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SUMMARY

IL-12 is a cytokine that induces Th1-derived cytokines (interferon-gamma (IFN-g) and IL-2). The
significance of IL-12 in human autoimmunity is no clear, and the serum levels of IL-12 in SLE are not
clearly established. Therefore, we examined the levels of IL-12 in 39 patients with active SLE, with
sandwich ELISA. The levels of IL-12 in patients were significantly higher than in normal subjects.
Patients with high levels of IL-12 also had high levels of IFN-g, while their levels of IL-13 were
significantly lower than in patients with normal levels of IL-12. Patients with pulmonary involvement
had high levels of IL-12, and steroid therapy decreased the IL-12 level in three patients. In a
retrospective study of seven patients, various changes of IL-12 and IL-13 were recognized before
disease flare. Thus, in SLE patients, the level of IL-12 was increased and this increase was related to the
change of Th1- or Th2-derived cytokines with some organ involvement.
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INTRODUCTION

IL-12 is produced mainly by macrophages and dendritic cells, and
induces activation of natural killer (NK) cells [1,2], production of
interferon-gamma (IFN-g) [3] and differentiation of naive T cells
to Th1 cells [4]. The role of IL-12 in human autoimmunity is not
clearly established, although some reports with mice have shown
this result [5].

Previous reports have shown various cytokine abnormalities in
SLE sera [6–10]. For example, increased levels of IL-2 [6], IL-6
[7], IFN-g [8] and IL-10 [9,10] have been reported in sera. It is
believed that these results relate to the activation of T and B cells.
However, it is not clear how the increased production of cytokines
by activated T or B cells is induced. Helper T cells may be divided
into three types (Th0, Th1, Th2) according to the type of cytokine
produced [11]. Th1 cells produce IFN-g and IL-2, and Th2 cells
produce IL-4, IL-5, IL-6, IL-10 and IL-13. In the lupus mice
model, it was suggested that the balance of Th1/Th2 related to the
pathogenesis of SLE [12,13]. Further, Th1-derived cytokines and
Th2-derived cytokines are regulated differently. In brief, Th1-
derived cytokines are regulated mainly by IL-12 [4], while Th2-
derived cytokines are regulated by IL-4 [14]. Therefore, it is
possible that IL-12 is related to an abnormality of Th1-derived
cytokines in SLE patients.

In this study, we determined the levels of IL-12 in active lupus
patients, and related these results to levels of other cytokines and
clinical manifestations.

PATIENTS AND METHODS

Patients
Serum samples were prepared from 39 patients with SLE (three
males and 36 females, aged 23–37 years) and 12 normal subjects
matched for age and sex. All patients fulfilled the American
College of Rheumatism (ACR) criteria for SLE [15]. All patients
had active SLE indicated by having more than 8 points on the SLE
disease activity index (SLEDAI) [16]. Twenty-one patients did not
receive any steroid, and other patients received<10 mg/day for<6
months.

Serum samples were stored in the deep freeze (–808C) and
thawed overnight before analysis.

Determination of IL-12
The levels of IL-12 were determined using a sandwich ELISA
commercial kit (BioSource Int., S.A., Camarillo, CA). In brief,
after coating of non-labelling anti-IL-12 antibodies and blocking,
100ml of undiluted serum and biotinylated anti-IL-12 antibodies,
reacting with a different epitope from that recognized by the
coating antibody, were added to each microplate well. These two
anti-IL-12 antibodies recognized the whole molecule of IL-12.
After a 2-h incubation at room temperature, the plates were washed
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five times and avidin–peroxidase was added. After 30 min incuba-
tion at room temperature, the plate was washed five times ando-
phenylenediamine (OPD) was added. After 30 min incubation at
room temperature, the reaction was terminated with 2·5M H2SO4.
Then, the optical density (OD) (490 nm) was measured on an
automated plate reader (Model 3550 UV Microplate Reader;
BioRad, Hercules, CA). The levels of IL-12 were determined by
comparison with a standard curve obtained using recombinant IL-
12. This assay system can measure>10 pg/ml of IL-12.

