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Abstract

Patients with minimal change nephrotic syndrome (MCNS)
frequently have suppressed in vivo and in vitro immune re-
sponsiveness of uncertain etiology. Because increased suppressor
cell activity has been associated with this disease, urines from
MCNSpatients were screened for activity of the lymphokine
soluble immune response suppressor (SIRS), a product of
concanavalin A- or interferon-activated suppressor T cells.
Urines from untreated MCNSpatients suppressed polyclonal
plaque-forming cell responses of cultured splenocytes. This
suppressive activity was identified as human SIRS by the
following functional and physical criteria: (a) molecular weight
estimated by gel filtration; (b) kinetics of suppression; (c)
inhibition of suppression by catalase, levamisole, and 2-mer-
captoethanol; (d) abrogation of activity by acid or protease
treatment; (e) elution pattern on high performance liquid
chromatography; and (f ) cross-reactivity with monoclonal
antimurine SIRS antibodies. Suppressive activity disappeared
from urine after initiation of treatment but before remission of
symptoms. Urines were tested from 11 patients with MCNS,
all of whomexcreted SIRS. In addition, two nephrotic patients
with acute glomerulonephritis and three nephrotic patients
with membranoproliferative disease excreted SIRS, but other
nephrotics and all nonnephrotic patients did not. These results
indicate that excretion of SIRS occurs in certain cases of
nephrotic syndrome and that the presence of SIRS in the urine
is not accounted for solely by the presence of proteinuria or
nephrosis. Serum from four nephrotic patients also contained
SIRS, whereas neither serum nor urine from six normal
subjects contained SIRS activity. The systemic presence of
SIRS in these four patients, and the identification of SIRS in
urines from a larger group of patients, suggest a possible role
for SIRS in the suppressed immune responses often found in
nephrotic syndrome.

Introduction
The nephrotic syndrome (NS)' is characterized by extensive
urinary loss of albumin leading to hypoalbuminemia, edema,
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and hypercholesterolemia (1). Patients with this syndrome
frequently have suppressed clinical and in vitro immune
responsiveness; the disease in which this phenomenon has
been most extensively studied is minimal change nephrotic
syndrome (MCNS). Unique attributes of MCNSinclude the
lack of morphologic changes sufficient to account for protein-
uria, the observed pattern of glomerular permselectivity (2), a
frequent association with antecedent immunogenic stimuli (3),
and the marked responsiveness of this disease to immunomod-
ulatory agents. Patients with minimal change disease and other
forms of NS show evidence of decreased cellular immunity
(4). Furthermore, MCNSpatient sera have been found to
suppress lymphocyte proliferation (5) and to show cytotoxic
activity (6). Enhanced suppressor cell function has also been
described (7). Thus, clinical evidence of altered immunity
appears to be associated with increased suppressor cell activity.

Suppressor cells have been shown in most in vitro model
systems to act through release of soluble suppressor factors.
One such system that has been well characterized is the soluble
immune response suppressor (SIRS) pathway. SIRS is a product
of mitogen- (8) or interferon-activated (9) murine or human
(10) suppressor T lymphocytes that inhibits production of
antibody when added at or near initiation of lymphocyte
cultures. Suppression also occurs when factor is added late in
the culture period after activation to its suppressive form,
SIRSO,, by reaction with low concentrations of H202 (11).
Human SIRS has a molecular weight of 110,000-150,000
by chromatography on Sephacryl S-200 gel when eluted with
buffers of physiologic ionic strength and 10,000-15,000 when
eluted with high ionic strength buffers. It is acid and protease
sensitive, and its in vitro activity is blocked by levamisole and
catalase, which block activation of SIRS to SIRS0., and by 2-
mercaptoethanol (2-ME), which inactivates SIRSO. (10). Inhi-
bition of suppression by these reagents and activation by
peroxide are characteristic of both murine and human SIRS
and are useful techniques in screening for the presence of
SIRS in other systems (9).

To determine whether nephrotic patients might produce
SIRS, we evaluated urines from children with MCNSin relapse
and other proteinuric renal diseases for suppressive activity.
Urine from all patients with MCNSand certain other nephrotic
patients suppressed in vitro antibody-producing responses.
This immunosuppressive activity was identical to human SIRS
by functional and physical criteria. Suppressive activity disap-
peared from the urine after initiation of treatment, but before
remission of NS. These results show that urines from certain
nephrotic children contain the suppressor lymphokine SIRS.

MCNS,minimal change nephrotic syndrome; 2-ME, 2-mercaptoethanol;
NS, nephrotic syndrome; PBMC, peripheral blood mononuclear cell(s);
PFC, plaque-forming cell(s); PWM, pokeweed mitogen; S50, 50%
suppression; SIRS, soluble immune response suppressor; SIRS.., acti-
vated SIRS; SRNS, steroid-responsive nephrotic syndrome.
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Methods

Unless otherwise stipulated, all chemicals used were reagent grade and
purchased from commercial sources.

