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Abstract

The intrarenal effects of glomerular protein leakage appear to be involved in the
development of proteinuria associated renal damage. However, we recently
demonstrated that systemic nephrotic alterations can considerably enhance the renal
damage elicited by intrarenal protein leakage.
In the present study, we questioned whether both the intrarenal effects of proteinuria
as well as the systemic effects of nephrosis on the kidney are mediated through
changes in the renal expression of renin-angiotensin system components. To this
purpose we studied rats with nephrotic syndrome elicited by unilateral versus bilateral
adriamycin-induced proteinuria. These procedures result in models in which kidneys
with similar protein leakage are exposed to systemic nephrosis of different severity.
We demonstrate that angiotensin-converting enzyme (ACE) expression is up-
regulated, angiotensin type 1 receptor (AT1R) expression is unchanged and that both
angiotensin type 2 receptor (AT2R) and inositol 1,4,5-trisphosphate type 1 receptor
(InsP3R-1) expression are down-regulated in adriamycin-induced nephrotic rats. These
changes in ACE and AT2R expression are most likely mediated by the systemic
effects of nephrosis. Although not affected by proteinuria, the expression of AT1R
and InsP3R-1 is also most likely controled by systemic factors. Further, down-
regulation of InsP3R-1 expression and impaired down-regulation of AT2R expression
are associated with the severity of the systemic effects of adriamycininduced
nephrosis.
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Introduction
Proteinuria has been linked to progressive renal failure and is besides an early marker
also claimed to be the leading cause for the development of progressive renal failure
in both humans (Remuzzi and Bertani, 1990) and animals (de-Keijzer MH et al.,
1989). However, the exact causal mechanisms leading to focal segmental sclerosis, the
alleged final common pathway of proteinuria-associated renal function loss are still
incompletely elucidated.
The intrarenal effects of glomerular protein leakage to the proximal tubule and
interstitium appear to be involved in the development of proteinuria associated renal
damage (Remuzzi and Bertani, 1990). However, we recently demonstrated that
systemic nephrotic alterations can considerably enhance the renal damage elicited by
intrarenal protein leakage (de Boer et al., 1999). Therefore factors associated with
systemic nephrosis, such as hypercholesterolemia, may be important triggers as well.
Several studies have demonstrated that angiotensin-converting enzyme inhibitors
(ACEIs) are successful in reducing proteinuria and protect against progressive renal
damage (Apperloo et al., 1991; Wapstra et al., 1996). Furthermore, angiotensin II type
1 receptor (AT1R) antagonists (Zoja et al., 1997) have similar antiproteinuric effects
as ACEIs (Gansevoort et al., 1994).  This strongly suggests that the renin-angiotensin
system (RAS) plays an important role in proteinuria-associated progressive renal
function loss.
The effector hormone angiotensin II (AngII) is generated by cleavage of angiotensin I
by the angiotensin converting enzyme (ACE) and exerts its effects through the
angiotensin type 1 (AT1R) and the angiotensin type 2 receptor (AT2R). These effects
include vasoconstriction, hypertrophic effects (Gray et al., 1998) and growth
modulatory effects (Gibbons et al., 1992).
The vasoconstrictive effects of AngII are mediated by intracellular calcium release
channels, the inositol 1,4,5-trisphosphate receptors (InsP3Rs)(Griendling et al., 1988),
while the hypertrophic and growth modulatory effects of AngII are thought to be
mediated by the autocrine and paracrine production of TGF-β (Gibbons et al., 1992;
Gray et al., 1998). Since TGF-β is able to down-regulate InsP3R expression in
cultured mesangial cells (Sharma et al., 1997), TGF-β may also influence renal
vasoconstriction and the function of mesangial cells.(Sharma et al., 1996)
In the present study, we questioned whether both the intrarenal effects of proteinuria
as well as the systemic effects of nephrosis on the kidney are mediated through
changes in the renal expression of RAS components. In particular, we focused on
renal expression of ACE, AT1R, AT2R and InsP3R-1. To this purpose we studied rats
with nephrotic syndrome elicited by unilateral versus bilateral adriamycin-induced
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proteinuria. These procedures result in models in which kidneys with similar protein
leakage are exposed to systemic nephrosis of different severity.