Other cytokines
The levels of IL-2, IFN-g and IL-6 were determined using the
sandwich ELISA kit (Otsuka Co. Ltd., Tokushima, Japan). This
assay is similar to that of IL-12.

The level of IL-13 was determined using a similar sandwich
ELISA. Rat anti-human IL-13 MoAbs (JES10-5A2; PharMingen,
San Diego, CA), 5mg/ml in 0·01M PBS pH 7·2, were coated onto
96-well microtitre plates (Immulon 2 plates; Dynatech Labs Inc.,
Chantilly, VA) and incubated at 378C for 2 h. Blocking was
performed with BLOCK ACE (Dai Nihon Seiyaku Co. Ltd,
Tokyo, Japan), at 378C for 2 h. Then, undiluted sera were added
and incubated overnight at room temperature. After washing three
times with 0·05% Tween/PBS, 5mg/ml of biotinylated rabbit anti-
human IL-13 polyclonal antibodies (PharMingen, San Diego, CA)
were added and incubated at room temperature for 1 h. After
washing three times, OPD and 0·03% H2O2 in citrate buffer
pH 5·0 were added and incubated at room temperature for
30 min. OD (490 nm) was measured, and the level of IL-13 was
determined by comparison with the standard curve obtained using
recombinant IL-13.

Statistical analysis
Differences in the levels of cytokines and the correlation among
cytokines were assessed using Welch’s rank sum test.

RESULTS

First, we examined the level of IL-12 in active SLE patients. As
shown in Fig. 1, the level of IL-12 in active lupus patients was
increased significantly compared with normal controls (patients
94·726 91·99 pg/ml, controls 28·16 14·5 pg/ml;P<0·001). Some
patients who received no steroid also had a high level of IL-12.
However, since there was wide deviation in the level of IL-12
among the patients, the patients were divided into two groups—
patients with a high level of IL-12 and those with a normal level.
The high level group was defined as more than the mean value
þ 2 s.d. (57·1 pg/ml). As to the results, 22 patients (56·41%) had
high levels of IL-12. Then, the levels of other cytokines in these
two group were examined and compared. As shown in Table 1, the
levels of IL-13 in patients with high levels of IL-12 were sig-
nificantly lower than in patients with normal IL-12 levels
(P< 0·05). The levels of IFN-g in these patients tended to be
higher, although this difference was not significant. There was no
significant correlation between the levels of IL-2, IL-6 and IL-12.
However, there was a reverse correlation between the levels of IL-
13 and the levels of IFN-g.

Next, we examined the relation among IL-12 levels and clinical
manifestations in these two groups. The results are shown in Table
2. There was no relation to nephropathy, central nervous system
(CNS) lupus or thrombocytopenia. Interestingly, however, every
patient with pulmonary involvement (three patients with pleuritis

and one patient with pneumonitis) had high levels of IL-12. On the
other hand, there was no relation between the level of IL-12 and the
dose of steroid.

Further, the change after therapy was examined in three cases.
These three patients received various doses of steroid (case 1,
methyl prednisolone 200 mg/day→ prednisolone 40 mg/day; case
2, prednisolone 40 mg/day; case 3, prednisolone 30 mg/day), and
their disease activity decreased (less than three points of SLEDAI).
In these patients, the level of IL-12 was examined closely, and
simultaneously the level of IL-13 was examined at the same points,
since there was a reverse correlation between the two, as pre-
viously described. As shown in Fig. 2, the level of IL-12 in all three
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Fig. 1.The levels of IL-12 in patients with active SLE and normal subjects.
The level in SLE patients increased significantly compared with normal
subjects. However, there was wide deviation among the patients.

