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Summary

 

Concanavarin-A (conA)-stimulated peripheral blood mononuclear cells
(PBMNC) from patients with idiopathic nephrotic syndrome (INS) produce
putative factors that increase vascular permeability. These factors are
expressed in the nephrotic phase but are reduced in the convalescent phase.
To identify the genes that are expressed only in the nephrotic phase, we
performed cDNA subtraction using conA-stimulated PBMNC from three
patients with INS. We isolated several gene transcripts in all three subtracted
cDNA libraries. Among these genes, IgE-dependent histamine-releasing fac-
tor (HRF) was overexpressed in the nephrotic phase not only at the mRNA
level but also at the protein level in another 10 patients with INS. Moreover,
we found increased secretion of HRF from conA-stimulated PBMNC in the
nephrotic phase. The results suggest that HRF is involved in the pathogenesis
of idiopathic nephrotic syndrome.
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Introduction

 

Idiopathic nephrotic syndrome (INS), also known as mini-
mal change nephrotic syndrome, is the most common cause
of childhood nephrotic syndrome and is characterized by
massive proteinuria due to increased permeability of the
glomerulus [1,2]. Although the aetiology of the disease is
unknown [3], several lines of evidence have suggested that
putative circulating factors produced by peripheral blood
mononuclear cells (PBMNC) play a role in the increased
glomerular permeability [4–7]. In adult patients with mini-
mal change nephrotic syndrome, some gene transcripts spe-
cifically expressed on PBMNC in nephrotic patients have
been identified using molecular biological methods [8,9].
However, the nature of these molecules does not agree with
that of the putative permeability factor in INS. In addition,
there have been no reports about identification of the per-
meability factors in children with INS using these methods.

It is well known that concanavalin-A (conA)-stimulated
PBMNC of children with INS produce humoral factors that
enhance vascular permeability [10,11]. These factors are
expressed in the nephrotic phase but are reduced after dis-
appearance of proteinuria. Based on this phenomenon, we
tried to identify gene transcripts that are expressed in the
nephrotic phase but not in the convalescent phase by using a

polymerase chain reaction (PCR)-assisted cDNA subtrac-
tion method. The expansion of PBMNC by conA and ampli-
fication of differentially expressed genes by PCR resolved the
problem of the small amounts of blood that can be obtained
from child donors.

 

Materials and methods

 

Patients

 

Heparinized blood was obtained from 10 patients with INS
who fulfilled the criteria of the International Study of Kidney
Disease in Children (ISKDC) [12,13]. The patients included
two females and eight males, and the average age of the
patients at onset of the disease was 6·2 

 

±

 

 4·3 years. Compli-
cation of allergic disorders (medically diagnosed bronchial
asthma, allergic rhinitis, allergic conjunctivitis and hay fever)
was observed in five patients. High levels of serum IgE (more
than 200 IU/ml) were also observed in five patients. The IgE
levels were decreased after the disappearance of proteinuria
in all patients. Three patients with high IgE levels at onset
showed normal levels (

 

< 

 

200 IU/ml) after the disappearance
of proteinuria. Blood samples were obtained from the
patients in the nephrotic phase before administration of
prednisone and in the convalescent phase after cessation of
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steroid therapy. Four healthy male volunteers and four
patients with bronchial asthma who showed increased levels
of serum IgE were used as controls. The mean age of the
controls was 6·0 

 

±

 

 1·2 years. Informed written consent was
obtained from parents of all subjects. This study was
approved by the local ethics committee.

 

Cell culture

 

PBMNC were separated by Ficoll-Hypaque gradient cen-
trifugation. Two106 PBMNC were cultured at 37 

 

∞

 

C in 5%
CO

 

2

 

 in RPMI1640 medium supplemented with 10% heat-
inactivated calf serum with or without 10 

 

m

 

g/ml conA
(Sigma, St Louis, Mo, USA) for 48 h. Cultured supernatants
were stored in small aliquots at 

 

-

 

80 

 

∞

 

C until use.

