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Abstract In the first 6 days of hypertension, infiltratedubular lesions, vascular and interstitial fibrosis, and in-
mononuclear cells were colocalized with collagen (grstitial infiltration by mononuclear cells have all been
MRNA-overexpressing fibroblasts in the adventitial ar@gell documented in HNS [9, 14, 24, 27, 41]. Neverthe-
of unclipped kidney. The number of adventitial infiltratetkss, the early cellular and fibrotic changes leading to
mononuclear cells was correlated with adventitial colleBNS are still poorly understood. We have used the two-
gen (I) surface expansion. After 22 days of hypertensikidney one-clip (2K1C) as a model of HNS [41] to eval-
no collagen (I) mRNA-overexpressing fibroblasts or amate several phenomena appearing in the cortex during
increase in collagen area or mononuclear cell infiltratitime first 31 days of high blood pressure (HBP). Collagen
was observed. In the interstitium of unclipped kidnegxpansion around interlobular arteries and arterioles in
collagen (I) mRNA overexpression, collagen (l) expathe clipped and unclipped kidneys was quantified by
sion and mononuclear cell infiltration began later, fromorphometric analysis. Interstitial fibrosis, and mononu-
the 7th day of hypertension, and kept increasing. In ttlear cell infiltration around arteries and arterioles in the
clipped kidney, after expansion in the first 6 days of hynclipped kidney were quantitatively or semiquantita-
pertension, the adventitial collagen remained stabliwely assessed. Cells synthesizing mRNAsdtrcolla-
These results suggest that in the unclipped kidney fibgen (I) and (IV) were located in the unclipped kidney by
blastic activation begins within the first 6 days of hypein situ hybridization.

tension in the adventitial area, but is transient, and fibro-

sis then spreads in the intersitium. Mononuclear cell infil-
tration is colocalized and correlated with adventitial arMiethods

interstitial fibrosis. In the first 6 days, hypertension is not

the only cause of fibrosis; the same level of adventitial fiorty-seven male Wistar rats (lffa-Credo, Lyon, France), 6 weeks
brosis is detected in the nonhypertensive clipped kidn é]and weighing 140 g were used. All rats were anaesthetized

ether. A 0.2-mm clip was placed on the left renal artery in 29
All observed pathological phenomena could be detecigf and the right kidney was left untouched. The 18 control rats

within the first 3 days of hypertension underwent sham surgery, including renal artery denudation with-
out renal nerve cutting.

Key words Experimental hypertensive kidney - Animals were allowed free access to a regular pellet diet and

Adventitial. tubulo-interstitial fibros s water. Rats were weighed and systolic blood pressure measured by

the tail cuff method (using a piezoelectric detection of caudal ar-
tery pulse downstream a cuff -W + W electronic recorder 8005,
Apelab) twice weekly in awake rats. Five clipped rats were killed
by decapitation on days 3, 7, 12, 17, 24, and 4 clipped rats, on day
38 after clipping. Three sham- operated rats were killed on each of
Hypertensive nephrosclerosis (HNS) is one of the majfé six dates. Most (20) of the 29 clipped rats were hypertensive
causes of end-stage renal failure [38]. Glomerular ambden killed (systolic blood pressure >180 mmHg). Five clipped
rats killed on day 3 after clipping and 4 rats killed on day 7 were
Y. Xu - M.-D. Appay ( ]) - D. Heudes - N. Hinglais - J. Bariéty not hypertensive and were excluded from the study. The systolic
INSERM Unité 430, Hopital Broussais, 96 rue Didot, blood pressure of the sham-operated rats remained normal at 127 +
F-75 674 Paris Cedex 14, France, 0 mmHg (Fig. 1, top). As the effect of HBP on kidney structures
Tel.: (+33) 01 43 95 95 95, ext. 3424, Fax: (+33) 01 45 45 90 59Nas the critical parameter, all clipped rats were allocated to groups
R. Lemoine ?ccog;hng to HZBP7 Iir;g(tjh as ffo:l'ogv;(:cgr)oup 1: 13 62351%? gf HBP

