Figure 2 The cellular localization of transfected ODN. FITC-labeled
ODN accunmulated in the interstitial cells 10 min after retrograde trans-
feckion by electroporakion {(a). To examine the cellular localization of the
transfected ODN, rabbit polyclonal anti-laminin antibodies and Texas
red-conjugated anti-rabbit IgG were used to stain the basement membrane
{b). FITC (green)-positive cells were observed outside the basement mem-
brane (red). To identify the transfected cells, the antibodies for RECA-1
{c, d), ED1 (e), and ER-TR7 (f) were used. Transfected interstitial cells
were not coincident with endothelial cells (c, d) or macrophages (e), but
were shown to be fibroblast-like cells (f). In addition, FITC-labeled ODN
were introduced into the nuclei (blue) 10 min after transfection (d).
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Figure 3 Egr-1 and aSMA mRNA expression after ureteral obstruction.
Each lane represents RNA (20 pg) from the cortex of normal kidney (N)
or obstructed kidney 12, 24 and 48 h and 4 and 7 days after ureteral
ligation. The top panel shows the Egr-1 mRNA, and middle panel shows
the «SMA mRNA. The bottom panel represents the GAPDH mRNA.

enhanced expression of aSMA was observed in the inter-
stitial area of untreated or SCR-treated obstructed kid-
neys. However, aSMA induction was weak in the ED5-
treated obstructed kidneys (Figure 5).

Effect on interstitial fibrosis

To determine the effect on the interstitial fibrotic changes
in obstructed kidneys, histological analysis was perfor-
med using Masson’s trichrome staining (Figure éa}. The
area of the fibrotic lesion of the cortical interstitium was
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Figure 4 Inkibition of Egr-1, TGF-B1, aSMA and type I collagen mRNA
expression in obstructed kidneys by the DNA enzyme, ED5. (a) Each
lnane shows representative mRNA from the cortex of normal kidney (N),
untreated obstructed kidney (D), SCR-treated obstructed kidney (SCR),
and EDS5-treated obstructed kidney (ED5). Northern biot was probed
for Egr-1, TGF-B1, aSMA, type I collagen or GAPDH. (b} The band
density in three experiments expressed as the mean t s.d. is fllustrated
(x, P < 0.01; x+, P < (.05).

determined in the sections stained light blue (Figure 6b).
Untreated obstructed kidneys for 7 days showed an
expanded interstitiumn compared with normal kidney.
SCR-treated obstructed kidneys exhibited increased tubu-
lar dilation, with a marked expansion of the interstitium.
In contrast, ED5-treated obstructed kidneys showed a
minimal interstitial expansion, although they exhibited
the same extent of tubular dilation. There was no differ-
ence in the severity of interstitial fibrosis between
untreated obstructed kidneys and SCR-treated kidneys.
In contrast, the area of interstitial fibrosis was signifi-
cantly suppressed in EDS-treated obstructed kidneys
compared with untreated or SCR-treated obstructed
kidneys (P < 0.01) (Figure 6b).
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Figure 5 Inhibition of interstitial expression of aSMA by EDS. Represen-
tative photomicrographs show the immunohistochemical staining for
aSMA in normal kidney (NJ), untreated obstructed kidney (D), SCR-
trented obstructed kidney (SCR), and ED5-treated obstructed kidney
(ED5} (x200).

Discussion

In the present study we demonstrated that introduction
of DNA enzyme for Egr-1 into interstitial fibroblasts by
electroporation-mediated gene transfer could suppress
Egr-1 expression and thereby inhibit consequent inter-
stitial fibrosis in obstructed kidneys. Despite various
approaches and techniques, few successful studies have
been reported concerning in vivo transfection targeting
interstitial fibroblasts, which have been highlighted as the
source of increased extracellular matrix synthesis.? In our
previous studies, we showed that retrograde transfection
via the ureter using the AVE-type HV]-liposome method
enabled selective DNA introduction into interstitial
fibroblasts.? We suggested that retrogradely infused
DNA solution could enter into the interstitial area by slip-
ping through between papilla epithelial cells, and there-
after distribute diffusely in the cortical interstitial
spaces. More recently, we reported that in vive electro-
poration, DNA injection via renal artery followed by
application of electric fields, provides an efficient
approach for glomerulus-targeted gene transfer.? In
addition, in vivo electroporation with intra-renal-arterial
DNA injection was more effective than the HV]-liposome
method.*® By means of these innovative gene transfer
methods, we demonstrated here that retrograde DNA
injection via the ureter followed by electroporation
resulted in interstitial fibroblast-targeted gene transfer. Its
advantages, compared with viral vectors, are that it is
simple, inexpensive and less harmful

A number of cytokines, vasoactive compounds,
chemoattractant molecules, and growth factors are
involved in the development of interstitial fibrosis.> The
plasticity of resident fibroblasts to assume a myofibrobl-
astic alteration, which can be identified by oSMA
expression, is one of the most important events associa-
ted with increased matrix accumulation.>® TGF-B%?* and
PDGF-BB** are two growth factors that can transform
fibroblasts. We have especially highlighted interstitial
cells as a major source of TGF-B1, and showed that the
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Figure 6 Inhibition of intersiitial fibrosis by ED5. (a) Representative
photomicrographs show the Masson's trichrome staining in normal kidney
(N), untreated obstructed kidney (D), SCR-freated obstructed kidney
(SCR}, and ED5-treated obstructed kidney (EDS5) (<200). (b} The area of
interstitial fibrosis is summarized.

inhibition of interstitial TGF-B1 expression resulted in the
suppression of interstitial fibrosis.” Here, we demon-
strated that inhibition of interstitial Egr-1 expression sup-
pressed TGF-B1 expression, and thereby ameliorated
interstitial fibrosis, Taken together with our previous
findings,” interstitial fibroblasts play an important role
in the formation of interstitial fibrosis.

Egr-1 was reported to influence the transcription of a
diverse set of genes. Egr-1 has been implicated in the
induced expression of growth factors such as TGF-B,'
PDGF-B*® and basic fibroblast growth factor.’” Cyto-
kines, such as TNF-e,*! and adhesion molecules, such as
ICAM-1% can be affected. Recently, activation of Egr-1
was shown to function as a master switch activated by
ischemia to trigger expression of pivotal regulators of
inflammation, coagulation and vascular hyperperme-
ability.* Deletion of the gene encoding Egr-1 strikingly
diminished expression of these mediators of vascular
injury in a murine model of lung ischemia/reperfusion
injury, and enhanced animal survival and organ function.
We found the elevated Egr-1 expression immediately



after ureteral obstruction before the expression of a set of
fibrogenic genes. We showed that inlubition of Egr-1 by
ED5 ameliorated TGF-BI, aSMA, and type I collagen
expression. In addition, we observed the suppression of
PDGF-B mRNA expression in ED5-transfected obstructed
kidneys by RT-PCR (data not shown). These findings
suggest that Egr-1-mediated gene transcription plays a
key role in orchestrating the functional characteristics of
tubulointerstitial fibrosis, and that inhibition of Egr-1
may suppress the above gene’s expression, and thereby
manijpulate the interstitial fibrosis.