Patient population. Patients studied in these experiments were

under care of the Renal Division of St. Louis Children's Hospital and
the Department of Pediatrics, Washington University School of Med-
icine. Urine was collected from patients who were evaluated for
proteinuria. Diagnosis was made by using established criteria of clinical
presentation, serum chemistries, radiography, and, where appropriate,
renal biopsy (1, 3). In many of the nephrotic children, the following
criteria indicated a diagnosis of "steroid-responsive nephrotic syndrome"
(SRNS): (a) normal serum complement activity, (b) no clinical or

serologic evidence of collagen-vascular disease, (c) relatively benign
urine sediment, and (d) good response to steroid therapy. In these
patients biopsy was deferred. All subjects were 2-18 years of age.

Collection and treatment of urine samples. Timed collections of
urine (usually for 12 h) were obtained from patients and maintained
briefly at 4VC until processing. Urines were concentrated if necessary
to a volume of about 150 ml by using an Amicon DC-2 concentrator
(Amicon Corp., Danvers, MA), dialyzed against 40 vol of distilled
water by using either the Amicon DC-2 or 3,500-mol wt cutoff cellulose
dialysis tubing (Spectrum Medical Industries, Los Angeles, CA), lyoph-
ilized, and stored at -200C until use. Addition of protease inhibitors
before processing did not affect. activity in the earliest samples collected
and was thus omitted thereafter. Lyophilized specimens contained
over 90% protein by weight, as determined by the method of Lowry
et al. (12).

Assay for antibody production. Human spleen cells were obtained
aseptically from cadaver kidney transplant donors at the time of organ
harvest, processed as described previously (1 1), and preserved frozen
in liquid nitrogen until use. Alternatively, human peripheral blood
mononuclear cells (PBMC) were obtained from healthy volunteers and
isolated by centrifugation over Ficoll-sodium diatrizoate according to
the method of Boyum (13). Spleen cells (I X 106) or PBMC(2 X 106)
were suspended in I ml of sterile RPMI 1640 medium (K. C.
Biologicals, Kansas City, MO) supplemented with glutamine, penicillin/
streptomycin, nonessential amino acids, and 10% fetal calf serum

(Reheis Lot Nos. 58101 and 100361). Cells were cultured with pokeweed
mitogen (PWM) at 6 Ag/ml for 7 d in a 370C, 5% CO2, humidified
atmosphere. After washing with Hanks' balanced salt solution, the cells
were resuspended in L-1 5 medium (Washington University School of
Medicine Cancer Center) supplemented with 3% fetal calf serum and
penicillin~streptomycin. Assay for antibody production employed a

slide modification of the Jerne hemolytic plaque-forming cell (PFC)
assay ( 14). A measured aliquot of cells was suspended in agarose with
rabbit anti-human IgM antiserum (Boehringer-Mannheim, Indianapolis,
IN) and sheep erythrocytes coated with staphylococcal protein A by
the chromium chloride method (15). The mixture was allowed to gel
on a glass slide. After a 4-h incubation at 37'C, the slides were flooded
with guinea pig complement (Rockland, Inc., Gilbertsville, PA) causing
plaques of hemolysis to form around antibody-producing cells. The
number of plaques per slide, and hence the number of PFCper culture,
was determined by using dark-field illumination and a binocular
dissecting microscope. Cell numbers were determined by counting on

a hemocytometer and viability ascertained by trypan blue exclusion.
Experimental design. Because the concentration of protein in

nephrotic urine is subject to marked variation, samples of urine from
various patients were standardized according to a specific duration of
excretion when resuspended in unsupplemented RPMI medium. During
preliminary experiments, it was determined that optimal results were

obtained when the amount excreted in 0.01 h was resuspended in 1

ml of medium. This usually represented about 1 mg/ml, with a range

of 0.5-5 mg/ml. Resuspended urines were sterilized by membrane
filtration (Gelman Sciences, Inc., Ann Arbor, MI) before addition to
culture. Control responses were determined by the number of PFC/
culture when PWMalone was added to cultures. Background PFC
responses, assessed in cultures without PWM,amounted to <10% of
PWM-stimulated culture responses and were not subtracted from these

responses. All experiments were performed at least three times to
assess reproducibility of findings. Portions of these experiments were
also included in subsequent experiments as positive controls.

In screening for suppressive activity, a titration curve was generated
from 0 to 60-90% suppression for each urine and the volume required
to cause 50% suppression of control responses (I S50 unit) determined
graphically. Urines in which no suppressive activity was detected were
retested over a broader titration range.

Fractionation of resuspended urines. I ml of urine was fractionated
by gel filtration on a 1.75 X 28 cm (67.3 cm3) column of Sephacryl S-
200 (Sigma Chemical Co., St. Louis, MO) in phosphate-buffered saline
(PBS) or 0.4 Mpyridine-0.4 Macetic acid. The column was calibrated
using aldolase (158,000 mol wt), bovine serum albumin (BSA) (68,000
mol wt) chymotrypsinogen A (25,000 mol wt), and cytochrome c
(13,000 mol wt). Fractions of 2 ml were collected. Those eluted with
pyridine-acetic acid were lyophilized and resuspended in PBS, and all
fractions were sterilized before testing in cultures. Fractions containing
suppressive activity were pooled for use in subsequent experiments.