 

Cloning of nephrotic phase-specific transcripts

 

Total RNA was extracted from the cultured cells using Isogen
(Nippon gene, Tokyo, Japan), and poly(A)

 

+

 

 RNA was iso-
lated from the total RNA using an Oligotex-dT30 Super
mRNA purification kit (Takara, Tokyo, Japan). To obtain
cDNA clones that were expressed only in the nephrotic
phase, cDNA subtraction was performed using a PCR-Select
cDNA Subtraction Kit (Clonteck, Palo Alto, CA, USA) [14].
The differentially expressed transcripts were subcloned into
pGEM-T easy vector (Promega, WI, USA), and the nucle-
otide sequences were determined using a BigDye Terminator
Cycle Sequencing kit (PE Applied Biosystems, Foster City,
CA, USA). Fifty clones from each subtraction cDNA library
were randomly selected and sequenced. As a control experi-
ment, subtraction cloning was performed using pooled
cDNA samples of conA-stimulated PBMNC obtained from
four patients with atopic asthma and samples from four
healthy controls.

 

DNA analysis

 

The nucleotide sequences of the subtracted clones were anal-
ysed by the computer software program GENETYX-Mac
(Software Development Co., Tokyo, Japan) using the data-
bases DDBJ (DNA Data Bank in Japan), EMBL (European
Molecular Biology Laboratory) and GenBank (National
Centre Biology Laboratory). Sequence homology searches
were conducted using FASTA and BLAST (basic local align-
ment search tool) packages on DDBJ.

 

Reverse transcription PCR

 

PCR was performed to amplify cDNA for HRF and 

 

b

 

-actin
using the following primer pairs: 5

 

¢

 

-CATGATTATCTAC
CGGGAC-3

 

¢

 

 and 5

 

¢

 

-TTAACATTTTTCCATTTCTA-3

 

¢

 

 for
HRF [15], and 5

 

¢

 

-CGTGACATCAAAGAGAAGCTG-3

 

¢

 

 and
5

 

¢

 

-GCTCAGGAGGAGCAATGATCT-3

 

¢

 

 for 

 

b

 

-actin.

 

Preparation of recombinant HRF

 

The following primer pairs were used to amplify the HRF
cDNA: 5

 

¢

 

 primer, 5

 

¢

 

-AAAAGGATCCATGATTATCTACCGG
GAC-3

 

¢

 

; 3

 

¢

 

 primer, 5

 

¢

 

-AAAAGAATTCTTAACATTTTTC
CATTTCTA-3

 

¢

 

. The resultant PCR product was digested
with restriction enzymes Bam HI and EcoRI. The restricted
PCR product was cloned into pGEX-4T-2 vector (Amersham
Bioscinece  Co.,  Piscataway,  NJ,  USA)  and  transfected
into JM109 competent cells (Promega). Recombinant
glutathione S-transferase (GST) fusion protein was cleaved
with thrombin, and purification of recombinant HRF was
performed using GST Purification Systems (Amersham).

 

Western blot analysis

 

The cultured cells were washed twice with phosphate-
buffered saline (PBS) and 1 

 

¥

 

 10

 

6

 

 cells were lysed in NP-40
lysis buffer consisting of 0·5% NP-40, 1% aprotinin,
1 mmol/l diisopropyl fluorophosphate, 5 mmol/l iodoaceta-
mide and 1 mmol/l phenylmethane sulphonyl fluoride. After
quantification of protein by the bicinchoninic acid assay
(Sigma), the cell lysates (50 

 

m

 

g/lane) and the culture super-
natants (40 

 

m

 

g/lane) were analysed by 15% sodium dodecyl
sulphate-polyacrylamide gel electrophoresis (SDS-PAGE)
and separated proteins were transferred to polyvinylidene
difluoride (PDVF) membranes (Amersham). The blots were
incubated with an affinity-purified anti-HRF antibody gen-
erated in a rabbit and then visualized using an ECL system
(Amersham) according to the manufacturer’s instructions.
In the case of the cell lysates, 

 

b

 

-actin in the samples was also
detected using a rabbit antibody to 

 

b

 

-actin (Funakoshi,
Tokyo, Japan). The amount of HRF was semiquantified by
scanning densitometry and was expressed as a relative value
to the fixed amount of recombinant HRF or levels of 

 

b

 

-actin
blots.

 

Statistical analysis

 

Wilcoxon’s signed rank test was used to compare the levels of
HRF in paired samples. Wilcoxon’s rank sum test was used
for unpaired comparisons. All tests were accepted as statisti-
cally significant if 

 

P

 

 

 

<

 

 0·05.