To inhibit the gene expression by cleavage of the target
mRNA, antisense ODN and ribozymes have been
adopted.®** Since the antisense mechanism is based on
the hydrolysis of the RNA-DNA duplex by RNase H,*
the effect of antisense may be transient. Ribozymes are
catalytic RNA molecules that selectively bind to an RNA
substrate and cleave phosphodiester bonds. However,
the utility of ribozymes has been limited by their suscep-
tibility to degradation by RNase. Recently, a new gener-
ation of catalytic nucleic acids composed of DNA, named
DNA enzyme, was developed ??¢ These DNA enzymes
can potentially cleave RNA at any purine-pyrimidine
junction and offer greater substrate specificity than ham-
merhead ribozymes. We demonstrated that the serum-
stimulated Egr-1 expression was specifically blocked by
treatment with the DNA enzyme for Egr-1 in cultured
NRK cells, In addition, the introduction of DNA enzyme
into interstitial fibroblasts suppressed the elevated Egr-1
expression in obstructed kidneys. It was reported that the
antisense effect was similar to DNA enzyme only if the
concentration of antisense ODN was increased by 600%
of the DNA enzyme.” For resistance to 3"-to-5 exonucle-
ase digestion, the 3’ terminus of the DNA enzyme was
capped with an inverted 3'-3'-linked thymidine. There-
fore, the DNA enzyme appears to remain more stable
than ribozymes or antisense ODN. In addition, phos-
phorothicate-modified ODN may hamper cellular func-
tion, because an additional negative charge on the ODN
increases binding affinity for intracellular proteins.

In conclusion, the findings of the present study demon-
strated that Egr-1 plays an important part in coordinating
phenotypic alteration and the development of interstitial
fibrosis. DNA injection via the ureter followed by elec-
troporation could represent a powerful investigative and
potentially therapeutic tool in vive. In addition the mol-
ecular intervention by DNA enzyme may be a useful
strategy for interstitial renal diseases.

Materials and methods

Cell culture

NRK cells, a fibroblast cell line derived from rat kidney,
were a generous gift from the Japanese Cancer Research
Resources Bank. Cells were grown in Dulbecco’s modi-
fied Bagle’s medium (DMEM; Sigma, St Louis, MO, USA)
containing 10% FCS equilibrated with 5% CO?-95% air at
37°C. The cells at passages 35 to 40 were used.

Design of DNA enzyme

Sequences of the DNA enzyme for rat Egr-1 (ED5)? used
in the present study were 5-CCGCTGCCA
GGCTAGCTACAACGACCCGGACGTT-¥ (¥ thymidine
inverted; italic, catalytic domain; underlined) (Bex,
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Tokyo, Japan). ED5 has two nine-nucleotide arms flank-
ing the 15-nucleotide catalytic domain (underlined),
which was designed to target the translational site AUG
in rat Egr-1 mRNA. For resistance to 3'-to-5" exonuclease
digestion, the 3’ terminus of the molecule was capped
with an inverted 3'-3'-linked thymidine (italics). The
nucleotide sequence in each arm of ED5 was scrambled
without altering the catalytic domain (SCR). SCR
sequences were 5-GCCAGCCGCGGCTAGCTACAACGA
TGGCTCAACT (3’ thymidine inverted; italics, catalytic
domain; underlined). ED5 was reported to cleave Egr-1
mRNA specifically.?

Egr-1 mRNA expression on NRK cells

To examine the Egr-1 mRNA expression on NRK cells,
Northern blot analysis was performed. NRK cells grown
to subconfluency in 100-mm dishes with DMEM contain-
ing 10% FCS were made quiescent in 0.5% FCS for 48 h.
Then, the cells were incubated in a medium with 0.5, 2,
5 or 10% of FCS for 60 min to examine the effect of the
FCS concentration on Egr-1 mRINA expression. To exam-
ine the time course of mRINA expressions after stimu-
lation by FCS, NRK cells were incubated with 5% FCS
for 30, 60 or 120 min. After stimulation, the cells were
washed three times with cold phosphate-buffered saline
(PBS) and scraped and suspended with 1 ml of acid-
guanidium thiocyanate-phenol-chloroform extraction
(Trizol reagent; Life Technologies, Gaithersburg, MD,
USA).> Twenty micrograms of extracted total RNA were
separated on a 1% agarose formaldehyde gel and trans-
ferred to a nylon membrane (Hybond-N+; Amersham,
Boston, MA, USA) by capillary elution. Rat Egr-1 cDNAW
was labeled by the random priming method using [e*2P]
dCTP (3000 Ci/mmol, Amersham). Hybridization was
carried out at 42°C overnight in 50% formamide, 5 x S5C,
0.1% SDS, 20 mM sodium phosphate buffer, 10 x
Denhardt’s solution and 200 pg/ml salmon sperm DNA.
The membrane was washed twice at 55°C and 60°C with
1% 55C, 0.1% SDS5 and subjected to autoradiography.

Effects of the DNA enzyme on Egr-1 expression In vitro
Subconfluent (50%) NRK cells were incubated in a
medium with ED5 or SCR (1 or 5 uM), and grown to 90%
confluency. Treated NRK cells were made quiescent for
48 h in 0.5% FCS medium, and then stimulated with
serum. After stimulation with 5% FCS for 60 min, total
RNA was extracted for Northern blot analysis as above.
For Western blot analysis, treated NRK cells were stimu-
lated with 5% FCS for 120 min, and the cells were washed
three times with cold PBS and scraped and suspended
with 200 pl of protein extract solution (1% Triton X-100,
50 mM Tris-HC], pH 7.5 150 mM NaCl, 2 mM Na3VPO4,
5 mM EDTA, 2 pg/ml aprotinin, 0.7 pg/ml pepstatin,
0.1 mg/ml Pefabloc 5C, and 100 mM NaF). The extracted
protein solution containing 40 pg of proteins was separ-
ated by electrophoresis through 7.5% sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)}.
They were then electrotransferred on to nitrocellulose
membranes. Egr-1 proteins were detected with anti-Egr-
1 antibody (588; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) at a 1:1000 dilution by standard procedures
and anti-rabbit antibody conjugated to horseradish per-
oxidase (Santa Cruz) at a 1:1000 dilution, and visualized
using an enhanced chemiluminescence kit {NEN Life
Science Products, Boston, MA, USA).
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Electroporation-mediated refrograde gene transfer info
interstitial cells

To develop a new gene transfer system targeting inter-
stitial fibroblasts, we first transfected FITC-labeled ODN
using an electroporation-mediated retrograde gene trans-
fer method. Six-week-old male Sprague~-Dawley rats (n
= 4) weighing approximately 150 g (Japan SLC, Hamam-
atsu, Japan} were anesthetized by intraperitoneal injec-
tion of pentobarbital (50 mg/kg), and the left kidney and
ureter were surgically exposed. FITC-labeled ODN (50
wg) in 500 pl of balanced salt solution (BSS) were injected
slowly into the left kidney via the ureter using a 30-gauge
needle with clamping of the left renal vein. Immediately
after injection, the ureter was obstructed by silk thread
and the left kidney was sandwiched with the tweezer-
type oval-shaped stainless steel electrode. Then square
wave electric pulses (six times) at 75 V were delivered.
Ten minutes after transfection, the kidneys were perfused
with PBS and samples of the cortex were frozen by
liquid nitrogen.

Electric pulse delivered and electrodes

Electric pulses were delivered using an electric pulse gen-
erator (Electro Square Porator T820; BTX, San Diego, CA,
USA) comnnected to a switch box (MBX-4BTX) and moni-
tored using a graphic pulse analyzer (Optimizer 500;
BTX). The shape of the pulse was a square wave and the
voltage remained constant during the pulse duration.
Three pulses of the indicated voltage followed by three
more pulses of the opposite polarity were administrated
to the kidney. Intrapulse delay was 1 s and the duration
of the pulse was fixed at 99 ms.