Reverse-phase high performance liquid chromatography (HPLC)
was performed by suspending lyophilized urine in 1.0 Mpyridine-0.5
M acetic acid, pH 5.5 buffer. After clearing of particulate matter by
centrifugation for 2 min in a Beckman Instruments, Inc. (Palo Alto,
CA) microfuge, the solution was applied to a Lichrosorb RP-8 (10
AM, E. Merck, Darmstadt, Federal Republic of Germany) column
(250 X 4 mm) equilibrated in the same pyridine-acetic acid buffer.
Protein was eluted with an increasing gradient of n-propanol. Fractions
from HPLC were lyophilized and resuspended in PBS or culture
medium before testing for bioactivity. Protein content of the fractions
was measured by the method of Lowry et al. (12) with BSA used as a
standard.

Absorption of immunosuppressive activity using monoclonal anti-
murine SIRS antibodies. Monoclonal antimurine SIRS antibodies were
obtained as described previously (16). Briefly, partially purified murine
SIRS (5 x l0 U) in complete Freund's adjuvant was injected into
Sprague-Dawley rats at biweekly intervals. Serum from each rat was
bound to cyanogen bromide (CNBr)-activated Sepharose 6B (Sigma
Chemical Co.), and the coupled beads were tested for ability to absorb
murine SIRS activity from a standard solution (103 U/ml). Spleen cells
from a rat demonstrating high-serum anti-SIRS activity were fused to
the myeloma cell line SP 2/0 and supernates from hybridoma wells
were tested for ability to absorb murine SIRS activity as described
above. Four hybridomas producing antimurine SIRS antibody have
been cloned. Each monoclonal antibody was coupled to CNBr-activated
Sepharose 6B. A suspension of urine showing suppressive activity was
incubated with the beads for I h at 40C. After removal of the beads
by centrifugation the urine was tested for SIRS activity.

Results

Suppression of PFC response by urines from patients with
MCNS. Resuspended urines were assayed for suppressive
activity by adding graded amounts to PWM-stimulated lym-
phocytes 24 h after culture initiation. PFC responses were
determined on day 7. Table I shows results of a typical
experiment. Addition of urine from a healthy volunteer to
which human serum albumin (1 mg/ml) had been added
before processing did not significantly affect responses. However,
50 Ml of urine from the four patients with MCNS,corresponding
to 5% of culture volume, suppressed responses by over 70%.
The suppressive activity was not accounted for by a general
cytotoxic effect of the urine in that a decrease in cell number
and/or viability proportional to the reduction in PFC response
was not observed.

Molecular weight of suppressor substance. To approximate
the size of the suppressive moiety, urine with known suppressive
activity was fractionated by gel filtration using Sephacryl
S-200 chromatography. Fig. 1 shows the results of experiments
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Table I. Inhibition of PFCResponses by Nephrotic Urine*

pl added

Urine 0 20 50 200

PFClculture PFClculture PFClculture PFClculture
(n) (n) (n) (n)

Controlt 5,600 (2.20)§ 6,300 (2.06) 5,600 (2.42) 5,980 (2.22)
F.W. _ 4,100 (2.28) 1,210 (2.00) 710 (2.22)
J.H. - 1,420 (1.98) 1,400 (2.32) 1,360 (1.98)
L.C. - 2,820 (2.36) 1,450 (1.98) 260 (2.16)
R.L. - 3,650 (2.44) 1,380 (1.98) 2,060 (2.30)

* Urines from nephrotic patients were dialyzed and lyophilized, and then resus-

pended in media. Aliquots were added to 2 X 10' PWM-stimulated lympho-
cytes 24 h after culture initiation. Polyclonal antibody production was deter-
mined 6 d later by the "reverse" PFC method using the Jerne hemolytic PFC
assay. Units of activity in urines of patients F.W., L.C., and R.L. calculated
from data in this table show 30, 49, and 32 U/mg, respectively. Urine from pa-
tient J.H. required retesting at lower amounts to allow estimation of S5o units
of activity.
t Albumin was added to the control urine which was obtained from a normal
volunteer. In other experiments, the presence or absence of albumin in the con-

trol urine did not affect responses.
§ Numbers in parenthesis indicate number of viable cells X 10' in each cul-
ture. Nonviable cells (by trypan blue exclusion) represented 5-15% of total cells
in culture.

with both human, lymphocyte-derived SIRS (upper panel) and
urine from a patient with MCNS(lower panel). When PBS is
used as the elution buffer, suppressive activity migrates with
an apparent molecular weight of I 10,000- 150,000, in the two
fractions preceding the BSA peak. When pyridine-acetic acid
is used, the apparent molecular weight is 10,000-15,000 for
both lymphocyte SIRS and the urine suppressor factor. A shift

