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Abstract

Soluble immune response suppressor (SIRS), a lymphokine that
suppresses antibody production and delayed type hypersensitivity
in vivo, has been detected in urine and serum from certain patients
with nephrotic syndrome. In the present paper, the relationship
between SIRS production and nephrotic syndrome is further
characterized. A striking correlation was found between detection
of SIRS and the presence of steroid-responsive nephrotic syn-

drome (SRNS). A potential mechanism of SIRS production in
SRNSpatients was identified, in that (a) lymphocytes from pa-

tients produced SIRS without requiring activation by exogenous

agents, and (b) incubation of normal lymphocytes with serum

from patients activated the cells to secrete SIRS in culture. Al-
though SIRS disappears rapidly from urine or serum after ini-
tiation of corticosteroid therapy, hydrocortisone (1O-'-1O- M)
did not block secretion of SIRS by activated suppressor cells. It
did, however, inhibit in vitro activation of lymphocytes to produce
SIRS by concanavalin A, interferon, or SRNSpatient serum.

The association of suppressor cell activation with SRNSand
the sensitivity of both to steroids suggest that the pathogeneses
of albuminuria and SIRS production are related.

Introduction

Patients with nephrotic syndrome frequently manifest suppressed
clinical and experimental immune responsiveness. We have
previously reported identification of the lymphokine, soluble
immune response suppressor (SIRS)' in urine and serum of chil-
dren with minimal change nephrotic syndrome (MCNS) and
other forms of nephrotic syndrome classically associated with
an immune pathogenesis (1). This protein, which is produced
by concanavalin A (Con A) or interferon (IFN)-activated sup-

pressor T lymphocytes in vitro, has been purified to homogeneity
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1. Abbreviations used in this paper: Con A, concanavalin A; IFN, inter-
feron; MCNS, minimal change nephrotic syndrome; PBMC, peripheral
blood mononuclear cells; SIRS, soluble immune response suppressor,

SRNS, steroid responsive nephrotic syndrome.

and has a molecular weight of 15,000 D. It inhibits antibody
production and tumor cell division in vitro (2). Recent data
indicate that SIRS also suppresses in vivo antibody production
and delayed type hypersensitivity in mice (3), suggesting that
SIRS activity may account for the immune suppression observed
in some nephrotic patients. In our previous report SIRS activity
was not found in patients who were nephrotic because of focal
segmental glomerulosclerosis or congenital nephrotic syndrome,
or in nonnephrotic patients with acute glomerulonephritis. Fur-
ther, SIRS disappeared from urine of children with MCNSsoon
after initiation of corticosteroid therapy but before entry of the
patient into remission. In patients with nephrosis resulting from
glomerulonephritis who experienced normalization of serum al-
bumin concentration after steroid therapy, SIRS excretion ceased
despite continued signs of renal inflammation such as hypo-
complementemia and abnormal urinary sediment. Production
of SIRS thus was associated with certain causes of nephrotic
syndrome and appeared to be inhibited by steroid therapy (1).

These data raise questions concerning the source of SIRS in
nephrotic patients, the factors that determine the presence of
SIRS production in certain cases, and the relationship between
the efficacy of steroid therapy for nephrosis and the disappearance
of SIRS from patient urine. Results presented here show that
lymphocytes are at least one source of SIRS in patients with
steroid-responsive nephrotic syndrome (SRNS) and that hydro-
cortisone inhibits activation of lymphocytes to produce SIRS
by Con A, IFNs or a serum factor also present in patients with
SRNS. All patients tested who responded to steroid therapy
showed urine or serum SIRS activity. The striking correlation
between SRNSand SIRS production, and the sensitivity of both
albuminuria and SIRS production to steroids, suggest a rela-
tionship between SIRS production and the pathogenesis of
SRNS.

Methods

Unless otherwise specified all chemicals were reagent grade and purchased
from commercial sources.

Patient population. Patients studied in these experiments were ob-
served by the Renal Divisions of St. Louis Children's Hospital, Barnes
Hospital, or the Jewish Hospital of St. Louis, Washington University
School of Medicine. Diagnosis was established by renal biopsy except in
some children aged 2-7 yr. These patients met certain clinical and lab-
oratory criteria, including cessation of proteinuria with steroid therapy,
which indicate a presumptive diagnosis of MCNS(4). Any nephrotic
patient, regardless of histopathology on renal biopsy, was classified as

having SRNSif diuresis occurred and serum albumin became normal
with steroid therapy. In some cases of nephrosis, such as in patients with
membranoproliferative glomerulonephritis, serologic findings, or uri-
nalysis indicated persistence of active nephritis despite normalization of
serum albumin levels (>3.2 g/d1) after treatment. Although the nephritis
did not resolve with therapy, these patients were considered to have
SRNSbecause the nephrotic syndrome resolved with treatment.