Experimental design

To determine the therapeutic effect of the DNA enzyme
on interstitial fibrosis, we employed a unilateral ureteral
obstruction model. Before the therapeutic examination,
we studied the expression of Egr-1 and oSMA after
induction of the ureteral obstruction. All procedures were
handled in a humane fashion in accordance with the
guidelines of the Animal Committee of Osaka University.
Six-week-old male 5D rats were anesthetized by intraper-
itoneal injection of pentobarbital (50 mg/kg) and the left
proximal ureter was ligated with silk thread. For RNA
extraction, obstructed kidneys were harvested at 12, 24,
48 h and 4 and 7 days after ureteral ligation (n = 4 for
each group}. In the next experiment, SD rats were anes-
thetized by intraperitoneal injection of pentobarbital, and
the left kidney and ureter were surgically exposed by a
mid-line incision. ED5 or SCR (200 pg) in 500 ul of BSS
was injected into left kidney via ureter using a 30-gauge
needle with clamping of the left renal vein. Immediately
after injection of the solution, the ureter was obstructed
by silk thread and the kidney was sandwiched with
tweezer-type oval-shaped stainless electrode. Square
wave electric pulses at 75 V (six times) were delivered.
On day 7, the kidneys were perfused with cold auto-
claved PBS, and samples of the cortex were taken for
RNA preparations and histology (n = 6 for each group).
Tissues for RINA were frozen using liquid nitrogen and
homogenized with acid-guanidium thiocyanate-phenol-
chloroform extraction. Tissues for light microscopy were
fixed with 4% paraformaldehyde overnight and dehy-
drated through a graded ethanol series and embedded in
paraffin. Histological sections {2 pm) of the kidneys were
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stained by Masson’'s trichrome method. Tissues for
immunohistochemistry were fixed in methyl Carnoy’s
solution and sections {4 um) were stained with aSMA.
The area of the interstitial fibrosis stained in blue by
Masson’s trichrome staining was measured by com-
puterized image analysis using the Mac SCOPE pro-
grams. In brief, randomly selected cortical fields at x200
magnification (# = 6) from each rat were photographed.
The captured image was converted and modified to elim-
inate the area occupied by glomeruli and tubular lumena.
The region of blue staining was automatically measured
with determined threshold settings. The results were
expressed as the percent area of interstitial fibrosis.

Immunofluorescence

To identify the cells where FITC-labeled ODN were intro-
duced, the fransfected kidneys were stained with the
antibodies to rat Jaminin (a marker for tubular basement
membrane; Monosan, Amuden, The Netherlands) and
the mouse monoclonal antibody to rat RECA-1 (a marker
for endothelial cells; Cosmo Bio, Tokyo, Japan), the
monoclonal antibody ED1 (a marker for macrophages;
Serotec, Oxford, UK), and ER-TR7 (a marker for fibro-
blasts; Biogenesis, New Fields, UK).*® Four micrometer
slices of frozen sections were incubated with these first
antibodies for 1 h at room temperature followed by the
incubation with Texas red-conjugated second antibodies
for 30 min at room temperature. The green fluorescence
of FITC and the red fluorescence of Texas red were taken
by photomicrography on the same film by double
exposure. Transfected kidney specimens labeled with
anti-RECA-1 antibody were also stained with 0.1 pM of
the nucleic acid dye 4'6’-diamino-2-phenylindole (DAPI;
Molecular Probes, Eugene, OR, USA).

Immunohistochemistry

To examine the expression of aSMA, immunohistochem-
ical staining was performed on tissues fixed in methyl
Carnoy’s solution. Tissue sections were preincubated
with horse serum diluted 1:20 with PBS for 30 min to
block the nonspecific staining, and then incubated with
mouse IgG anti-aSMA  monodonal  antibodies
{Immrmunotech, Marseilles, France) for 60 min at room tem-
perature. The endogenous peroxidase activity in tissue
sections was blocked by incubating in methanol with
0.3% hydroxyoxidase for 30 min. The sections were then
processed using an avidin-biotinylated peroxidase com-
plex method (Vectastain ABC kit; Vector Laboratories,
Burlingame, CA, USA) with diaminobenzidine as the
chromogen. The sections were counterstained with
methyl green.

Northern blot analysis

To examine the effect of the DNA enzyme on the level
of Egr-1,'2 TGF-B1, aSMA, and type I collagen, Northern
blot analysis was performed with cortical RNA extracted
from untransfected or transfected obstructed kidneys.
The kidneys were perfused with cold autoclaved PBS and
the tissues of the cortex were removed, and snap-frozen
in liquid nitrogen. The renal cortex was homogenized
with a Polytron homogenizer (Kinematica, Switzerland)
in Trizol reagent. For Northern analysis, rat Egr-1, TGF-
Bl, type I collagen and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) cDNA were labeled by the ran-
dom priming method using [a-**P] ACTP (3000 Ci/mmo),



Amersham) and hybridization was carried out using the
same procedure in the in vitro study reported above. The
membrane which hybridized with Egr-1, TGF-p1 and
GAPDH were washed, twice at 50°C and twice at 55°C
in 1x88C, 0.1% SDS, and once at 55°C in 0.5 X S5C, 0.1%
SDS. The membrane hybridized with type I collagen was
washed twice at 50°C and twice at 55°Cin 0.1 x 55C 0.1%
5D5 and subjected to autoradiography.

aSMA ¢DNA was labeled using [vP2F] ATP and
hybridized at 42°C overnight in 50% formamide, 5 % 55C,
0.1% SDS, 20 mM sodium phosphate buffer, 10 x
Denhardt’s solution and 200 pg/ml salmon sperm DNA.
The membrane was washed twice at 55°C in 5 x 55C,
0.1% SDS and twice at 55°C in 1 x S5C, 0.1% SDS and
subjected to autoradiography.

Autoradiographs were obtained and the density of
each band was quantified using the laser densitometry
(Scanning Imager; Molecular Dynamics, Sunnyvale, CA,
USA). These experiments were repeated three times and
the density of each band relative to that of GAPDH
was calculated.

Statistical analysis

All values are expressed as means T s.d. Statistical sig-
nificance was evaluated using the one-way analysis of
variance (ANOVA).
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Abstract

Leukocyte accumulation in the kidney is observed in
patients with IgA nephropathy. Chemokines are a large
family of cytokines chemotactic for leukocytes and have
been shown to be upregulated inrenal diseases. We pre-
viously reported that the gene expression of lymphotac-
tin, a sole member of C chemokine subfamily, is en-
hanced in an animal model of crescentic glomerulone-
phritis, but its expression in human renal diseases is
totally unknown. In the present study, we investigated
the expression of mRNAs of lymphotactin and some oth-
er chemokines in IgA nephropathy. The expression of
mRNAs for three chemokines, lymphotactin, MCP-1, and
MIP-1B, in renal cortex was increased and the levels of
lymphotactin and MCP-1 mRNAs were statistically high-
er in patients with glomerular crescents than in those
without crescents. These levels also correlated with tu-
bulointerstitial changes and urinary protein excretion.
Glomerular levels of mRNAs for lymphotactin and
MCP-1, but not MIP-18, were higher in IgA nephropathy
than controls, By immunohistochemical analysis, lym-

photactin was detected in tryptase-positive cells (puta-
tive mast cells) in the interstitial space. These results sug-
gest that lymphotactin, as well as MCP-1, may contribute
to leukocyte infiltration and disease progression in IgA
nephropathy.

