Kidney International, Vol. 59 (2001), pp. 913-922

In vitro decrease of glomerular heparan sulfate by
lymphocytes from idiopathic nephrotic syndrome patients
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In vitro decrease of glomerular heparan sulfate by lymphocytes
from idiopathic nephrotic syndrome patients.

Background. Lymphocytes are involved in the physiopatho-
logic mechanism of idiopathic nephrotic syndrome (INS). We
have recently demonstrated that plasma from patients with
INS decreases human glomerular epithelial cell (GEC) glyco-
saminoglycans (GAGs), particularly heparan sulfates (HS) in
vitro. In this study we investigate the effect of peripheral blood
lymphocytes (PBL) from INS patients on glomerular cell GAG
and HS.

Methods. Human GECs were cultured with total peripheral
blood mononuclear cells (PBMCs), PBL, and monocytes from
patients and controls. The amounts of GAG and HS were
assessed using a cationic membrane after metabolic labeling.

Results. In coculture with GECs, mononuclear cells from
controls decreased total epithelial cell GAG (—30% with
PBMC, P < 0.05; —25% with PBL, P < 0.02; —19% with
monocytes, P < 0.05). Particularly HSs were decreased (—36%
with PBMC, P < 0.05; —27% with PBL, P < 0.02; and —19%
with monocytes, P < 0.05). When GECs were in coculture
with PBL from INS patients, the decrease in GAG and HS
was significantly greater in comparison to control PBL (—=10%,
P < 0.02; —10%, P < 0.02, respectively, for GAG and HS).
Moreover, supernatants of stimulated PBMCs from patients
decreased also GAG and HS in comparison with controls
(=13%, P < 0.02; —=15%, P < 0.02, respectively, for GAG
and HS).

Conclusion. These data provide direct evidence that PBLs
from INS patients are able to decrease GEC HS as previously
shown with plasma from patients. This might be instrumental
in the onset of albuminuria.

Lymphocyte function seems to be involved in the phys-
iopathology of idiopathic nephrotic syndrome (INS) [1].
Subsequently, the association of INS with thymoma or
Hodgkin’s disease [1-4] and with allergic phenomena
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[2, 5] was described. Various studies have shown modifi-
cations of lymphocyte counts and lymphocyte functions
in patients with INS. Modifications of subclasses of lym-
phocytes were described by some authors [6-9], particu-
larly a decrease in CD4 versus CDS cells, and a modifica-
tion of the equilibrium between Th1 and Th2 [9], although
these findings contradicted a previous study [10]. More-
over, lymphocytes from INS patients exhibit a decreased
proliferative response to allogeneic cells and to phyto-
heamagglutinin (PHA) [11-13]. Humoral-mediated im-
munity is also affected with a decrease in plasma IgG
[2, 14] caused by modifications in the IgM-IgG switch
[15]. Finally, the effectiveness of immunosuppressive
drugs such as corticosteroids and cyclosporine A to in-
duce remission demonstrates that changes in the immune
system contribute to the physiopathology of INS [16-19].

The involvement of a circulating factor in INS is sug-
gested by transient proteinuria in newborns from women
with INS [20] and by proteinuria in rats after injection
of sera from INS patients [21, 22]. The relapse of protein-
uria after renal transplantation and the remission after
immunoadsorption of plasma from patients support this
hypothesis [23]. Moreover, serum from patients increases
glomerular permeability to albumin in an in vitro model
[24]. The cellular origin of this factor is unknown. Never-
theless, proteinuria can be induced in rats by a factor
synthesized by T-cell hybridomas [25] and by superna-
tants of mononuclear cells from INS patients [26, 27].
These results strongly suggest that lymphocytes may be
the cells that secrete this factor(s). Furthermore, a solu-
ble immune response suppressor factor [28] and a vascu-
lar permeability factor that may modify the glomerular
permeability [29-32] are derived from lymphocytes from
INS patients.

Previous studies have demonstrated a decrease in the
polyanion heparan sulfate (HS) chains on kidney biop-
sies of patients with INS [33], and we have recently re-
ported that plasma from children with INS is able to
decrease the synthesis of secreted and cellular glycosami-
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noglycans (GAGs) in vitro, particularly the synthesis of
glomerular cell HS [34]. The circulating factor in plasma
from patients might have an effect on glomerular cells
by decreasing HS and could contribute to albuminuria.

The present study was carried out to determine
whether mononuclear cells from INS patients and from
controls could modify human glomerular epithelial cell
(GEC) HS and chondroitin/dermatan sulfates (CS), as
previously shown with INS plasma. We studied the effect
of mononuclear cells from INS patients in coculture with
human GECs and the effect of peripheral blood mono-
nuclear cell (PBMC) supernatants on the cell-bound
fraction and the secreted fraction of epithelial cell HS
and CS.

METHODS
Patients

The definition of INS and of response to steroid ther-
apy was those used by the International Study for Kidney
Disease in Children [35]. Mononuclear cells were ob-
tained from 12 children with INS, at initial episode for
3 children and at relapse for 9 children. They all had a
typical presentation of the disease and responded to the
steroid treatment. None had received any other immuno-
suppressive drug, particularly cyclosporine A. On ac-
count of the small volume of blood samples, mononu-
clear cells of each child were studied either in coculture
or in preparation of supernatants. Table 1 summarizes
the clinical features of the INS patients. PBMCs were
collected from patients 1,4, 8,9, and 12. Peripheral blood
lymphocytes (PBLs) were collected from patients 1, 2,
3,5, 6,7, and 12, and monocytes were collected from
patients 3, 5, 6, 7, and 12. Supernatants were prepared
from PBMCs from patients 1, 2, 3, 4, 8, 9, 10, and 11.