Soluble Immune Response Suppressor Production in Nephrosis 257

J. Clin. Invest.
©The American Society for Clinical Investigation, Inc.
0021-9738/87/01/0257/08 $ 1.00
Volume 79, January 1987, 257-264



Collection and treatment of test samples. All specimens were obtained
from patients or healthy volunteers under protocols approved by the
Washington University School of Medicine and Jewish Hospital of St.
Louis Human Studies Committees. Urine was obtained, processed and
lyophilized as described previously (1). Serum was obtained from patients
during venipuncture for other, routine laboratory tests. After centrifu-
gation of whole clotted blood, serum was removed, filter sterilized, and
stored at -200C until testing for SIRS activity.

In vitro activation of lymphocytes to produce SIRS. Peripheral blood
mononuclear cells (PBMC) were obtained from patients and healthy
volunteers by venipuncture and withdrawal of heparinized whole blood.
The sample was diluted 1:1 with Hanks' balanced salt solution and cen-
trifuged through a Ficoll/sodium diatrizoate gradient according to the
method of Boyum (5). After washing, 3 X 106 PBMCwere suspended
in 1.5 ml RPMI 1640 medium supplemented with penicillin/strepto-
mycin, glutamine, nonessential amino acids, and 10% fetal calf serum
(lot 58101, Reheis Chemical Co.,). Con A or IFN was added to cultures,
which were then incubated in sterile, 12-ml, round-bottom, plastic culture
tubes for 24 h in 5% humidified CO2 in air at 370C. The cells were
washed twice with Hanks' solution and resuspended in fresh culture
medium for an additional 24 h. After centrifugation to remove the PBMC,
culture supernatant was aspirated by pasteur pipette. Supernatant fluids
of PBMCcultures prepared in this manner contain SIRS, as demonstrated
by several functional and physical criteria (1, 6).

Assayfor SIRS activity. Human splenocytes were obtained aseptically
from cadaver kidney transplant donors at the time of organ harvest,
processed as described previously (6), and preserved frozen in liquid
nitrogen until use (1). Urine, serum, or lymphocyte supernatant was
added to 2 X 106 human splenocytes cultured in 1 ml supplemented
RPMI 1640 medium with 5 Ag pokeweed mitogen for 6 d in humidified
5%CO2 in air. These cultures were assayed for polyclonal IgM production
by a slide modification of the Jerne hemolytic plaque-forming cell (PFC)
assay (7) as described previously (8); PBMCcultures may be similarly
assayed for PFC response in these types of experiments. Fluids that caused
>50%suppression of PFCresponse compared with the response of control
cultures were considered to show significant suppressive activity.
Suppression was confirmed to be SIRS-mediated by the ability of mono-
clonal anti-SIRS antibody coupled to Sepharose 4B (Sigma Chemical
Co., St. Louis, MO) to absorb suppressive activity from solution (9).

Separation of T cell subpopulations. Monoclonal antibodies to human
helper/inducer cell (OKT4) and suppressor/cytotoxic cell (OKT8) surface
antigens were used to isolate these two populations as described previously
(6). Briefly, 2 X I07 PBMCin 2 ml RPMI 1640 medium were incubated
with 10 ,l monoclonal antibody reconstituted according to the package
insert (Ortho-mune, Ortho Diagnostic Systems, Raritan, NJ) at 40C for
45 min, washed, and resuspended in rabbit complement at 37°C for 45
min. Alternatively, antibody-treated cells were layered onto 100 X 15
mmsterile plastic culture dishes (Fisher Scientific Co., Pittsburgh, PA)
coated with goat anti-mouse IgG (0.75 gg/ml). Nonadherent cells were
obtained after the plates were gently swirled, and adherent cells were
then removed by vigorous pipetting. After treatment, cells were washed
and resuspended at 2 X 106 cells/ml in culture medium.

Results

Serum SIRS activity in nephrotic syndrome. Wepreviously re-
ported that four children with urinary excretion of SIRS also
had SIRS activity in their serum (1). Further investigation has
confirmed that virtually every adult and pediatric patient with
SIRS activity had SIRS in both urine and serum. In the single
exception, SIRS was present in serum obtained before initiation
of steroid therapy, but no urine was obtained for 24 h after
initiation of treatment; SIRS activity was not found in a sub-
sequent urine specimen. Fig. 1 shows the suppressive effect of
patient serum added to PFC cultures. While control serum did
not suppress responses, suppression was caused by addition of
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Figure 1. Suppression of
splenocyte PFC re-

sponses by serum from
a patient with SRNS.
Varying amounts of
control serum (open cir-
cle), serum from a pa-
tient with MCNS(closed
circle), or MCNSserum

incubated for 1 h with
monoclonal antimurine
SIRS antibody coupled
to Sepharose (closed2000j~ box) were added to 2
X 106 spleen cells in
supplemented RPMI

,, 1640 medium stimu-
0 3 lo 30 l00 lated with pokeweed mi-

SERUMADDED(1M) togen, at the time of the

culture initiation. After 6 d, cells were assayed for polyclonal IgM pro-
duction by a slide modification of the Jerne hemolytic plaque-forming
cell assay.