Table 11. Effect of Day of Addition and Reaction
with Peroxide on Urine Suppressive Activity

Urine factor added Day added PFC/culture

n

None 1,785
Factor (30 gl) 1 720
Factor (30 gl) 6 1,680
Factor.,.* (30 41) 6 665

*Urine in this experimental group was treated with H202 at a final
concentration of lo-6 Mfor 20 min at 4°C before addition to cul-
ture. Media reacted with lo-6 MH202 added on day 6 did not affect
responses. Separate experiments with urines from five different pa-
tients with MCNSgave comparable results.

in apparent molecular weight between the two buffer systems
also occurs with murine SIRS, and appears to reflect binding
of SIRS to other proteins under certain physiologic condi-
tions ( 17).

Screening of urine for SIRS using characteristics of the
SIRS pathway. Because of similarities between the migration
patterns for SIRS and urine suppressive activity, the urine
fractions from S-200 column chromatography which contained
suppressive activity were pooled and screened for SIRS activity
by using several characteristics of the SIRS pathway. To
evaluate the kinetics of suppression and potential activation
by peroxide, urine factor was added on day I or 6 to 7-d
lymphocyte cultures. In the experiment shown in Table II,
urine factor added early in the culture period suppressed PFC
responses by 60%. On day 6, addition of urine factor did not
cause suppression; however, urine factor reacted with 10-6M
H202 for 20 min before addition to culture suppressed responses
as well as factor added on day 1. All five urines tested showed
titratable activity on day 6 after reaction with peroxide. Adding
peroxide-treated medium on day 6 did not significantly affect
responses.

Cultures were also tested to determine whether addition of
levamisole, catalase, and 2-ME blocked suppression by the
urine factor. Table III shows the results of one such experiment.
Control responses were suppressed by 65% by addition of 100

Table III. Effects of Inhibitors of SIRS Activity
on Urine-derived Suppressor Factor Activity

Factor added* Inhibitor PFC/culture

n

None -4,460
100 z1 1,600
100 jtI Levamisole (5 ulg/ml, day 1) 4,160
100 zI Catalase (5,000 U/ml, day 3) 4,000
100,41 2-ME (10-4 M, day 3) 4,320

*In all cases, factor (100 j1l) was added to cultures on day I of a 7-d
culture period. Addition of inhibitors alone did not significantly
affect control responses. Suppressive activity in the urine of five dif-
ferent patients with MCNSwas tested in this fashion and identical
results were obtained in each instance.
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Figure l. Fractionation of MCNSurine by Sephacryl S-200 chroma-
tography. I ml of reconstituted urine was fractionated in either PBS
(-) or pyridine-acetic acid (--- ) and 2-ml fractions were collected.
The upper graph shows a typical chromatographic pattern of lympho-
cyte SIRS activity. The lower graph shows that urine suppressive
activity migrates identically. The column was calibrated using al-
dolase, BSA, chymotrypsinogen A, and cytochrome c. Comparable
results were obtained from urine of five other patients with MCNS.
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,Ml of the urine factor on day 1. Addition of 5 ;ig levamisole
on day 1 blocked suppression in cultures containing the urine
factor, as did addition of catalase (5,000 U) or 2-ME (10-4M)
on day 3. Addition of levamisole, catalase, or 2-ME alone did
not significantly affect responses.

To determine whether the urine factor was inactivated by
acidification to pH 2 or by incubation with protease, factor
was acidified to pH 4 or pH 2 with HCO, then neutralized after
3 h at 4°C. Alternatively, urine was incubated with protease
(Proteinase, Sigma Chemical Co.), 10 Mg/ml for 3 h at 40C.
All solutions were sterilized before addition to culture on day
1. In the experiment shown in Table IV, acidification to pH 4
had no effect on suppressive activity, but acidification to pH
2 resulted in a loss of activity. Similarly, the urine factor was
inactivated by protease. Thus, the ability of H202 to activate
the urine factor to suppress responses when added shortly
before culture assay, inhibition of suppression by agents that
inhibit SIRS activity, and pH and protease sensitivity of the
urine suppressive activity are all identical to those described
for human lymphocyte SIRS. Taken together with the apparent
molecular weight of the urine factor in physiologic and high
ionic strength buffers, these data strongly support the possibility
that suppressive activity of MCNSurine is due to the presence
of SIRS.

Fractionation of urine suppressor factor by HPLC. Urine
with suppressive activity and human lymphocyte SIRS obtained
from concanavalin A (Con A)-activated PBMCwere fraction-
ated by reverse-phase HPLC on an RP-8 (10 MM) analytical
column. Protein was eluted by an increasing gradient of n-
propanol. Fig. 2 compares the separation of biologic activity
and protein for lymphocyte SIRS (upper panel) and for urine
SIRS (lower panel). In both experiments, SIRS activity was
separated from the major protein peaks present. Two major
SIRS peaks eluted at the 5% propanol step-up and at 18%
propanol on the linear gradient. A smaller, third peak of SIRS
activity eluted at 8-9% propanol. All of the SIRS bound to
the column; none was detected in the initial flow-through
during column loading. Further, all activity loaded on the
RP-8 column was recovered in the three active peaks; no SIRS
activity was eluted by higher propanol concentration or by
extended elution times. Identical findings were obtained with
three different urines. The elution patterns from HPLCsuggest
that the urine SIRS and lymphocyte SIRS are similar proteins.

