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SUMMARY

 

There is evidence that nephritis is dominated by a Th1 immune response in systemic lupus erythema-
tosus. Since IL-18 promotes polarization of the immune response toward Th1, we investigated the role
of this cytokine in lupus nephritis (LN). A total of 133 lupus patients and 44 healthy subjects were
enrolled. Demographic and clinical characteristics with renal biopsy data were recorded. IL-18 along
with IFN-

 

g

 

 and IL-4, two prototypical of Th1 and Th2 cytokines, were measured in serum by ELISA.
Peripheral blood lymphocytes were analysed by flow cytometry for IFN-

 

g

 

 and IL-4. IL-18 expression
was determined by immunohistochemistry in 13 renal biopsy specimens from patients with LN and 2
controls. Serum IL-18 was higher in lupus patients than in controls. Levels of IL-18 correlated with uri-
nary microalbumin and were increased in patients with LN when compared to those without LN. IL-18
expression was also increased within the glomeruli of nephritic patients and was primarily detected
within the mesangial matrix and in infiltrating mononuclear cells. Measurement of IFN-

 

g

 

 and IL-4 in
either sera or peripheral blood lymphocytes showed high IFN-

 

g

 

 along with low IL-4 expression in LN
patients compared to patients without nephritis. A positive correlation between serum IL-18 and IFN-

 

g

 

 levels was found. IL-18 may play a prominent role in the pathogenesis of LN by promoting a cytokine
imbalance towards a Th1 immune response. Measurement of IL-18 may be helpful for the early iden-
tification of lupus patients with LN and may help gauge the response to treatment in patients with active
LN undergoing treatment.
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INTRODUCTION

 

Systemic lupus erythematosus (SLE) is an autoimmune disease
characterized by a wide variety of immunologic abnormalities.
Lupus nephritis (LN) is a major contributor to morbidity and
mortality in patients with SLE and up to half of lupus patients
develop LN during the course of their disease. LN is though to be
initiated by glomerular deposition of immune complexes though
other essential events such as those mediated by Fc receptor sig-
nalling [1], cytokine [2] and chemokine [3] production are
required to trigger glomerular inflammation and promote tissue
damage. However, the specific role of each of these pathogenic
components is presently unclear.

Recent evidence suggest that a Th1 cytokine response with
excess of IFN-

 

g

 

 production is essential for the development of

nephritis in murine models of lupus [4–9] and also plays an impor-
tant pathogenetic role in human LN [10,11]. IL-18 is a proinflam-
matory cytokine, predominantly released by antigen presenting
cells such as macrophages and dendritic cells, which acts as a Th1
cytokine since it promotes both proliferation of Th1 lymphocytes
and IFN-

 

g

 

 production by these cells [12]. MRL/lpr mice, which
spontaneously develop a lupus–like syndrome with severe glom-
erulonephritis, show higher serum levels of IL-18 than wild type
MRL mice [13]. Moreover, enhanced IL-18 renal expression has
been found in nephritic MRL/lpr mice [14] whereas daily injec-
tions of IL-18 in these mice resulted in an increase of serum proin-
flammatory cytokines leading to accelerated proteinuria and
aggravation of glomerulonephritis [13]. In further support of the
relevance of this cytokine for LN, elevated IL-18 serum concen-
trations have been detected in SLE patients [15–19] although no
correlation with LN has been reported. However, the 

 

in vitro

 

 pro-
duction of IL-18 by peripheral mononuclear cells has been found
to be up-regulated in lupus patients with altered renal function
compared to those without evidence of renal disease [17]. Thus,
the pathogenic role of IL-18 in LN remains uncertain. In an
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attempt to elucidate the role of IL-18 for the development of LN
in SLE, we investigated its serum levels and glomerular expres-
sion. Moreover, we examined the peripheral Th1/Th2 (IFN-

 

g

 

/IL-
4) cytokine balance in lupus patients with and without nephritis.

