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Abstract
Objectives To explore the expression of P-glycoprotein
(P-gp) in the peripheral blood nucleated cells (PBNCs) of
children with nephrotic syndrome in relation to their clinical
response to glucocorticoid treatment.
Methods Thirty-six children with nephrotic syndrome (20
cases of steroid-responsive and 16 cases of steroid-resistant)
were examined. All the participants were subjected to com-
plete history taking, thorough clinical examination, laboratory
investigations (24-h urinary protein, serum albumin, complete
blood count with differential white blood cell count, serum
cholesterol, serum urea, serum creatinine) and functional as-
say of P-gp using FACS Calibur flowcytometry. P-gp assay
was done in both groups during remission.
Results P-gp activity was significantly higher in steroid-resis-
tant than steroid-sensitive cases.
Conclusions P-gp can be used as a predictor of outcome, as a
part of laboratory evaluation of the cases before starting ste-
roid therapy, so as to determine whether to use alternative line
of therapy or use one of the P-gp inhibitors with steroid
therapy.

Keywords P-gp . Steroid-sensitive . Steroid-resistant .

Nephrotic syndrome

Introduction

Nephrotic syndrome (NS) is the most common kidney disease
in childhood. In about 90 % of cases it involves primary glo-
merulopathy while the remaining 10 % encompass secondary
glomerulopathies due to systemic, metabolic or infectious dis-
eases [1].

Immunemechanisms, rather than primary structural defects
of the filtration barrier, play a more prominent role in this
syndrome. Idiopathic NS is currently considered an
immune-mediated disease related to T-cell disorders. The
treatment of primary NS is based on administration of synthet-
ic glucocorticoids [1, 2].

However, not all patients respond positively to therapy
which divides them into steroid-sensitive (SS) and steroid-
resistant (SR) individuals. Many potential factors associated
with steroid resistance have been identified so far. It seems
that genetic factors associated with glucocorticoid receptor α
(GRα), the structure of heterocomplex of GR, mutation or
disruption of genes coding for several podocyte proteins as
well as glycoprotein P or cytochrome P450 may play a role in
the induction of glucocorticoid resistance [3, 4].

One of the most extensively studied gene is the so-called
multidrug resistance-1 (MDR-1) gene, which is characterized
by the over function of one 170 kDa P-glycoprotein (P-gp)
[5]. P-gp belongs to the ATP binding cassette super family of
transport proteins [6]. It is richly expressed in many tissues,
and, in the hemopoietic system, peripheral bloodmononuclear
cells, macrophages, natural killer, dendritic cells and T and B
lymphocytes all express P-glycoprotein at varying levels [7].

Studies found surface expression of P-gp on peripheral
lymphocytes in patients with systemic lupus erythematosus
(SLE) and a significant correlation between its expression
level and disease activity. The use of both P-gp antagonists
(e.g., cyclosporine) successfully reduces the efflux of
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corticosteroids (which are substrates of P-gp) from lympho-
cytes in vitro, suggesting that P-gp antagonists and P-gp syn-
thesis inhibitors could be used to overcome drug-resistance
in vivo and improve outcome [8].

Rhodamine 123 (Rho123) accumulations in peripheral
blood cells were used as a surrogate indicator to evaluate the
modulating effect of P-glycoprotein (P-gp) inhibitors in the
multidrug resistance (MDR) [9]. The aim of this study was
to explore the activity of P-gp in the peripheral blood mono-
nuclear cells (PBMNCs) of children with nephrotic syndrome
in relation to their clinical response to glucocorticoid
treatment.

Material and Methods

After approval of the local Institutional Ethical Committee of
Menoufia University Hospital and an informed written con-
sent obtained from the parents of the children, the cases were
recruited from the Pediatric nephrology clinic, Menoufia
University Hospitals from March 2014 through March 2015.