Table IV. Characteristics of Urine Suppressor Factor*

Factor treatment PFC/culture

n

Control response (no urine factor) 9,150

Untreated factor 4,100
pH 4 3,800
pH 2 10,750
Protease 8,300

* Urines were treated by adjusting pH to 4 or 2 with HCI, then neu-
tralizing with NaOHafter 3 h at 40C. Alternatively, urine was incu-
bated with protease, 10 ,ug/ml, for 3 h at 0-40C before addition to
culture. Similar results were obtained in two other experiments with
urine from other patients with MCNS.
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Figure 2. HPLCof SIRS and MCNSurine. Lyophilized, crude
lymphocyte SIRS (3 mg) prepared from Con A-activated PBMC(top)
or 5 mgof lyophilized urine from a patient with MCNS(bottom)
was applied to a Lichrosorb RP-8 (10 MM) column equilibrated in
1.0 Mpyridine, 0.5 Macetic acid, pH 5.5, and eluted by reverse-
phase HPLCusing an increasing gradient of n-propanol (--- ). Pro-
tein concentration of eluted samples was determined by the method
of Lowry et al. (12) (-) and SIRS activity (-) was determined by
assay on spleen cell cultures. Three different urines from MCNS
patients were fractionated by HPLCand identical results were ob-
served in each instance.

Use of monoclonal antimurine SIRS antibodies to absorb
urine suppressive activity. Four monoclonal antibodies to
murine SIRS are available. Lymphocyte SIRS and urine SIRS
were incubated with Sepharose beads coupled to each of the
antimurine SIRS antibodies to determine whether suppressive
activity was absorbed from the solution. Table V shows that

Table V. Absorption of Urine Suppressive Activity with
Monoclonal Antimurine SIRS Antibody*

PFC/culture (n)

Lymphocyte SIRS Urine SIRS
100 ul 200#1

Control response 7,600
Factor 2,920 3,580

+Anti-SIRS, 5,520 6,180
+Anti-SIRS2 6,160 6,520
+Anti-SIRS3 5,840 7,900
+Anti-SIRS4 6,000 9,300
+AA4.9* 2,750 3,400
+AC4.5t 2,160 3,560

* Factor was incubated for 1 h at 4VC with monoclonal rat antimu-
rine SIRS antibody coupled to CNBr-activated Sepharose beads, then
filter sterilized before addition to culture on day 1 of a 7-d culture
period. Similar results were obtained in five experiments with urine
from other MCNSpatients.
t Monoclonal rat antibodies directed against murine, glutamic acid-
alanine-tyrosine synthetic polymer-specific suppressor factor.
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each antibody removed both human lymphocyte SIRS and
urine SIRS from solution. When we used similar methods, rat
antibodies against an antigen-specific murine suppressor factor
(anti-GAT-TsFl, [GAT, synthetic polymer of L-glutamic
acid'-L-alanine3q-L-tyrosine'j provided by Dr. Craig Sorensen,
Washington University School of Medicine), did not absorb
activity. This pattern of antigenic similarity supports the
notion that human lymphocyte SIRS is similar to human
urine SIRS and also show that both of these human SIRS
proteins are similar to murine SIRS.

Disappearance of urine SIRS with treatment of nephrotic
syndrome. To determine the relationship of urine SIRS activity
to the disease state and treatment, serial urines were collected
from patients from the time of initiation of treatment until
remission of nephrotic syndrome. Fig. 3 shows the course of
patient H.Y. undergoing steroid therapy. SIRS activity was
present before the beginning of treatment, but disappeared
from the patient's urine by day 4 or 5 of therapy. Although
suppressive activity was markedly decreased by day 4, protein
excretion remained high, indicating that suppressive activity
was not a function of protein excretion. Along with the
decrease in proteinuria, onset of diuresis also followed the loss
of suppressive activity. Table VI summarizes the courses of
five patients followed by standard clinical methods during
induction of remission with prednisone. In all patients, loss of
suppressive activity preceded clinical response as indicated by
the beginning of a decrease in urine protein concentration,
onset of diuresis, and final disappearance of proteinuria. This
temporal relationship was maintained regardless of whether
the patient was studied during an initial presentation with
MCNSor relapse, or whether remission occurred rapidly (4-5
d) or more slowly.
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Figure 3. Response of nephrotic patient to treatment with predni-
sone. Serial urine collections were obtained from patient H.Y. (Pt.
H.Y.), an I -year-old boy with biopsy-proven MCNS, who was un-
dergoing prednisone therapy. (.) Urinary SIRS excretion; protein
excretion (o) was determined by analysis of urine resuspended in
medium using the method of Lowry et al. (12) (protein was not
determined on the sample from day 8 because albumin was added to
that urine before processing). Daily urine output is indicated by the
bars on the lower graph.