- 10 11 (1% culture volume) of patient serum. Absorption of
the serum with monoclonal anti-SIRS antibody significantly de-
creased suppression, but addition of much larger amounts of
antibody-absorbed serum did suppress responses. The ability of
increased doses of antibody-absorbed serum to suppress re-
sponses, which was consistently observed in experiments with
sera from seven patients, could result from incomplete absorption
of the factor from serum or from the presence of an additional
suppressive moiety such as low density lipoprotein (10), which
has inhibitory effects on in vitro immune responses.

Disappearance of SIRS activity from serum with treatment.
SIRS disappears from urine shortly after initiation of steroid
therapy. To determine whether SIRS also disappears from serum
during treatment, sera were obtained in a serial fashion during
the treatment course from four patients in relapse. In each case,
assay for SIRS activity showed results similar to those for the
patient with MCNSdescribed in Table I. SIRS was present before
therapy, but not thereafter. The patient entered remission on
day 8. These results show that, as with urine SIRS, serum SIRS

Table I. Effect of Corticosteroid Therapy on Suppressive
Activity of Serum from a Patient with MCNS*

Day of treatment PFC/culture

Control response 1,400
Day 0 380
Day 1 1,400
Day 3 1,920
Day 4 1,960

* Samples were obtained from a patient with MCNSbefore initiation
of steroid therapy (prednisone, 2 mg/kg per d orally) and on various
days subsequently. Serum was filter sterilized and 30 ,l from each
sample was added to 1-ml cultures of pokeweed mitogen-stimulated
lymphocytes, which were assayed 6 d later for polyclonal IgM produc-
tion by plaque-forming cell (PFC) assay. Suppression from the day 0
sample was confirmed as SIRS-mediated by antibody absorption. Sim-
ilar results were obtained with sera from three other patients.
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activity disappears soon after initiation of steroid therapy but
before entry of the patient into remission.

Correlation of SIRS activity with steroid responsiveness. A
total of 39 patients with nephrotic syndrome has been tested for
urine and/or serum SIRS activity. These include adult as well
as pediatric patients. Table II shows the number of patients with
each histopathologic diagnosis who were tested, with the data
broken down according to whether patients had SRNSor were
steroid unresponsive. Untreated patients with nephrosis sec-
ondary to a variety of histopathologic diagnoses produced SIRS,
but some patients with the same diagnoses did not produce SIRS.
The striking finding is the absolute correlation of SIRS produc-
tion with steroid responsiveness, regardless of diagnosis or age
of the patient. All patients who had SRNSproduced SIRS, while
SIRS was not detected in those who remained nephrotic despite
steroid treatment. Nonnephrotic patients with acute glomeru-
lonephritis or other causes for proteinuria had no SIRS activity
(1, and unpublished observation). SIRS production was a valid
predictor of response; in six patients, detection of SIRS activity
before clinical response suggested the eventual efficacy of cor-
ticosteroid therapy. In contrast, three patients followed pro-
spectively who did not produce SIRS proved to be steroid un-
responsive. One of these was a 2-yr-old girl with clinical features
typical of MCNS.On subsequent biopsy she was found to have
immune complex glomerulonephritis.

Production of SIRS by PBMCfrom patients with SRNS.
SIRS was first demonstrated in cultures containing suppressor
T lymphocytes activated by Con A or IFN (6, 11, 12). To de-
termine whether activated, circulating lymphocytes were a source