 

MATERIALS AND METHODS

 

Study population

 

A total of 133 SLE patients (

 

≥

 

4 ACR criteria) [20] and 44 healthy
individuals from the Division of Rheumatology of the University
of Florida and from the Department of Internal Medicine and
Oncology and the Division of Nephrology of the University of
Bari were enrolled. Written informed consent was obtained from
all subjects. Whole blood and serum samples were obtained. Sera
were frozen at 

 

-

 

80

 

∞

 

C until use. Detailed demographic character-
istics, drug history, laboratory parameters and physical examina-
tion data were recorded at the study visits. Subjects with chronic
renal insufficiency, uncontrolled hypertension, chronic infections,
malignancies and diabetes were excluded. Renal pathology data
were available for 51 out of 61 patients with LN and class of
nephritis was assessed according to the WHO classification [21].
Clinical ACR criteria supported the diagnosis of LN in those
patients lacking a detailed biopsy description. Urinalysis with no
evidence of proteinuria, red cells or casts was interpreted as
absence of active nephritis. The characteristics of the study pop-
ulation are summarized in Table 1. The study was separately
approved by the institutional review boards of both Universities.

 

ELISAs

 

Serum samples were tested at 1/5 dilution for the 18 kD bioactive
isoform of IL-18 using a human IL-18 ELISA kit (Medical & Bio-

logical Laboratories, Nagoya, Japan) according to the manufac-
turer’s instructions. ELISAs for IFN-

 

g

 

 and IL-4 were performed
using mouse mAb pairs (BD PharMingen, San Diego, CA, USA).
Briefly, microtitre plates were incubated overnight with capture
antibody (2 

 

m

 

g/ml) then washed, blocked and samples were anal-
ysed at 1/50 and 1/5 dilutions for IFN-

 

g

 

 and IL-4 ELISA, respec-
tively. Known concentrations of purified recombinant human
cytokines (BD PharMingen) served as standards. After overnight
incubation, the plates were washed and biotinylated mouse
anti-human cytokine-specific antibodies at 2 

 

m

 

g/ml were added.
Streptavidin-alkaline phosphatase (Southern Biotechnology, Bir-
mingham, AL, USA) was added at 1/1000 dilution and the reac-
tion was developed with 

 

o

 

-phenyldiamine chromogen solution
(Sigma, St. Louis, MO, USA). Plates were red at 405 nm in a
Microplate Reader (Molecular Devices, Sunnyvale, CA, USA).
Each analysis was performed in triplicate and data were analysed
by the Softmax software and expressed as mean values.

 

Flow cytometry

 

To phenotype the cellular profile of IFN-

 

g

 

 and IL-4 cytokines, ali-
quots of whole blood were stimulated with 25 ng/ml phorbol
myristate acetate (Sigma) and cultured for 24 h at 37

 

∞

 

C. Cultures
were further incubated for 4 h with the GolgiStop solution (BD
PharMingen) to block the cytokine secretion and enhance their
staining signal. Non-adherent cells were harvested, depleted of
erythrocytes by ACK lysing buffer (Biosource International,
Camarillo, CA, USA), washed in phosphate-buffered saline, fixed
and permeabilized by Cytofix/Cytoperm solution (BD PharMin-
gen). Cells were then stained with fluorescein isothiocyanate
(FITC)-conjugated IFN

 

g

 

-specific mAb and phycoerythrin (PE)-
conjugated IL-4 specific mAb (PharMingen) for 30 min at room

 

Table 1.