Table 1. The levels of IL-2, IL-6, IFN-g and IL-13 in patients according to
the level of IL-12 (mean6 s.d. of each cytokine level in group (pg/ml))

IL-2 IL-6 IFN-g IL-13

IL-12 high* 30·26 10·2 19·16 24·3 46·96 33·4 76·06 82·5
normal 28·86 9·2 12·66 22·0 10·56 14·0 304·06 264·1

Significance NS NS NS P<0·05

*A high level was defined as greater than the meanþ 2 s.d. (57·1 pg/ml).



cases decreased with steroid therapy and was accompanied by a
decrease of IL-13. However, the level of IL-12 did not completely
decrease. In one case with follow up of 4 months (case 1), an
increase of IL-12 and IL-13 was recognized after 2 months,
although the disease activity did not increase.

Finally, we retrospectively examined the level of IL-12 before
disease flare in seven patients. These patients received a main-
tenance dose of steroid and their disease activity increased. As
shown in Fig. 3a, the level of IL-12 gradually increased before
disease flare in three patients (cases 1, 2 and 3), while the levels in
one patient (case 4) did not change. In the other three patients
(cases 5, 6 and 7), levels increased at 1, 2 or 4 months before

disease flare but decreased prior to the flare of the disease (Fig. 3b).
Then, the levels of IL-13 also increased in three patients (cases 1, 4
and 6), and they showed a different change to IL-12 in three
patients (cases 2, 4 and 5) (Fig. 3).

DISCUSSION

The activation of T cells or B cells is often recognized in SLE
patients. Previous studies have suggested that the change of various
cytokines may relate to this phenomenon. Although the cytokines
related to helper T cells are divided into Th1-derived cytokines
(IFN-g, IL-2) and Th2-derived cytokines (IL-4, IL-5, IL-6, IL-10,
IL-13), changes of these two cytokines were found in SLE patients
[6–10]. Recently, we showed that the change of each cytokine
varied among patients (unpublished data), and previous reports
showed similar results [6,7]. Thus, the levels of cytokines in SLE
are never simple. Although it is interesting how these cytokines
vary, the mechanism of this variation is not clear. Generally, it is
believed that both Th1- and Th2-derived cytokines are regulated by
other factors. Previous reports have shown the various factors such
as cell surface molecules [17,18], cytokines [4,11,19], the char-
acteristics or doses of antigens [20], signal transduction [21],
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Table 2. The relation between clinical manifestations and the level of IL-12

IL-12 high* IL-12 normal
(n¼ 19), cases (n¼ 17), cases

Nephropathy (n ¼20) 8 12
CNS lupus (n¼ 2) 1 1
Thrombocytopenia (n¼ 3) 2 1
Haemolytic anaemia (n¼ l) 0 1
Pulmonary involvement† (n¼ 4) 4 0
Vasculitis (n¼ 3) 2 1
Leukopenia‡ (n¼ 3) 2 1

*A high level was defined as in Table 1.
†Patients with pleuritis and pneumonitis.
‡Patients with leukopenia and without organ involvement.
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Fig. 2. Changes of IL-12 and IL-13 with steroid therapy in three patients.
The level of both cytokines decreased with therapy. However, the level of
IL-12 never normalized.
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Fig. 3. Changes of IL-12 and IL-13 before disease flare in seven patients.
The levels of IL-12 in three patients (cases 1–3) increased gradually before
the disease flare (a), and those in other patients increased long before flare
and decreased prior to flare (b). Although three patients (cases 1, 4 and 6)
showed an increase in the level of IL-13, the different change to IL-12 was
also shown (cases 2, 4 and 5).



hormones or nervous system [22] and genetic factors [23–25]. IL-4,
inducing differentiation to Th2 [23], and IL-12, inducing differ-
entiation to Th1 cells [4], are noted as cytokines regulating Th1- or
Th2-derived cytokines. It is possible that IL-4 or IL-12 relate to the
variation of Th1 or Th2 cytokines in each SLE patient. Unfortu-
nately, the increased level of IL-4 was not recognized in the
previous study [26]. Therefore, we noted IL-12-regulating Th1-
derived cytokines and examined these levels in lupus patients,
since the previous report stressed the dominance of Th1 cells
[12,26].