: ; ; n = 8), group 2: 7— ays o , group 3: 22— ays
Institut de Pathologie, CMU, Geneva 4, Switzerland of HBP (1 = 4)(Fig. 1, top). There were no groups with HBP last-
J.-B. Michel ing 17-21 days after clipping, since the onset of HBP is random.
INSERM Unité 460, UFR de Médecine X, Hopital Bichat, Blood was collected at sacrifice and plasma renin activity
Paris Cedex 18, Fran:e (PRA) was measured by radioimmunoassay [26].
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300 a: p < 0.05 versus Sham Operated rats Cortical interstitial fibrosis was evaluated semiquantitatively as
b:p <0.05 versus Group 1 the number of tubular sections surrounded by increased collagen
07 ~ Le:p<0.05 versus Group 2 () in the interstitium over 10 fields at a magnification of x100

(3.04 mn? per field) for each rat in picrosirius red-stained sections
in unclipped kidneys.

Polyclonal rabbit antibodies to mousd collagen (IV) were
obtained from Institut Pasteur (Lyon, France). Monoclonal anti-
body to rata-smooth muscle cells (SMC) actin, a gift from Dr.
Gabbiani (Faculty of Medicine, University of Geneva, Switzer-
land), were used to localize SMC and myofibroblasts [34]. The
monoclonal antibody W3/25 (Crawley Down, Sussex, England)
[40] and monoclonal antibody ED1 (Serotec, Oxford, England) [8]
were used to identify identify T-helper lymphocytes and mono-
cytes-macrophages, respectively.

Polyclonal rabbit antibodies to mousd collagen (IV) were
detected with goat anti-rabbit IgG coupled to fluorescein isothio-
cyanate (FITC; Institut Pasteur, Lyon, France). All primary mono-
clonal antibodies except the anti-@SMC actin antibody were
visualized with the alkaline phosphatase-anti-alkaline phosphatase
(APAAP) complexes (Dakopatts, Copenhagen, Denmark) [5].
Endogenous alkaline phosphatase was inhibited by heating the
slides to 80°C as reported elsewhere [12]. Antiers8MC actin
monoclonal antibody was detected by the peroxidase anti-peroxi-
dase (PAP) technique.
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Operated (1-6d4 HBP) (7-17d  22-31d Cells labelled with ED1 and W3/25 surrounding 20 interlobu-
(n=19) (n=8) HBP) HBP) lar arterial or cortical arteriolar sections (x400) were counted to
(n-8) (n=4) obtain the mean number of labelled cells per arterial section. The

interstitial infiltrating cells (i.i.c.) were evaluated in interstitial ar-
Fig. 1 Changes in systolic blood pressutepf, and plasma renin eas using the following index: 0 no i.i.c.; 1 up to 50 i.i.c. dis-
activity (botton) in sham-operated rats and in group 1 (1-6 daygkersed in small clusters of 3-5 cells; 250-100 i.i.c. distributed in-
group 2 (7-17 days) and group 3 (22-31 days) hypertensive rat®isheets; 3 over >100 i.i.c. uniformly distributed throughout the
order of the duration of hypertensan field. Ten fields (3,04um2 at a magnification of x100) were
scanned per rat.
Two cDNA probes, one encoding the murim# collagen (1)

The unclipped kidneys were divided into two parts. One part waein (975 bp), and the other encoding the muddecollagen
frozen in liquid nitrogen and stored at —180°C for in situ hybridiz8y) chain (700 bp) were provided by Dr. M.Y. Laurent (INSERM
tion and immunohistochemical studies, while the other was fixedUrL18, Paris, France) [11]. Cryostat sectionguf® were fixed in
Dubosqg-Brazil fixative for standard light microscopy and for coll&:7% formaldehyde in phosphate-buffered saline (PBS) for
gen (I) quantitation using polarized light microscopy on picrosirid® min, washed in PBS for 2 min and dehydrated in an ethanol se-
red stained sections. The clipped kidney was fixed in Dubosg—Braeis. The cDNA probes were labelled wi#s dCTP using a ran-
fixative for polarized light microscopy using picro sirius red stainindom primer DNA labelling system (Gibco BRL, Cergy Pontoise,

