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Increased IL-12 release by monocytes in nephrotic patients
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SUMMARY

The pathogenesis of minimal-change nephrotic syndrome (MCNS) is obscure. It has been postulated
that this glomerular disease may be a systemic disorder of cell-mediated immunity. IL-12 is a hetero-
dimeric cytokine that is produced primarily by antigen-presenting cells and plays a primary role in the
induction of cell-mediated immunity. To gain insight into the involvement of this cytokimetro IL-

12 levels were assessed in patients with MCNS and IgA nephropathy (IgAN) who were in either a stable
or active clinical condition. The levels were compared with values in healthy controls. Significantly
increased spontaneous and lipopolysaccharide (LPS)-stimulated release of IL-12 was detected in
peripheral blood monocyte (PBM) cultures of MCNS and IgAN patients with the nephrotic syndrome
(NS) compared with those of normal controls. Moreover, when individual MCNS patients were
followed through their clinical illness, IL-12 levels were increased during the active phase and normal-
ized as the patients went into remission. The amounts of IL-12 are significantly correlated with the
levels of vascular permeability factor (VPF) in MCNS patients. This study describes a correlation
betweennvitro IL-12 release by PBM from two types of nephrotic patients and their disease activity,
as well as a correlation with release of VPF by the same cultures. The study contributes to the
understanding of this class of diseases and the observations may have a prognostic/diagnostic value.

Keywords minimal-change nephrotic syndrome IgA nephropathy IL-12 vascular permeability
factor

INTRODUCTION Ours is the first demonstration that shows that IL-12 levels relate to

Minimal-change nephrotic syndrome (MCNS) is a kidney diseased'n'cal and laboratory parameters in MCNS patients.

of unknown aetiology characterized by nephrotic syndrome (NS).
Although the precise mechanism of NS remains to be solved, PATIENTS AND METHODS
several cytokines have been implicated as important inducers 0Ff>atients
vascular permeability factor (VPF) in MCNS [1,2]. For example
IL-12 induces MCNS cells to produce VPF [3].

IL-12 is a cytokine that has important and novel effects on
cellular immunity [4]. It is produced by a variety of antigen-

" Two groups of patients from whom informed consent had been
obtained were studied: 16 had MCNS and 16 IgA nephropathy
(IgAN). The mean age of the patients with MCNS (12 males, four

presenting cells including macrophages and dendritic cells, an males) was 28 years; eight had NS, eight were in remission.

was originally demonstrated to bind to receptors on activated T celI\sN ggarlnz'gssg V\lliasr’]f(;:grmﬁlﬂgfl:ul\g?el\sl?e%&g'eemisc‘ggiéhe dggrllioif
and natural killer (NK) cells [5]. The ability of IL-12 to control y 19 Py 9

immunity is believed to reside in its interrelationship with other "'c'OSCOPY: the glomeruli appeared normal or showed only minor

cytokines [6]. In previous studies we have shown that IL-12 and_(:hanges. Immunofluorescence revealed lack of deposition of

IL-15 act additively to produce VPF in MCNS [7] immunoglobulins and complement in the glomeruli. Diagnostic
To examine the possibility that 1L-12 participates in the criterie_l for N.S were massive p_roteinur_ia?q-Sg/day) and hypo-
pathophysiology of the acute phase of NS, we determined herglbum|n§emla<(4-Og/100 mi) W'.th or W'thQUt Oedema' The dose
invitro levels of IL-12 in patients with renal diseases. We alsoOf prednisolone was 15mg/day in four patients, while pfatlents 3
investigated the relationship between IL-12 levels and VPF activity.anOI 6 were receing 25 mg/day a_nd 40 mg/day,_ res_pectwely. Np ne
of these patients was treated with other medications that might
Correspondence: Professor Koichi Matsumoto, The Second Departmef [€Ct OUr interpretation of the data, such as angiotensin-converting
of Internal Medicine, Nihon University School of Medicine, 30-1 Oyaguchi- €nzyme inhibitor, non-steroidal anti-inflammatory drugs, cyclo-
Kami-Machi, Itabashi-ku, Tokyo 173-8610, Japan. sporin, or cyclophosphamide. The mean age of the IgAN patients
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(11 males, five females) was 29 years. The criteria described b){Y) supplemented with 10% heat-inactivated fetal calf serum