 

Results

 

Identification of nephrotic phase-specific genes

 

A sensitive PCR-based subtraction method was used to
isolate gene transcripts expressed only in the nephrotic
phase. We analysed three independent subtraction libraries
obtained from three patients, considering the individual dif-
ferences among patients. Fifty clones from each subtraction
library were randomly selected and sequenced. Six kinds of
gene transcripts were repeatedly obtained from all three
libraries (Table 1). These transcripts were found to encode
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HRF (12 clones), thymosin 

 

b

 

4 (4 clones), and four other
novel genes (4–5 clones). The four novel genes showed par-
tial homology to known ribosomal proteins based on the
results of homology searches using the programs FASTA and
BLAST. The other 117 subtraction clones were not obtained
from all three donors. We also performed cDNA subtraction
of conA-stimulated PBMNC from the patients with bron-
chial asthma with reference to that of healthy volunteers.
Thirty-four kinds of cDNA clones were isolated from the
subtraction library (data not shown). They contained vari-
ous kinds of cDNA clones, including two clones of interleu-
kin-5, but they did not contain clones encoding HRF.

 

Nephrotic phase-specific expression of HRF in 
conA-stimulated PBMNC

 

Since transcripts for HRF were obtained most frequently in
the subtraction libraries, we further studied the expression of
HRF in conA-stimulated PBMNC for the patients. RT-PCR
analysis of HRF transcripts in the three patients revealed that
HRF transcripts were predominately expressed in the neph-
rotic phase (Fig. 1). We then studied the expression of HRF
protein in PBMNC obtained from 10 additional patients
with INS. Figure 2 shows representative results of Western
blot analysis of the patients’ PBMNC probed by an anti-HRF
antibody. Again, HRF protein was predominantly expressed
in the nephrotic phase. Semiquantification of HRF protein in
the conA-stimulated PBMNC obtained from the 10 patients
revealed that the expression level of HRF protein was sig-
nificantly higher in the nephrotic phase than in the conva-
lescent phase (

 

P 

 

<

 

 0·001, Fig. 2). There was no significant
difference between the levels of HRF in patients complicated
with allergic diseases and those without allergic diseases or
between levels of HRF in patients with and without high lev-
els of serum IgE.

 

Secretion of HRF from conA-stimulated PBMNC

 

Since  conA-stimulated  PBMNC  of  nephrotic  patients
have been reported to secrete putative factors that increase

vascular permeability, we then studied the levels of HRF in
culture supernatants. Figure 3 shows representative results of
Western blot analysis of culture supernatants probed by an
anti-HRF antibody. HRF was secreted into culture superna-
tants of conA-stimulated PBMNC during the nephrotic
phase but not during the convalescent phase. Semiquantifi-
cation of HRF protein in culture supernatants of conA-
stimulated PBMNC from 10 patients revealed that the levels
of HRF were significantly higher in the nephrotic phase than
in the convalescent phase (

 

P 

 

<

 

 0·001, Fig. 3). There was no
significant difference between the levels of HRF in patients
complicated with allergic diseases and those without allergic
diseases or between the levels of HRF in patients with and
without high levels of serum IgE.

 

Discussion

 

In the present study, we found for the first time that HRF
production by conA-stimulated lymphocytes of children
with INS was increased in the nephrotic phase but decreased
in the convalescent phase. Our results showed that not only
mRNA but also protein of HRF were expressed at higher
levels in the nephrotic phase. In addition, a greater amount
of HRF was secreted in culture supernatants of conA-
stimulated lymphocytes of INS patients in the nephrotic
phase than in culture supernatants of conA-stimulated
lymphocytes of INS patients in the convalescent phase. Since
HRF influences vascular permeability through histamine

 

Table 1.

 

Identification of nephrotic phase-specific gene transcripts. 

Fifty subtracted clones were randomly selected from each subtraction 

cDNA library and sequenced. Genes found in all three cDNA libraries 

are listed.  *Four novel genes showed partial homology to known ribo-

somal proteins.