The levels of IL-12 in active lupus patients are increased
significantly compared with normal subjects. Since all of these
patients had active disease and some patients receiving no steroid
had high levels of IL-12, this increased IL-12 may reflect some
form of manifestation of the disease. However, we should note that
there were wide deviations in the levels of IL-12 among the
patients. Although this result never related to the technical prob-
lem, we should consider the relation to the influence of natural
antibody. Indeed, levels of IL-12 were normal in around half of the
patients. Therefore, we divided patients into two groups: those with
a high level of IL-12 and those with a normal level. Patients with
high levels of IL-12 tended to have high levels of IFN-g. This
result suggests that IL-12 induced Th1-derived cytokines in some
SLE patients, although there are fewer patients with a high level of
Th1-derived cytokines (about 20% of patients with active disease),
and most patients had high levels of Th2 cytokines in our recent
study (unpublished data).

Furthermore, all patients with pulmonary involvement had a
high level of IL-12, although the number of cases was small. In
SLE, pulmonary involvement, including pleuritis and pneumonitis,
are less frequent and patients with this involvement generally do
not have renal involvement, which is the main organ involvement
of SLE. Thus, patients with high levels of IL-12 have less frequent
organ involvement in SLE, and our results suggest that the
increased IL-12 levels and induction of Th1-derived cytokines
relate to the pulmonary involvement. Further, the levels of IL-13
were significantly lower in patients with higher levels of IL-12.
Although we also examined some Th2-derived cytokines (IL-4, IL-
6, IL-10, IL-13), a significant increase was recognized only in IL-6
and IL-13, thus these two cytokines were used in the analysis.

Among Th2-derived cytokines, only IL-10 has been reported to
inhibit IL-12 [27], and IL-12 is a strong inducer of IL-10 produc-
tion [28,29]. However, unfortunately only a few patients examined
had high levels of IL-10 and we could not examine the relation
between the levels of IL-10 and IL-12.

IL-13 has never been reported to inhibit IL-12in vitro,
although it has been reported that IL-13 inhibits tumour necrotizing
factor (TNF), IL-1, IL-6, IL-8 and IL-10 [30,31]. It is also reported
that IL-13 induces the production of IL-12 and IFN-g, and had
effects different from those of other Th2-derived cytokines [30].
Therefore, this reverse relation between IL-12 and IL-13 can not be
linked simply to the possibility that IL-12 inhibits IL-13, since this
reverse relation was never recognized in all patients.

We believe that it is difficult to relate directly the increase of
IL-12 in this study to the pathogenesis of SLE, since this change is
not recognized in every patient, and we can not determine the
origin of the elevated IL-12. However, it is possible that this
increased IL-12 is indirectly related to the pathogenesis of SLE.
Indeed, it is reported that the administration of anti-IL-12 antibody
prolonged the onset of disease in the lupus mouse [32]. Thus, IL-12
may control the onset of the disease. We would like to note that the

following results may have relevance to this possibility. First, as
previously described, we demonstrated that the level of IL-12 had
been increased long before the flaring of disease activity in this
retrospective study of some patients, although the study of cyto-
kines before onset is difficult to establish and changes before
disease onset are not known in human SLE. However, since
other patients decreased after the increase or remained unchanged,
we believe that the change of IL-12 before flaring is not simply
explained, and that the role of this cytokine varies. Second,
although the level of IL-12 decreased with steroid therapy, the
level never normalized. While most other activation markers (e.g.
soluble IL-2 receptors) and cytokines (IL-6, IL-2) normalized (data
not shown), the IL-12 level remained unchanged. This result
suggests that several characteristics of IL-12 in SLE differ from
those of other cytokines.

Although the effect of anti-IL-12 antibody has been demon-
strated in the lupus mouse [32], we believe that the application of
this antibody to use in humans is difficult, since the abnormality of
IL-12 was not found in every patient and the level of IL-12
increases long before disease flare, as previously described. How-
ever, we believe that the importance of IL-12 in SLE can not be
ignored and that we should seriously consider the influence of this
cytokine.
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