Table II. SIRS Production by Nephrotic Patients*

Nephrotic subjects with SIRS
production

Histopathologic Steroid Steroid
diagnosis responsive unresponsive

Minimal change
nephrotic syndrome 20/20* 0/2

Focal segmental
glomerulosclerosis 1/1 0/3

Membranoproliferative
glomerulonephritis 3/3 0/0

Membranous
nephropathy 2/2 0/0

Immune complex disease 2/2 0/2
Other 1/1 0/3

Total 29/29 0/10

* Patients were assayed for urine and/or serum SIRS activity as deter-
mined by suppression of polyclonal plaque-forming cell response of
pokeweed mitogen-stimulated splenocytes. Suppressive activity was
confirmed as SIRS-mediated by absorption with anti-SIRS antibodies
in all patients except five with MCNS. Data from 13 patients with
SRNSand 4 steroid-unresponsive patients were previously reported in
reference 1.
t Numerator and denominator represent number of patients with
SIRS activity compared to numbers of patients tested.
0Steroid-responsive patient had Henoch-Schoenlein purpura. Unre-
sponsive patients included one each with congenital nephrotic syn-
drome, diabetic nephropathy, and amyloidosis.
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Figure 2. Suppressive effect of su-
pernatant fluid from cultures of
SRNSpatient PMBC. Cells ob-
tained by venipuncture and iso-
lated by centrifugation through a
Ficoll-sodium diatrizoate gradient
were cultured for 24 h. Superna-
tant of PBMCfrom a normal do-
nor (open circle) or from a patient
with MCNS(closed circle), or pa-
tient PMBCsupernatant absorbed
with anti-SIRS antibody (closed
triangle), was tested for suppressive

effect on PFC responses of pokeweed mitogen-stimulated splenocyte
cultures.

of systemic SIRS activity in patients with SRNS, 3 X 106 PBMC
were cultured in 1.5 ml medium without Con A or IFN for 24
h and the supernatant tested for SIRS. Fig. 2 shows the results
of one such experiment, in which supernatant of PBMCfrom
a patient with MCNS, but not a healthy volunteer, suppressed
PFCresponses. Absorption of the fluid with anti-SIRS antibody
coupled to Sepharose abolished suppressive activity, confirming
that suppression was mediated by SIRS. Further, suppression
by this and other SRNSpatient cell supernatants required that
it be added near the time of initiation of PFCcultures or that it
be activated with H202 (Table III). These data are characteristic
for SIRS produced by suppressor cells activated in vitro and
show that SIRS secreted by SRNSpatient PBMCis both anti-
genically and functionally similar to conventional human SIRS
(6) and to SIRS found in patient urine (1).

Secretion of SIRS by patient lymphocytes was not signifi-
cantly enhanced by treatment of the cells with Con A. Incubation
of patient PBMCcultures for 48 h rather than 24 h did not yield
increased SIRS activity in the supernatant, and no significant
activity was found in supernatant of untreated patient PBMC
which were washed after 24 h and cultured for another 24 h.
These findings show that the maximum duration of SIRS pro-
duction by cultured patient cells was 24 h. Further, the amount
of SIRS activity secreted by patient lymphocytes approximated
that obtained from normal control lymphocytes incubated with
Con A, 30 sg/ml. These findings show that PBMCfrom patients
with SRNSsecrete SIRS in culture without requiring activation
by an exogenous agent, suggesting that the PBMCwere activated
in vivo to produce SIRS. Production of SIRS by patient lym-

Table III. Kinetics of Suppression of PFCResponses
by Supernatant of PBMCfrom a Patient with SRNS*

Factor added Day added PFC/culture

None 6,670
Supernatant 0 3,320
Supernatant 5 5,800
Supernatant + H202t 5 3,480

* PBMC(3 X 106) were cultured in 1.5 ml media for 24 h and the su-

pernatant was harvested; 100 ,l was added to 6-d splenocyte cultures
on the day of culture initiation or 5 d later.
t Reacted with H202 at a final concentration of 10-6 Mfor 20 min be-
fore adding to culture. This is the protocol used to activate SIRS to

SIRS0,. Peroxide-treated medium had no effect on culture responses.
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phocytes appeared to be similar to that resulting from in vitro
activation of normal PBMCby Con A or IFN.

Lymphocytes from six patients with SRNShave been tested
for SIRS secretion (Table IV). PBMCfrom all patients were
found to secrete SIRS spontaneously. In contrast, PBMCfrom
six healthy volunteers did not secrete SIRS. Further, PBMCfrom
three patients with steroid-unresponsive nephrosis did not secrete
SIRS. All subjects in the control and steroid-unresponsive groups
showed normal SIRS production when PBMCwere stimulated
with Con A. While the number of patients evaluated is small,
the data indicate that serum SIRS activity in patients with SRNS
is associated with the presence of circulating lymphocytes acti-
vated to secrete SIRS, and suggest that this lymphocyte activity
is a source of serum SIRS.

Activation of normal lymphocytes to produce SIRS by SRNS
patient serum. These data suggested that suppressor cells were
activated in vivo to produce SIRS. The observation in previous
experiments that SRNSpatient serum continued to have some
suppressive activity after absorption with anti-SIRS antibody
(Fig. 1) raised the possibility that an agent in patient serum that
was antigenically distinct from SIRS could activate lymphocytes
to produce SIRS. To test this hypothesis, PBMCobtained from
normal donors were incubated for 24 h with patient serum,
washed, and cultured for an additional 24 h. The culture su-
pernatants were then tested for SIRS activity. Fig. 3 shows the
results of one experiment. Serum from a normal donor did not
induce significant suppressive activity. However, PBMCincu-