Methods
Animal groups: BAP, UAP, DCA and CON group.

Animals were divided into four groups, a bilateral adriamycin-induced proteinuria
group (BAP), a unilateral adriamycin-induced proteinuria group (UAP), a double
clipped adriamycin treated group (DCA) and a control group (CON). BAP animals
weighing 309 ± 2 g (n=12) were studied as the classical adriamycin nephrosis model,
i.e. with urinary protein leakage from both kidneys. UAP animals weighing 304 ± 3 g
(n=12) were studied as a model with adriamycin induced urinary protein leakage from
one kidney and the contralateral kidney not being exposed to adriamycin. DCA
animals weighing 298 ± 8 g (n=12) were studied as a control for the efficacy of the
clipping procedure to prevent renal toxicity of adriamycin. Control rats weighing 326
± 3 g (n=11) underwent no surgery or adriamycin injection and served as a healthy
control group.

Experimental design

All experiments were conducted in accord with the NIH guide for the care and use of
laboratory animals and approved by the Committee for Animal Experiments of the
University of Groningen. Throughout the experiment, animals were housed separately
in metabolic cages, which allowed for 24-h urine collection. Rats were maintained in a
temperature- and light-controlled environment and were fed a low sodium diet (0.05%
NaCl, 20% protein; Hope Farms Inc., Woerden, Netherlands). Water and food were
given ad libitum.
Animals (exept controls) were anaesthetized with isoflurane/O2 (4% induction, 1.5%
during O.K., O2 1l/min) and the abdominal cavity was opened through a midline
incision. A clamp was placed on the left renal artery in UAP and on the left and right
renal artery in DCA. The adriamycin nephrosis was induced by an i.v. injection of
adriamycin (1.5 mg/kg body wt, Pharmachemie BV, Haarlem, Netherlands) in the
penis vein. Adriamycin was injected and twelve minutes after injection clamps were
removed and the abdominal incision was sutured.
Body weight, blood pressure, plasma cholesterol concentration and proteinuria were
determined weekly. Rats were perfused with saline and killed by cervical dislocation
in week 12. The overall mortality throughout the experiment was 8%, 17%, 8% and
0% for BAP, UAP, DCA and CON, respectively.
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Proteinuria and cholesterol measurement

Urinary protein concentration was determined by a biuret method (Bioquant, Merck).
Proteinuria per kidney was estimated as 50% of total proteinuria in BAP and as total
proteinuria in UAP (de Boer et al., 1999). Plasma cholesterol concentration was
determined by an enzymatic colorimetric test (CHOP-PAP, Boehringer Mannheim,
Germany).

Blood pressure measurement

All animals were trained to be accustomed to handling and to blood pressure
measurements. Systolic blood pressure were measured in conscious rats with an
automated multichannel system using tail cuffs and photoelectric sensors (Apollo 179,
IITC life science, Woodland Hill, Ca, USA) as described in detail previously (Wapstra
et al., 1996). The blood pressure was determined as the mean of three measurements.

Harvesting of tissue

Rats were sacrificed and perfused with saline in week 12 and both kidneys were
excised and cut into slices. Slices to be used for RNA isolation were immediately
frozen in liquid nitrogen and stored at -85°C. Total RNA was isolated using an
adaptation to the standard guanidinium thiocyanate lysis method (Chomczynski and
Sacchi, 1987). Frozen kidneys were crushed into smaller fragments and were
homogenized on ice in 2 ml GIT buffer (4 M guanidium thiocyanate, 25 mM sodium
citrate, 0.5 % N-lauroylsarcosine and 1% β-mercaptho-ethanol) using a rotor stator
homogenization device. 200 µl of 2 M sodium acetate pH 4.0 was added and mixed.
200 µl of water saturated phenol was added and the suspension was allowed to
incubate on ice for 20 min. The suspension was then centrifuged at 10.000*g for 10
min. The supernatant was transferred to a new tube and 1 volume of 100% ethanol
was added. The solution was passed through a RNeasy spin column (RNeasy miniprep
kit, Qiagen, Germany) by centrifugation. The column was washed twice with 0.5 ml
buffer RPE (Qiagen, Germany) and RNA was eluted in 50 µl DEPC treated water. Gel
analysis confirmed RNA sample integrity by the presence of 18S and 28S ribosomal
bands. First strand cDNA was synthesized from 1 µg total RNA, using the RT-PCR
CORE kit (Perkin Elmer, USA).