Blood samples

Blood samples were collected on ethylenediaminetet-
raacetic acid (EDTA). Control blood samples were ob-
tained from healthy volunteers (20 to 36 years) without
proteinuria or medication. Preliminary studies showed
that age had no influence on the action of mononuclear
cells on glomerular cell GAG, CS, and HS.

The study was approved by the ethics committee of
our institution.

Glomerular cell culture

Glomerular epithelial cells were obtained from the
normal cortex of kidneys removed from patients who
had unilateral nephrectomy for malignant neoplasm or
urologic malformation, as previously described [36].
Briefly, the renal cortex was homogenized and pushed
through 80 and 140 mesh sieves. The glomeruli were
incubated with 300 U/mL collagenase type I (Sigma, St.

Table 1. Clinical data

Urinary Urinary  Plasma

prot/creat  protein  albumin
Patient  Diagnosis Treatment g/mmol g/l g/l
1 INS-Rel WT 0.52 333 9.43
2 INS-Init WT 1.93 16.0 10.85
3 INS-Rel WT 3.33 27.0 18.6
4 INS-Init WT 1.33 4.8 14.6
5 INS-Init WT 0.98 35 12.6
6 INS-Rel WT 0.66 10.0 30.8
7 INS-Rel Pred 0.83 3.06 30.7
8 INS-Rel Pred 0.3 1.87 NA
9 INS-Rel Pred 0.89 42 12.5
10 INS-Rel Pred 0.14 1.1 32
11 INS-Rel Pred 0.6 3.0 15.1
12 INS-Rel Pred 0.8 1.12 NA

Abbreviations are: INS, idiopathic nephrotic syndrome; Init, initial episode;
Rel, relapse; WT, without treatment; Pred, treated with prednisolone; NA, not
available.

Louis, MO, USA) at 37°C. After 30 minutes, they were
pushed through a 500 mesh sieve. GECs were recovered
in RPMI 1640 culture medium (GIBCO, Grand Island,
NY, USA) supplemented with 10 mmol/LL. HEPES
(Sigma), 2 mmol/L L-glutamine (GIBCO), 50 UIl/mL
penicillin-50 pg/mL streptomycin (GIBCO) and 20%
heat-inactivated fetal calf serum (FCS; GIBCO). GECs
were incubated in bovine gelatin (Sigma)-coated culture
flasks at 37°C, 5% CO,. GECs were identified by their
typical morphology on light microscopy (Fig. 1), positive
staining with cytokeratine and vimentine, and negative
staining for factor VIII and actin [37-39]. Immunohisto-
logical techniques were also assessed, and a positive stain-
ing was observed with monoclonal antibodies against
common acute lymphocytic leukemia antigen (CALLA)
and Wilms’ tumor (WT-1) [40, 41]. Finally, cGMP syn-
thesis was increased when cells were stimulated by atrial
natriuretic peptide [42]. Subcultures of third and fourth
passages were used.

Mononuclear cell preparation

Peripheral blood mononuclear cells were isolated
from venous blood by Ficoll density centrifugation (Fi-
coll-Paque; Pharmacia Biotech, Quebec, Canada). The
cells were collected and washed in RPMI 1640 supple-
mented with 10% heat-inactivated FCS.

Peripheral blood lymphocytes were separated from
the PBMC population by removing the monocytes that
adhered to plastic: The PBMCs were resuspended at 4 X
10° PBMC/mL in medium supplemented with 10% FCS
and incubated for one hour at 37°C, 5% CO, in a plastic
culture flask. The nonadherent PBL were collected by
gentle washing with medium. The cell population ob-
tained in these conditions contained less than 0.2% non-
lymphocyte cells by fluorescence-activated cell sorter
analysis after incubation with monoclonal antibodies
(data not shown).
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Fig. 1. Human glomerular epithelial cells (GECs). (A) General aspect of a confluent culture on light microscopy. (B) After immunohistologic
staining with monoclonal antibodies against CALLA on isolated cells. (C) After immunohistologic staining with monoclonal antibodies against
WT-1 on isolated cells. Negative controls showed no staining. (A X400; B and C X700).
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Monocytes were detached from the plastic by incuba-
tion of the adherent cells in medium containing EDTA
5 mmol/L and 20% FCS for 15 minutes at 4°C.

Supernatants of PBMCs from patients or controls
were obtained by incubation of 2 X 10° PBMC/mL in
medium (RPMI 1640) containing 10% FCS and 1 pg/mL
PHA (Sigma) at 37°C, 5% CO,. After 48 hours, cells
were centrifuged, and the supernatants were removed
and stored at —80°C until processed. Supernatants were
heat inactivated before added to the cultures.

Quantitation of GAG and HS

Glomerular epithelial cells were cultured to confluent
monolayers in 24-well plates. The confluent monolayers
of GECs were at the bottom of the plates, whereas the
mononuclear cells were incubated in inserts (Falcon,
Meylan, France) with pores of 0.4 wm to prevent a direct
contact between the two cell types and to allow the
passage of molecules. PBMCs or PBLs (0.8 X 10%well,
2 X 108 cells/mL) and monocytes (0.05 X 10%/well, 0.125 X
10° cells/mL) were incubated in inserts. The cocultures
were incubated in SO,-free medium containing 50 wCi/mL
Na,”SO, (specific activity: 1050 to 1600 Ci/mmol; Amer-
sham, Arlington Heights, IL, USA) and 5% FCS. For
some experiments, GECs were incubated with 5 and
10% supernatants of PBMCs in SO,-free medium con-
taining 50 pCi/mL Na,*SO,, without FCS. All experi-
ments were conducted in duplicate.