Cases diagnosed with NSwere included if they fulfilled the
following criteria; heavy proteinuria, hypoalbuminemia (se-
rum albumin <2.5 g/dl) and hyperlipidemia (serum cholesterol
>200 mg/dl) [10]. Those with nephropathy secondary to a
well identified cause were excluded. Remission of NS was
characterized by the disappearance of albuminuria for at least
3 consecutive days. Frequent relapsers were defined according
to the International Study of Kidney Disease in Children
(ISKDC) criteria (more than two relapses in the initial 6 mo
after presentation or more than four per year during follow-up)
[11]. Steroid dependency was defined according to the guide-
lines of the Arbeitsgemeinschaft für Pädiatrische Nephrologie
(at least two relapses during alternate day treatment with pred-
nisone or within 2 wk after cessation) [12].

All included cases were treated with the standard initial
therapy, consisting of daily administration of prednisone
60 mg/m2 body for 4 wk, followed by 40 mg/m2 given on
alternate days, followed by various taperings on alternate
days. Relapses were treated with prednisone 60mg/m2 admin-
istered daily until remission was achieved, followed by 40mg/
m2 on alternate days.

In steroid-dependent patients, maintenance alternate day
dosage of prednisone was instituted. The alternate dose was
gradually tapered to determine each patient’s individual
threshold at which relapse occurred.

In children with frequent relapses, steroid dependency or
serious side effect of steroids, alternative treatment was used;
Cyclophosphamide therapy was administered in an 8-wk
course.

Patients were classified according to their initial response
to steroids as steroid-sensitive (SS) or steroid-resistant (SR).
steroid-sensitive Bresponders^ NS patients were diagnosed if

they had; disappearance of proteinuria (negative to trace in a
urine for 3 consecutive days, or a urine protein/creatinine level
of <0.2) within the first 4 wk of full dose prednisone therapy.
While steroid non-responders Bresistant^ NS patients had ne-
phrotic range proteinuria >1000 mg/m2 per day, serum albu-
min level < 2.5 g/dl and were resistant to steroid therapy [11].
A diagnosis of primary steroid resistance was made if the
proteinuria persisted after 4 wk of daily prednisone therapy
in a dose of 60 mg/m2/d in the absence of any evidence of
underlying infection while secondary steroid resistance was
defined as no response to 4 wk of daily prednisone therapy
at a dose of 60 mg/m2/d in a child previously known to have a
steroid-sensitive course [13].

The cases were divided into two groups according to their
response to steroid therapy: Group I: Twenty cases of steroid-
sensitive nephrotic syndrome and Group II: Sixteen cases of
steroid-resistant nephrotic syndrome (steroid non-responders).

All of the patients were subjected to complete history tak-
ing, thorough clinical examination, routine investigations (24-
h urinary protein, serum albumin, complete blood count with
differential white blood cell count, serum cholesterol, serum
urea, and serum creatinine).

Functional assay of P-gp was done using FACS Calibur
flowcytometry (BD, USA). In both groups during disease re-
mission, the activity of p-gp was assayed by measuring Rh-
123 fluorescence at time zero (without further incubation of
cells with the dye), after 10 min incubation with the dye, after
10 min incubation of the dye in the presence of cyclosporine
as P-gp inhibitor at conc. of 5 mg/ml and after 10 min incu-
bation of the dye in the presence of cyclosporine at conc. of 10
mg/ml.

Reagents used were Rhodamine 123 (ICN Biomedicals
Inc. USA): First dissolved in DW for preparation of stock at
5 μg/ml, Before use, Rh-123 was diluted at 1/250 (20 μl from
the stock solution in 5 ml DW); Cyclosporine (Novartis,
Neoral): 50 mg/ml in DW was prepared as stock solution, 2
μl of stock solution diluted with 8 μl (1:5) and 18 μl (1:10)
DW were used as a working solution and Ficoll-Hypaque
(Sigma Diagnostics – USA) for separation of pbmncs.