Gene name

Maximum length

of sequenced 

nucleotides (bp)

Frequencies of each clone

 in each cDNA library 

Patient 1 Patient 2 Patient 3

HRF 753 4/50 5/50 3/50

Thymosin 

 

b

 

4 455 1/50 1/50 2/50

Novel gene* 376 2/50 1/50 1/50

Novel gene* 412 1/50 2/50 1/50

Novel gene* 338 1/50 1/50 2/50

Novel gene* 340 2/50 2/50 1/50

 

Fig. 1.

 

RT-PCR analysis of HRF transcripts in three nephrotic patients, 

who were donors for subtraction cDNA libraries. ConA-stimulated 

PBMNC were obtained from the three patients during both the neph-

rotic and convalescent phases. RNA was extracted from the cells and 

RT-PCR analysis for HRF was performed. 

 

b

 

-actin was used as an inter-

nal standard.

convalescent

nephrotic

convalescent

nephrotic

convalescent

nephrotic
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HRF

b-actin
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release [16], HRF might be a candidate for the permeability
factors that are produced from activated lymphocytes from
patients with INS.

HRF was originally identified as a factor that stimulates
release of histamine from basophils in an IgE-dependent
fashion and it was later found that HRF has various other
bioactivities [17–20]. Increasing vascular permeability is one
of the well-known pharmacological functions of histamine
[21]. In fact, histidine decarboxylase gene-knockout mice
that lack histamine showed no plasma extravasation reaction
after a passive cutaneous anaphylaxis (PCA) test, suggesting
the importance of histamine in a PCA test [22]. The PCA test
is also used as an assay for putative permeability factors in
INS [10,11]. Since plasma levels of histamine were reported
to be significantly increased in nephrotic patients compared

with those in normal controls [23], the action of the perme-
ability factor that is assayed by the PCA test in INS might be
mediated by histamine. This speculation is in agreement
with our results showing overexpression of HRF in the neph-
rotic phase.

Although HRF influences vascular permeability via hista-
mine release, there have been no reports about the effect of
HRF on the glomerular capillary permeability. Since there is
a marked difference between the structure of the glomerular
capillary wall and the structure of walls of other capillaries, it
is necessary to investigate the effect of HRF on glomerular
capillary permeability. The putative permeability factors in
INS have been reported to increase glomerular permeability
to albumin [6,24–26], but the molecular basis of the perme-
ability factor has not been identified. Recently, several gene

 

Fig. 3.

 

Expression of HRF protein in culture supernatants of conA-stimulated PBMNC from patients with INS. Culture supernatants of conA-

stimulated PBMNC obtained from three patients, who were donors for subtraction cDNA libraries, were analysed by SDS-PAGE and were subjected 

to anti-HRF blot analysis (a). The amount of HRF was semiquantified by scanning densitometry in another 10 patients (b). The level of HRF was 

expressed as a relative value to the fixed amount of recombinant HRF.
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Fig. 2.

 

Expression of HRF protein on conA-stimulated PBMNC from patients with INS. Cell lysates of conA-stimulated PBMNC obtained from three 

patients, who were donors for subtraction cDNA libraries, were analysed by SDS-PAGE and were subjected to anti-HRF and anti

 

b

 

-actin blot analysis 

(a). The amount of HRF was semiquantified by scanning densitometry and was corrected by the level of 

 

b

 

-actin. The results for another 10 patients 

are shown (b).
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transcripts that are specifically expressed in the nephrotic
phase have been identified in adult patients with minimal
change nephrotic syndrome using subtraction cloning [9]
and serial analysis of gene expression [8]. Sahali 

 

et al

 

. [9]
identified multiple molecules involved in T cell receptor sig-
nalling in adult patients with minimal change nephrotic syn-
drome by using subtraction cloning, but large proportion of
these molecules were not secretory molecules. Interestingly,
they isolated three clones of HRF among 84 subtractive tran-
scripts, which is in agreement with our results. Okuyama

 

et al

 

. [8] detected the expression of tumour necrosis factor-
related apotosis-induced ligand (TRAIL) in PBMNC during
the nephrotic phase, but there was no significant increase in
serum levels of the soluble form of TRAIL. From these
results, it is obvious that the nature of these molecules does
not agree with that of the putative permeability factor in INS.
Further studies are needed to clarify the role of HRF in the
increased glomerular capillary permeability of INS.
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