After 24 hours, the secreted and the cell-bound frac-
tions of HS and GAG were quantitated as previously
described [34, 43]. Briefly, GAGs were extracted in Tris
buffer containing 8 mol/L urea and 0.1% Triton X-100,
heated at 90° for 20 minutes, and bound to a cationic
nylon membrane (Zeta-probe; Bio-Rad Laboratories,
Hercules, CA, USA) using a dot-blot technique. Two
fractions of each sample were pulled through the blot by
vacuum. The first was incubated in Tris buffer containing
0.65 mol/L NaCl for one hour, washed, and dried. The
other was washed and incubated for 2 X 90 minutes with
nitrous acid in order to depolymerize and release HS
chains [44], and then treated as the first. In this condition,
only GAG-bearing CS chains remained bound to the
membrane. The blots were then cut for scintillation
counting. The amount of HS was evaluated by the differ-
ence between total cpm and cpm obtained after nitrous
acid treatment. The method was validated by comparison
with Diethylaminoethyl (DEAE)-Sephacel chromatog-
raphy and gel filtration [34, 45]. Radiolabeled GAGs
were isolated by DEAE-Sephacel chromatography after
B-elimination and phenol extraction to remove the core
proteins. GAGs were than treated either with chondro-
itinase ABC (Sigma), either with heparitinase (Seika-
gaku, Tokyo, Japan), either with both enzymes. We
showed that glomerular cell GAGs were only HS and
CS, and the proportion of CS and HS was similar with

both techniques. Moreover, supernatants of GEC cul-
tures were also treated with chondroitinase ABC or
heparitinase or both enzymes. We found that there was
no nonspecific binding on the cationic membrane; in-
deed, after treatment with both enzymes, no binding of
$S-labeled molecules was detected, and the amounts of
HS and CS were the same than with the dot-blot tech-
nique. For all experiments, cells were grown in parallel
in exactly the same experimental conditions. Cells were
scraped and dissolved in Tris buffer containing 2 mol/L
urea. The amounts of cell protein for each well were
measured using the Bio-Rad protein assay.

The results were expressed as cpm/pg of cell protein
for each test condition divided by cpm/p.g of cell protein
for the control condition.

Preliminary studies showed that secreted and cell-
bound HS and CS fractions of mononuclear cells after
24 hours of incubation in medium or in coculture with
glomerular cells were insignificant. Mononuclear cells
in inserts were then analyzed with the supernatants of
GECs.

Study of GAG chains depolymerization

Glomerular epithelial cells were cultured without
mononuclear cells or in coculture with control PBL in
inserts or with patient PBL in inserts in 24-well plates
in medium with Na,*SO, for 24 hours, in the same condi-
tions as for quantitation of GAG. Culture medium of
each condition was collected and centrifuged. Superna-
tants were treated by B-elimination to cleave GAG
chains from the core proteins, and proteins were re-
moved by phenol extraction [46].

Polyacrylamide gel electrophoresis

The labeled samples were loaded on a polyacrylamide
gradient gel [47]. Each sample was loaded in duplicate.
The gel was run at 400 V for three hours. The *S-labeled
GAG chains were revealed by autoradiography. The
standard samples showed that GAGs with molecular
weight above 5000 D were detected on the gel.

Gel filtration

Glycosaminoglycan chains’ size distribution was ana-
lyzed on a Sephadex G-50 column (Pharmacia) eluted
in 10 mmol/L NH,;HCOj; buffer. The column was loaded
with the labeled GAG chains; 0.5 mL fractions were
collected, and GAG chains were quantitated by scintilla-
tion counting. The samples were studied before and after
treatment with heparitinase (Sigma).

Statistics

Data are expressed as the mean * SE. N represents
the number of experiments. The Wilcoxon signed-rank
test was used to evaluate the significance of the results.
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Fig. 2. Effect of mononuclear cells from nor-
mal controls (M) and idiopathic nephrotic
syndrome (INS; (OJ) patients on glomerular
epithelial cells (GEC) heparan sulfate (HS)
and chondroitin/dermatan sulfates (CS).
GECs were cocultured with PBMCs, mono-
cytes, or PBLs for 24 hours in medium with
S for metabolic labeling of GAG. HS and
CS were quantitated as described in the Meth-
ods section. The results are expressed as
mean * SE of the ratios of the cpm/ug cell
protein when GECs were in coculture with
mononuclear cells divided by cpm/pg cell
protein when GECs were in medium without
mononuclear cells, of each experiment. *P <
0.02; **P < 0.05, in comparison to the situa-

PBMC Mono PBL PBMC

Heparan sulfates

RESULTS

Effect of mononuclear cells from controls and INS
patients on glomerular epithelial cell GAG, HS,
and CS

When GECs were cocultured with control mononu-
clear cells, the glomerular cell GAG decreased signifi-
cantly (0.70 £ 0.02, P = 0.04 with PBMCs; 0.81 = 0.02,
P = 0.04 with monocytes; and 0.75 = 0.03, P = 0.02 with
PBL in comparison with medium without mononuclear
cells). When GECs were in coculture with PBL from
patients, the decrease in GAG was significantly more
important than when GECs were in coculture with con-
trol PBL (0.65 = 0.05 with PBL from patients, P < 0.02
in comparison to medium without mononuclear cells and
P < 0.02in comparison with coculture with control PBL).

As shown in Figure 2, when GECs were in coculture
with PBMCs from controls and from patients, HS de-
creased significantly (0.64 = 0.03, P = 0.04, and 0.70 =
0.04, P = 0.04, respectively). When GECs were in cocul-
ture with monocytes, HS decreased only with monocytes
from controls, whereas monocytes from patients induced
no significant change in HS (0.81 * 0.02, P = 0.04, and
0.85 £ 0.05, NS, respectively, with control monocytes
and with patient monocytes). In coculture with PBMCs
and monocytes, the decrease in glomerular cell HS was
similar with control mononuclear cells and with patient
mononuclear cells.