Table VI. Comparison of Urine Suppressive Activity with
Clinical Response during Prednisone Treatment of MCNS*

SIRS activity Clinical response

Last First Last day
treatment treatment maximal Day of First day
day day urine onset of protein-free

Patient present absent protein* diuresis§ urine

H.Y. 2 4 5 9 11
J.M. 0 3 3 5 14
L.G. 0 1 1 4 7
E.V. 1 3 5 6 8
B.L. 7 12 12 14 16

* Patients with known or suspected MCNSwere given prednisone, 2 mg/kg
orally beginning on day 1. Serial urine collections were obtained and tested for
suppressive activity as described in the Methods section of the text. The num-
bers in the table denote the day of treatment on which each observation was
made.
t Urine protein was determined by use of dipsticks (Albustix, Ames, Elkhart,
IN). "Maximal" protein excretion was indicated by a reading of 4+ on all urine
specimens.
§Defined as the first day of sustained, marked increase in urine output.

Screening of urine from patients with various proteinuric
renal disorders. Urines from children with proteinuria of
various etiologies were screened for suppressive activity on
PFC cultures. Each sample was tested at least three times, and
the mean number of suppressive units per milliliter of urine
determined for each patient. The results of these assays are
summarized in Table VII. Patients with steroid-responsive NS
or biopsy-proven MCNSconstitute the largest group of patients
tested. All 11 steroid-responsive patients had suppressive activ-

Table VIL Summary of Screeningfor Urine SIRS Activity*

Patients with Patients with Mean Sio
urine SIRS urine SIRS units/ml in
activity activity positive

Diagnosis present absent urines

n n

MCNS, steroid-responsive
Active disease 11 0 55
Remission 0 2

MCNS, steroid-unresponsive 0 2
Membranoproliferative

glomerulonephritis
Nephrotic 3 0 57
Not nephrotic 0 2

Acute glomerulonephritis 2 2 11
Focal glomerulosclerosis 0 2
Systemic lupus

erythematosus
Not nephrotic 0 2

Other proteinuriat 0 3

* Each patient sample was screened at least three times, each time on
cultures of different lymphocytes, for suppressive activity. The mean
number of SS0 U/ml was determined for each sample.
t One patient each with diabetic nephropathy, congenital nephrosis,
and transient proteinuria of undetermined etiology.
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ity, with a mean of 55 and a range of 38-100 U/ml. Molecular
weight of urine SIRS was identical in six of six patients tested
and was identical to that of lymphocyte-derived SIRS. SIRS-
mediated suppression was confirmed in these six samples by
activation with peroxide, inhibition by reagents that block
SIRS activity, or inactivation by protease or acidification to
pH 2. Urines from two patients with MCNSin remission who
were no longer on steroid therapy did not contain SIRS
activity. Furthermore, two patients who were unresponsive to
steroids but had normal glomerular histology on biopsy also
did not excrete SIRS.

Three nephrotic patients with type I membranoproliferative
glomerulonephritis showed considerable suppressive activity in
their urine, with a mean of 57 U/ml. Suppression from one
of these urines was confirmed as SIRS-mediated by all the
criteria described above, including antibody absorption. After
treatment with steroids, two patients became nonnephrotic; in
one, steroids were discontinued. During remission of nephrosis
neither patient excreted SIRS in the urine, although persistent
proteinuria and hypocomplementemia indicated that the pri-
mary nephritic process was still active.

Urines were obtained from four patients with apparent
acute glomerulonephritis. Three of these patients were biopsied
because of atypical features which included mild nephrotic
syndrome. Two of the biopsied patients (one diagnosed mor-
phologically as having immune complex nephritis, the other,
"nephritis with omniglomerular sclerosis") had small amounts
of suppressive activity (5 and 17 U/ml, respectively).

Neither of two patients with focal glomerulosclerosis had
urine SIRS despite massive proteinuria. Urine from two non-
nephrotic children with systemic lupus erythematosus who
were proteinuric did not contain SIRS. One patient each with
diabetic nephropathy, congenital nephrosis, and transient pro-
teinuria of undetermined etiology (not nephrotic) also had no
urinary SIRS activity.