Schena [8] were used to characterize the IgAN: haematuria an(FCS; Gaco), 100 U/ml penicillin and 10@g/ml streptomycin in

mesangial deposits of IgA on renal biopsy. Systemic lupus erythethe presence or absence of lipopolysaccharide (LPS; 100 ng/ml,

matosus, Henoch—St¢hiein purpura, and hepatic diseases wereEscherichia coli055:B5; Difco Labs, Detroit, Ml). The cell-free

excluded on the basis of clinical history, the results of examinationsupernatants were collected after 24 h incubation a€3@ 5%

and laboratory data. Two IgAN patients were receiving pred-CO, and stored at-20°C until use.

nisolone alone. Sixteen healthy subjects (10 males, six females,

age 28 years) served as controls. Table | summarizes the clinicAlleasurement of IL-12 release

characteristics of the study group. The amount of IL-12 present in culture supernatants was quantified
One point of concern was the prednisolone treatment receivetly commercially available ELISA kits (Cat. no. Q1200; R&D

by a minority of patients. This treatment might have interfered with Systems, Minneapolis, MN). This kit detects the bioactive p70

the IL-12 release by peripheral blood monocytes (PBM) of NSform of IL-12. Results are expressed as pg/ml. The detection limit

patients. This work on the effects of steroids is included. for IL-12 was 0-7 pg/ml. There was no cross-reactivity in this ELISA
with other cytokines and growth factors including IL-1, IL-2, IL-3,
Production of monocyte supernatant IL-4, IL-6, tumour necrosis factor-alpha (TN&) granulocyte

Monocytes were enriched from EDTA (0-002%) blood. The cellscolony-stimulating factor (G-CSF), granulocyte-macrophage
were isolated by Nycodenz (density 1-:006 g/ml) (Nyegaard A/Scolony-stimulating factor (GM-CSF), transforming growth factor-
Oslo, Norway) gradient centrifugation [9]. Over 90% of the cells in beta (TGFgB) and platelet-derived growth factor (PDGF).
the preparation were CDZ14cells. Cell viability was assessed by
the trypan blue dye exclusion test. Assay for VPF

The monocytes (%10°cells/ml) were then incubated in A lymphokine, VPF, which increases vascular permeability in the
RPMI 1640 tissue culture medium o Ltd, Grand Island, guinea pig skin, has been characterized in MCNS [1,2,3,7]. VPF

Table 1. Clinical characteristics of patients with renal disease

Patient Age Urinary Serum Serum Creatinine Prednisolone
no. (years) Sex protein (g/day) albumin (g/dl) cholesterol (mg/dl) clearance (ml/min) therapy (mg/day)

Minimal change nephrotic syndrome

1 23 F 4.0 3.2 272 92 -
2 24 M 5.0 1.9 340 82 -

3 20 F 4.8 2.0 488 68 25
4 22 M 39 29 268 84 -

5 44 M 4.8 28 344 80 10
6 29 F 4.0 3.0 261 68 40
7 28 M 3-8 3.0 304 79 -

8 46 M 5.0 2.5 346 101 -
9 26 M 0-1 5.2 210 122 15
10 27 M 0-1 5.9 214 102 10
11 20 M 0-1 5.2 212 94 -

12 32 M 0-2 5.5 198 90 -

13 23 M 0-2 54 216 110 10
14 24 M 0-2 5.6 200 97 -

15 22 F 0-1 51 186 104 -
16 30 M 0-3 4.6 218 99 -

IgA nephropathy

1 26 M 3-8 36 322 100 -

2 28 M 39 32 286 84 -

3 29 M 3.7 31 308 98 -

4 20 F 3-8 4.0 268 89 10
5 32 M 4.0 36 291 71 10
6 44 M 4.1 3:2 286 52 -

7 28 M 3.7 32 276 94 -

8 23 F 36 3.0 258 91 -
9 26 M 0-4 5.2 218 88 -

10 28 M 0-7 4.9 206 79 -

11 38 M 0-4 4.6 214 93 -

12 30 M 0-8 4.3 201 92 -

13 21 F 0-1 4.6 153 122 -
14 26 F 0-3 4.6 178 102 -
15 32 M 0-5 4.1 216 86 -

16 29 F 0-1 4.5 210 99 -
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activity was measured using the method of Lagetial. [10], with
minor modifications. Briefly, 0-1ml of the lymphocyte culture
supernatant was injected intradermally into the freshly shaved
abdominal skin of guinea pigs, avoiding the median line. Hartley
strain guinea pigs, weighing 306 50 g, were used in all experi-
ments. We estimated the protein contents of the culture super--z 150
natants using a sandwich ELISA assay [11] and normalized them in
order to be able to compare the results. A total ofu@0nl of
protein was injected into each animal. The culture medium served
as negative control. A solution of Evans blue (1% in Qu1$aCl)