 

Characteristics of SLE patients and control subjects

SLE with LN* SLE without LN Controls

Number 61 72 44
Sex (%)

Female 87 94 88
Male 13 6 12

Age, years (mean 

 

±

 

 SD) 36·9 

 

± 

 

11·9 42·1 

 

± 

 

10·9 35·5 

 

± 

 

14·6
Race (%)

White 52 44 55
Black 36 45 26
Mixed 10 8 8
Asian 2 3 11

WHO Class of LN (n)**
I 1
II 4
III 11
IV 20
V 15
Treatment with prednisone

Daily dose, mg (mean 

 

±

 

 SD) 17·3 

 

± 

 

23·6*** 6·5 

 

± 

 

11
Treatment with azathioprine

Daily dose, mg (mean 

 

±

 

 SD) 11·6 

 

± 

 

46·1 6·7 

 

± 

 

26·7
Treatment with hydroxychloroquine

Daily dose, mg (mean 

 

±

 

 SD) 134·1 

 

± 

 

183·9*** 166·2 

 

± 

 

191·2

*Diagnosis of lupus nephritis (LN) was based both on biopsy (84%) and ACR criteria.
**Numbers indicate the patients showing the defined class of LN by kidney biopsy evaluation.
***

 

P

 

 

 

<

 

 0·05 vs. SLE patients without LN (by Mann–Whitney test).
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Fig. 1.

 

Correlation of serum IL-18 levels with occurrence of nephritis in
SLE. (a) ELISA measurement of the cytokine revealed higher values in
SLE patients (

 

n

 

 = 133) than in NC (

 

n

 

 = 44). (b) Levels of IL-18 were
significantly increased in LN patients (

 

n

 

 = 61) as compared to patients
without LN (

 

n

 

 = 72). Bars represent the mean and SD in each group.
*

 

P

 

 

 

<

 

 0·0001 by Mann–Whitney test.
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temperature and analysed in a FACScan using CellQuest soft-
ware (Becton-Dickinson, San Jose, CA, USA). Each analysis
included 10 000 events and was performed by gating on lympho-
cyte subpopulation.

 

Immunohistochemistry

 

Immunohistochemical evaluation of IL-18 expression in LN was
carried out on frozen renal biopsy sections from 13 lupus patients
and 2 controls with isolated urinary alterations but normal kidney
histology. Briefly, 4 

 

m

 

m sections of OCT-embedded tissue were
mounted on poly L-lysine-coated slides, air dried and fixed in ace-
tone for 10 min. After blocking with 2% horse serum at room
temperature for 20 min, the slides were incubated overnight with
a mouse mAb anti-IL-18 at 1 

 

m

 

g/ml (Medical & Biological Labo-
ratories) specific for the 18 kD bioactive isoform of the cytokine.
Binding of the secondary biotinylated horse antimouse IgG was
detected by the Vectastain ABC system as an immunodetection
kit according to the manufacturer’s instructions (Vector, Burlin-
game, CA, USA). The endogenous peroxidase activity was
quenched by incubation in a solution of methanol/0·3% H

 

2

 

O

 

2

 

 for
30 min. Finally, the diaminobenzidine tetrahydro-chloride solu-
tion (Vector) was used as chromogen and the slides were coun-
terstained with haematoxylin. Negative controls were performed
without primary antibody. Staining was evaluated by light micros-
copy. The number of IL-18

 

+

 

 cells within the glomeruli in each
biopsy specimen was expressed as mean value/glomerular cross
section (gcs).

 

Statistical analysis

 

The Mann–Whitney test was used to assess differences in serum
cytokine levels, IFN-

 

g

 

/IL-4 ratios and prednisone dosages. The
statistical significance of the relationship between serum IL-18
levels, urinary microalbumin and serum IFN-

 

g

 

 titres was tested
using Spearman’s rank correlation analysis. 

 

P

 

-values less than
0·05 were considered significant.

