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Impaired immunoglobulin G production in minimal
change nephrotic syndrome in adults
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SUMMARY

Serum IgG, T and B cell subsets, cytoplasmic IgG positive cells (cBy) and IgG in the
medium (cIgG) of a 5 day culture of peripheral lymphocytes in both stimulated and non-
stimulated (spontaneous) conditions with pokeweed mitogen (PWM) were studied in 30
adult patients with minimal change nephrotic syndrome (MCNS). In the nephrotic phase
(11 patients), surface IgG positive B cells (sBy) and spontaneous cBy increased (P < 0-05),
whereas PWM-stimulated cIgG did not increase, and serum IgG decreased significantly
(P <0-05). The cBy/sBy ratio calculated as an index of IgG synthesis in B cells increased
spontaneously (P <0-05), but did not increase under PWM-stimulation. The cIgG/cBy
ratio as an index of IgG secretion from each matured B cell, reduced in both spontaneous
and stimulated conditions (P <0-05, P<0-01, respectively). In the phase of unstable
remission maintained by steroid therapy (10 patients), these parameters tended to
normalize and the OKT4/OKT8 ratio decreased (P <0-05), while the ratio remained
unchanged in the nephrotic phase. However, after discontinuation of steroid (nine
patients), spontaneous cBy and the spontaneous cBy/sBy ratio were again increased, and
the cIgG/cBy ratio decreased (P < 0-05) as observed in the nephrotic phase. These results
suggest that B cells in patients with MCNS both in the nephrotic state and stable remission
after discontinuation of steroid are activated spontaneously, but the secretory process of
IgG from the matured cells is impaired, and that steroid improves these abnormalities.
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INTRODUCTION

As the causes of a marked decrease in serum immunoglobulin (Ig) G during the nephrotic phase of
minimal change nephrotic syndrome (MCNS), impaired differentiation of B cells from IgM-
producing to IgG-producing cells and the loss of serum IgG into urine have been reported
(Giangiacomo et al., 1975). However, as reported previously by Dall’Aglio et al. (1984) and from
our laboratory (Tani et al., 1982; Yokoyama et al., 1985), both surface IgM-positive and IgG-
positive B cells were increased in the peripheral blood. In addition, Beale et al. (1983) pointed out an
increased production of IgG, IgA and IgM in the culture of mononuclear cells isolated from
peripheral blood of nephrotic patients with MCNS. However, in the nephrotic phase, asymmetric
depression of the serum level in IgG subclasses (Shakib et al., 1977), low serum IgG levels even after
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a fairly long period of remission and low response of cultured lymphocytes to stimulation by
pokeweed mitogen (PWM) were reported (Heslen ez al., 1982; Herrod et al., 1983), indicating the
presence of impaired IgG production.

In this study, we investigated the processes of differentiation, maturation and IgG secretion of B
cells in an attempt to clarify the characteristics of the altered IgG-producing system in MCNS and
the effects of corticosteroids on the alterations.

MATERIALS AND METHODS

Patients. Thirty patients with histologically proven MCNS, 19 males and 11 females, ages
ranging from 16 to 65 with a mean of 26 years, were studied. Histological diagnosis was confirmed
based on light and immunofluorescence microscopic observations. Ten healthy males, ages ranging
from 24 to 34 with a mean of 27 years, served as the controls.

Clinical definition. Clinical conditions were classified into the following three categories: (1)
nephrotic syndrome: condition with daily urinary protein excretion of more than 3-5 g and serum
albumin less than 30 mg/ml; (2) unstable remission: disappearance of urinary protein and
normalization of serum albumin level, while requiring steroid therapy for maintaining remission;
(3) stable remission: remission lasting for 6 months or longer after discontinuation of steroid
therapy. Examinations during the nephrotic phase were carried out before institution of the
following steroid therapy.

Treatment. The patients were treated with prednisolone in a daily dose of 40 mg (0-6—1-0 mg/kg/
day) for 4 to 8 weeks, followed by gradual tapering to a maintenance dose of 10-20 mg a day or
every other day in accordance with clinical improvement. Immunosuppressive drugs were not
prescribed.