Table IV. Assay of PBMCSupernatant for SIRS Activity*

SIRS activity

Antibody
Subject Maximum suppression Untreated absorbed

% U/mi U/mi

SRNSpatients
1 71 100 0
2 60 33 0
3 59 27 0
4 78 100 ND*
5 60 125 0
6 81 133 0

Steroid-unresponsive
nephrotic patients

7 15 0 0
8 5 0 0
9 0 0 0

Normal subjects
A 0 0 ND
B 0 0 ND
C 20 0 ND
D 0 0 ND
E 10 0 ND
F 0 0 ND

* PBMCwere obtained from nephrotic donors with SRNSor steroid
unresponsive disease, or from healthy volunteers, by centrifugation
over Ficoll-sodium diatrizoate. The cells were cultured for 24 h in sup-
plemented RPMI 1640 medium which was then tested for suppressive
activity.
tND, not determined.

Figure 3. Activation of
1600 SIRS-producing lympho-
1400

cytes by serum from a pa-
14001 H o tient with SRNS. PBMC

1200 from a normal donor were
I1 \ incubated with medium

1000 \ alone (closed circle), 7%

800 serum from a healthy donor
U_ \/(open circle), or 2% (closed

X600 ~ triangle) or 7 percent (open

400 triangle) serum from a pa-
tient with MCNS, for 24 h.

200 The cells were washed and
__ cultured for an additional

0 10 30 100 200 24 h, and the culture super-
SUPERNATANTADDED( P±I) natant tested for suppressive

activity on PFC responses. Suppression was confirmed as SIRS-me-
diated by absorption with anti-SIRS antibody.

bated with serum from a patient with MCNSreleased suppressive
activity into the culture medium. Suppression was confirmed as
SIRS-mediated by absorption with anti-SIRS antibodies.

Activity in supernatants of cells incubated with SRNSpatient
serum did not result from carryover of SIRS into the supernatant
by serum-treated lymphocytes. Table V shows that absorption
of serum with anti-SIRS antibody significantly reduced the
amount of suppressive activity in patient sera but did not affect
activation of cells to secrete SIRS. The SIRS-inducing factor is
thus antigenically distinct from SIRS. Similar results were ob-
tained in two other experiments. Sera from six patients with
SRNShave been tested for ability to induce SIRS production,
including one each with membranous nephropathy and mem-
branoproliferative glomerulonephritis, and one adult and three
children with MCNS. All six sera activated normal PBMCto
produce SIRS. Serum from patients with steroid unresponsive
nephrotic syndrome did not activate PBMCto produce SIRS.
This SIRS-inducing activity may account for in vivo activation
of lymphocytes to produce SIRS in SRNS.

Table V. Effect of Absorption with Anti-SIRS Antibody
on SIRS and SIRS-inducing Activity of Patient Serum

Test condition Serum 1 Serum 2

U/mi U/mi

SIRS activity in serum*
Untreated serum 130 100
Antibody-absorbed serum 12 15

SIRS activity in supernatants
of lymphocytes treated
with serumt

Untreated serum 180 133
Antibody-absorbed serum 180 100

* Serum from SRNSpatients was added to pokeweed mitogen-stimu-
lated splenocyte cultures that were assayed for PFC response 6 d later.
Serum was tested with and without incubation with monoclonal anti-
SIRS antibody coupled to Sepharose.
t Lymphocytes (3 X 106 in 1.5 ml medium) were incubated with 2%
serum from SRNSpatients for 24 h, washed, and cultured for 24 h
more. Culture supernatant was tested for SIRS activity on PFC re-
sponses.
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T lymphocyte subpopulation activated to produce SIRS by
patient serum. Con A or IFN activate OKT8' suppressor T cells
to produce SIRS. To determine whether SRNSpatient serum
also activates lymphocytes expressing the T8 cell surface phe-
notype, PBMCwere separated using monoclonal antibodies to
T4 (helper/inducer) or T8 (suppressor/cytotoxic) antigen. In the
experiment shown in Table VI, PBMCtreated with patient serum
were activated to produce SIRS. Treatment of PBMCwith com-
plement or anti-OKT4 antibody and complement did not ab-
rogate SIRS production, but treatment with anti-OKT8 antibody
and complement did prevent release of SIRS. Similarly, cells
expressing the T4 phenotype (adherent to plates after treatment
with anti OKT4antibody) did not produce SIRS, but cells ex-
pressing the T8 phenotype produced SIRS when treated with
patient serum. Results of these and two similar experiments show
that serum from patients with SRNSactivates an OKT8' sup-
pressor T lymphocyte to produce SIRS.