- Copyright © 2002 5. Karger AG, Basel

Introduction

IgA nephropathy is the most common form of primary
glomerular disease in the world. Chronic renal failure
develops in 20-30% of the patients 20 years or more after
diagnosis [1]; hence, IgA nephropathy is one of the major
causes of end-stage renal disease. As observed in most
types of glomerulonephritis, interstitial accumulation of
monocytes/macrophages and T lymphocytes is common
in IgA nephropathy [2]. Numbers of interstitial mononu-
clear cells were strongly associated with decreased renal
function [3], and these cells are thought to actively partici-
pate in interstitial fibrosis and renal dysfunction [4]. Glo-
merular infiltration of these types of cell in IgA nephropa-
thy is less prominent, but cell number is shown to be sig-
nificantly increased in IgA nephropathy with active cres-
cents [3, 5], the formation of which is suggested to play an
important role in the progression of IgA nephropathy [6].
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In addition, certain clinical features, especially severe
proteinuria and persistently elevated serum creatinine,
are associated with a poor prognosis[1]. Therefore, mono-
nuclear cells in interstitium and glomeruli are suggested to
be invariably involved in the progression of the disease.

Chemokines are a large family of cytokines chemotac-
tic for leukocytes and are considered to play a crucial role
in the recruitment and activation of lenkocytes in inflam-
mation [7]. They are divided into four groups: CXC, CC,
C and CX3C subfamilies, on the basis of the arrangement
of the first one or two cysteine residues. Most chemokines
fall into CXC or CC groups, whereas only one C and one
CX3C chemokine have been identified so far [7]. Because
most chemokines specific for monocytes and lymphocytes
belong to the CC subfamily, studies on chemokines in
renal discases have mainly focused on CC chemokines
[8]. Monocyte chemoattractant protein-1 (MCP-1} is the
prototype of CC chemokines and has been shown to react
with monocytes, T lymphocytes, natural killer cells, den-
dritic cells and basophils [7]. An increase of MCP-1
expression is observed in various types of experimental
renal discases {8] and neutralizing antibody to MCP-1
reduced monocyte infiltration in some models [9, 10],
suggesting that MCP-1 plays a role, at least in part, in the
recruitment of monocytes, The expression of MCP-1 has
also been shown in human renal diseases at mRNA and
protein levels by histological methods [8], but quantita-
tive analysis on its expression in human kidney has not
vet been reported.

Lymphotactin, a sole member of the C chemokine sub-
family, has unique characteristics [11]: among nearly
twenty chemokine receptors identified, most of which
exhibit multiple ligand specificity, the receptor for lym-
photactin XCRI1 has only one ligand [12]; while other che-
mokines contain typical four or six cysteine residues, lym-
photactin has only two cysteines [13]; lymphotactin has
been reported to be chemotactic for T lymphocytes and
natural killer cells, but not for monocytes or neutrophils
[13, 14]. Although a role for lymphotactin in inflamma-
tion has been speculated [11], there have been only few
reports showing the induction of lymphotactin in vivo.
We previously reported that the gene expression of lym-
photactin was enhanced in a rat model of crescentic glo-
merulonephritis, in parallel with an increase of glomeru-
lar CD§-positive cells [15], suggesting that it may also be
induced in human glomerulonephritis.

In this study, we attempted to semiquantitatively de-
termine the gene expression of chemokines by reverse
transcription-polymerase chain reaction (RT-PCR) and
successfully analyzed mRINA levels for three chemokines,

Lymphotactin in IgA Nephropathy

lymphotactin, MCP-1 and MIP-18. We found that
mRNA levels for lymphotactin and MCP-1 were en-
hanced in renal biopsy specimens obtained from patients
with IgA nephropathy and that the expression of the two
chemokines correlated with clinical and histological pa-
rameters associated with progressive IgA nephropathy.

Materials and Methods

Patients and Renal Biopsy Specimens

Biopsy samples were obtained form 39 patients with IgA ne-
phropathy and 5 patients with idiopathic renal hematuria histologi-
cally confirmed as isolated C3 deposits disease [16]. Idiopathic renal
hematuria used as control in this study was defined as follows: (a}
insidious or abrupt onset of gross or microscopic hematuria with lit-
tle or no proteinuria and no evidence of other features of the nephrit-
ic syndrome; (b) minor glomerular abnormalities revealed by light
microscopy; (c) blood vessel deposits of C3 without significant glo-
merular deposition of immunoglobulin or complement revealed by
immunofluorescence studies, and {d) absence of any glomerular base-
ment membrane abnormalities by electron microscopy. None of
these patients had been treated with steroids or immunosuppressive
drugs before biopsy. Serum creatinine level and daily urinary protein
excretion were examined at the time of renal biopsy.

All biopsy samples were obtained by surgical needle biopsy and
routinely assessed by light microscopic study, immunofluorescence
and electron-microscopic study. A part of the specimen was used for
immunohistochemical study and RNA analysis, Renal biopsies of
patients with IgA nephropathy were examined histologically and
graded (by O.H.) without knowledge of the results of chemokine anal-
ysis. Two histological parameters were evaluated on the basis of their
established prognostic value, First, biopsies were divided into those
with (n = 16) and without (n = 23) erescent formation under micro-
scopic examination. Second, tubulointerstitial changes were assessed
by measuring the affected areas of interstitial mononuclear cell infil-
tration, tubular atrophy and interstitial fibrosis by the method of
Hewitson and Becker [17]. The affected area was quantitated by
point counting using an eyepiece graticule of 1 cm? with ten equidis-
tant lines at a final magnification of x 400,

Glomerli were collected from a picce of the biopsy specimens
under a dissecting microscope. Five or more glomeruli could be iso-
lated from 28 of 39 specimens of patients with IgA nephropathy and
from 5 of 5 of control patients. These isolated glomeruli ([gA
nephropathy, n = 28; control, n = 5) as well as samples of whole renal
cortex (IgA nephropathy, n = 39; control, n = 5} were separately used
for the preparation of total RNA.

RNA Analysis

Total RNA was extracted from renal cortex and isolated glomeru-
li with ISOGEN kit (Wako Pure Industries, Osaka, Japan). RNA con-
tent in the fraction from renal cortex was measured by RiboGreen
RINA quantitation kit (Molecular Probes, Eugene, Oreg., USA),
Because RNA content in glomerular RNA preparations was too small
to be measured, the content in each sample was estimated based on
the number of glomeruli used of RNA isolation. Normal splenic tis-
sue was obtained from a patient undergoing tumor splenectomy and
its total RNA was prepared and used as a positive control.
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Table 1. PCR primers and size of PCR products

