranded DNA as well as by immune
complexes. 

Takemura et al9 used immunohistochemistry
with monoclonal and polyclonal antibodies to
TNF as well as in situ hybridization to investi-
gate samples of WHO class IV and class II
glomerulonephritis. TNF in LN was clearly ex-
pressed in glomeruli, mainly by infiltrating
macrophages, in endothelial cells, in glomerular
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Abstract. – The role of cytokines in sys-
temic lupus erythematosus (SLE) glomeru-
lonephritis is extremely complex. Proinflamma-
tory molecules, such as TNF, IL-6, IL-1 and IL-18
are upregulated, as are both Th1 and Th2 cy-
tokines, with different implications: the local ef-
fects may be different from the systemic im-
munoregulatory ones. Excessive T helper cell
function is a hallmark of SLE and abnormalities
of Th citokine profiles have been implicated in
loss of immune tolerance, increased antogenic
load, defective B cell suppression and a variety
of clinical manifestations. For some cytokines,
TNF and IL-18 in particular, the local proinflam-
matory ones may be more relevant to the dis-
ease.
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Introduction

Systemic lupus erythematosus (SLE) is a
chronic, inflammatory autoimmune disease of
unknown aetiology characterized by a large spec-
trum of immunological abnormalities.

In autoimmune diseases cytokines may be in-
volved in the generation of the aberration of im-
mune regulation1 and in the local inflammatory
processes that finally lead to tissue damage.

Lupus nephritis (LN) is the most frequent seri-
ous organ manifestation which is induced by the
presence of immune complexes at various sites
of the glomeruli; it represents a major clinical
manifestation and is present in 15% of patients at
the time of diagnosis and in approximately 40%
during the course of the disease2. The inflamma-
tory process in LN is though to be initiated by
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visceral epithelium, and in mesangial cells but
not in healty kidney tissue. TNF was also found
in the interstitium. 

Malide et al10 used electron microscopy with
colloidal gold immunohistochemistry employing
a polyclonal antibody against TNF to investigate
LN samples: TNF was not found in significant
amounts in healthy renal samples, but 80% LN
biopsy specimens. In their studies, TNF was lim-
ited to mesangial cells, where it was associated
particularly with the membranes of the rough en-
doplasmic reticulum.

Neale et al11 demonstrated striking TNF over-
expression in class V glomerulonephritis. In situ
hybridization and immunogold staining showed
TNF production in glomerular epithelial cells.

Herrera-Esparza et al12 have analysed 19 kid-
ney samples of WHO class III or class IV GN
with monoclonal anti-TNF antibodies and
demonstrated TNF in 10 of these biopsies. TNF
was found along the interstitial space of the
glomerular loops and in tubular epithelium. RT-
PCR detected TNF mRNA in six biopsies and,
with in situ hybridization, TNF mRNA was seen
in tubular epithelium and in mononuclear cells
infiltrating the glomerular loops. It is interesting
that TNF was mostly found in samples with high
histological activity indices.

Aringer and Smolen13 documented in 19 pa-
tients with WHO class II, III, IV, or V LN, where
the semi-quantitative measure of glomerular
TNF expression correlated with histological ac-
tivity, but was independent of the WHO class.

Thus, TNF can be induced by immune com-
plexes, and is locally produced in the immune
complex glomerulonephritis lesions of SLE pa-
tients. In addition, since serum TNF levels are
high in active SLE, and since renal cells express
TNF-receptors (TNF-Rs), renal cells may bind
circulating TNF.

This cytokine can be found in LN of all WHO
classes and high TNF expression is associated
with high histological disease activity. The con-
clusion that TNF may mediate LN is supported
by the improvement of kidney involvement under
TNF blocking therapy. However, they are in line
with mouse model data where TNF increased,
and anti-TNF therapy reduced disease activity.

Interleukin-1 and Interleukin-18 
Many studies have suggested that in murine SLE
models interleukin-1β (IL-1β), but not IL-1 α,
could play an important role in LN14. In SLE pa-
tients with LN both IL-1 α and IL-1 β have been

detected by rabbit polyclonal antibodies, and the
bright IL-1 α staining in some samples with class
IV GN was noted. IL-1 expression was most pro-
nounced in monocytes/macrophages, but some
IL-1 staining was also seen in glomerular viscer-
al epithelium and mesangial cells 9.