was injected intravenously 5min later; the total dosage adminis- 5
tered was 0-5ml/100g body weight. The animals were killed =

250 —(a) O xx

200 -
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2 concentration (pg/ml)

50—

0 | | | | | | |

30 min later under ether anaesthesia. Each supernatant was assayed 0 1 10 100 200 500 1000 1500
LPS (ng/ml)

in triplicate. The diameter of the blue area surrounding each
injection site was measured and the blue area calculated.

Statistical analysis 250
Statistical significance was analysed using the Mann—Whitney E
U-test. Spearman’s test was used for correlation analysi€-05 ?3 200
was considered significant. =
2 150
o
RESULTS =
. L @ 100
Induction of IL-12 by LPS: dose and kinetics e
To determine the concentration of LPS that would be optimal in 8
our culture system for the secretion of IL-12 protein, supernatants ‘\1‘ 50
were removed from PBM cultures of healthy donors 24 h after =
the addition of various doses of LPS and assayed for IL-12. As 0 (‘) 3 p 1‘2 2‘4 4‘8 - 96
shown in Fig. 1la,b, by 3h after the addition of LPS, PBM
responded to LPS concentrations>af ng/ml by producing more Time in culture (h)

IL-12 than unstimulated PBM. Maximal IL-12 release was induced

. . Fig. 1. (a) Dose-dependent IL-12 release after stimulation with lipopoly-
by 100 ng/ml LP.S' High ancgntratlons of LPS500 ng/ml) accharide (LPS). The supernatants were collected at the time point of 24 h.
resulted in a continued decline in IL-12 release. Therefore, in al

. . he release of IL-12 into the supernatant of normal peripheral blood
subsequent experiments for studying IL-12 release we used LPS ﬁwtonocyte (PBM) cultures shows linear dose dependency in the presence

an optimum dose of 100 ng/ml for the activation of NS PBM.  of | ps'in dose from 1 to 100 ng/ml: #<0-01; *P<0-05versuscontrols
As shown in Fig. 1b, the time course of the release of IL-12 inwhich did not contain LPS. High concentrations of LPS500 ng/ml)
PBM cultures stimulated with LPS in 16 healthy controls revealedresulted in a continued decline in IL-12 release. (b) Kinetics of IL-12
a peak at 24-48h, with a rapid decline subsequently. Thereforgglease in normal cell cultures. PBM X1.0°) were cultured alonex() or
subsequent studies were performed by culturind.@® cells/ml for ~ with 100ng/ml of LPS @) in 24-well plates in a total 1-0-ml volume for

24 h. 3-96 h. Culture supernatants were harvested and tested for release of IL-12
by ELISA. The increase in IL-12 was statistically significant when
IL-12 levels in patients with MCNS and IgAN compared with the base line value (OhpR£0-01. Each point represents

. th nt s.d. of triplicat It in 16 i ts.
IL-12 content in supernatant of PBM cultured for 24h was © mean=s.d. o triplicate cuiures in 2o experiments

measured by ELISA in 32 patients with renal disease and 1
normal controls. The spontaneous and LPS-induced IL-12 levels g ignificant

the MCNS and IgAN patients with NS were significantly higher We investigated the effect of steroid therapy on IL-12 release.

than iT b%t.h the '\QCNS a;:d IgAN grloups }Ni:]holcltcug an3|12 MCNS and IgAN patients were divided into untreated, and treated
normal subjects, whereas the mean values of the and g %ith prednisolone. Figure 2 shows that PBM of the steroid-treated

groups Wit.hOUt NS Wf_ere_not _sig_nificantly different from normal patients released lower levels of IL-12 than the untreated patients.
controls (Fig. 2). Thesm vitro findings suggest that IL-12 may be

an indicator of disease activity in patients with NS. Neutralization of IL-12 activity