Cell separation. Mononuclear cells were isolated from heparin-treated peripheral venous blood
by Ficoll-Paque (Pharmacia) gradient centrifugation (400 g, 30 min), and were freed of erythrocytes
with 10 mM Tris—0-83% ammonium chloride buffer (pH 7-65). The cells were washed five times with
RPMI 1640 medium (Gibco), and adjusted to 5 x 10¢ cells/ml. Preparations were more than 95%
viable by the 0-25% trypan blue exclusion test.

T cell subsets. These were identified by indirect immunofluorescence technique using
monoclonal antibodies OKT3, OKT4 and OKT8 (peripheral T; T3, inducer/helper; T4 and
suppressor/cytotoxic; T8, Ortho; Reinherz et al., 1979a, b; 1980). It was performed as previously
described, and the percentage of positive cells was recorded (Yokoyama et al., 1985).

B cell subsets. Surface Ig positive cells identified by the direct immunofluorescence technique
using FITC-conjugated anti-human IgG + IgA +IgM (sB), IgM (u-chain; sBu) and IgG (y-chain;
sBy) rabbit IgG/F(ab’), antibody (Behringwerke) were regarded as B cells. The false positivity due
to cells bearing Fc receptors was eliminated by a treatment with acetate-buffered saline (pH 4-0) for
1 min (Kumagai et al., 1975).

Cell culture. The final culture medium consisted of RPMI 1640 supplemented with 20% heat-
inactivated fetal bovine serum, 50 IU/ml penicillin, 50 ug/ml streptomycin, 250 ug/ml amphoteri-
cin-B and 2 mM L-glutamine (Gibco). The cells prepared as above were cultured in this medium with
PWM (10 pug/ml, Gibco; stimulated) and without (spontaneous) at a concentration of 5 x 105/mlin
duplicate in the lymphocyte culture tube (Nunclon No341113, Nunc) at a final volume of 1 mlfor §
days at 37°C in a humidified atmosphere of 5% CO; in air. In preliminary studies the cytoplasmic
IgG positive cells in both the normal and MCNS patients reached a maximum level on the 5th day,
and the IgG secretion at the 7th day. Cell viability at the end of the culture was at least 80%.

Cytoplasmic Ig positive cells (cBy). The harvested cells were washed twice with 10 mm PBS (pH
7-4) after being counted in a haemocytometer, and then smeared on the non-fluorescent glass slide
using a cytocentrifuge. The smear was dried, and fixed with ethanol supplemented with 5% glacial
acetic acid at —20°C for 20 min, rehydrated in cold PBS, and stained with FITC-conjugated anti-
human IgG (y-chain) rabbit serum (Behringwerke). The absolute numbers of cytoplasmic
fluorescence-positive cells (cBy) were calculated in each tube (Kearney & Lawton, 1975).
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Table 1. T and B lymphocyte subsets in minimal change nephrotic syndrome

Control  Nephrotic phase Unstable remission Stable remission

(n=10) (n=11) (n=10) n=9)
T3 (%) 67-4+1-7 64-4+2-1 60-342-3** 659+1-6
T4 (%) 41-6+ 17 40-2+24 33-04 1-6%** 41-3+12
T8 (%) 246115 23-6+2-4 26:0+1-6 219+1-5
T4/T8 ratio 1-75+0-13 1-934+0-28 1-35+0-16* 1-9640-15
sB (%) 10:6+0-6 1804 1-8*** 132422 1240412
sBu (%) 42405 59+4+0-9* 42405 34406
sBy (%) 3-8+06 T141-1% 5-84+0-6* 43405

* P<0-05; ** P<0-01; *** P <0-005, comparisons between the controls and each clinical
phase, mean +s.e.m.

T3, T4 and T8: OKT3, OKT4 and OKTS8 positive T lymphocyte subsets, respectively.
sB, sBu and sBy: total B lymphocyte, surface IgM, and IgG positive B lymphocyte subsets,
respectively.

IgG concentration in the supernatant (cIgG). The cell-free supernatant, stored at —70°C, was
analysed by solid-state quantitative immunofluorescence assay (Immuno-Fluor IgG, Bio-Rad)
using a microplate fluorometer (MTP22-F, Corona Electric Co.). The minimum level of detection
was 50 ng/ml. Pre-culture concentration of IgG in the supernatant of the cell suspension was below
the range of measurement.