IL-12-induced IFN-γ production is dependent
of interleukin-18 (IL-18): this latter cytokine is
crucial in priming Th1 differentiation and may be
an important mediator in the pathogenesis of
LN15. This hypothesis is supported by enhanced
renal expression of IL-18 in nephritic lupus-
prone MRL/lpr mice16 whereas daily injections
of IL-18 resulted in an increase of circulating
proinflammatory cytokines, worsening of pro-
teinuria and nephritis lesions17. Finally, the in vit-
ro production of IL-18 by peripheral mononu-
clear cells is up-regulated in SLE patients with
nephritis when compared to those without evi-
dence of renal involvement18.

Calvani et al19 found that the mean value of
IL- 18 in SLE patients was more than twice that
of normal controls and that its levels were signif-
icantly increased in patients with LN compared
to those without renal involvement. Serum IL-18
levels were only influenced by renal involve-
ment: this datum suggests that the high levels of
this cytokine in sera of SLE patients are primari-
ly attributable to the presence of LN. The excess
of IL-18 within nephritic glomeruli provides con-
siderable evidence for its potential pathogenic
role in LN. Futhermore, glomerular IL-18 ex-
pression and its serum levels correlated with the
severity of LN as defined by the WHO
histopathologic classification16,18.

Both IL-1 and IL-18 could be targeted with
agents that are either licensed for routine use (i.e.
anakinra) or usually utilized in controlled trials
of other diseases. 

Although IL-1 targeting with IL-1 receptor an-
tagonist was not found beneficial20, another IL-1
directed approach was effective21, and IL-18 tar-
geting appeared quite successful22.

Interleukin-6 
IL-6 is yet another important cytokine which

induces the expression of acute phase proteins
and also leads to increased antibody secretion by
B-lineage cells23. This cytokine is induced by
TNF and IL-123. Increased IL-6 protein and mR-
NA were detected in SLE renal biopsy speci-
mens and associated with mesangial cell prolifer-
ation24,25. Also Takemura et al9 reported low
quantities of IL-6 in normal kidneys but signifi-
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cant overexpression in SLE. Monoclonal and
polyclonal anti-IL-6 antibodies detected the cy-
tokine in the majority of class IV and class II
samples, and limited to mesangial cells in addi-
tion to the infiltrating monocytes. 

Malide et al10 found IL-6 by immunogold
staining in mesangial cells and some epithelial
cells of all their LN samples. However, mesan-
gial and glomerular epithelial cells produce IL-6
in vitro26,27 and given the IL-6 inducing capacity
of TNF and IL-1 it is likely that IL-6 is also up-
regulated in LN. In fact, IL-6 is present at least in
a subpopulation of SLE patients with LN, al-
though probably less common than TNF, and
both appear associated in some way. These data
would be consistent with TNF driving IL-6.

Furthermore, it has been demonstrated that
blockade of IL-6 effects improves experimental
lupus nephritis28,29. Currently, an anti-IL-6R anti-
body is tested in several human diseases and has
already proven effective in rheumatoid arthritis,
adult Still’s disease and myeloma30,31. It may be
interesting to study IL-6R blockade in SLE.

Interferon-γγ
IL-18 is an important inducer of IFNγ32.

Therefore, in light of the increased IL-18 expres-
sion, increased IFNγ production should be ex-
pected in LN.

In line witht these findings, Masutani et al33

found this prototypical Th1 cytokine overex-
pressed in mononuclear cells infiltrating inflamed
kidney tissue, as compared to Th2 cytokines.
Similar results were also obtained by Uhm et al7,
who demonstrated a correlation between the fre-
quency of IFNγ producing cells and disease activ-
ity. However, other Authors failed to detect IFNγ
protein and mRNA in SLE kidney biopsies. 

At least in murine studies, IFNγ exerts a path-
ogenic role for lupus disease. In fact, in MRL/lpr
nephritis, macrophages express IFNγ. Interest-
ingly, the finding that a relative defect in IFNγ
signaling can uncouple autoantibody formation
and immune complex deposition from renal dam-
age strongly suggests that IFNγ plays a crucial
local role34,35.