When GECs were in coculture with PBLs from con-
trols and from patients, HS deceased significantly (0.73 =
0.03, P = 0.02, and 0.63 = 0.05, P < 0.02, respectively).
In coculture with patient PBLs, glomerular cell HS de-
creased significantly more than in coculture with control
PBLs (P < 0.02; Fig. 2). For each experiment, GECs
were in coculture with PBLs from one INS patient in
comparison with PBLs from one control, and in each

Mono PBL

Chondroitin sulfates

tion with medium without mononuclear cells
whose ratio is 1 (horizontal dashed line). N =
S for PBMCs (patients 1, 4, 8, 9, and 12) and
monocytes (patients 3, 5, 6,7, and 12), N = 7
for PBLs (patients 1, 2, 3, 5, 6, 7, and 12).

case, we observed that PBLs from INS patient decreased
more GAG and HS than PBLs from control. We did
not observe a difference of effects of mononuclear cells
from INS patients with steroid treatment or without
treatment, and no difference between patients during
the initial episode of disease or in relapse.

Chondroitin/dermatan sulfates decreased significantly
when GECs were in coculture with PBMCs from controls
and from patients (0.87 = 0.04, P = 0.04, and 0.83 =
0.05, P = 0.04, respectively) and with monocytes from
controls and from patients (0.80 = 0.04, P = 0.04, and
0.80 = 0.04, P = 0.04, respectively; Fig. 2). In coculture
with PBMCs and with monocytes, the decrease in glo-
merular CS was similar with control mononuclear cells
and with patient mononuclear cells. When GECs were
in coculture with control PBL and with patient PBL, CS
decreased significantly (0.83 = 0.03, P = 0.02, and 0.74 =
0.06, P < 0.02, respectively). In coculture with PBLs, CS
decreased significantly more with PBLs from patients in
comparison with PBLs from controls (P < 0.05; Fig. 2).

With control or patient PBMCs and PBLs, the effect
was more important on HS than on CS, whereas with
control or patient monocytes the effect was similar on
HS and CS, but smaller than the effect of PBLs and
PBMCs on HS. With patient PBMCs and PBLs, glomer-
ular cell HS and CS decreased significantly, whereas with
monocytes only CS decreased significantly.

Effect of mononuclear cells from controls and INS
patients on the secreted and cell-bound fractions of
GEC HS and CS

As shown in Figure 3A, the effect on the secreted
fraction of glomerular cell HS induced by control and
INS patient PBMCs, monocytes, and PBLs was very
similar to the effect on the total HS (Fig. 2). The effect
on HS induced by PBMCs and PBLs was more important
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Fig. 3. Effect of PBMCs, PBLs, and mono-
cytes from normal controls (M) and INS
patients (CJ) on the secreted (A) and the
cell-bound (B) fractions of GEC HS and CS.
GECs were cocultured with PBMCs, mono-
cytes, or PBLs for 24 hours in medium with
S for metabolic labeling of GAG. The se-
creted (A) and the cell-bound (B) fractions
of HS and CS were quantitated as described
* in the Methods section. The results are ex-
pressed as mean * SE of the ratios of the
cpm/pg cell protein when GECs were in co-
culture with mononuclear cells divided by
cpm/pg cell protein when GECs were in
medium without mononuclear cells, of each
experiment. *P < 0.02; **P < 0.05, in compari-
son to the situation with medium without

PBMC Mono PBL PBMC

Heparan sulfates

than the effect induced by monocytes, as it was shown
for the total HS. When the effect of mononuclear cells
from patients was compared with the effect of mononu-
clear cells from controls, we observed that PBLs from
patients decreased the secreted fraction of glomerular
cell HS significantly more than PBLs from controls,
whereas there was no significant effect of monocytes
from patients on HS in comparison with monocytes from
controls.

The effect on the secreted fraction of glomerular cell
CS in coculture with control mononuclear cells was only
significant with monocytes. Control PBMCs and PBLs
did not induce any modification on this fraction. In con-
trast, PBMCs, PBLs, and monocytes from patients all
decreased the secreted fraction of CS (Fig. 3A).

The effect on the cell-bound fraction of glomerular
cell HS and CS was different from the effect observed

Mono

Chondroitin sulfates

mononuclear cells whose ratio is 1 (dashed
horizontal line). N = 5 for PBMCs (patients
1,4, 8,9, and 12) and monocytes (patients 3,
5, 6,7, and 12), N = 7 for PBLs (patients 1,
2,3,5,6,7, and 12).

PBL

on the total and secreted HS and CS (Fig. 3B). Although
the effect of PBMCs and PBLs was again more important
than the effect of monocytes, the range of the decrease
in HS and in CS was comparable regardless of the mono-
nuclear cells. Moreover, there was no difference between
the effect of mononuclear cells from controls and from
patients, except for monocytes from patients, which did
not induce a significant decrease in the cell-bound frac-
tion of HS.

Effect of supernatants of stimulated PBMCs from INS
patients or controls on glomerular epithelial cell
GAG, HS, and CS

When GECs were cultured with medium containing
5% supernatants of PHA-stimulated PBMC from INS
patients, total GAG, HS, and CS decreased significantly
in comparison with supernatants of PHA-stimulated
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PBMCs from normal volunteers (0.87 = 0.03, P < 0.02,
0.85 = 0.05, P < 0.02, and 0.89 = 0.02 P < 0.02, respec-
tively, for GAG, HS, and CS; N = 8). As shown in Figure
4, these modifications were prevalent on the secreted
fractions of HS and CS, whereas the decrease of the cell-
bound fractions of HS and CS was not significant. For
each experiment, GECs were in coculture with the super-
natant of activated PBMCs from one INS patient in
comparison with the supernatant of activated PBMCs
from one control, and in each case, we observed that
the supernatant of activated PBMCs from INS patient
decreased more GAG and HS than the supernatant of
activated PBMCs from control. No difference of effects
of PBMC supernatants from INS patients with steroid
treatment or without treatment was observed, nor was
there a difference between patients during the initial
episode of disease or in relapse.