Semi-quantitative PCR

A semi-quantitative PCR analysis was performed to determine AT1R, AT2R, ACE
and InsP3R-1 expression levels. During a semi quantitative polymerase chain reaction
the mRNA of the gene of interest and the mRNA of the housekeeping gene
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were coamplified in a single
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PCR reaction. A 50 µl PCR reaction mixture contained 0.5 units Taq polymerase
(Eurogentec, Belgium), 5 µl of the supplied buffer, 17.5 nmol dNTP, 2 mM MgCl2, 1
µl of cDNA mixture and 40 pmol of each gene specific primers (Table 1) and 20 pmol
of each GAPDH PCR primer (Table 1). Temperature cycling was performed in 0.5 ml
thin-walled tubes in a thermal cycler (DNA thermal cycler, Perkin Elmer, USA) using
a protocol of 30 cycles of 1 min. denaturation at 94 °C, 1 min. annealing at 56 °C and
1 min. extension at 72 °C. PCR products were separated on a 1.5% agarose gel by
electrophoresis and stained with ethidium bromide. The gels were quantified by
densitometry. The relative expression levels of AT1R, AT2R, ACE and InsP3R-1 were
expressed relative to GAPDH PCR products and normalized for controls.

Table 1.
PCR primers

Target template: Primer name: Primer sequence (5’→3’): Product

size (bp):

Primer

Position:

Genbank

Ac. number:

Rat ACE ACE-F TGGTCCAACATCTATGACTTGGTG 757 2703-2726 U03734

ACE-R CGTGGAACTGGAACTGGATGATG 3437-3459

Rat AT1R AT1-F ACGTGTCTCAGCATCGACCGCTACC 278 629-653 X62295

AT1-R AGAATGATAAGGAAAGGGAACAAGAAGCCC 877-906

Rat AT2R AT2-F CTGTGGCTGACTTACTCCTT 637 399-418 D16840

AT2-R GCCAGGTCAATGACTGCTAT 1016-1035

Rat InsP3R-1 IP3rodent-F CAGGTTCAACTGCTGGTTACTAGCC 796 3624-3648 J05510

IP3rodent-R GGTCACGCTCGGACCGCATC 4400-4419

Rat GAPDH GAPDH-F CCCATCACCATCTTCCAGGAGCG 412 234-256 AF106860

GAPDH-R ATGCAGGGATGATGTTCTGGGCTGCC 620-645

Primers pairs used for the amplification of ACE, AT1R, AT2R, InsP3R-1 and GAPDH. The

coordinates for localization refer to the sequences indicated by genbank accession numbers

Statistics

Data are represented as means ± s.e.mean. Data were considered significantly
different when P < 0.05 by use of Student's unpaired t-test.

Results
Growth rates, blood pressure, plasma cholesterol and proteinuria.

To investigate whether local renal or systemic factors are involved in proteinuria-
associated changes in the expression of RAS components, we investigated four
groups; a group of healthy control rats (CON), bilateral adriamycin-induced
proteinuria (BAP), unilateral adriamycin-induced proteinuria (UAP) and a double
clipped adriamycin treated group (DCA).
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Growth rates, blood pressure, plasma cholesterol and proteinuria in week 12 are
shown in Table 2. Growth rates and blood pressures did not differ between groups. In
BAP and UAP, exposure to adriamycin resulted in gradual rise in proteinuria that
remained stable from weeks 6 through 12 (data not shown). In week 12, proteinuria
and plasma cholesterol concentrations were significantly increased over controls in
both the BAP and UAP group, indicating a successful induction of renal nephrosis by
the adriamycin treatment. Hypercholesterolemia, as an index of systemic nephrosis,
was more severe in BAP than in UAP. Proteinuria in the BAP group was
approximately twice of that in UAP. Proteinuria in the DCA group was slightly
increased over control values but lower than for the BAP and UAP group (P<0.05),
but cholesterol was normal, indicating that this slight proteinuria was not able to elicit
a state of systemic nephrosis.