Interleukin-4 and Interleukin-10 
The Th2 cytokine IL-4 is also incriminated of

playing a pathogenic role for LN. In immunohis-
tochemistry studies, IL-4 positive CD4 T lym-
phocytes were found in WHO class II and IV
SLE glomerulonephritis, where they appeared to
correlate with hypercellularity. Such cells were

not found in healthy kidney tissue. About the
mRNA level, the overexpression of IL-4 in infil-
trating lymphocytes was supported by nested
PCR. In situ hybridization studies showed IL-4
expression also in mesangial and glomerular ep-
ithelial cells. IL-4 mRNA expression was associ-
ated with hypercellularity and extracellular ma-
trix expansion. Moreover, most murine interven-
tion findings on IL-4 suggest that IL-4 plays a
role in SLE pathogenesis: it is interesting that IL-
4 mRNA gave a negative correlation with
glomerular injury, suggesting that Th2 cytokines
may determine secondary repair effects36.

It is thus likely that IL-4 may counter-regulate
a Th1 inflammatory process probably involved in
LN, but may at the same time induce mesangial
expansion and fibrosis. 

Also IL-10 is usually attributed Th2 functions
and, like other cytokines, may be induced by anti-
ds-DNA autoantibodies. IL-10 is found in SLE
intrarenal T cells, both on the mRNA and the pro-
tein level, although the data suggest that the
IFNγ/IL-10 ratio is elevated in active class IV
glomerulonephritis, while class V nephritis may
behave the opposite in this regard. The increase in
IL-10 apparently is of pathogenic relevance in
NZB/W mice, where its effects of IL-10 were
largely opposite to those of TNF In fact, anti-IL-
10 therapy led to increased TNF and its beneficial
effects were abrogated when TNF was blocked37. 

Transforming growth factor-ββ
In addition, transforming growth factor-ß

(TGF-β) could exert a bidirectional effect simi-
lar to the properties of the classical Th2 cy-
tokines, with less inflammation on the one
hand, but more fibrosis on the other. TGF-β
may also play a role for regulatory T cell action.
In MRL/lpr mice, where TGF-β is overex-
pressed, additional TGF-β was beneficial with
regard to autoantibody formation, kidney dis-
ease and survival38 but its role in fibrosis has
been suggested to be critical39.  Increased
glomerular TGF-β was found present and local-
ly produced in samples of adults as well as chil-
dren with SLE glomerulonephritis.

Conclusions

The expression of cytokines in SLE glomeru-
lonephritis suggests that proinflammatory cy-
tokines play an important pathogenic role (Fig-
ure 1). In fact, TNF acts upstream of IL-1 and
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IL-6: these cytokines are able to exert a variety
of proinflammatory effects. Moreover, IL-18,
which may also be induced by TNF, likely facil-
itates IFNγ production by T cells. IFNγ produc-
tion by activated T-cells, may itself act up-
stream of TNF by activating macrophages and
other cells. However, while of local anti-inflam-
matory relevance, Th2 cytokines are increased
and can play an important role in the regulation
of autoimmunity. 

In addition, other cytokines are important in
the local disease situation, such as the
chemokine IL-8, which has also been found in-
creased in lupus nephritis: its chemotactic prop-
erties may induce leukocyte migration into the
inflamed kidney.

Although SLE is characterized by an en-
hanced production of both Th1 and Th2 cy-
tokines reflecting the basal state of activation
of the immune system, there are mounting evi-
dences that during exacerbation of disease,
IFN-γ and other Th1 cytokines are produced in
excess and may permit the progression of
glomerular damage in LN. The proposed patho-
genic model places IL-18 at the centre of the
altered cytokine homeostasis observed in LN:
an increased expression of this cytokine may be
critical for the development of renal disease in
SLE by promoting a cytokine imbalance to-
ward a Th1-type immune response. It has been
reported that IL-18 cDNA vaccination stimu-
lates the production of autoantibodies to IL-18
conferring protection from the onset and pro-

gression of nephritis in lupus-prone MRL/lpr
mice22. In this context, novel therapies sup-
pressing the biological activity of IL-18 may be
useful in preventing the development of lupus
nephritis.
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