 

RESULTS

 

Serum elevations of IL-18 correlate with nephritis in SLE

 

Figure 1 shows IL-18 serum levels in both SLE patients and
normal controls (NC). As shown, the cytokine titres (sect. A)
were significantly higher in patients and their mean value was
twice that of controls (mean 

 

±

 

 SD 498·7 

 

±

 

 369 pg/ml 

 

versus

 

213·7 

 

±

 

 142·5 pg/ml, 

 

P

 

 

 

<

 

 0·0001). Levels of IL-18 were positively
correlated with urinary microalbumin (

 

P

 

 

 

<

 

 0·05, 

 

r

 

 = 0·3234) and
significantly increased in patients with LN (sect. B) compared to
patients without LN (736·9 

 

±

 

 447·8 pg/ml 

 

versus

 

 340 

 

±

 

 177·6 pg/
ml, 

 

P

 

 

 

<

 

 0·0001). Age, sex and race did not influence IL-18 levels.
In addition, no association of IL-18 levels with other organ
involvement such as central nervous system, joint, lung or hae-
matological disease was found thus suggesting that the high IL-18
serum titres within the SLE cohort was primarily attributable to
the occurrence of LN.

Since histological grading was available on most patients with
LN, it was of interest to evaluate the relationship between serum
IL-18 and WHO class of nephritis. The highest titres of serum IL-
18 were detected in patients with diffuse proliferative and mem-
branous glomerulonephritis (class IV and V, mean values 749·4
and 693·7 pg/ml, respectively), followed by those with focal seg-
mental disease (class III, 534·5 pg/ml) and pure mesangial pathol-
ogy (class II, 441·5 pg/ml). A single patient with trace amount of

proteinuria and microscopic haematuria though in the presence
of normal glomerular histology (class I) had a serum IL-18 con-
centration of 380 pg/ml, akin to the average of non-nephritic
patients.

 

Glomerular expression of IL-18 is up-regulated in LN

 

To evaluate the kidney IL-18 local production, we examined the

 

in situ

 

 expression of the cytokine in renal biopsy specimens from
SLE patients by immunohistochemistry. We detected a prepon-
derance of IL-18 in glomeruli from SLE patients with both class
IV (Fig. 2a) and V glomerulonephritis (Fig. 2b). Interestingly,
renal tissue of class III LN patients (Fig. 2c) showed a weak glom-
erular IL-18 expression, whereas almost no evidence of this
cytokine was found in glomeruli with class II nephritis. As
expected, IL-18 was not detected in the SLE patient with class I
nephritis (Fig. 2d) and in 2 control subjects (Fig. 2e) showing nor-
mal kidney histology.

With regard to the location of glomerular cytokine expres-
sion, IL-18 was present within the mesangial matrix as well as in
infiltrating mononuclear cells. As a result of the small number of
available renal biopsies, correlative analyses between the amount
of IL-18

 

+

 

 cells in glomeruli and the WHO histological grading of
LN could not be addressed. However, the number of IL-18

 

+

 

 glom-
erular mononuclear cells/gcs was higher in class IV and class V
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Fig. 2.

 

Representative patterns of glomerular expression of IL-18 in LN. Prominent expression of IL-18 (dark brown) occurred in (a) all
patients (

 

n

 

 = 4) with class IV diffuse proliferative nephritis and (b) in those (

 

n

 

 = 3) with diffuse membranous (class V) glomerulonephritis.
(c) In contrast, a weak presence of the cytokine was documented in kidney specimens from patients (

 

n

 

 = 3) with focal and segmental
glomerulonephritis of class III. IL-18 was primarily detected within the mesangial matrix as well as in infiltrating mononuclear cells. (d)
On the contrary, no significant evidence of IL-18 protein was observed in glomeruli from a single SLE patient (class I) with minimal
proteinuria and without renal lesions. (e) Control bioptic specimens from normal kidneys (

 

n

 

 = 2) showed no presence of the cytokine. (f)
The pattern without the primary anti-IL-18 antibody is also shown. Original magnification 

 

¥

 

 40.

a b

dc

e f

 

biopsies (mean 

 

±

 

 SD 21·5 

 

±

 

 8 and 14·3 

 

±

 

 2, respectively) than in
patients with lesser glomerular lesions, including both class III
and II LN (4·4 

 

±

 

 3·8). IL-18

 

+

 

 cells were also detected in interstitial
infiltrating mononuclear cells but their presence was rare. Finally,
IL-18 detection within the nephritic kidneys was not confined to
glomerular or interstitial infiltrating mononuclear cells but also
occurred in some of the tubular epithelial cells (TECs) though its
expression was weak and similar to that observed in normal kid-
neys. We consider tubular staining non specific since tubular brush
border staining by immunoperoxidase was commonly detected
also in control bioptic specimens processed without the primary
anti-IL-18 antibody (Fig. 2f).