Table 2
Animal data at week 12.

CON (n=11) BAP (n=10) UAP (n=11) DCA (n=11)

Growth (% of weight week 1) 153 ± 2 150 ± 3 151 ± 2 157 ± 2
Blood pressure (mm Hg) 140 ± 3 142 ± 2.5 142 ± 3 135 ± 3
Plasma cholesterol. (mmol/l) 2.2 ± 0.1 6.5 ± 0.7*# 3.1 ± 0.3*# 2.3 ± 0.2
Proteinuria (mg/ 24h) 32 ± 7 531 ± 63*# 222 ± 33*# 89 ± 22.4*
*p<0.05 vs. CON, #p<0.05 vs. DCA.

ACE, AT1R, AT2R and InsP3R-1 mRNA levels in rat kidney.

To investigate the role of the regulation of RAS components in proteinuria-associated
renal damage, we determined mRNA levels of ACE, AT1R, AT2R and InsP3R-1 in
bilateral adriamycin-induced proteinuria. The average relative expression levels are
shown in Table 3.

Table 3
Renal expression levels of ACE, AT1R, AT2R and InsP3R-1.

CON (n=10) BAP (n=11) UAP (n=11)
affected

UAP (n=11)
nonaffected

DCA (n=11)

ACE (%) 100 ± 19 146 ± 11* 134 ± 17* 152 ± 16* 71.2 ± 7
AT1R (%) 100 ± 4 103 ± 4 113 ± 12 109 ± 5 120 ± 2*#
AT2R (%) 100 ± 15 48 ± 7 * 21 ± 5 *# 25 ± 5 *# 96 ± 27#
InsP3R-1 (%) 100 ± 14 81 ± 2* 109 ± 9# 108 ± 9# 112 ± 9#

The relative expression levels of AT1R, AT2R, ACE and InsP3R-1 were expressed relative to
GAPDH expression levels and normalized for controls. * significantly different from controls
(p<0.05); # from BAP (p<0.05).
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ACE expression was significantly increased in BAP as compared to controls. In BAP,
AT1R expression did not differ from controls whereas AT2R expression was
decreased. Further, InsP3R-1 expression was decreased in BAP when compared to
controls. GAPDH cDNA densities did not differ between groups for all genes
amplified (data not shown).
To discriminate between local intrarenal effects of protein-leakage and the effects of
systemic nephrosis on the expression of these RAS components we compared rats
with nephrotic syndrome elicited by unilateral versus bilateral adriamycin-induced
proteinuria.
Changes in gene expression of ACE, AT1R and AT2R in the affected kidney of UAP
were similar to those in BAP. ACE expression was similarly increased in the affected
kidney of UAP as in BAP. Again, AT1R expression did not differ from controls.
Down-regulation of AT2R expression was also observed in the affected kidney of
UAP but this down-regulation was stronger than in BAP. In contrast to BAP, InsP3R-1
expression was not down-regulated in the affected kidney of UAP.
Remarkably, the gene expression patterns of ACE, AT1R, AT2R and InsP3R-1 in the
nonaffected kidney of UAP were identical to those found in the affected kidney of
UAP. Again, ACE expression was up-regulated, AT1R expression was at control
levels, AT2R was down-regulated and InsP3R-1 expression was at control levels in the
nonaffected kidney of UAP.
DCA animals were studied as a control for the efficacy of the clipping procedure to
prevent renal toxicity of adriamycin. Although slightly decreased, ACE expression did
not differ significantly from controls of BAP. AT1R was slightly increased compared
to controls and BAP. In DCA, AT2R and InsP3R-1 expression did not differ from
controls.
To explore whether gene expression was similarly regulated in the affected and non-
affected kidney of UAP, we studied the correlation between gene expression in
individual rats comparing the affected and non-affected kidney (Fig. 1). In UAP,
ACE, AT1R and InsP3R expression correlated well between the affected and
nonaffected kidney. AT2R expression did not correlate between the affected and
nonaffected kidney.
To investigate whether changes in gene expression are associated with proteinuria or
with the severity of systemic effects of nephrosis, we analyzed the correlation between
gene expression and proteinuria (Fig. 2) and between gene expression and plasma
cholesterol levels (Fig. 3), respectively. Correlations were only present in BAP.
AT2R expression correlated with proteinuria per kidney only in BAP (Fig.2). ACE,
AT1R and InsP3R-1 expression did not correlate with proteinuria in any group (data
not shown).
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AT2R expression correlated with plasma cholesterol only in BAP (Fig. 3A). Further,
InsP3R-1 expression correlated with plasma cholesterol only in BAP (Fig. 3B). ACE
and AT1R expression did not correlate with plasma cholesterol in any group (data not
shown).
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Fig. 1 Correlations between mRNA levels in the affected and nonaffected kidney of UAP. ACE
(panel A), AT1R (panel B) and InsP3R-1 (panel D) expression correlate well between the affected and
nonaffected kidney of UAP (R2=0.64 p<0.01, R2=0.84 p<0.01 and R2=0.84 p<0.01, respectively).
AT2R expression did not correlate between the affected and nonaffected kidney of UAP (R2=0.03
p=NS).
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Discussion