prifnc;; b

GACTTCTCATCCTGGCCCTCCTTG

Lymphotactin

MCP-1 ACTGAAGCTCGCACTCTCGCCTC
MIP-1p TGTCCTGTCTCTCCTCATGCTAGTA
GAPDH GGGAGCCAAAAGGGTCATCATCTC

.
GTATTGGTCGATTGCTGGGTTCCTG 319
TGTCTGGGGAAAGCTAGGGGAAAAT 389
GCTCAGTTCAGTTCCAGGTCATACA 264
CCATGCCAGTGAGCTTCCCGTTC 516

Asatemplate of RT-PCR, 0.1 ng (GAPDH), 0.1 pg (MCP-1,lym-
photactin) or 0.2 pg (MIP-1p) of renal cortex RNA or RNA isolated
from a half (MIP-1B, GAPDH) or one (MCP-1, iymphotactin) glo-
merulus was used. Reverse transcription was carried out at 42°C for
50 min in 10 ul of buffer containing 20 mM Tris-HCL, pH 8.4,
50 mM KCl, 2.5 mM MgCl,, 100 pg/ml bovine serum albumin, 1 mM
each of dJATP, dCTP, dGTP and dTTP, 0.25 pg oligo{dT) 3.3 and
100 U M-MLYV Reverse Transcriptase (Gibco BRL, Gaithersburg,
Md., USA). Reactions were stopped by heat inactivation at 90°C for
5 min and chilled on ice. Subsequently, the ¢DNA was amplified in
25 ul of 10 mAM Tris-HCI (pH 9.0) containing 50 mM KCl, 1.5 mM
MgCly, 0.2 mM 5° and 3’ primers (table 1), and 1.25 UJ AmpliTaq
Gold DNA polymerase (Perkin Elmer, Foster, Calif., USA). The
amplification reaction was carried out for z total of 45 cycles as fol-
lows: denaturation for 30 s at 95°C, annealing for 30 s at 54°C (lym-
photactin), 60°C (MCP-1, GAPDH), or 64°C (MIP-18), and exten-
sion for I min at 72°C. For semiquantitative analysis, the amount of
RNA for reverse transcription and the PCR cycle numbers were cho-
sen in order to avoid excessive amplification. According to the manu-
facturer’s instruction, PCR using AmpliTaq Gold DNA polymerase
requires 5-10 cycles more than common DNA polymerases because
of its characteristics. The products of PCR. were separated by electro-
phoresis on a 2% agarose gel with ethidium bromide staining, The
intensity of bands of cDNAs was quantified by ¢computer-analyzed
densitometry and the values for chemokine mRNAs were normal-
ized to those for GAPDH mRNA. Data were analyzed by Mann-
Whitney U test or Spearman rank correlation and a value of p < 0.05
was considered statistically significant.

Immunohistochemical Analysis

The biotin-streptavidin-peroxidase method with a Histofine kit
{Nichirei, Tokyo, Japan) was used for immunochistochemical analysis
as described previously [ 18]. Briefly, 3-pm thick sections of formalin-
fixed paraffin-embedded tissue were deparaffinized in xylene,
and endogenous peroxidase activity was blocked by incubating for
10 min in 3% hydrogen peroxide. After incubation with 10% fetal
calf serum in phosphate-buffered saline, the sections were allowed to
react with dilutions of the primary antibodies for 40 min, followed by
the incubation for 30 min with a second biotinylated antibody.

The primary antibodies used in the present study were: rabbit
polycional antihuman lymphotactin antibody (PetroTech EC Ltd.,
Londen, UK), mouse monoclonal antibodies to human mast ccll
tryptase (AAl, DAKO, Copenhagen, Denmark), CD68 (PG-MI,
DAKO) for the detection of macrophages, and CD45RO (UCHL-1,
DAKO) for the detection of memory T lymphocytes. A mirror sec-
tion analysis [19] was performed for the identification of lymphotac-
tin-producing cells, Two serial sections were obtained with the cut
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surfaces facing each other, and each section was reacted either with
antihuman lymphotactin antibody or with antibodies to tryptase,
CD68, or CD435RO.

Results

Chemokine mRNA Levels in Renal Cortex

RNA content extracted from 39 renal cortex prepara-
tions was determined in the range between 1.4 and 3.2 pg
and we considered that the content was not enough to be
used for quantitative RT-PCR methods which we pre-
viously reported [20]. Then we attempted to detect
mRNAs for totally 11 chemokines and cytokines (MCP-1,
MCP-3, MIP-1a, MIP-1B, RANTES, I-309, lymphotac-
tin, IL-8, IP-10, IL~1B, TNF-0) in several biopsy speci-
mens with 0.2 pg of RNA fraction at most and found that
mRNAs for three chemokines, MCP-1, MIP-1B and lym-
photactin, could be semiquantitatively determined by
RT-PCR: The amplification performed with differential
PCR cycles up to 45 or with serially lower amounts of
RNA confirmed a cycle- and dose-dependent increase of
the PCR products (data not shown). Because levels of
mRNAs for the other chemokines and cytokines were not
semiquantitatively determined, levels of the three chemo-
kine mRNAs of all samples were subsequently analyzed.

Figure 1 shows the electrophoretogram of the products
of RT-PCR for lymphotactin, MCP-1, and MIP-1p using
RNA isolated from renal cortex. There was very low or no
levels of the expression of the chemokine mRNAs in con-
trols, whereas marked expression was observed in the
group of patients with IgA nephropathy. Figure 2 shows
the results of the densitometric analysis of the products of
RT-PCR. The upregulation of the three chemokines in
patients with IgA nephropathy was statistically significant
and that of lymphotactin and MCP-1 mRNA was more
prominent.

Out of 39 patients with IgA nephropathy, 23 were cres-
cent negative and 16 were crescent positive under light-
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Fig. 1. RT-PCR products of mRNAs for
chemokines and GAPDH using RNA pre-
pared from renal cortex of 39 patients with
IgA nephropathy and 5 control patients. The
black/white contrast has been reversed.
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Fig. 2. Expression of chemokine mRNAs in
renal cortex of patients with IgA nephropa-

"o lymphetactin -

thy. A =Control; O = IgA nephropathy with-
out glomerular crescents; @ =IgA nephropa-
thy with glomerular crescents. Each symbol
represents an individual patient with bars
depicting means for each group.

microscopic examination. As shown in figure 2, the levels
of lymphotactin and MCP-1 mRNAs in patients with
crescents were significantly higher than those without
crescents, although there was considerable overlap, espe-
cially of MCP-1. There was no difference in the level of
MIP-1p between the two groups. The levels of lymphotac-
tin and MCP-1 mRNAs also correlated with tubulointer-
stitial changes and urinary protein excretion {fig. 3), but
that of MIP-1 mRNA did not (data not shown). Thus,
the levels of the gene expression of lymphotactin and
MCP-1, but not MIP-1p, correlated with the clinical and
histological severity of IgA nephropathy. The levels of the

Lymphotactin in IgA Nephropathy

chemokine mRNAs did not correlate with serum creati-
nine level (data not shown).

Chemokine mRNA Levels in Glomeruli

Levels of mRINAs for the three chemokines in glomer-
ular RNA samples were measured by the same method as
those in renal cortex, except for the amount of RNA. Glo-
merular expression of lymphotactin and MCP-1 mRNAs,
but not MIP-1§ mRNA was significantly enhanced in
patients with IgA nephropathy (fig. 4, 5). In contrast to
renal cortex, there was no significant difference in the lev-
els of mRNAs for lymphotactin and MCP-1 between cres-
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Fig. 3. Correlation of lymphotactin and
MCP-1 mRNAs in renal cortex with tubu-
lointerstitial changes and urinary protein ex-
cretion. Each dot represents and individual
patient.
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Fig. 4. RT-PCR products of mRNAs for .
chemokines and GAPDH using glomerular Spleen
RNA of 28 patients with IgA nephropathy
and 5 control patients. The black/white con-
trast has been reversed.
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Fig. 5. Glomerular expression of chemokine

mRNAs in patients with IgA nephropathy.
A = Control; © = IgA nephropathy without
glomerular crescents, @ = IgA nephropathy
with glomerular crescents. Each symbol re-
presents an individual patient with bars de-
picting means for each group.

cent-positive and crescent-negative patients (fig. 5). The
levels did not correlate with the level of urinary protein,
tubulointerstitial changes, or serum creatinine {data not
shown). Although there was no difference in the level of
MIP-1B mRINA between patients with IgA nephropathy
and control, the level of MIP-1p mRINA in IgA nephropa-
thy patients correlated with their serum creatinine level
{p =0.496, p < 0.05).