Assay of serum for SIRS activity. Because some patients
with nephrosis manifest decreased in vivo and in vitro immune
responses, sera were evaluated to determine whether SIRS
activity may be present systemically in patients who excrete
SIRS. The suppressive effect of patient sera on in vitro PFC
responses was assayed in a manner identical to that used in
screening urines. Sera from all three patients with MCNSwho
were tested showed suppressive activity, with a mean of 83
U/ml (Table VIII). The serum from a patient with membrano-
proliferative glomerulonephritis also contained SIRS, 115 U/

Table VIII. SIRS Activity in Sera of Nephrotic Patients*

Subjects with Subjects with Mean Sso
SIRS activity SIRS activity units/ml in

Sera present absent positive sera

n n

MCNSpatients 3 0 83
MPGNpatient 1 0 115
Healthy controls 0 6

* Each serum was assayed for ability to suppress lymphocyte PFC re-
sponses. Suppression was confirmed as being SIRS-mediated by ab-
sorbing serum with rat antimurine SIRS antibodies and retesting for
ability to suppress PFC responses.

ml. Suppression was confirmed as being SIRS mediated in all
cases by absorption of suppressive activity from the serum
with anti-SIRS antibody coupled to Sepharose. Sera from six
healthy volunteers did not contain SIRS.

Discussion

It has long been recognized that nephrotic syndrome may be
associated with disordered cellular and humoral immunity.
Bacterial infection, particularly primary peritonitis, frequently
occurs during active disease (3). MCNSpatients have decreased
skin reactivity to tuberculin and dinitrochlorobenzene which
improves with remission of symptoms (4). Alterations in
lymphocyte subpopulations have been noted (18). In addition,
serum immunoglobulin levels are abnormal, with relapse-
associated increased IgM and decreased IgG levels reported in
MCNS(19) and other forms of nephrotic syndrome (20).
These abnormalities in immune responsiveness have been
further evaluated using in vitro techniques. Patient sera have
been found to be toxic to control lymphocytes (6, 21); increased
serum migration inhibitory factor activity (22), and increased
monocyte cytotoxicity against cultured renal epithelial cells
(23) have also been described. Several studies have shown
decreased lymphocyte proliferation in the presence of sera
from nephrotic patients in relapse (5, 24, 25). A heat-stable
substance in patient serum has been described which binds to
normal lymphocytes and decreases the proliferative response
to mitogens (26). Increased Con A-activated suppressor cell
activity has also been reported in MCNSpatients in relapse
compared to healthy controls, patients in remission, and
patients with glomerulonephritis (7). Although these findings
appear most striking in MCNS, they may not be restricted to
minimal change disease; several of the studies cited above
found similar abnormalities in other forms of nephrotic syn-
drome (6, 21, 22, 24-26).

Despite this considerable body of evidence, the mechanism
of immune suppressive activity is unclear. It has been suggested
that suppression could be a nonspecific effect of the elevated
serum lipid levels seen in these patients (27). An agent that
has a demonstrable role in basic immunoregulatory systems
has not previously been associated with nephrotic syndrome.
Because patients with MCNShave elevated Con A-activated
suppressor T cell activity and because it is known that Con
A-activated suppressor T cells release the lymphokine, SIRS,
it seemed appropriate to seek evidence of SIRS production in
these patients.

The SIRS suppressor pathway has been studied extensively
in mice, and murine SIRS has been purified to homogeneity
(17). In addition to its effect on antibody secretion, it also
inhibits cell division and protein secretion by a variety of
normal and neoplastic cell lines (10). Further, SIRS blocks
guanosine triphosphate-dependent microtubule assembly in
vitro (28). Thus, its effects are not limited to regulation of the
immune system. Human SIRS, although not as well charac-
terized, has been investigated sufficiently to establish that it
constitutes an analogue of the murine system. Both lymphokines
have characteristic kinetics of suppression and share certain
physicochemical properties. Also, catalase, levamisole, and
2-ME interfere with suppression in both systems. Employed
together, these characteristics constitute an effective tool for
screening for murine (10) or human (11) SIRS activity in
various in vitro models of immunosuppression.
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To determine whether SIRS was produced by patients with
NS, urines of MCNSpatients were evaluated for ability to
suppress PFC responses. Suppressive activity was found in
urines from all patients with SRNS in relapse. Table IX
summarizes characterization of this suppressive activity and
compares the urine factor to human lymphocyte SIRS. The
two factors have similar migration patterns on gel filtration
with physiologic and high ionic strength buffers. HPLC of
each factor is identical, yielding two larger peaks accounting
for -80% of total activity at 5% and 18% propanol, respec-
tively, and a smaller peak at 8-9% propanol. Both factors
must be added near the time of culture initiation to suppress
responses but when activated by reaction with H202 can cause
suppression when added late in the culture period. Catalase
and levamisole, which block activation of SIRS, and 2-ME,
which inactivates SIRS0., each inhibit urine suppressor factor
activity. Both lymphocyte SIRS and urine SIRS were acid-
labile and inactivated by protease. Finally, monoclonal anti-
murine SIRS antibodies, but not irrelevant antibodies, absorbed
both human lymphocyte and urine-derived SIRS activity from
solution. Application of these criteria clearly demonstrates that
SIRS, which has been characterized previously by in vitro
techniques, is produced in vivo and is related to a disease
state.