In the present study, we demonstrate that ACE expression is up-regulated, AT1R
expression is unchanged and that both AT2R and InsP3R-1 expression are down-
regulated in adriamycin-induced nephrotic rats. Interestingly, these changes in ACE
and AT2R expression are most likely mediated by the systemic effects of nephrosis
since the same changes were also observed in the non-proteinuric kidney of the
unilateral model. Although not affected by proteinuria, the expression of AT1R and
InsP3R-1 is also most likely controled by systemic factors. Further, down-regulation
of InsP3R-1 expression and impaired down-regulation of AT2R expression are
associated with the severity of the systemic effects of adriamycin-induced nephrosis.

Fig. 2 Correlations between AT2 mRNA
levels and proteinuria per kidney in BAP.
AT2 expression correlates well with
proteinuria per kidney in BAP (R2=0.83 and
p<0.01).

Fig. 3 Correlations between mRNA levels and plasma cholesterol levels in BAP. AT2 (panel
A) and IP3R-1 (panel B) expression correlate well with plasma cholesterol concentrations (R2=0.82,
p<0.01 and R2=0.37, p=0.04, respectively).
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Proteinuria was significantly increased in both the BAP and UAP group, indicating a
successful induction of renal nephrosis by the adriamycin treatment. Proteinuria in the
UAP group was approximately halve of that in BAP. From this and from previous
nephrectomy data (de Boer et al., 1999), we conclude that a similar protein leak per
kidney was present in BAP and in the affected kidney of UAP.
The DCA group was included as a control for the efficacy of the clipping procedure.
A slight proteinuria was present in some rats of the DCA group without signs of
systemic nephrosis. This may indicate that in some rats the 12 minute clipping
procedure did not completely protect the kidneys from adriamycin. The similarities
between the DCA and control group demonstrate that surgery and systemic
adriamycin exposure did not influence gene expression apart from a slight increase in
AT1R expression.
In our study we measured cholesterol as an index of the severity of the state of
systemic nephrosis. Plasma cholesterol concentrations were higher in BAP than in
UAP. Therefore, although proteinuria per kidney is identical for both kidneys of BAP
and the affected kidney of UAP, the systemic effects of nephrosis are more severe in
BAP than in UAP.
ACE expression was increased over controls for BAP. This is in good agreement with
the reported up-regulation of ACE expression in protein overload induced proteinuric
rats (Largo et al., 1999). ACE expression in the DCA group did not differ from
controls, indicating that neither clipping of the kidneys nor the systemic effects of
adriamycin affected renal ACE expression. Regulation of ACE expression has not yet
been fully explored, although feedback regulation of AngII on ACE activity and ACE
mRNA expression has been demonstrated for rat pulmonary ACE (Schunkert et al.,
1993).
AT2R expression was decreased in BAP. Although little is known about the function
of renal AT2R in relation to proteinuria, it has been suggested that angiotensin II
operating through the AT2R exerts an antifibrotic effect on the kidney in contrast to
the profibrotic effects of angiotensin II operating through the AT1R (Morrissey and
Klahr, 1999). The down-regulation of AT2R but unchanged AT1R expression in
adriamycin-induced nephrosis seems to be in agreement with this.
Previously, an association between AT2R expression and renal ACE activity has been
demonstrated (Stoneking et al., 1998). There, the genetic disruption of AT2R
expression resulted in elevated renal ACE activity. Further, this combination led to
increased renal damage during ureteral obstruction in mice. Therefore, up-regulation
of ACE combined with down-regulation of AT2R might play an important role in
proteinuria-associated renal damage.