Immunohistochemistry

The production of lymphotactin at the protein level
and its localization in the kidney in IgA nephropathy were
tested. Lymphotactin-positive cells were detected in the
interstitium (fig. 6, left), but were virtually absent in glo-
meruli (data not shown). In contrast, lymphotactin-posi-
tive cells were negligible both in the interstitinm and glo-
meruli in control kidneys (data not shown). We used the
mirror section method to elucidate the phenotype of the
lymphotactin-positive cells. The expression of lymphotac-
tin were restricted to tryptase-positive cells, but not to
CD68-positive  (macrophages) or CD45RO-positive
(memory T lymphocytes) cells (data not shown).

Discussion

The present study demonstrates that the expression of
lymphotactin is enhanced in the kidney of patients with
IgA nephropathy. In addition, the level of lymphotactin
mRNA in renal cortex correlated with glomerular cres-
cent formation, tubulointerstitial changes and the level of

Lymphotactin in IgA Nephropathy

Fig. 8. Localization of lymphotactin in the kidney of a patient with
IgA nephropathy. Mirror sections were stained with antibodies to
lymphotactin (left) or tryptase (right). Note that there are cells posi-
tive for both lymphotactin and tryptase (arrows) and those only posi-
tive for tryptase (arrowhead).

urinary protein, which are three factors associated with a
poor prognosis in IgA nephropathy. These results suggest
that lymphotactin may be involved in the mechanisms of
the progression of IgA nephropathy. The present study
also shows that the transcriptional level of MCP-1 in the
kidney is upregulated in IgA nephropathy and correlates
with the clinical and histological parameters, in agree-
ment with the previous studies that suggest the contribu-
tion of MCP-1 to the progression of renal diseases [8].
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In contrast to MCP-1, the information about lympho-
tactin in inflammatory diseases including glomerulone-
phritis is extremely limited. We have previously reported
that the transcription of lymphotactin is upregulated in an
experimental model of crescentic glomerulonephritis, cor-
respending with the increase of glomerular CD8-positive
cells [15], the cell type essential for the initiation of the
disease model [21]. On the other hand, in a model of tran-
sient proteinuria [22], in which mild interstitial infittra-
tion of monocytes but not lymphocytes is observed, the
enhanced transcription of MCP-1, but not lymphotactin
was detected [20]. Therefore, it is plausible that the upreg-
ulation of lymphotactin might be more limited than that
of MCP-1 in renal diseases. '

The transcriptional levels of the two chemokines corre-
lated with the level of urinary protein, but not with the
level of serum creatinine. Because proteinuria per se is
suggested to causc tubulointerstitial injury as well as
inflammation [23], our results may imply that chemokine
production in tubulointerstitium is more closely related to
the level of urinary protein than to that of serum creati-
nine. Glomerular levels of mRNA. for these two chemo-
kines did not show any correlation with clinical or histo-
logical parameters including glomerular crescents. Be-
cause glomerular changes might be focal, it is conceivable
that variation of the chemokine expression among each
glomerulus may cause such observation.

Our immunohistological studies confirmed the gene
expression of lymphotactin at the protein level. Lympho-
tactin was detected in some of the interstitial cells which
were positive for tryptase staining, a marker of mast cells
[24]. In culture, lymphotactin mRNA is expressed by acti-
vated CD8-positive T lymphocytes [13] and also by other
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Abstract

Recently, we have shown that treatment of stroke-prone
spontaneously hypertensive rats with angiotensin inhibi-
tors for a limited time-window before puberty results in
an attenuation of hypertensive nephrosclerosis in later
life. The aim of this study was to examine the applicabili-
ty of this therapeutic paradigm to a low-renin model.
Dahl salt-sensitive {(Dahl-S) rats were fed a high-salt diet
from age 6 weeks. Some rats were treated with the
angiotensin receptor blocker (ARB) candesartan cilexetil
(2 mg/kg/d} from weaning to puberty (age 3-10 weeks),
whereas other rats were treated continuously until overt
renal damage was seen (age 3-16 weeks). Dahi-S rats on
a high salt diet had increased blood pressure (207 % 3 vs.
125 * 2 mm Hg), proteinuria, and glomerularfvascular
histological changes. The prepubertal treatment with
ARB resulted in a continued suppression of blood pres-
sure (153 = 2 mm Hg} at 16 weeks. Both proteinuria and
renal histological changes wvere significantly (p < 0.05)
attenuated, but not completely prevented by the treat-
ment. No significant differences in plasma renin activity,
renin mRNA, or AT1/ATZ mRNA were seen between

groups. These results suggest that prepubertal treatment
affords sustained renoprotection, even in an animal
model with a suppressed renin-angiotensin system, and
supportthe notion that appropriate prepubertal interven-
tion may lead to a partial attenuation in the susceptibility

to inherited renal diseases.
Copyright © 2002 S. Karger AG, Basel

Introduction

Hypertension is a leading cause of morbidity and mor-
tality, and hypertensive complications such as ischemic
heart disease, heart failure, and renal failure pose an ever
greater burden on medical resources. It has been esti-
mated that up to 20% of the general population is hyper-
tensive, and of these nearly half may have a form of
hypertension which is exacerbated by a high salt diet
(‘salt-sensitive hypertension®) [1].

Until recently, the emphasis in the treatment of hyper-
tension has been on life-long treatment with antihyperten-
sive agents. The development of newer classes of antihy-
pertensive agents with increased tolerability, a favourable
side-effect profile, and greater protection against end-
organ damage has made treatment of hypertension theo-
retically much easier than before.
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Despite the widespread use of these newer classes of
agents, optimal treatment of hypertension remains ¢lu-
sive. Consequently, hypertensive nephrosclerosis remains
a leading cause of end-stage renal failure requiring dialy-
sis, and the incidence of this disease continues to rise in
many countries. One of the key reasons may be that the
current forms of antihypertensive treatment are pallia-
tive, and do not offer a complete cure for hypertension.

Previous studies have shown that treatment of sponta-
neously hypertensive rats (SHR) with angiotensin-con-
verting enzyme inhibitors (ACEI) or angiotensin receptor
blockers (ARB) for a limited period during development
is effective in permanently attenuating the development
of hypertension [2-5]. Similar findings have been re-
ported by Katovich et al., using a retrovirus containing
antisense to ACE or the angiotensin receptor [6]. Recent-
ly, we have shown that this prepubertal treatment also
resulis in a sustained protection from renal injury in
stroke-prone SHR (SHRSP), and that the mechanism for
these effects may be related to suppression of the renin-
angiotensin system, since overactivation of the renin-
angiotensin system has been shown to be one of the
important mechanisms related to the onset of renal injury
in these rats [5].

To date, all of these studies have been performed using
one animal model with an activated renin-angiotensin
system (the SHR) so it is unclear at present whether these
findings are specific to the SHR model of hypertension, or
are generally applicable to all forms of hypertension. It is
particularly important to clarify this question, because if
the effect is general and not specific to the SHR, then it
increases the hope that appropriate intervention may
result in a ‘cure’ of hypertension, irrespective of the genet-
ic cause. Therefore in this study, we examined for the first
time the effects of prepubertal ARB treatment in a differ-
ent model of genetic hypertension and renal damagg. Spe-
cifically, we tested the hypothesis that early treatment
with ARB may provide long-lasting protection against
hypertension and/or renal damage, even in an animal
model with a markedly suppressed renin-angiotensin sys-
tem.