Effect of hydrocortisone on secretion ofSIRS byPBMCfrom
SRNSpatients. SIRS was previously shown to disappear rapidly
from urine or serum of patients with SRNSafter initiation of
steroid therapy (1). To determine the effect of steroids on secre-
tion of SIRS by patient lymphocytes, hydrocortisone was added
to cultures of PBMCfrom four patients with SRNSat doses
(I0-6'- I7 M) that approximate high therapeutic concentrations
in patient plasma (13). Fig. 4 shows the results of a typical ex-
periment. Supernatant from MCNSpatient lymphocytes treated
with hydrocortisone was as suppressive as supernatant of un-
treated lymphocytes. Further, a similar dose of hydrocortisone
added to splenocyte cultures containing lymphocyte supernatant
did not abolish suppression. Hydrocortisone alone did not alter
control PFC responses (data not shown). These data show that
hydrocortisone does not block secretion of SIRS by PBMCfrom
SRNSpatients and does not block suppression of PFCresponses
by SIRS secreted by patient lymphocytes.

Table VI. Phenotype of Lymphocytes Producing SIRS
after Incubation with Serum from SRNSPatients*

Cell treatment Serum added SIRS production

U/mi

Whole PBMC - <5
Whole PBMC + 25
C' alone + 20
Anti-OKT4 + C' + 67
Anti-OKT8 + C' + <5
T4 adherent + <5
T8 adherent + >100
T8 adherent - <5

* PBMCfrom a healthy donor were cultured after treatment with
monoclonal anti-OKT4 (helper/inducer) or anti-OKT8 (suppressor/
cytotoxic) antibody and complement, or complement alone. Alterna-
tively, PBMCwere positively selected by a plate separation technique
allowing the antibody-treated cells to adhere to plates coated with goat
anti-mouse IgG (see Methods for details). The resulting lymphocyte
subpopulations and control PBMCwere cultured with or without pa-
tient serum for 24 h, washed, and cultured for 24 h more. Superna-
tants of these cultures were assayed for SIRS activity. Cells that were
not adherent in panning behaved similarly to cells treated with anti-
body and C'. Similar results were obtained in two other experiments
utilizing different patient sera.

F Figure 4. Effect of hy-
drocortisone on secre-
tion of SIRS by PBMC

2000 from a patient with
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W
\\\ patient with MCNSin

cX - \ %< relapse were cultured for
D% > X o ~~~~~~24h in medium without

(closed circle) or with
O 1000 - (closed box) 3 x 10-7 M
CL hydrocortisone. The cul-

ture supernatant was
tested for suppressive
activity in splenocyte
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X 10-7 Mhydrocortisone was added directly to splenocyte cultures
along with supernatant from a culture of untreated patient PMBC.
Similar results were obtained in three other experiments.

Effect of hydrocortisone on suppression by agents that activate
the SIRSpathway. These findings did not explain the relationship
of treatment to the disappearance of SIRS activity observed in
patients. To further investigate the role corticosteroids may play
in regulating SIRS production, a series of experiments was un-
dertaken examining the effect of hydrocortisone on in vitro SIRS-
mediated suppression. Agents such as anti-SIRS antibodies,
which block SIRS activity, also block suppression by Con A or
IFN (3, 6, 9, 14) and by suppressor cells activated by these agents
(6). This suggests that suppression of PFC responses by Con A
or IFN is mediated primarily through the SIRS pathway. Table
VII shows a representative experiment examining the effect of
hydrocortisone on suppression of PFC responses by Con A or
IFNaA (leukocyte IFN A (IFLrA) provided by the Biopolymer
Research and Immunotherapy Department of Hoffmann-La
Roche Co., Nutley, NJ). Addition of 5 X 10-7 Mhydrocortisone
on day 0 of a 64 culture period significantly increased responses.
Hydrocortisone added on day 1 had minimal inhibitory effect
on suppression, and added on day 3 had no significant effect.
Similar results were obtained in experiments with IFNy (immune

Table VII. Effect of Hydrocortisone on Suppression
of PFCResponses by Con A or IFNaA *

Culture treatment Hydrocortisone PFC/culture

None 9,200
None Day 0 8,920
Con A 740
Con A DayO 7,080
Con A Day 1 2,200
Con A Day 3 1,160
IFNaA 3,680
IFNaA Day 0 9,760
IFNaA Day 1 4,040
IFNaA Day 3 3,480

* Con A, 4 Ag/ml, or IFNaA, 800 U/ml, was added to pokeweed mi-
togen-stimulated splenocyte cultures at the initiation of a 6-d culture
period. Hydrocortisone (5 X 10-7 M) was added to the cultures on the
day indicated.
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IFN). Agents that block activation of SIRS to SIRS0,, or inactivate
SIRSO,, such as catalase and 2-mercaptoethanol (ME) (2, 15),
inhibit suppression by Con A, IFN, or SIRS when added as late
as day 3 or 4 of the culture period (6). In contrast, hydrocortisone
is inhibitory only when added near the beginning of the culture
period. Further, suppression by SIRS derived from normal lym-
phocytes activated by Con A or IFN, like that by SIRS derived
from patient lymphocytes, was not inhibited by hydrocortisone
(data not shown).