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AT1R expression in BAP did not differ from controls. This is in good agreement with
a previous study showing unchanged AT1R expression in protein overload induced
proteinuric rats (Largo et al., 1999). This strongly suggest that adriamycin-induced
proteinuria does not affect renal AT1R expression, neither by local effects of protein
leakage nor by systemic nephrosis.
InsP3R-1 expression was decreased in BAP when compared to controls. Although
little is known about the relationship between InsP3R-1 expression and proteinuria, it
has been demonstrated that the InsP3R-1 may be involved in the processes that lead to
glomerular hypertrophy and hyperfiltration (Sharma et al., 1997; Sharma et al., 1999).
Possibly, down-regulation of InsP3R-1 results in impaired renal vasoconstriction and
impaired contraction of mesangial cells, which may contribute to processes that lead
to renal disease. Our results suggest that down-regulation of InsP3R-1 expression
results in impaired vasoconstriction to AII, which may be involved in the development
of adriamycin-induced nephrosis.
Further, we investigated whether the changes in expression of RAS components are
caused by the systemic exposure to adriamycin, by intrarenal effects of proteinuria or
by systemic nephrotic effects of proteinuria.
To investigate the role of systemic exposure to adriamycin, we studied the expression
of RAS components in the DCA group. ACE, AT2R and InsP3R-1 expression in DCA
did not differ from controls, indicating that neither clipping of the kidneys nor the
systemic effects of adriamycin affected renal ACE, AT2R and InsP3R-1 expression.
However, we found a moderate but significant increase in AT1R expression in DCA.
Because AT1R expression in BAP did not differ from controls, it is very unlikely that
the modest up-regulation of AT1R in DCA is caused by either systemic or renal
damage due to adriamycin treatment. Although this is not significant, AT1R
expression is also slightly increased in the nonaffected (clipped) kidney of UAP. Thus,
it cannot be excluded that the clipping procedure induced the up-regulation of AT1R
in DCA.
To discriminate between local intrarenal effects of protein-leakage and the effects of
systemic nephrosis on renal expression of RAS components, we compared the
expression patterns of these components in UAP and BAP rats.
ACE expression was similarly up-regulated in BAP and in the affected and
nonaffected kidney of UAP. Further, ACE expression correlated well between the
nonaffected and affected kidney of UAP. From this we conclude that a systemic factor
is involved in up-regulation of renal ACE expression in adriamycin-induced
proteinuric rats.
AT2R expression was decreased in BAP with a further down-regulation in both the
nonaffected and affected kidney of UAP. This strongly suggests that renal AT2R
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expression is also decreased by a systemic factor. Surprisingly, we did not find a good
correlation between AT2R expression in the nonaffected and affected kidney of UAP.
However, AT2R down-regulation in UAP resulted in very low expression levels that
were close to the detection limit of the PCR assay employed by us. Thus, we cannot
exclude that the correlation between AT2R expression in the affected and nonaffected
is lost because of the inaccuracy of values obtained near the detection limit of the PCR
assay.
AT1R expression did not differ for BAP and the affected and nonaffected kidney of
UAP. However, AT1R expression correlated well between the nonaffected and
affected kidney of UAP. From this we conclude that although AT1R expression is not
affected by adriamycin-induced proteinuria, AT1R expression is equally regulated in
the affected and nonaffected kidney of UAP.
InsP3R-1 was down-regulated in BAP. However, InsP3R-1 was unchanged in the
affected and nonaffected kidney of UAP. Therefore, as proteinuria per kidney was