When GECs were cultured with medium containing
10% supernatants of PHA-stimulated PBMCs, secreted
HS and CS decreased in the same manner as with 5%
supernatants (data not shown).

Study of GAG chains depolymerization

Polyacrylamide gel electrophoresis. When superna-
tants of GEC cultures were studied by polyacrylamide
gel electrophoresis (PAGE), we observed a similar mi-
gration of GAG chains in the three conditions (Fig. 5):
without mononuclear cells (lanes I), in coculture with
control PBLs (lanes II), and in coculture with patient
PBLs (lanes III). All smears were on the same level,
indicating that there was no depolymerization of HS
chains.

Gel filtration. Elution profiles on the Sephadex G-50
column of ¥S-labeled GAG chains were similar in the
three conditions, and no degradation products were ob-
served. In contrast, when the samples were previously

Fig. 4. Effect of supernatants from stimu-
lated PBMC:s from INS patients on the secreted
and cellular fractions of GEC HS (M) and CS
(). PBMCs from INS patients or controls
were cultured for 48 hours in medium with
10% FCS and 1 pg/mL PHA. Supernatants
were removed and added at 5% to medium
with %S for metabolic labeling of GAG. GECs
were cultured for 24 hours in this medium.
HS and CS were quantitated as described in
the Methods section. The results are expressed
as mean * SE of the ratios of the cpm/ug
cell protein when GECs were cultured with
supernatants of PBMCs from INS patients di-
vided by cpm/pg cell protein when GECs were
cultured with supernatants of PBMCs from
controls, of each experiment. *P < 0.02 for
the situation with supernatants from patients

Cell in comparison to controls. No difference is

a ratio of 1 (dashed horizontal line). N = 8
(patients 1, 2, 3, 4, 8,9, 10, and 11).

treated with heparitinase, the profiles were changed with
the presence of degradation products.

DISCUSSION

In this study, we demonstrated that mononuclear cells
decreased glomerular cell HS and CS when both cell
types were in coculture. This effect was induced by con-
trol mononuclear cells, but especially by INS patient
cells.

First, when GECs were in coculture with PBMCs, glo-
merular cell HS and CS decreased. This effect was
greater on HS. The decrease of HS was induced in partic-
ular by PBLs and less by monocytes. The decrease of
CS was induced by PBLs and monocytes in a similar
manner. Finally, the decrease of HS involved equally
the cell-bound and the secreted fractions, whereas the
decrease of CS involved only the cell-bound fraction,
except for monocytes, which induced a decrease in both
fractions. These results indicated that mononuclear cells
from normal allogeneic controls were able to decrease
glomerular cell GAG, particularly HS. It has been pre-
viously shown that activated lymphocytes are able to
release and degrade HS of endothelial cells and of the
extracellular matrix [48, 49], but to the best of our knowl-
edge, this is the first study that emphasizes the direct
effect of mononuclear cells, especially PBLs on glomeru-
lar cell HS. Studies of GAG chains on polyacrylamide
gradient gel and gel filtration showed that there was no
depolymerization of GAG chains when GECs were in
coculture with control PBL in comparison with medium
without mononuclear cells, indicating that the decrease
in glomerular cell HS induced by control PBL was not
induced by an increased degradation of these chains.
Finally, our data did not permit explanation of the more
pronounced effect on HS particularly by PBMCs and
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Fig. 5. Polyacrylamide gradient gel of glomerular cell GAG chains.
GECs were cultured for 24 hours in medium with *S for metabolic
labeling of GAG. After removing of proteins from the supernatants
of the cultures, the samples were loaded on a polyacrylamide gradient
gel, each sample in duplicate: culture in medium without mononuclear
cells (lanes I), coculture with control PBL (lanes II), and coculture
with patient PBL (lanes III). GAG chains were revealed by autoradiog-
raphy.

PBLs in comparison with the effect on CS. However,
this effect was not induced by an increased degradation.

More importantly, mononuclear cells from patients
varied from those of controls by at least three ways.
First, PBLs from patients decreased the secreted fraction
of HS more importantly than PBL from controls. Second,
PBMCs and PBLs from patients but not from controls
decreased the secreted fraction of glomerular cell CS.
Finally, in agreement, supernatants of PHA-stimulated
PBMC:s from patients decreased significantly more the
secreted HS and CS than supernatants of PHA-stimu-
lated PBMCs from controls.

The effect of PBL and of supernatants of stimulated
PBMC from patients is comparable to the effect of
plasma from INS patients, which we have shown pre-

viously [34]. Indeed, we demonstrated that glomerular
cell HS and CS are decreased when GECs are incubated
with INS plasma in comparison with control plasma,
and in these conditions, the cell-bound and the secreted
fractions of HS and CS are decreased. Finally, PAGE
and gel filtration showed that there was no depolymeriza-
tion of GAG chains. Thus, the decrease in glomerular
cell HS induced by patient PBL was probably induced
by a decrease in synthesis of HS chains, as it was shown
with plasma from INS patients.