 

IL-18 increase correlates with predominance of 
Th1 immune response in LN

 

Figure 3 shows the mean levels of Th1/Th2 ratios in SLE patients
in relation to LN as well as in controls. The Th1/Th2 ratios were
calculated by dividing the levels of serum IFN-

 

g

 

 by those of IL-4.
The mean 

 

±

 

 SD Th1/Th2 ratio of patients with LN (2·9 

 

±

 

 4·9) was
significantly higher than those in both patients without renal dis-
ease (0·3 

 

±

 

 0·3, 

 

P

 

 

 

<

 

 0·0001) and NC (0·7 

 

±

 

 1·2, 

 

P

 

 

 

<

 

 0·05). The mean
Th1/Th2 ratio of patients without LN was not significantly differ-
ent from that of healthy controls. Among LN patients the highest
mean levels of Th1/Th2 ratios were found in those with class IV
and V glomerulonephritis (3·1 and 2·8, respectively) followed by
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Fig. 4.

 

Patients and controls were compared for serum IFN-

 

g

 

 and IL-4
levels by ELISA. (a) Concentrations of IFN-

 

g

 

 were higher in SLE group
(

 

n

 

 = 133) than in NC (

 

n

 

 = 44); levels of this cytokine were higher in
patients with LN (

 

n

 

 = 61) as compared to patients without LN (

 

n

 

 = 72).
(b) IL-4 concentrations were higher in SLE patients than in NC; levels of
this cytokine were lower in patients with LN with respect to patients
without LN. Bars represent the mean and SD. *

 

P

 

 

 

<

 

 0·0001, **

 

P

 

 

 

<

 

 0·05 by
Mann–Whitney test.
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Fig. 3.

 

Th1 cytokine predominance in LN. Levels of serum IFN-

 

g and IL-
4 were measured by ELISA. The Th1/Th2 (IFN-g/IL-4) ratios were higher
in LN patients (n = 61) than in patients without LN (n = 72) and in NC
(n = 44). Bars represent the mean and SD. *P < 0·0001, **P < 0·05 by
Mann–Whitney test.
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those with less severe lesions (0·9). To evaluate the relative con-
tribution of each cytokine to the presence of LN, serum levels of
both IFN-g and IL-4 were individually analysed. IFN-g levels
(Fig. 4a) were higher in SLE patients than in controls (mean ± SD
421 ± 630·5 pg/ml versus 87·7 ± 87·1 pg/ml, P < 0·0001) and corre-
lated with the occurrence of nephritis (677·6 ± 874·5 pg/ml in
patients with LN versus 267·9 ± 350·3 pg/ml in SLE patients with-
out nephritis, P < 0·05). On the contrary, serum IL-4 levels
(Fig. 4b) were higher in SLE patients than in controls
(890·2 ± 667·6 pg/ml versus 352 ± 298·1 pg/ml, P < 0·0001) though
not correlated with the renal disease. It is noteworthy that levels
of IL-4 were significantly lower in patients with LN when
compared to SLE patients with no renal involvement
(634·4 ± 535·2 pg/ml versus 1146 ± 694·9 pg/ml, P < 0·05).