Six additional patients with non-glomerular disease (three withThe release of IL-12 by PBM was further confirmed by neutraliza-
polycystic kidney, one with horseshoe kidney and two with tion experiments using &g/ml of anti-human IL-12 MoAb (R&D
nephrolithiasis) were studied as a disease control. Each of thesgystems) in the ELISA assay. The activity could be neutralized by
patients had normal IL-12 release, and the mean levels of IL-12 3.h preincubation with the anti-IL-12, but not by control mouse

with or without LPS for all these patients were 238&:26-9pg/ml  gG (Fig. 2). Thus, the PBM culture supernatants used in the study
and 30-2+ 5:9 pg/ml, respectively, which did not differ from the appeared to contain predominantly IL-12 activity.

normal subjects. Cells from six patients with chronic bronchitis

and other non-renal inflammatory disease (i.e. chronic sinusitifRelationship between IL-12 release anditro levels of

and chronic tonsillitis) released approximately equal amount3/PF in MCNS patients

of IL-12 (241-6=28-8pg/ml) and more than that from cells A positive correlation was found between thevitro levels of

f healthy subjects, but the differences were not statistically
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Fig. 2. IL-12 release by peripheral blood monocytes (PBM¥ (I0° cells/ml) of nephrotic syndrome (NS) patients or healthy controls with
(200 ng/ml) or without lipopolysaccharide (LPS) stimulation after a 24-h incubation period. The release of IL-12 was enhanced significantly
(P<0-01) after treatment of the cells with LPS. IL-12 release of NS PBM was significantly increased compared with that of normal controls:
**P<0-01; *P<0-02. The release of IL-12 was further confirmed by experiments ugigénd of anti-human IL-12 MoAb. The antibody
neutralized the IL-12 activity observed (*P*<0-01). Minimal-change nephrotic syndrome (MCNS) and IgA nephropathy (IgAN) patients
were divided into untreated)), and treated with prednisolong). Each data point represents data from patient or control. Mean values are

shown by vertical bars.

IL-12 andinvitro production of VPF in 16 patients with MCNS
(Fig. 3). Therefore the IL-12 induced by LPS parall@ssitro

production of VPF in patients with MCNS.

Follow-up studies of MCNS patients

Compared with random determinations, serial studies of IL-12 in

individual patients were much more informative. Two patients are—~
shown in Figs 4 and 5. The first patient (case 1) was a 44-year- OI@
man who had a relapse of MCNS with heavy proteinuria ando.
hypoalbuminaemia. He had high levels of IL-12, particularly in the S
beginning of acute exacerbations, and decreased to relatlvelg

normal levels with the onset of clinical remission.

The second patient (case 2) was a 46-year-old man WIthS

steroid-responsive MCNS who presented with relapse.

In thisS

patient, the IL-12 levels tended to be very high in the relapseﬁ
decreased sharply after the onset of relapse, and then returned ‘ip
relatively normal levels with the improvement of his clinical and —

laboratory data.

DISCUSSION

Using a sensitive ELISA method, we found thatwitro concen-

trations of IL-12 were elevated in nephrotic patients during acute
exacerbations. From the results presented in Figs 4 and 5, it ﬁg 3.There is correlationr(=0-701,P<0-01) between IL-12 and vascular
evident that levels of IL-12 were markedly increased when diseasgrmeability factor (VPF) content in supernatant of lymphocytes cultured
activity was at its highest. To our knowledge this is the firstfor 24h in the presence of &/ml concanavalin A®, Minimal-change
report demonstrating than vitro IL-12 and VPF levels are also nephrotic syndrome (MCNS) with nephrotic syndrome (N8); MCNS

significantly correlated.

without NS.
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CASE 1. 44 years, male MCNS
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Fig. 4. Serial study of IL-12 release by peripheral blood monocytes (PBM) from a patient with minimal-change nephrotic syndrome (MCNS)
(no. 5, Table 1). VPF, Vascular permeability fact®.LPS; A, unstimulated.

Recently, IL-12 was shown to promote the production of VPFto assume that stimulation with IL-12 induces Th1 cell develop-
[3], supporting the idea that IL-12 may play an important role in ment and IL-2 production, which shares a lot of biological
the process of VPF production. The precise mode of action ofctivities with VPF [13].