In this study, the decrease in HS and CS in our in vitro
model was induced by one or various factors secreted
or released by PBLs, since there was no direct contact
between PBLs and GECs, and supernatants of stimu-
lated PBMCs had the same action. This is in agreement
with studies in which supernatants of mononuclear cells
from INS patients increased glomerular permeability to
albumin in animal models [26, 27]. Moreover, mononu-
clear cells from INS patients induced a decrease in poly-
anions in vitro on rat kidney tissue sections [50]. This
factor(s) could be the plasma-borne circulating factor(s)
whose involvement was suggested in INS by transient
proteinuria in newborns from women with INS [20], by
proteinuria in rats after injection of sera from INS pa-
tients [21, 22], by relapse of proteinuria after renal trans-
plantation and a remission after immunoadsorption of
the plasma [23], and by an increase in glomerular perme-
ability induced by serum from patients in an in vitro
model [24].

The decrease in GAG might be involved in the physio-
pathologic mechanism of proteinuria in INS. Indeed, HS
had a role in glomerular permeability to albumin. HS is
the major GAG of the glomerular basement membrane
[51, 52] and is present in the polyanionic glycocalyx of
the apical plasma membrane of GEC [53]. A decrease of
polyanions has been demonstrated during albuminuria
states in various studies [54, 55], particularly in INS in
relapse, whereas normalization has been observed in
remission [56-59]. The role of HS with regard to other
polyanions is most prevalent in the glomerular perme-
ability [60]. A decrease in HS in the glomerular basement
membrane has been described in disease states in which
glomerular permeability to albumin is increased [61],
especially in INS [33] and in experimental nephrotic syn-
drome in animal models [62, 63]. Moreover, a mono-
clonal antibody against glomerular basement membrane
HS was shown to induce acute selective proteinuria in
rats [64]. Thus, our data showing that PBL from INS
patients decrease GAG and particularly HS indicate that
PBLs contribute to the increase of glomerular perme-
ability to albumin. Further experiments will state which
are the factors involved in the cross-talk between the
two cells and the exact implication of this phenomenon
in the pathogenesis of INS.

The plasma factor(s) was secreted by lymphocytes, but
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we cannot rule out an origin other than mononuclear
cells. Indeed, plasma from some INS patients might in-
duce modifications in lymphocyte functions from normal
volunteers, particularly an impairment of mitogenic re-
sponse to PHA, as it was shown with PBLs from patients
[12, 13]. Preliminary studies in our in vitro model showed
that PBLs from normal volunteers incubated with
plasma from some INS patients induced a larger decrease
in glomerular cell HS and CS in comparison to PBLs
from normal volunteers incubated with control plasma
(data not shown). Thus, the plasma from some INS pa-
tients seems to contain factors able to induce modifica-
tions in PBLs from normal volunteers so that these con-
trol PBLs had the same action as PBLs from INS patients
on glomerular cell HS. The plasma-borne factor(s) was
secreted by PBLs from patients, but we could not exclude
an other origin of either the same factor(s) or perhaps
of the other factor(s).

In conclusion, we have shown that mononuclear cells
from controls and from INS patients decreased glomeru-
lar cell HS and CS. Moreover, this effect was more promi-
nent when GECs were in coculture with PBLs from
INS patients in comparison with control PBLs. A similar
effect was previously shown with plasma from INS pa-
tients. These in vitro results were not a direct reflection
of the in vivo situation, but we hypothesize that one or
several factors released in the plasma from INS patients
by PBLs might modify GECs and glomerular basement
membrane HS, and thus could increase glomerular per-
meability to albumin. Further studies will characterize
the modifications in the PBL function of these patients
and better determine which plasma-borne factors are
involved in this disease.
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APPENDIX

Abbreviations used in this article are: BSA, bovine serum albumin;
CS, chondroitin/dermatan sulfates; FCS, fetal calf serum; GAG, glycos-
aminoglycans; GEC, glomerular epithelial cells; HS, heparan sulfates;
INS, idiopathic nephrotic syndrome; PAGE, polyacrylamide gel elec-
trophoresis; PBL, peripheral blood lymphocytes; PHA, phytohemag-
glutinin.

REFERENCES

1. SuaLHouB RIJ: Pathogenesis of lipoid nephrosis: A disorder of
T-cell function. Lancet 556-560, 1974

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

921

. ScuNaPER HW: The immune system in minimal change nephrotic

syndrome. Pediatr Nephrol 3:101-110, 1989

. McDonALD P, KALRA PA, CowarD RA: Thymoma and minimal-

change glomerulonephritis. Nephrol Dial Transplant 7:357-359,
1992

. STEPHAN JL, DESCHENES G, PEREL Y, et al: Nephrotic syndrome

and Hodgkin disease in children: A report of five cases. Eur J
Pediatr 156:239-242, 1997

. LAGRUE G, LAURENT J: Allergy and lipoid nephrosis. Adv Nephrol

12:151-175, 1983

. KoBayasH1 K, YosHikawa N, Nakamura H: T-cell subpopulations

in childhood nephrotic syndrome. Clin Nephrol 41:253-258, 1994

. Fiser RT, ARNoLD WC, CHARLTON RK, et al: T-lymphocyte subsets

in nephrotic syndrome. Kidney Int 40:913-916, 1991

. TopaLoGLU R, Saatct U, ARIKAN M, et al: T-cell subsets, interleu-

kin-2 receptor expression and production of interleukin-2 in mini-
mal change nephrotic syndrome. Pediatr Nephrol 8:649-652, 1994

. DANIEL V, TRAUTMANN Y, KONRAD M, et al: T-lymphocyte popula-

tions, cytokines and other growth factors in serum and urine of
children with idiopathic nephrotic syndrome. Clin Nephrol 47:289—
297, 1997

