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ABSTRACT

Negative charge on erythrocytes and platelets (alcian-blue binding) was measured in
children with minimal change nephrotic syndrome (MCNS). The charge was significant-
ly less in children with MCNS in relapse than in those in complete remission and in
control children. The reduced charge did not show any significant correlation with
serum albumin concentration. These findings suggest that the reduced negative charge
on erythrocytes or platelets may be of some relevance to the pathogenesis of MCNS.
Key words: membrane negative charge, alcian-blue binding, erythrocytes, minimal change
nephrotic syndrome

INTRODUCTION

Nephrotic syndrome results from an increased permeability of the glomerular
basement membrane to albumin. Minimal change nephrotic syndrome (MCNS) is the
most common form in childhood, and is characterized by responsiveness to corticosteroid
therapy. Its cause still remains unclear, although several immunologic mechanisims
have been postulated. MCNS may be related to T-cell dysfunction in which humoral
factors, perhaps lymphokines, are produced to alter glomerular basement membrane
permeability!=?.

Recently it has been suggested that a decreased membrane negative charge of the
glomerulus might increase urinary albumin excretion and cause MCNS, since the glomer-
ulus functions not only as a size-selective filter, but also as a charge-selective filter which
restricts the passage of negatively charged macromolecules such as albumin®.

The negative charge on the surface of erythrocytes or platelets may reflect the
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charge on the glomerular capillaries. Levin et al. have already reported that the
negative charge on erythrocytes is decreased in children with MCNS. However, they did
not show any results based on nephrotic children in complete remission. In this study, we
therefore examined the negative charge on erythrocytes and platelets of children with
MCNS in both relapse and complete remission.

MATERIALS AND METHODS

Twelve children with steroid-responsive nephrotic syndrome, aged 6 to 17, and 21
age-matched normal children were studied. The nephrotic children were considered to
have minimal change lesions from the pattern of steroid response, although renal his-
tology was not undertaken in most children. Nine of the nephrotic children were in
relapse and three in complete remission.

The method of measurement of negative charge on erythrocytes and platelets is

Table 1 ALCIAN BLUE BINDING TECHNIQUE
Red Cells and platelet preparation
Take whole blood into sodium citrate.
Remove excess plasma by centrifuge at 3000 rpm for 10 minutes.
Wash packed red cells three times in pH 7.4 buffered saline.
Resuspend in saline and count, adjusting count to 1.2 X 10%*/1.
Platelets
Centrifuge at 140g for 10 minutes to prepare PRP (platelet rich plasma)
Aspirate plasma with plastic pipette.
Check count for red cell and white cell contamination.
Layer PRP onto metrizamide gradient (25% & 10%) and centrifuge at 3500 rpm for 12 minutes.
Remove PRP and metrizamide and carefully resuspend platelet layer in pH 7.4 buffer.
Count platelets and adjust count to 400 x 400 10°/1.
Alcian Blue Working Solution
0.5 ml 19 Alcian blue
0.25 ml 2M MgCl,
19.25 ml pH 7.4 buffered saline
Binding Assay
Take 0.5 m] of alcian blue working solution, add 0.5 ml of test suspension, mix well and incubate for
30 minutes at 37°C, Centrifuge at 3000 rpm for 10 minutes.
Blank control. 0.5 ml alcian blue + 0.5 ml pH 7.4 buffer. Read at 650 wavelength in spectro-
photometer using a water zero.
Amount of alcian blue bound = reading of blank control — reading of supernatant
Using the above method 1 m! of solution contains 125 ug of alcian blue.

shown in Table 1¥. The chemical test is based on the binding of the cationic dye
alcian-blue 8GX.

Results were expressed as mean + SD, and analyzed using unpaired t-tests. Simple
correlation coefficient was calculated between plasma albumin concentration and alcian
blue binding in nephrotic children in relapse.
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Fig. 1 Alcian blue binding to erythrocytes in normal children, minimal
change nephrotic children (MCN) in relapse, and minimal change ne-
phrotic children (MCN) in remission

RESULTS

The results of alcian blue binding to erythrocytes and platelets in the three groups
(normal children, nephrotic children in relapse and those in complete remission) are
shown in Figs. 1, 2. Alcian blue binding to erythrocytes and platelets was significantly
lower in nephrotic children in relapse than in normal control children. Nephrotic
children in complete remission showed higher alcian blue binding to erythrocytes and
platelets than those in relapse, however this did not reach a statistical significance
possibly because of the small numbers of subjects involved.
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Fig.2 Alcian blue binding to platelets in normal children, minimal
change nephrotic children (MCN) in relapse, and minimal change
nephrotic children (MCN) in remission
In nephrotic children in relapse, there was no significant correlation betweeen plasma
albumin concentration and the reduction in alcian-blue binding to erythocytes (Fig. 3) or
to platelets (r=0.1171, P>0.05).

DISCUSSION

The cause of MCNS remains unclear, although several immunologic mechanisms
have been postulated. T-cell dysfunctions have been reported to have some relevance to
the pathogenesis of MCNS!?, which produces lymphokines that alters glomerular
basement membrane permeability. This hypothesis comes from studies in which 50% of
extracts from cultured lymphocytes of patients with MCNS have shown to cause enhan-
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Fig. 3 Relationship between alcian blue binding to erythrocytes and
serum albumin concentration in minimal change nephrotic children (MCN)
in relapse

ced vascular permeability when injected subcutaneously into guinea pigs?. In addition,
normal blastogenesis of lymphocytes is inhibited by serum from patients with active
MCNS**®,  Sakai*® has reported the possibility that exogenously-administered
glucocorticoid may have an effect on lympocytes and induce remission in nephrotic
children. This hypothesis on T-cell dysfunction has still received much support from the
foregoing findings.

On the other hand, the glomerulus functions not only as a size-selective filter, but also
as a charge-selective filter. Negatively charged macromolecules are not permeable to
the glomerular capillary as compared with neutral or positively charged macromolecules
of the same effective molecular radius®>”. Recently, interest has turned to the possibility
that MCNS may be related to a specific loss of this charge-selective funcion of the
glomerulus®'®. The glomerular anionic sites have been reported to be reduced in
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MCNS!,  Vehaskari'? observed the following findings; an infusion of polycation neutral-
ized glomerular anionic sites, which was proved histochemically, and increased albumin
excretion.

Levin et al.® have developed an assay for measuring cell-surface negative charge
based on the binding of alcian-blue to anionic groups on the cell surface. They found a
reduced alcian-blue binding to erythrocytes and platelets of nephrotic children in relapse,
suggesting that there might be a generalized disorder of membrane negative charge in
MCNS.

Their method is simple enough to be undertaken in any laboratory, and its outline is
shown in Table 1. Using this method, we found a significant decrease in alcian-blue
binding to erythrocytes and platelets of nephrotic children in relapse as compared with
normal children, which confirmed the previous report by Levin et al.”. Levin et al. did
not examine nephrotic children in remission: however, we found no decrease of alcian-
blue binding in them. Boulton-Jones et al. reported a decreased value in nephrotic adults
in remission, although it did not reach a statistical significance’?.

The negative charge on erythrocytes is largely due to sialic acid residues'®.
However, Levin et al.” reported normal sialic acid content in the cell membrane of
erythrocytes in spite of the reduced alcian-blue binding in nephrotic children. These
findings suggest that a generalized loss of membrane negative charge occurs in MCNS
and that this is due to neutralization rather than the absence of anionic groups.

We did not examine T-cell dysfunction in this study. Elucidation of the relationship
between T-cell dysfunction and cell membrane negative charge was not our aim, but we
hope to investigate this at a future date.
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