Effect of hydrocortisone on activation of suppressor cells. The
finding that hydrocortisone inhibited suppression by agents that
act through the SIRS pathway, but not suppression by SIRS
itself, suggested that hydrocortisone inhibits suppression by pre-
venting SIRS production by lymphocytes. Further, the failure
of hydrocortisone to prevent secretion of SIRS by activated lym-
phocytes from patients suggested that hydrocortisone may block
activation of suppressor cells. To investigate this possibility,
normal splenocytes were incubated with Con A, 30 sg/ml, for
24 h, washed, and added to pokeweed mitogen-stimulated cul-
tures of splenocytes from the same donor. As is depicted in Fig.
5, A, Con A-treated cells suppressed PFC responses in a dose-
dependent manner. However, cells incubated with 5 X 10- M
hydrocortisone as well as Con A had no suppressive activity;
their effect was no different from that of cells incubated in me-
dium alone for 24 h. A similar effect was observed on SIRS
production (Fig. 5, B). Normal PBMCor splenocytes incubated
with Con A for 24 h and then washed secreted SIRS into culture
supernatant during the subsequent 24 h. Similar to the findings
with cultured PBMCfrom SRNSpatients, addition of hydro-
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Figure 5. Effect of hydrocortisone on suppressor cell activation and
SIRS production by lymphocytes treated with Con A. (A) Suppressor
cell activity was tested by incubation of normal spleen cells with plain
medium (open circle), Con A, 30 mg/ml (closed circle), or Con A + 5
X 10' Mhydrocortisone (closed triangle) for 24 h. The cells were
then washed and added in graded amounts to syngeneic cultures of
splenocytes stimulated with pokeweed mitogen. After 6 d, PFC re-
sponse of the splenocyte cultures was determined. (B) SIRS produc-
tion was assayed by incubating normal PBMCfor 24 h with plain me-
dium (open circle), or Con A, 30 mg/ml (closed circle, closed triangle,
open triangle, open diamond). The cells were washed and cultured for
24 additional h, after which culture supernatant was tested for sup-
pressive effect on PFC responses of splenocyte cultures. Hydrocorti-
sone (5 X 10-7 M) was added to PBMCcultures at the time of addi-
tion of Con A (closed triangle), 3 h later (open triangle), or after the
Con A-treated cells were washed (open triangle). Similar results were
obtained in two other experiments with Con A as the suppressor cell-
activating agent and in several additional experiments utilizing IFNaA
or IFNy instead of Con A.

cortisone to cultures of in vitro-activated suppressor cells during
the period of SIRS collection did not block secretion of SIRS.
However, addition of hydrocortisone at the time of addition of
Con A completely blocked SIRS production. When hydrocor-
tisone was added to cultures 3 h after addition of Con A, some
SIRS was produced, but the quantity of SIRS released was de-
creased. Similar results were obtained in experiments evaluating
the effect of hydrocortisone on activation of SIRS-producing
lymphocytes by IFNaA or IFNy. These data show that hydro-
cortisone blocks an early step in activation of suppressor lym-
phocytes to produce SIRS.

Effect of hydrocortisone on activation of SIRS production by
SRNSpatient serum. To determine whether hydrocortisone in-
hibits SRNSserum-induced activation of lymphocytes to pro-
duce SIRS, PBMCfrom normal donors were incubated with 2%
patient serum, with or without 5 X 10-' Mhydrocortisone. Fig-
ure 6 shows the results of one of five such experiments. While
serum caused significant SIRS activity to be released into culture
supernatant fluids, lymphocytes incubated with serum and hy-
drocortisone produced no suppressive activity; supernatant of
these cultures had a similar effect to that from cells incubated
with medium alone. In other similar experiments, hydrocortisone
consistently prevented production of SIRS by PBMCtreated
with patient serum.

Discussion

Nephrotic syndrome is often associated with clinical and ex-
perimental evidence of suppressed humoral and cellular immune
responses. Reported findings include alteration in serum im-
munoglobulin isotype concentrations (16) and specific antibody
titers (17), and suppression of delayed-type hypersensitivity to
a variety of antigens ( 18). Increased suppressor cell activity ( 19)
and suppressive activity of patient sera (20) have also been de-
scribed. These abnormalities are usually reported to disappear
in patients with SRNSwho enter remission (18, 21). The cause
of immune suppression is not known.