CacNoL1 L, TABAccHI P, PASQUALI S, et al: T cell subset alterations
in idiopathic glomerulonephritis. Clin Exp Immunol 50:70-76, 1982
MoorTHY AV, ZIMMERMANN SW, BURKHOLDER PM: Inhibition of
lymphocyte blastogenesis by plasma of patients with minimal-
change nephrotic syndrome. Lancet 1:1160-1162, 1976

SaspeLLr M, RoviNerTt C, CAGNoLI L, et al: Lymphocyte subpopu-
lations in minimal-change nephropathy. Nephron 25:72-76, 1980
TromsoN NM, Krart N: Normal human serum also contains the
lymphotoxin found in minimal change nephropathy. Kidney Int
31:1186-1193, 1987

HEerroD G, StapLETON FB, TrOUY RL, et al: Evaluation of T lym-
phocyte subpopulations in children with nephrotic syndrome. Clin
Exp Immunol 52:581-585, 1983

GiaNGiacoMo J, CLEARY TC, CoLE BR, ef al: Serum immunoglobu-
lin in the nephrotic syndrome: A possible cause of minimal change
nephrotic syndrome. N Engl J Med 293:8-12, 1975

Teiant A, Burr K, TracHTMAN H, et al: Cyclosporine-induced
remission of relapsing nephrotic syndrome in children. J Pediatr
111:1056-1062, 1987

Tesant A, Burt K, TRACHTMAN H, et al: Cyclosporine A induced
remission of relapsing nephrotic syndrome in children. Kidney Int
33:729-734, 1988

GREGORY MJ, SMOYER WE, SEDMAN A, et al: Long-term cyclosporin
therapy for pediatric nephrotic syndrome: A clinical and histologic
analysis. J Am Soc Nephrol 7:543-549, 1996

MEYRIER A, NoEL NH, AURICHE P, et al: Long-term renal tolerance
of cyclosporin A treatment in adult idiopathic nephrotic syndrome.
Kidney Int 45:1446-1456, 1994

LAGRUE G, BRANELLEC A, NIAUDET P, ef al: Transmission d’un
syndrome néphrotique a deux nouveau-nés: Regression spontanée.
Presse Med 20:250-257, 1991

BouLrton Jones JM, TurLLocH I, Dore B, et al: Changes in the
glomerular capillary wall induced by lymphocyte products and
serum of nephrotic patients. Clin Nephrol 20:72-77, 1983
ZIMMERMANN SW: Increased urinary protein excretion in the rat
produced by serum from a patient with recurrent focal glomerular
sclerosis after renal transplantation. Clin Nephrol 22:32-38, 1984
DanrtaL J, Bicot E, Bogers W, et al: Effect of plasma protein
adsorption on protein excretion in kidney-transplant recipients
with recurrent nephrotic syndrome. N Engl J Med 330:7-14, 1994
SaviN VI, SHARMA R, SHARMA M, et al: Circulating factor associated
with increased glomerular permeability to albumin in recurrent
focal segmental glomerulosclerosis. N Engl J Med 334:878-883,
1996

Kovyama A, Fusisakt M, KoBayasHr M, et al: A glomerular perme-
ability factor produced by human T cell hybridomas. Kidney Int
40:453-460, 1991

Maruyama K, Tomizawa S, SHIMABUKURO N, et al: Effect of super-
natants derived from T lymphocyte culture in minimal change
nephrotic syndrome on rat kidney capillaries. Nephron 51:73-76,
1989

TaNAkA R, YosHikawa N, NakamMuRrA H, et al: Infusion of periph-



922

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

eral blood mononuclear cell products from nephrotic children in-
creases albuminuria in rats. Nephron 60:35-41, 1992

ScHNAPER HW: A regulatory system for soluble immune response
suppressor production in steroid-responsive nephrotic syndrome.
Kidney Int 38:151-159, 1990

LAGRUE G, XHENEUMONT S, BRANELLEC A, et al: A vascular perme-
ability factor elaborated from lymphocytes. I. Demonstration in
patients with nephrotic syndrome. Biomedicine 23:37-40, 1975
SoBeL AT, BRANELLEC Al, BLaNc CJ, et al: Physicochemical charac-
terization of a vascular permeability factor produced by Con
A-stimulated human lymphocytes. J Immunol 119:1230-1234, 1977
Tomizawa S, Maruvama K, NaGcasawa N, et al: Studies of vascular
permeability factor derived from T lymphocytes and inhibitory
effect of plasma on its production in minimal change nephrotic
syndrome. Nephron 41:157-160, 1985

HesLan JM, BRANELLEC A, LAURENT J, et al: The vascular perme-
ability factor is a T lymphocyte product. Nephron 42:187-188, 1986
VAN DEN BORN J, vAN DEN HEUVEL LPWJ, BAKKER MAH, et al:
Distribution of GBM heparan sulfate proteoglycan core protein
and side chains in human glomerular diseases. Kidney Int 43:454—
463, 1993

GIRARDIN EP, BIRMELE B, BENADOR N, et al: Effect of plasma
from patients with idiopathic nephrotic syndrome on proteoglycan
synthesis by human and rat glomerular cells. Pediatr Res 43:489—
495, 1998

INTERNATIONAL STUDY OF KIDNEY DISEASE IN CHILDREN: The pri-
mary nephrotic syndrome in children: Identification of patients
with minimal change nephrotic syndrome from initial response to
prednisone. J Pediatr 98:561-564, 1981

DELARUE F, VIRONE A, HAGEGE J, et al: Stable cell line of T-SV40
immortalized human glomerular visceral epithelial cells. Kidney
Int 40:906-912, 1991

STRIKER GE, KiLLEN PD, FARIN FM: Human glomerular cells in
vitro: Isolation and characterization. Transplant Proc 12:88-99,
1980