identical for BAP and the affected kidney of UAP, we conclude that the more severe
systemic nephrosis in BAP may be associated with down-regulation of InsP3R-1. In
addition, InsP3R-1 expression correlated well between the nonaffected and affected
kidney of UAP. From this we conclude that although InsP3R-1 expression was
unchanged in UAP, InsP3R-1 expression is equally regulated in the affected and
nonaffected kidney of UAP.
To investigate whether changes in gene expression are associated with the severity of
proteinuria or with the severity of systemic effects of nephrosis, we analyzed the
correlation between gene expression and proteinuria and between gene expression and
plasma cholesterol levels, respectively.
Surprisingly, AT2R expression correlated positively with both proteinuria and plasma
cholesterol in BAP. Therefore, the severity of systemic and/or renal nephrosis seems
to counteract the down-regulation of AT2R by the systemic factor in BAP. Such an
association could explain why AT2R expression is less down-regulated in BAP than
in UAP, as plasma cholesterol levels are only slightly increased in UAP.
The positive correlation between proteinuria and AT2R expression and down-
regulation of AT2R expression in proteinuric rats seems paradoxical. However, AT2R
expression levels were determined in whole kidneys. Regulation of AT2R expression
may be different for different tissue types of the kidney. Therefore, although AT2R
expression is decreased for the whole kidney in proteinuric kidneys, our results might
indicate that AT2R expression is up-regulated in specific cell types of the kidney.
However, such a regulation of AT2R has not been described before. The complexity
of AT2R regulation may also explain why we did not find a good correlation for
AT2R expression between the affected and nonaffected kidney of UAP. Although our
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results on the regulation of AT2R expression are not conclusive, it does demonstrate
that AT2R expression is down-regulated in the whole kidney of proteinuric rats and
that changes in AT2R expression may be involved in adriamycin-induced nephrosis.
The paradoxical regulation of AT2R expression in whole kidney, guides further work
towards studying AT2R expression in proteinuric kidneys using in situ hybridization
techniques.
InsP3R-1 expression was down-regulated only in BAP. Further, we found a negative
relationship between InsP3R-1 expression and plasma cholesterol only in BAP.
However, InsP3R-1 expression did not correlate with proteinuria in either BAP or
UAP. As systemic nephrosis was more pronounced in BAP, we conclude that down-
regulation of renal InsP3R-1 expression is associated with systemic nephrosis.
In the present study, we determined the mRNA levels of components of the RAS
system in adriamycin-induced nephrotic rats. Although many proteins are controlled
by the rate of mRNA synthesis, the mRNA levels found by us do not need to reflect
renal ACE activity or AT1R, AT2R and InsP3R-1 protein levels. Further limitations
may arise from the fact that all experiments were performed on rats that were fed a
low sodium diet.
In conclusion, we demonstrate that ACE expression is up-regulated, AT1R expression
is unchanged and that both AT2R and InsP3R-1 expression are down-regulated in
adriamycin-induced nephrotic rats. Interestingly, these changes in ACE and AT2R
expression are most likely mediated by the systemic effects of nephrosis since the
same changes were also observed in the non-proteinuric kidney of the unilateral
model. Although not affected by proteinuria, the expression of AT1R and InsP3R-1 is
also most likely controled by systemic factors. Further, down-regulation of InsP3R-1
expression and impaired down-regulation of AT2R expression are associated with the
severity of the systemic effects of adriamycin-induced nephrosis.
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