Methods

Animal Treatments

Studies were conducted using 3-week-old male Dahl-S rats main-
tained by Sankyo Laboratories, Tokyo, Japan. All experiments were
performed in accordance with the Animal Experimentation Guide-
lines of Keio University School of Medicine. All rats were initially
fed 2 normal salt diet (CE-2, Nippon Clea, Japan} containing 0.3%
NaCl. At age 6 weeks, most of the rats were changed to a high salt diet

Prepubertal Angiotensin Receptor Blockade
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(8% NaCl). Drinking water was monitored daily using drinking bot-
tles. Rats were housed 6 to a cage except for the period of urine collec-
tion for protein measurements, when they were housed individually
in metabolic cages. Rats were randomly divided into 4 groups{n = 6
per group). Rats in group 1 were control Dahl-S rats which were kept
on a normal salt diet throughout the experiment. Rats in group 2-4
were kept on a normal salt diet from age 3—-6 weeks, then changed to a
high salt diet until the end of the experiment, In addition, the rats in
groups 3 and 4 were treated from age 3-10 weeks (group 3), or from
age 3-16 weeks (group 4) with the ARB candesartan cilexetil (dis-
solved in drinking water (0.0 /1) as described by Mackenzie et al.
[71); the calculated dose for a 250 g rat drinking 50 ml/day is 2 mg/
kg/day). At 16 weeks, one rat from each of the groups 1, 2, and 4 died,
at which point the experiment was terminated. Although confirmato-
ry autopsies were not performed, the symptoms in these rats were
suggestive of stroke.

Assays

Systolic blood pressure and heart rate of awake animals were
measured by tail-cuff plethysmography using a Natsume KN-210
manometer, 24 h urine collections were performed in metabolic
cages (every 2 weeks from age 5-13 weeks, then weekly thereafter),
and urinary protein concentrations were determined using an auto-
analyzer. Rats were sacrificed by decapitation, and trunk blood was
collected in pre-chilled beakers containing the inhibitors 0.1 mM
phenyimethylsulfonylfluoride (PMSF), 3.5 mA ethylenediaminete-
traacetate (EDTA), and 0.12 mAs pepstatin. Samples were imme-
diately centrifuged at 4° C, and stored at —20° C, Plasma renin activi-
ty was determined by radioimmunoassay of angiotensin [ formed by
incubation of plasma for 1 h at 37°C. Plasma angiotensin II levels
were analyzed by radioimmunoassay as described previously {5, 8].
Other blood chemistries were measured using an autoanalyzer.,

Histological Studies

Kidneys and thoracic aortae were fixed in 10% phosphate-buff-
ered formalin, then embedded in paraffin blocks. Histologic sections
from the rat kidneys were stained with PAS, and sections from acrtae
were stained with Azan. Slides were examined by light microscopy,
and renal histopathological changes were scored as described pre-
viously [3, 8). For the assessment of glomerular damage, over 50 glo-
meruli were examined and the number of glomenuli exhibiting focal
or global ischemic or proliferative damage was enumerated and
expressed as a percentage of the total number of glomeruli examined.
Blood vessels were graded 0—4 for arteriolar sclerosis according to the
severity of hyalinosis and thickening of the vascular wall in small-
medium sized arteries. Tubulointerstitial changes, including intersti-
tial inflammation and tubular atrophy, were assessed and graded 0-
3: grade 1 was involvement of <20% of the cortical interstitium,
grade 2 was involvement of 20-40% of the interstitium and grade 3
was involvement >>40%.

RT-PCR (Reverse Transcription-Polymerase Chain} Analysis of

Renal Gene Expressions

Total RNA was purified from rat kidneys by the acid guanidine-
phenol-chloroform method, and quantified by measurement of ab-
sorbance at 260 nm in a spectrophotometer. Renin, AT1 and AT2
receptor subtype mRNA were znalyzed by semi-quantitative RT-
PCR, as reported by us previously [5, 8]. In brief, 1 pg total RNA was
reverse transcribed in a reaction mixture containing 10 mAf Tris HCI
(pH 8.3), 50 mAM KCl, 5 mAf MgCly, 1 mM dNTP, 1 U RNase inhib-
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Fig. 1. Effects of treatment of pre-pubescent
rats with candesartan cilexetil (2 mg/kg/d)on
blood pressure in Dahl-S rats. Normal: group
1 (normal salt diet); High: group 2 (high salt
dict); Cand 3-10: group 3 (high salt diet +
candesartan cilexetil (3-10 weeks)); Cand 3-
16: group 4 (high salt diet + candesartan
cilexetil (3~16 weeks)). Blood pressures in
the Cand 3-10 and Cand 3-16 groups were
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significantly reduced compared to the High
group at all time points after week 7. A sig-
nificant difference was also secn between
Cand 3-10 and Cand 3-16 at wecks 15 and
16 {p < 0.01, symbols omitted for clarity).

itor, 2.5 M (50 pmol) random hexamers and 2.5 U Moloney murine
leukemia virus reverse transcriptase in a volume of 20 pl. The reverse
transcribed product was amplified with renin, AT1, AT2 or GAPDH
sense and antisense primers in a reaction mixture containing 10 maf
Tris HCI (pH 8.3}, 50 mM KCl, 2 mM MgCl;, 0.2 mM dINTP,
15 pmol of each primer, 5 uCi 32P-dCTP, and 2.5 U Taq polymerase
using a Perkin-Elmer-Cetus thermal cycler for 24 cycles. Renin prim-
ers were 5-TGCCACCTTGTTGTGTGAGG-3" and 5-ACCCGA-
TGCGATTGTTATGCCG-3 which correspond to sense and anti-
sense respectively, of bases §51-870 bp and 1203-1224 bp in the rat
renin sequence. AT1 primers were 5~-GGAAACAGCTTGGTG-
GTG-3 and 5-GCACAATCGCCATAATTATCC-3’ corresponding
to bases 133-150 and antisense of 719-739 in the rat ATla and
AT1b sequences. ATZ primers were §-ATGAAGGACAACTT-
CAGTTTTGC-3 and 5-CAAGGGGAACTACATAAGATG-3
(bases 1-23 and antisense of 478-499 respectively). GAPDH prim-
ers were S“TCCCTCAAGATTGTCAGCAA-3 and 5-AGATCCA-
CAACGGATACATT-3¥ (bases 451-470 and antisense of 739-758
respectively). To assess relative levels of AT1a and AT1b amplified
PCR product, the PCR product was incubated for 90 min at 37°Cin
the presence of EcoRI (10 units). Because the AT1a (but not AT1b)
receptor contains an internal EcoRI site, EcoRI digestion under these
conditions results in two fragments of length 428 bp and 178 bp in
the case of AT1a DNA, and one fragment of length 606 bp in the case
of ATI1b. Preliminary experiments confirmed that these PCR reac-
tions were performed within the linear phase of the PCR amplifica-
tion reaction. Reaction products were resolved by electrophoresis
through 8% polyacrylamide gels. Gels were dried using a gel dryer
and incorporated radioactivity in each band was quantified with a
laser image analyzer (model BAS 2000; Fuji Film Co., Tokyo
Japan).
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Materials

Candesartan cilexetil were generously provided by Takeda
Chemical Industries Ltd. RT-PCR and electrophoresis reagents were
obtained from Perkin Elmer and Biorad. Other chemicals were from
Sigma.

Statistics

Results are expressed as the mean = SEM. Statistical compari-
sons were made by ANOVA followed by Fisher's Protected Least
Significant Difference (PLSD) test for comparison between groups.
Values of p < 0.05 were considered statistically significant.