Further analyses assessed the phenotypic distribution of Th1+

and Th2+ cells in our patient population (Fig. 5). We found a pre-
dominance of IFN-g expression with a relative lower expression
of IL-4+ cells in patients with LN compared to non-nephritic
patients (on average 40% versus 5% for IFN-g and 6% versus
15% for IL-4). These results indicate that the cytokine balance is
fundamentally skewed toward a Th1 phenotype in patients with
LN and apparently related to the over-production of IL-18. In
addition, we found that serum concentrations of IL-18 were pos-
itively correlated with those of IFN-g (P < 0·05, r = 0·3429).

DISCUSSION

Contrary to the predominant paradigm that SLE is a Th2 cytokine
driven disease [22], recent studies have shown that Th1 cytokines
may play an important role in the induction and progression of
renal disease in lupus [10]. Results from the present study indicate
that the increased expression of IL-18, a cytokine involved
together with IL-12 in the priming of cells to produce IFN-g and
other Th1 cytokines [23], is strikingly associated with the presence
of nephritis in lupus patients. Therefore, IL-18 is potentially a
crucial pathogenic mediator of this important complication of
SLE.

The role of IL-18 in LN is presently debated. Wong et al. [17]
recently reported the positive correlation between plasma eleva-
tions of IL-18 and disease activity in SLE patients with renal
involvement. In contrast, no significant association with specific
renal manifestations or disease activity has been found by others
[18]. Our results demonstrate that the serum concentration of the
bioactive IL-18 isoform was significantly increased in SLE
patients compared to controls, and that this elevation was associ-
ated with LN. It has been suggested that serum levels of cytokines
may not reflect actual inflammation owing to their functional
state as complexed molecules bound to soluble receptors [24].
Moreover concern about the interference of other proteins
including the rheumatoid factors on the quantitative assays used
to determine cytokine levels in serum has been raised [25]. To
overcome these potential problems in our evaluation, we demon-
strated in situ expression of IL-18 in biopsy specimens from
patients with LN. Excess IL-18 within nephritic glomeruli, pro-
vides evidence for the potential pathogenic role of this cytokine in
LN. It is noteworthy that IL-18 expression within the kidneys, as
well as its serum levels, showed a trend toward a direct correlation
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Fig. 5. Flow-cytometry distribution of circulating Th1 (IFNg +) and Th2 (IL-4+) in SLE patients divided in relation to the presence of
nephritis. The analysis revealed an expansion of the IFNg + cell population in LN patients with respect to their control. Unstained cells
served to adjust for autofluorescence and arrange quadrants. Percent of positive cells and relative Th1/Th2 ratios are indicated. The results
are representative each of 5 patients.
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with the severity of the histopathologic pattern of LN indicating
that increased IL-18 production may be directly related to the
severity of renal disease in SLE. In support of this hypothesis,
Faust et al. [14] have recently reported that the up-regulation of
IL-18 is restricted to nephritic kidneys of lupus-prone MRL/lpr
mice and parallels the severity of the disease. Our findings suggest
that the major site of IL-18 expression in LN is the glomerulus.
Although the presence of the cytokine within the mesangial
matrix does not allow us to differentiate between its basal expres-
sion and de novo synthesis, the finding of cytoplasmic staining for
IL-18 in glomerular mononuclear cells strongly indicates that
glomerular expression of IL-18 is derived, at least in part, from its
local production. In particular, we suspect that the primary source
of IL-18 is provided by activated glomerular infiltrating macroph-
ages [11]. These cells are well known producers of the cytokine in
inflammed sites [26] and have been reported to be increased in
LN [27]. Based on these results, we speculate that, besides other
sources of IL-18, such as lymphoid tissue and spleen, local IL-18
production within the kidney contributes to the elevated circulat-
ing levels of IL-18 observed in LN.