STRIKER GE, LANGE MA, MacKay K, ef al: Glomerular cells in
vitro. Adv Nephrol 16:169-186, 1987

ArpaiLLou R: Biology of glomerular cells in culture. Cell Biol
Toxicol 12:257-261, 1996

BoucHER A, Droz D, ADAFER E, ef al: Relationship between the
integrity of Bowman’s capsule and the composition of cellular
crescents in human crescentic glomerulonephritis. Lab Invest
56:526-533, 1987

MunbLos S, PELLETIER J, DARVEAU A, et al: Nuclear localization
of the protein encoded by the Wilms’ tumor gene W77 in embry-
onic and adult tissues. Development 119:1329-1341, 1993
ArpaILLoU N, N1vez MP, ArpaiLLoU R: Stimulation of cyclic GMP
synthesis in human cultured glomerular cells by atrial natriuretic
peptide. FEBS Lett 204:177-182, 1986

RAPRAEGER A, YEAMAN C: A quantitative solid-phase assay for
identifying radiolabeled glycosaminoglycans in crude cell extracts.
Anal Biochem 179:361-365, 1989

LinpDAHL U, BAcksTROM G, JANSSON L, et al: Biosynthesis of hepa-
rin. II. Formation of sulfamino groups. J Biol Chem 248:7234-7241,
1973

SHwORAK NW, SHIRAKAWA M, COLLIEC-JOUAULT S, et al: Pathway-
specific regulation of the synthesis of anticoagulantly active he-
paran sulfate. J Biol Chem 269:24941-24952, 1994

SHWORAK NW, SHIRAKAWA M, MULLIGAN RC, et al: Characteriza-

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Birmele et al: HS in nephrotic syndrome

tion of ryudocan gycosaminoglycan acceptor sites. J Biol Chem
269:21204-21214, 1994

LyoN M, GaLLAGHER JT: A general method for the detection and
mapping of submicrogram quantities of glycosaminoglycan oligo-
saccharides on polyacrylamide gels by sequential staining with
azure A and ammoniacal silver. Anal Biochem 185:63-70, 1990
NAPARSTEK Y, CoHEN IR, Fuks Z, et al: Activated T lymphocytes
produce a matrix-degrading heparan sulphate endoglycosidase.
Nature 310:241-244, 1984

GEeLLER RL, THRcKE NS, PratT JL: Release of endothelial cell-
associated heparan sulfate proteoglycan by activated T cells. Trans-
plantation 57:770-774, 1994

BAkkerR WW, vaN Luuk WHIJ, HENE RJ, et al: Loss of glomerular
polyanion in vitro induced by mononuclear blood cells from pa-
tients with minimal-change nephrotic syndrome. Am J Nephrol
6:107-111, 1986

KaNwAR YS, FARQUHAR MG: Isolation of glycosaminoglycans (he-
paran sulfate) from glomerular basement membranes. Proc Natl
Acad Sci USA 76:4493-4497, 1979

ParTHASARATHY N, SPiRO RG: Characterization of the glycosami-
noglycan component of the renal glomerular basement membrane
and its relationship to the peptide portion. J Biol Chem 256:507—
513, 1981

SaLaNT DJ: The structural biology of glomerular epithelial cells
in proteinuric diseases. Curr Opin Nephrol Hypertens 3:569-574,
1994

SEILER MW, VENKATACHALAM MA, CoTrRAN RS: Glomerular epi-
thelium: Structural alterations induced by polycations. Science
189:390-393, 1975

VEHASKARI VM, Root ER, GERMUTH FG, et al: Glomerular charge
and urinary protein excretion: Effects of systemic and intrarenal
polycation infusion in the rat. Kidney Int 22:127-135, 1982
GuaschH A, DEEN WM, Myers BD: Charge selectivity of the glo-
merular filtration barrier in healthy and nephrotic humans. J Clin
Invest 92:2274-2282, 1993

CARRIE BJ, SALYER WR, MyERs BD: Minimal change nephropathy:
An electrochemical disorder of the glomerular membrane. Am J
Med 70:262-268, 1981

WasHizawa K, Kasar S, Mori T, et al: Ultrastructural alteration
of glomerular anionic sites in nephrotic patients. Pediatr Nephrol
7:1-5, 1993

Goobpe NP, SHIRES M, Araricio SR, et al: Cationic colloidal gold.
A novel marker for the demonstration of glomerular polyanion
status in routine renal biopsies. Nephrol Dial Transplant 6:923-930,
1991

KANWAR YS, LINKER A, GIST FARQUHAR M: Increased permeability
of the glomerular basement membrane to ferritin after removal
of glycosaminoglycans (heparan sulfate) by enzyme digestion.
J Cell Biol 86:688-693, 1980

VERNIER RL, STEFFES MW, SissoN-Ross S, et al: Heparan sulfate
proteoglycan in the glomerular basement membrane in type 1
diabetes mellitus. Kidney Int 41:1070-1080, 1992

VAN DEN BoORrN J, vaN KraATS AA, BAKKER MA, et al: Selective
proteinuria in diabetic nephropathy in the rat is associated with
a relative decrease in glomerular basement membrane heparan
sulfate. Diabetologia 38:161-172, 1995

Raats CJI, BAKKER MAH, vAN DEN BorN J, et al: Hydroxyl radicals
depolymerize glomerular heparan sulfate in vitro and in experimen-
tal nephrotic syndrome. J Biol Chem 272:26734-26741, 1997

VAN DEN BORrN J, vAN DEN HEUVEL LPWJ, BAKKER MAH, et al: A
monoclonal antibody against GBM heparan sulfate induces an
acute selective proteinuria in rats. Kidney Int 41:115-123, 1992