Wepreviously reported that patients with SRNSexcrete SIRS
in their urine and may have SIRS present systemically, since
SIRS activity can be detected in serum as well (1). This product
of activated suppressor T lymphocytes suppresses in vitro PFC
responses of murine ( 11) and human (6) lymphocytes, division
by neoplastic cells (2), and microtubule assembly (22). The ability
of SIRS to inhibit in vivo generation of murine PFC responses
and delayed-type hypersensitivity response to sheep erythrocytes
(3) suggests that SIRS could mediate the suppressed immunity
observed in patients with SRNS.

Figure 6. Inhibition by hydrocorti-
sone of activation of normal1000

, _ PBMCto produce SIRS by SRNS
W,: 800 patient serum. PBMCfrom a
D \ healthy donor were incubated for
D600 - 24 h with control serum (open cir-
U_ cle), serum from a patient with
aL400 SRNS(closed circle), or patient

200- serum + 5 X 10' Mhydrocorti-
sone (closed triangle), washed, and

° <110 30 100 200 cultured for 24 additional hours
SUPERNATANTADDED(RI) before supernatants were harvested

and assayed for suppressive activity on splenocyte PFC responses.
Similar results were obtained in four other experiments.
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In the present paper, serum SIRS activity was found in the
same spectrum of diseases that manifest urinary excretion of
SIRS. Serum SIRS, like urine SIRS, disappeared with steroid
therapy. This finding is consistent with the hypothesis that SIRS
mediates immune suppression in these patients, since normal-
ization of immune responses has been reported to occur with
induction of remission in MCNS(18). Cultured PBMCfrom
patients with SRNSsecreted SIRS without requiring activation
by exogenous agents. SIRS secreted by patient PBMCin vitro
was antigenically and functionally similar to the factor previously
identified in patient serum and urine. Further, all patients with
urine or serum SIRS activity who were tested, and only these
patients, had circulating lymphocytes that were activated to pro-
duce SIRS. These data suggest that. activated suppressor cells
may be the source of serum and urine SIRS activity. However,
it is conceivable that other body tissues may also contribute to
the systemic presence of SIRS.

Inhibition of responses by patient sera or by lymphocyte
supernatant fluids was not total, with a plateau ranging between
50 and 80 percent suppression in different experiments. By con-
trast, suppression of murine plaque-forming cell responses by
purified murine SIRS is more complete. Although the cause of
this phenomenon is not known, experimental conditions that
could affect the degree of suppression obtained include com-
peting effects of other regulatory agents present in the sera or
supernatants, the fact that responses are stimulated with mitogen
in the human assay but with antigen in the murine assay, and
differences in sensitivity to SIRS of human as opposed to murine
splenocytes. The significance of the plateau of suppression seen
in these experiments is uncertain.

The observation that SIRS activity disappears from serum
after initiation of treatment also indicates that the previously
reported disappearance of SIRS from patient urine may not result
solely from changes in glomerular permeability. Treatment with
corticosteroids appears to inhibit production of SIRS. Steroids
do not prevent release of SIRS by activated lymphocytes, since
secretion of SIRS by PBMCfrom patients with SRNSwas not
inhibited by hydrocortisone added to cultures. Instead, these
drugs appear to prevent stimulation of suppressor cells to release
SIRS. In patients with SRNS, steroid therapy may thus cause
SIRS to disappear by blocking further activation of suppressor
cells in vivo. The rapid disappearance of SIRS from body fluids,
and the limited period of SIRS secretion by patient lymphocytes
in vitro, suggest that the duration of SIRS production by activated
suppressor cells in vivo is also brief. To produce the consistent
levels of SIRS found in untreated patients with SRNSthis would
require that suppressor cells are continually being activated.
OKT8' lymphocytes from normal donors were activated to
produce SIRS by incubation with serum from patienits with
SRNS, suggesting that a circulating factor may account for in
vivo activation of suppressor cells in these patients.

The data obtained in screening nephrotic patients for SIRS
production identify a group of patients characterized by remis-
sion of nephrotic symptoms after steroid therapy. All patients
with SRNSproduced SIRS by a mechanism that also appears
to be steroid sensitive. In some cases, nephrosis and SIRS activity
disappeared despite the persistence of glomerulonephritis, in-
dicating that the mechanisms of albuminuria and SIRS pro-
duction in SRNSare distinct from the glomerular inflammatory
process; this concept is further supported by the presence in
MCNSof albuminuria and SIRS production without renal in-
flammation. These observations suggest the existence of a com-

mon pathway for albuminuria in SRNS, associated with SIRS
production.

It has been proposed that MCNSrepresents a primary dis-
order of lymphocyte function (23). Although the findings re-
ported here do not directly address the pathogenesis of SRNS,
the strong association between SRNSand SIRS production raises
the possibility that a commonevent or agent, through a mech-
anism blocked by steroids, could lead to both nephrosis and
suppressor cell activation. Studies seeking to characterize the
agent in SRNSserum that activates suppressor lymphocytes and
determine its origins are in progress.
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