Results

Effects of Treatment of Pre-Pubescent Rats with

Candesartan Cilexetil on Blood Pressure in Dahl-S

Rats

As shown in figure 1, all the rats had a blood pressure
of approximately 120 mm Hg at 6 weeks. In the case of the
rats in group 1, which were maintained on the normal salt
diet, blood pressure remained at this value for the dura-
tion of the experiment. In contrast, the blood pressure of
the rats in group 2, which were changed to a high salt diet
at 6 weeks, rose to a value of 200-220 mm Hg after the
diet change. The elevation in blood pressure was attenuat-
ed (to approximately 150 mm Hg) in the rats in group 4
treated with candesartan cilexetil from 3-16 weeks. Of

Nakaya/Sasamura/Mifune/Shimizu-Hirota/
Kuroda/Hayashi/Saruta



media/ lumen ratio x 100}

T . Aortic wall thickness

. cand 36 Cand3-16

" '® Heart weight / bady weight -

Fig. 2. Effects of treatment of pre-pubescent rats with candesartan cilexetil (2 mg/kg/d) on (a) heart weight/body
weight ratios and (b) aortic wall thickness at 16 weeks in Dahl-S rats. Normal: group 1 (normal salt diet); High: group
2 (high salt diet); Cand 3-10: group 3 (high salt diet + candesartan cilexetil {3—10 weeks)); Cand 3-16; group 4 (high

salt diet + candesartan cilexetil (3—16 weeks)). * p < 0.05, ** p < 0.01 vs. High group.

interest, the blood pressure of the rats in group 3 (treated
with candesartan cilexetil from 3-10 weeks) was also
reduced to a value of 153 £ 2 mm Hg at 16 wecks, even
though the antihypertensive treatment had already been
discontinued for 6 weeks at that time.

Effects of Treatment of Pre-Pubescent Rats with

Candesartan Cilexetil on Heart Weight and Aortic

Wall Thickness in Dahl-S Rats

Cardiovascular hypertrophy was assessed by measure-
ment of heart weights, and histological assessment of aor-
tic wall thickness. As shown in figure 2, heart weight/body
weight ratios were increased in all the high salt diet-
treated groups compared to rats on a normal salt diet. The
treatments with candesartan cilexetil caused a tendency
to decreases in heart weight/body weight ratios, but the
changes did not attain statistical significance. A gignifi-
cant increase in aortic wall thickness was also seen in the
high salt group (group 2) compared to the normal salt
group {(group 1). This increase was significantly (p < 0.05}
attenuated by the rats treated continuously with candesar-
tan cilexetil (group 4), but not in rats treated with prepu-
bertal candesartan cilexetil (group 3).

Effects of Treatment of Pre-Pubescent Rats with

Candesartan Cilexetil on Proteinuria and Renal

Histology in Dahl-S Rats

As shown in figure 3, the rats on a high salt diet (group
2} had marked proteinuria compared to rats on the nor-
mal salt diet at 16 weeks. Examination of urine protein at
different time points revealed that the proteinuria devel-
oped progressively after starting the high salt diet. At 16

Prepubertal Angiotensin Receptor Blockade
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wecks, proteinuria in the rats treated with prepubertal
candesartan cilexetil (group 3) was significantly (p < 0.05)
attenuated. Proteinuria was also decreased in the rats
treated continuously with candesartan (p < 0.01). Of
interest, the changes in the values of plasma total choles-
terol (fig. 3¢) showed the same trend as the changes in
urine protein.

Renal histological changes in the different groups are
shown in figure 3d, and representative tissue sections pre-
sented in figure 4. High salt treatment caused glomerular
sclerosis and vascular hypertrophy. These changes were
attenuated, but not completely prevented in the groups
treated either prepubertally or continuously with cande-
sartan cilexetil. :

Effects of Treatment of Pre-Pubescent Rats with
Candesartan Cilexetil on Blood Chemistries, and
Renal Renin and AT Receptor Subtype mRNA
Expression in Dahl-S Rats .

Blood chemistries in the different groups are shown in
table 1. No significant differences in blood urea nitrogen,
creatinine, total protein, or triglycerides were seen be-
tween groups. Plasma renin activity was low (3-5 ng/ml/
h) in all groups, and plasma angiotensin I was suppressed
to levels below the limit of assay sensitivity.

To further examine changes in the renin-angiotensin
system, levels of renin and angiotensin receptor mRINA
were examined by semi-quantitiative RT-PCR using our
previously described technique [3, 8]. No changes were
found in renin, AT1a, AT1b, or AT2 receptor mRNA in
the treated and untreated groups (fig. 5, 6).
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Fig. 3. a Effects of treatment of pre-pubescent rats with candesartan cilexetil {2 mg/kg/d) on urine protein at 16 weeks
in Dahl-$ rats, b Time course of the development of proteinuria in the treated and untreated groups. e, d Effects of
treatment of pre-pubescent rats with candesartan cilexetil (2 mg/ke/d) on ¢ plasma total cholesterol and d renal
histological scoring of glomerular, vascular, and interstitial changes. Normal: group I (normal salt diet); High: group 2
(high salt diet); Cand 3~10: group 3 (high salt diet + candesartan cilexetil (3-10 weeks)); Cand 3-16: group 4 (high salt
diet + candesartan cilexetil (3—16 weeks)). * p <0.05, ** p < 0.01 vs. High group.

Table 1, Blood chemistries and body
weights in Dahl-S rats

Cand3-10
{n=6).

Blood urea nitrogen, mg/dl 261 2472 273 2242

Creatinine, mg/dl 0.40£0.02 044002 048+0.05 0.38+0.02
Total cholesterol, mg/dl G110 10416 86 L 8* 631 5%+
Triglyceride, mg/dl 70£6 105+22 51410 94+16
Total protein, g/dl 6.320.1 58102 6.4%0.1 5.8+0.2
Plasma renin activity, ng/ml/h 33+1.2 4307 50%1.0 3.8+04
Plasma angiotensin 11, pg/ml nd nd nd nd

Body weight, g 324+ 10* 284+ 10 267116 300+7

Results shown are the mean + SEM. * p < 0.05; ** p<0.01 vs. High. nd: <3.0 pg/ml.
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Fig. 4. Light microscopy of renal histology in 16-week-old Dahl-S rats. Representative photomicrographs of formal-
dehyde-fixed sections stained with PAS are shown. Original magnification x 200. Normal: group 1 (normal salt diet);
High: group 2 (high salt diet); Cand 3-10: group 3 (high salt diet + candesartan cilexetil (3-10 weeks)); Cand 3-16:
group 4 (high salt diet + candesartan cilexetil (3-16 wecks)). Glomerular changes (arrowhead) and hyperplasia of
small to medium sized arteries (arrow) were seen predominantly in the High group.

Discussion

Although there are several rat models for hypertension,
the Dzahl-S rat was chosen in this study because (1) it has a
genetic predisposition to develop hypertension and hy-
pertensive renal damage, (2) the renin-angiotensin system
is suppressed in these rats, in contrast to the SHR, where
the renin-angiotensin system is elevated, and (3) it may be
considered a model of human ‘salt-sensitive’ hyperten-
sion, which may comprise up to one-half of hypertensive
patients [9]. We also deliberately chose this model, be-
cause it has been reported to be most resistant to the
effects of ACEI and ARB, both in terms of the control of

Fig. 5. Representative image of RT-PCR of renin, AT receptor, and
GAPDH mRNA in the kidneys of 16-week-old Dahl-8 rats. Normal:
group 1 (normal salt diet); High: group 2 (high salt diet); Cand 3-10:
group 3 (high salt diet + candesartan cilexetil (3-10 weeks)); Cand
3-16: group 4 (high salt diet + candesartan cilexetil (3-16 weeks)).
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