Data from our study provide evidence that both serum Th1
(IFN-g) and Th2 (IL-4) cytokines can be elevated in SLE patients
thus emphasizing that SLE is a complex disease that may be sup-
ported by the activation of different cytokine systems at different
time-points during disease development [19,28,29]. Predomi-
nance of Th1+ cells by immunohistochemical analysis has been
reported in kidneys of SLE patients with diffuse proliferative
glomerulonephritis and the increased IFN-g/IL-4 ratio in periph-
eral blood has been proposed as a promoter of renal tissue dam-
age [11]. IL-18 is capable of inducing a Th1 response in T cells
either in synergy or independently of IL-12 through the produc-
tion of IFN-g [30–33]. Moreover, Fantuzzi et al. [34] reported that
IL-12-induced IFN-g production is dependent of IL-18. In our
study increased IL-18 levels were associated with excessive IFN-
g production and reduced IL-4 in patients with LN compared to
SLE patients without overt renal disease. This may suggest that

over-production of IL-18 contributes to both induction of a Th1-
type immune response and IFN-g up-regulation resulting in
autoimmune renal injury in LN. Shift toward a Th2 cytokine
profile may theoretically prevent the onset of renal damage in
SLE.

The use of high doses of prednisone in the patients with LN
raises the concern that Th1 cytokine predominance along with a
relative Th2 defect may be attributed to steroid therapy. How-
ever, despite steroid treatment, all LN patients showed active
renal manifestations, suggesting that the cytokine alterations
were likely related to disease itself rather than secondary to ther-
apy. This hypothesis was further confirmed by the immunohis-
tochemistry results demonstrating increased IL-18 expression in
the kidneys of patients with LN. Indeed, none of the 13 patients
studied was treated with corticosteroids and/or immunosuppres-
sive agents at the time of biopsy. In further support of a lack of
interference of steroid therapy with our results there is evidence
that corticosteroids may interfere with the T cell differentiation
by inhibition of Th1 development and enhancement of Th2
response [35,36].

In murine models of LN, IFN-g plays a crucial role in provok-
ing kidney damage by promoting the formation of pathogenic
complement-fixing antibodies [37] as well as by increasing major
histocompatibility complex class II antigen espression [4].
Recently it has been shown that IFN-g may contribute to the
pathogenesis of diffuse proliferative glomerulonephritis by both
up-regulation of CD40 and activation of the cellular immune
response in human lupus [38]. Moreover, IFN-g is known to
enhance integrin expression including both intercellular adhesion
molecule-1 (ICAM-1) and vascular cell adhesion molecule-1
(VCAM-1), on glomerular cells [39], which in turn may facilitate
influx of inflammatory cells. Indeed, IL-18 itself has the potential
to induce the expression of adhesion molecules and chemokines
in an IFN-g-independent way [40,41]. Aside from the costimula-
tory functions on Th1 cytokines, IL-18 also induces the production
of other proinflammatory cytokines that have been implicated in
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the pathogenesis of renal disease in SLE, such as tumour necrosis
factor-a (TNF-a) and nitric oxide [42,43]. Further pathophysio-
logical effects caused by IL-18 may include the induction of apo-
ptosis in TECs [14]. Although, IL-18 receptors have not been yet
detected on renal cells, it is conceivable that the local production
of the cytokine is devoted to activate specific cells within this
microenvironment. However, future studies are needed to dem-
onstrate the local functional role of IL-18.

In conclusion, our findings suggest that IL-18 may play a cru-
cial role in triggering inflammation in LN by promoting a cytokine
imbalance toward a Th1 type response. Lupus patients with
nephritis usually have an unfavourable prognosis and many even-
tually progress to renal failure despite aggressive treatments.
Therefore, prognostic markers and more effective therapeutic
regimens are needed. Our data show that elevated circulating
concentrations of IL-18 reflect high local expression in LN
patients, in particular in those with either proliferative or mem-
branous glomerulonephritis. Thus, elevation of this cytokine could
be useful as a predictor of the severity and progression of renal
disease in SLE. Therapeutic strategies devoted to down-regulate
IL-18 may be helpful in the treatment of LN. In this context, a
recent study has shown that IL-18 cDNA vaccination induces the
production of autoantibodies to IL-18 conferring protection from
development and progression of nephritis in lupus-prone MRL/
lpr mice [44].
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