IL-12 remains to be determined in light of its stimulatory effect Previous studies have shown that the concentration of serum
on Thl cells. IL-12 has been shown to induce interferon-gammadL-8 may be correlated with clinical disease activity in NS [14].
(IFN-y) and IL-2 production from Th1 clones [12]. It is intriguing Indeed, the usefulness of the measurement of serum levels of

© 1999 Blackwell Science LtdClinical and Experimental Immunolog$17:361—-367
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CASE 2. 46 years, male MCNS
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Fig. 5. Serial measurement of IL-12 release in a 46-year-old man with minimal-change nephrotic syndrome (MCNS) (no. 8, Table 1). VPF,
Vascular permeability facto®, LPS; A, unstimulated.

cytokines was confirmed in a study by Dareehll. [15]. Our study  the culture dish they lacked exposure to a multitude of other
of the release of IL-12 by PBM and its relationship to VPF releasecytokines and regulatory molecules.
is clearly described. As with all studies of this nature it is unclear  Glucocorticoids are widely used for treatment of NS and it
whether we are dealing with cause or effect with relationship to thecould be assumed that their effect is partly mediated by the
nephrotic state. inhibition of cytokine production of NS PBM [1,2]. As shown in
We should be cautious when translatimgitro findings into  Fig. 2, NS patients treated with steroid had significantly lower
potentialin vivo function. Certainly, in the present study the PBM levels of IL-12 than were seen in untreated patients. The MCNS
were taken out of their natural environment and could not interacpatients shown in Figs 4 and 5 were given prednisolone to control
with other cells such as vascular endothelial cells. In addition, inthe exacerbation. The issue of steroid treatment on IL-12 release

© 1999 Blackwell Science LtdClinical and Experimental Immunolog$17:361—-367
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in these patients and the impact on data interpretation deserves Gately MK. IL-12 receptor.ll. Distribution and regulation of receptor

more extensive discussion. After therapy with prednisolone, IL-12  expression. J Immunol 1992483125-32.

levels declined and returned towards normal within 10 days. This & Yoshimoto T, Takeda K, Takeda T, Ohkusu K, Kashiwamura S,
treatment decreased the ability of their monocytes to secrete IL-12, ©Okamura H, Akira S, Nakanishi K. IL-12 up-regulates IL-18 receptor
It is possible that the beneficial effect of steroids in the studied expression on T cells, Thi cells, ar.1d ,B cells: synergism with IL-18 for

. . . . . IFN-y production. J Immunol 1998;61:3400-7.
renal d}seases is due to steroid down-regulation of CytOKIne7 Matsumoto K, Kanmatsuse K. Interleukin-15 and interleukin-12 have
production. » . o an additive effect on the release of vascular permeability factor by
The positive correlations between vitro IL-12 and VPF

OTTE - peripheral blood mononuclear cells in normals and in patients with
release, as well amvitro IL-12 release and disease status, are  nephrotic syndrome. Clin Nephrol 1999; in press.

well demonstrated. One point to which we need to pay careful 8 Schena FP. A retrospective analysis of the natural history of primary
attention is the interpretation of a causal relationship between IgA nephropathy world-wide. Am J Med 199689:209-15.
IL-12 and disease pathogenesis. While there is a strong correlatior YiQ, Holm G, Lefvert AK. Idiotype-induced T cell stimulation requires
betweenin vitro IL-12 release and disease activity, which may be antigen presentation in association with HLA-DR molecules. Clin Exp
proven to be of diagnostic or prognostic value, a causal relationshi 0 ICqmuno|619>€(a£;104359—62. Branellec A Hitbee G. Weil B. Vasul
has not been proven and should not be inferred without prope agrue G, Xheneumont S, Branellec A, Hirbec G, Weil B. Vascular
- . . - permeability factor elaborated from lymphocytes. |. Demonstration in
qualification. Further functional studies are needed to determine

o . . patients with nephrotic syndrome. Biomedicine 192337-40.
whether IL-12 is involved in the pathogenesis of MCNS. 11 Danielpour D, Roberts AB. Specific and sensitive quantitation of

transforming-growth factof3 by sandwich enzyme linked immuno-
sorbent assay. J Immunol Methods 19980.265-72.
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