Serum IgG. This was measured with a laser nephelometer (Behringwerke).

Statistical significance was determined by Student’s z-test.

RESULTS

T and B cell subsets. In the nephrotic phase, T cell subsets did not differ from those of the
controls, but during unstable remission on steroid therapy both T3 and T4 were decreased

Table 2. Immunoglobulin G synthesis in minimal change nephrotic syndrome

Control  Nephrotic phase Unstable remission Stable remission
PWM  (n=10) (n=11) (n=10) n=9)

cBy (-) 3-:05+043  558+0-77** 2:67+0-48 4-431+0-64*

vsH** vs NS sk vs*
cBy (+) 6:57+0-84  6:70+1-03 5-91+0-78 6:30+0-84
clgG () 161 +32 170 +42 146 +32 112425

vs* vs NS vs* vs¥E*
clgG  (+) 415+102 193 +47* 264 +73 246 +75
serum IgG 1325480 506 +97*** 1140+ 79 1310+ 101
(mg/dl)

Comparisons were carried out between the controls and each clinical phase, and
between PWM (—) and PWM (+) group as shown in ‘vs’.

* P<0-05; ** P<0-01; *** P<0-005; NS, not significant; mean +s.e.m.

PWM (+) or (—): culture with or without pokeweed mitogen.

cBy, cytoplasmic Ig positive cells ( x 103/well).

clgG, supernatant IgG after 5 day culture (ng/ml).
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Table 3. B lymphocyte transformation and IgG secretion in minimal change nephrotic syndrome

Control  Nephrotic phase Unstable remission Stable remission

PWM (n=10) (n=11) (n=10) (n=9)

cBy/sBy (—) 152+1-7 22:943-9* 894 1-7** 21-04+2-6*

vk vs NS vsh** vs*
cBy/sBy  (+) 37036 24-6+5-5* 19:942:9%** 30-2+3-0
clgG/cBy () 62:0+16:1 26:9+7-4* 50-6+8-4 264449

vs NS vs NS vs NS vs NS
clgG/cBy (+) 60-3+13-1 22:443-8*%* 47-3+17-8 24-6+57*
clgG/sBy (-) 87+13 6:5+17 5441-0* 5241-5*%

vs** vs NS vs* vs*
clgG/sBy (+) 20:9+44 684 1-9%** 77+ 1-6%* 10-6+3-6*

Comparisons were carried out between the controls and each clinical phase, and
between PWM(—) and PWM(+) group as shown in ‘vs’.

* P<0:05; ** P<0-01; *** P<0-005; NS, not significant; mean +s.e.m.

PWM (+) or (—): culture with or without pokeweed mitogen.

cBy/sBy, %; clgG/cBy, pg/cell; clgG/sBy, pg/cell.

significantly (P <0-01) and T8 tended to increase, leading to a significant reduction of the T4/T8
ratio (P < 0-05, Table 1). However, in stable remission, the values again returned to the range of the
controls. By contrast, sB, sBu and sBy were increased significantly in the nephrotic phase (P <0-005,
P <0-05 and P<0-01, respectively), and gradually returned to normal ranges according to clinical
remission. Steroid therapy produced no apparent change.

Cytoplasmic IgG positive cells. cBy was increased spontaneously in both the nephrotic phase and
the phase of stable remission, but tended to decrease during unstable remission on steroid therapy
(Table 2). PWM stimulation increased cBy significantly in the unstable and stable remissions to the
level of the controls, but in the nephrotic phase cBy was already increased spontaneously to the
comparable level of the controls with no further increase by the stimulation.

IgG concentration in the supernatant. The spontaneous cIgG level in each phase was comparable
to that of the controls. PWM stimulation increased the level in the stable and unstable remissions,
but the increments were apparently small compared to those of the controls, and in the nephrotic
phase cIgG was not changed (Table 2).

Serum IgG. The serum IgG level was markedly low in the nephrotic phase compared to that of
the controls, but returned to the range of the controls according to clinical remission (Table 2).