PBMNCswere isolated from the fresh blood using a Ficoll-
Hypaque density gradient centrifugation. After one wash with
phosphate buffer saline (PBS), fresh mononuclear cells were
adjusted at 2 × 106 cells /ml in PBS. Three hundred μl of cell
suspension were distributed in 5 test tubes: Tube 1- to evaluate
cell autofluorescence, Tube 2- to evaluate Rh-123 uptake at
time zero, Tube 3- to evaluate Rh-123 uptake after 10 min
incubation, Tube 4- to evaluate Rh-123 uptake after 10 min
incubation after preincubating cells with cyclosporine at conc.
of 5 mg/ml for 5 min, Tube 5- to evaluate Rh-123 uptake after
10 min incubation after preincubating cells with cyclosporine
at conc. of 5 mg/ml for 5 min, Ten μl of PBS were added in
tube 1. In tube 4 and 5, cyclosporine was added at conc. of 5
and 10 mg/dl respectively. Then 25 μl of Rh-123 working
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solution were added in tube 2,3,4 and 5, Rh-123 uptake was
measured immediately in tube 2, after 10 min in tubes 3, 4 and
5 on green fluorescence detector (FL1). Data acquisition and
data analysis were performed with cell Quest software (BD,
USA). Mean fluorescence of Rh-123 are evaluated for each
cell preparation, after acquisition of 10,000 viable cells.

Data were expressed as mean ± SD. The results were com-
puted statistically (SPSS for Windows, version 14.0; SPSS
Inc., Chicago, Illinois, USA). The paired student t test was
used to compare steroid-sensitive and steroid-resistant cases.
P value <0.05 and <0.001 were considered statistically signif-
icant and highly significant respectively.

Results

Among the 20 cases of steroid-sensitive nephrotic syndrome,
12 were girls and 8 were boys, with a mean age of 7.02 ± 3.38
y. Among the 16 cases of steroid-resistant nephrotic syn-
drome, 9 were girls and 7 were boys with a mean age of
6.98 ± 3.70 y (steroid non-responders); 10 of them showed
primary resistance and 6 had secondary resistance.

Table 1 shows the baseline lab investigations (at initial
diagnosis) between the studied groups.

At time zero incubation of cells with Rh-123, there was no
statistically significant difference among the studied groups
with regard to P-gp activity BRh-123 uptake^.

After 10 min incubation with Rh-123, the Rh-123 fluores-
cence (and as a result of P-gp efflux) in steroid-resistant cases
was lower than its level before incubation (time zero). On the
other hand, Rh-123 after 10 min incubation was statistically
higher in steroid-responders than at time zero.

Also after 10 min incubation, Rh-123 fluorescence was
lower in steroid-resistant cases than in steroid-responders.

On pre-incubation with cyclosporine 5 mg/ml, the Rh-123
uptake after 10 min incubation with cells increased in steroid-
resistant cases significantly in comparison to its uptake in
absence of cyclosporine. Increasing the concentration of cy-
closporine resulted in increasing Rh-123 uptake in steroid-
resistant cases (by blocking P-gp activity).

This effect of cyclosporine was not noted in steroid-sensi-
tive cases i.e., pre-incubation of cells with cyclosporine did
not increase Rh-123 uptake in steroid-responder cases.

At cyclosporine concentration of 10 mg/ml, there were no
differences in Rh-123 uptake between steroid-responders and
steroid-resistant cases (Table 2).

Discussion

Glucocorticoids are still the mainstay of therapy for nephrotic
syndrome (NS) in children. Poor response to glucocorticoids
may relate, in part, to the overexpression of P-glycoprotein (P-
gp) [14]. Glycoprotein P is a transmembrane protein coded by
the MDR1 gene located on chromosome 7q21; P-gp acts as a
transporter responsible for cellular efflux of drugs and toxins
with a molecular weight between 300 and 2000 Da, among
which are included xenobiotics or drugs such as vinca alka-
loids, verapamil or corticosteroids, among others [15].

P-gp is extensively expressed in various tissues including
the blood-brain barrier, liver, kidney, intestines, and lympho-
cytes in peripheral blood [16].

In the present study, P-gp activity was found to be signifi-
cantly higher in steroid-resistant cases than steroid-sensitive
cases. This was shown bymeasuring Rh-123 (a substrate of P-
gp) intensity in PMNCs. This effect can be abolished by pre-
incubating cells with cyclosporine as a P-gp inhibitor.