The relationship between urinary SIRS excretion and the
suppressed immune responses found in MCNShas not been
defined. However, we have found that suppressor cells activated
by a variety of stimuli including Con A (8, 10), distinct types
of interferon (9, 14), and histamine (16) all act through release
of SIRS. Because murine SIRS inhibits antibody-producing
responses when administered in vivo (29), it is conceivable
that SIRS production by activated suppressor cells could
account for the immunosuppression associated with MCNS.
The presence of SIRS activity in the sera of four patients with
nephrosis of immune etiology is consistent with this hypothesis.
The origin of urine SIRS, whether SIRS is produced only by
certain nephrotics, and the mechanism by which SIRS is
excreted in the urine remains unclear. However, it is important

Table IX. Comparison of Human Lymphocyte and Urine SIRS

Lymphocyte SIRS MCNSurine SIRS

Molecular weight
PBS 110,000-150,000 110,000-150,000
Pyridine-acetic acid 10,000-15,000 10,000-10,000

HPLC
Peak 1 5% propanol 5% propanol
Peak 2 8-9% propanol 8-9% propanol
Peak 3 18% propanol 18% propanol

Optimal time of addition Day 1 Day 1
Activation by peroxide + +

Inhibition by catalase
and levamisole + +

Inhibition by 2-ME + +

Acid lability pH 2 pH 2
Inactivation by protease + +

Absorption of activity by
antimurine SIRS
antibodies + +

to note that other lymphokines or growth factors have been
detected in urine (30, 31). Comparison of urine and serum
SIRS levels in patients with nephritis and nephrosis, and levels
of SIRS release from T lymphocytes of MCNSpatients and
normal controls, should help address some of these issues.

In the data reported here, urinary SIRS excretion was not
a function of proteinuria. This is best demonstrated by the
disappearance of SIRS from the urine of patients with MCNS
after initiation of corticosteroid therapy but before decrease in
protein excretion. Other patients had significant proteinuria
without detectable urine SIRS activity. For example, although
systemic lupus erythematosus has been associated with immune
abnormalities (32), two children with lupus nephritis did not
excrete SIRS. Two children with membranoproliferative glo-
merulonephritis without NS also did not excrete SIRS. In
these and other patients, protein excretion clearly does not
result in SIRS excretion. Furthermore, although all patients
who excreted SIRS were nephrotic, only certain causes of
nephrotic syndrome were associated with urine SIRS activity.
Children with MCNSor NS secondary to glomerulonephritis
excreted SIRS, but patients with focal glomerulosclerosis or
congenital NS did not do so. The data obtained in screening
are grouped in Table X according to presence and type of
proteinuria. Of nine patients without proteinuria, including
seven healthy controls and two patients in long-term remission
of MCNS, none excreted SIRS. Similarly, none of seven
patients with nonnephrotic proteinuria excreted SIRS. In pa-
tients with SRNSbefore treatment or nephrosis with glomer-
ulonephritis, 15 of 16 had urinary SIRS activity. In contrast,
none of five patients who were nephrotic for other reasons
excreted SIRS. In addition, patients who received corticosteroids
for SRNS but had not yet entered remission also did not
excrete SIRS. Thus, SIRS excretion is not simply a function
of the nephrotic state. Although the numbers reported here
are small, it is striking that only those patients who had NS
from diseases classically associated with an immune pathogen-
esis excreted SIRS. This suggests that urinary excretion of
SIRS may be related in some way to the immunologic etiology
of these diseases.

Table X. Relationship between Proteinuria and SIRS Excretion*

Patients with Patients with
urine SIRS urine SIRS

Condition activity present activity absent

No proteinuria 0 9
Proteinuria without nephrotic syndrome 0 7

Nephrotic syndrome associated with
steroid responsiveness or
glomerulonephritis 15 1

Nephrotic syndrome not associated with
steroid responsiveness or
glomerulonephritis 0 5

SRNSafter initiation of steroid
therapyt 0 5

* This table summarizes results from patient listed in Table IX and
healthy volunteers.
t Urines were obtained from these patients before occurrence of a

significant decrease in protein excretion (see Table VI).
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The exact nature of this relationship is unclear. However,
abnormal immune responses in MCNS, the sensitivity of this
disease to immunomodulatory agents, and remission of ne-
phrosis with inhibition of cell-mediated immunity led Shalhoub
(33) to propose that MCNSis a primary immunologic disorder
with renal manifestations. Furthermore, experimental evidence
has indicated that lymphocytes may mediate depletion of
glomerular polyanion (34), the component of the glomerular
filter that retards albumin excretion (35); and that macrophages
may mediate experimentally induced albuminuria (36, 37).
Thus, it is of interest that levamisole, an inhibitor of the SIRS
pathway, has been found to induce remission of MCNS(38).
The disappearance of SIRS activity with steroid treatment,
before entry into remission, may only indicate that urinary
SIRS is a steroid-sensitive epiphenomenon of conditions that
relate to and possibly precede clinical nephrotic syndrome.
However, because SIRS affects cells outside the immune
system, these data are also consistent with the possibility that
SIRS may be involved in the pathogenesis of some cases of
nephrotic syndrome. Further investigation may clarify the
relationship of SIRS production to the disease state in these
patients.
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