Maturation and IgG secretion of B cells. See Table 3. The rate of B cell maturation from sBy to
cBy was estimated from the cBy/sBy ratio in each tube. The ratio was spontaneously increased in the
nephrotic phase and the phase of stable remission, but was markedly decreased in the unstable
remission put on the steroid therapy. PWM stimulation increased the ratio apparently in the
unstable and stable remissions, but the ratio was lower compared to that of the controls. In the
nephrotic phase, it was not changed by the stimulation.

The cIgG/cBy ratio of each cultured tube was calculated as an index of IgG secretion from
individual cBy. It was apparently decreased in both the nephrotic phase and the phase of stable
remission, but was comparable to the controls in the unstable remission. PWM stimulation did not
affect the ratio in any phase of the disease or in the controls.

IgG production by individual sBy estimated using the cIgG/sBy ratio was decreased or tended to
decrease in each disease phase without stimulation. Furthermore, the ratio was not affected by the
PWM stimulation in the nephrotic phase, but was increased in the both unstable and stable
remisson.

DISCUSSION

Although loss of IgG into urine was considered to be a primary cause of decrease in serum IgG in the
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nephrotic phase of MCNS, the decrease was reported to reflect underlying abnormalities of
humoral immunity, which were indicated by low serum IgG levels even during remission or the
impaired responsiveness of IgG production in vitro to PWM-stimulation (Giangiacomo et al., 1975;
Heslen et al., 1982; Herrod et al., 1983). However, contradictory results have also been reported, in
which in vivo production of immunoglobulins, especially IgG production, was either normal or
increased (Andersen ez al., 1968; Gitilin, Janeway & Farr, 1956) and spontaneous IgG production in
vitro was also increased (Beale ef al., 1983).

In order to explain these apparently discrepant results, surface IgG and cytoplasmic IgG
positive B cells and IgG secretion in each cultured tube were analysed. As for the process of
differentiation in B cells, both sBu and sBy were increased in the nephrotic phase as reported earlier
from our laboratory (Yokoyama et al., 1985). These data as well as the similar observation by
Dall’Aglio ez al. (1984) indicate that B cells have already differentiated from IgM-producing to IgG-
producing cells, although Giangiacomo et al. (1975) had reported impairment of the process in the
nephrotic phase.

Additional increases in spontaneous cBy and the cBy/sBy ratio indicate that the B cell
maturation from sBy to cBy was accelerated and the cells have already undergone stimulation in
vivo. Thus, the PWM-stimulation did not induce a further increase of cBy and cBy/sBy ratio in the
nephrotic phase. On the contrary, no increase in cIgG and reduction of the cIgG/cBy ratio indicate
an impairment of IgG secretion by cBy during the nephrotic phase. In addition, the cIgG level under
PWDM-stimulation was significantly lower compared to that of the controls, and PWM-stimulation
did not affect IgG secretion from individual cBy. Beale et al. (1983) also reported that PWM
stimulation failed to increase or suppressed immunoglobulin secretion of mononuclear cells from
MCNS patients in relapse. Similar impairments were also observed in the phase of stable remission
in this study, suggesting that spontaneous accelerations of B cell maturation as well as impaired IgG
secretion may be fundamental alterations in this disease.

In patients who achieved unstable remission during the steroid therapy, the cBy/sBy ratio was
notably decreased, but the cIgG/CBy ratio was improved, indicating that the steroid therapy
suppresses B cell maturation from sBy to cBy in one hand, but improves IgG secretion in the other.
In these patients, both T3 and T4 decreased, and T8 increased with a consequent decrease in the T4/
T8 ratio as reported previously in adults by us and in children by Feehally ez al. (1984) and
Yokoyama et al. (1985). These changes of T cell subsets suggest that the alterations of B cell
maturation and IgG secretion in MCNS might be attributed to the regulatory functions of T cells,
mediated by T cell-replacing factors such as B cell specific growth factors and B cell differentiation
factors (Melchers & Andersson, 1986).

In summary, it has become evident that, as the fundamental changes of IgG synthesis in MCNS,
B cells are activated spontaneously, but the secretory process of IgG from them is impaired, and
that the IgG-producing system as a whole is not capable of compensating for the loss of IgG in urine
in the nephrotic phase.

It is also suggested that steroid therapy induces both the inhibition of B cell maturation in
association with reduction of the T4/T8 ratio and the recovery of IgG secreting ability in MCNS.
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