This is in agreement with Wasilewska et al. [17] who stud-
ied the expression of peripheral lymphocytes (CD3) P-
glycoprotein (P-gp) in children with steroid-dependent ne-
phrotic syndrome (SDNS) during cyclosporine A (CyA) and
ACE-inhibitor (ACE-I) treatment and revealed that, CyA +
ACE-I in SDNS inhibits the expression of P-gp. CyA is an
alternative therapy that may lead to the optimization of gluco-
corticoid (GC) doses, thus, reducing the risk that is associated
with the treatment [18]. In an another study, Wasilewska et al.
studied the expression of P-glycoprotein (P-gp) in CD3 lym-
phocytes of children with nephrotic syndrome (NS) in relation
to their clinical response to glucocorticoid (GC) treatment and
concluded that BWorse^ response to GC or dependency may
be due to overexpression of P-gp [14].

Table 1 Comparison of baseline
lab investigations between the
studied groups

Parameter Group I

(Steroid-sensitive)

Mean ± SD

Group II

(Steroid-resistant)

Mean ± SD

P value

Serum creatinine (mg/dl) 0.62 ± 0.12 0.53 ± 0.15 > 0.05

BUN (mg/dl) 15.57 ± 4.58 13.59 ± 3.5 > 0.05

Serum albumin (g/dl) 2.40 ± 0.39 2.29 ± 0.27 > 0.05

24-h proteinuria (mg/m2/h) 76.47 ± 23.39 68.01 ± 23.51 > 0.05

P/C ratio 3.38 ± 0.93 3.07 ± 0.81 > 0.05

P/C Protein/creatinine ratio; BUN Blood urea nitrogen
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Likewise, Prasad et al. [19] found overexpression of P-gp
on lymphocytes duringNS relapses. This overexpression of P-
gp on lymphocytes might lead to the exclusion of corticoste-
roids from lymphocytes, resulting in steroid resistance in pa-
tients with highly active SLE as reported by Tsujimura et al.
[20]. Reduction of P-gp expression achieved by intensive
immunosuppressive treatment overcame the steroid re-
sistance [20].

Türkmen et al. [16] investigated the relationship between
renal P-glycoprotein (rP-gp) expression and response to corti-
costeroid therapy in childhood NS. They suggested that glo-
merular P-gp expression is increased in frequently relapsing,
steroid-dependent or steroid-resistant childhood NS.

Inter-individual and intra-individual variability in response
to exogenous GC may be partially due to differences in the
activity of factors responsible for its systemic bioavailability,
tissue distribution and elimination. It is becoming increasingly
evident that genetic polymorphisms in the genes for mem-
brane transporters (e.g., P-gp) and metabolizing enzymes
may determine the outcome of drug therapies [21].

Funaki et al. [18] studied 14 patients with SSNS andMDR1
mRNA gene expression of peripheral blood nucleated cells
(PBNC), before and after CR using real-time PCR. They
found thatMDR1 gene expression was high in the first attack
or in relapse compared with those in remission. This may
explain why patients in the first attack or in relapse require
higher doses of corticosteroids than in remission to obtain the
same drug action.

Similarly, Youssef et al. [22] found a significant increase
MDR1 gene in the patients with steroid-resistant than steroid-
sensitive ones. SeveralMDR-1 gene polymorphisms were in-
vestigated. Jafar et al. [23] studied MDR-1 gene polymor-
phisms in 137 patients with SSNS, and 79 with SRNS and
they found that patients with NS carrying homozygous mu-
tants of single nucleotide polymorphism (SNP) G2677T/A are
prone to develop SRNS.

In a Slovak study, Cizmarikova et al. [24] suggested that
prednisone therapeutic response may be influenced by histol-
ogy, age at the onset of INS, andMDR1 3435T > C polymor-
phism. Likewise, in Egypt, Youssef et al. [25] suggested that
MDR1 C3435T or G2677T/A gene polymorphisms are risk
factors for increased susceptibility, earlier onset of NS, and
steroid resistance.

Conclusions

P-gp can be used as a predictor of outcome, as a part of case
evaluation before starting therapy, so as to determine
whether to use alternative line of therapy or use P-gp
inhibitors with steroid.
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