Fixed tissue was dehydrated at room temperature throughFRaance) to a specific activity of 1.20..1¢ cpmjug. The hybrid-
ethanol series, embedded in paraffin and cut ingondthick sec- ization mixture was: 50% formamide, 10 mM Tris, pH 7.4, 0.6 M
tions. The sections from all rats were stained with haematoxyhaCl, 1 mM EDTA, 1 x Denhardt solution, salmon sperm DNA
and eosin, Masson’s trichrome or picrosirius red. Picrosirius r&00 pg/ml), and herring sperm DNA (2008g/ml), yeast t-RNA
has a high affinity for all types of collagen. Collagen (I) was ides00 pug/ml), 10% dextran sulfate, and 10 mM dithiothreitol. Hy-
tified using picrosirius red staining and polarized light microsctridization mixture (15ul containing 7.5 ng3°S-labelled dena-
py. Polarizing microscopy of picrosirius red-stained sections tered cDNA) was placed on each section. Sections were covered
veals mostly collagen (I) as an orange-yellow colour with a 55@ith siliconized glass coverslips, sealed, and incubated overnight
nm interference filter [19]. at 41°C in a moist chamber. The tissue sections were then washed

The fibrosis surrounding the interlobular arteries and cortidalice in 4 x saline sodium citrate (SSC) containing 40% form-
arterioles of clipped and unclipped kidneys was measured dwide at 45°C for 15 min, then with 2 x SSC at 60°C for 30 min,
guantitative morphometry of collagen () areas around arteries amdl finally with 0.5 x SSC at room temperature for 1 h. The sec-
arterioles on sections stained with picrosirius red. A video caméoms were dehydrated in an ethanol series, dipped in 50%, NTB
(Sony, Tokyo, Japan) was connected to an image analyser (Naehailsion (Eastman Kodak Company, Rochester, N.Y.) in water
15000, Nachet, Evry, France) piloted by a microcomputer (Macemd exposed for 7-12 days in the dark at 4°C. The autoradiographs
tosh Il, Apple, Cupertino, Calif.) running an image analysis praere developed in Kodak D 19, fixed in Kodak Rapid Fix and
gram in C language. The investigator responsible for the moounterstained with haematoxylin and eosin. The kidneys of 4
phometric analysis was unaware of the experimental group bedtigped rats in group 1, 5 in group 2 and 4 in group 3 and of 5
analysed. An initial study of the running mean and of the runnisgam-operated rats were used for in situ hybridization. Thirteen
variance indicated that the measurement of 20 arteries (magniftogeertensive rat kidneys and 5 sham-operated rat kidneys were hy-
tion x250, calibration variables 0.5@n/pixel) gave convergence bridized in situ forx1 collagen (I and IV) mRNAs.
to a good estimation of the quantitative parameters. Collagen (I)Control experiments included pretreatment of fixed sections
around arteries and arterioles connected to the media was mé#n ribonuclease A (RNase A, 50g/ml) (Sigma, St Quentin
sured for each field, separately from all distant interstitial coll&allavier, France) in 2 x SSC for 30 min at 37°C prior to hybridiza-
gen in the field. The area of collagen (I) and the perimeter of edicim, and hybridization of slides wifiS-labelled pGEM plasmid.
artery were measured. The expansion of collagen (I) around arteAll results are expressed as means = SEM per group. All re-
ries and arterioles was expressed as the ratio between the collagks were compared by one-way anova and confirmed by a non-
area in square micrometres and the perimeter of the artery in pairametric test (Kruskall-Wallis test or Mann—Whitney U-test).
crometres (PAC/AP). This value was used to compare the fibraStsrrelations between quantitative parameters were assessed using
around arteries and arterioles independently of the section inbe Spearman-test. Statistical significance was accepted at
dence. P <0.05.
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Fig. 3 Immunohistochemical detection of smooth muscle cells
(SMC) with antia-SMC actin monoclonal antibody (peroxidase-
anti-peroxidase technique) on the unclipped kidney of an hyper-
tensive rat killed 14 days after hypertension onset (group 2). The
a-SMC actin-positive smooth muscle cells of the arterial and
juxtaglomerular arteriolatGA) media are neither hypertrophic nor
hyperplasic. In the interlobular arterf)( proliferating fibroblasts
area-SMC actin-positive, especially at the periphery of the onion-
skin-like lesion arrowhead$. G glomerulus
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Fig. 2 a Sham-operated rat. Interlobular artery. The adventitia is
normal (betweemrrows). b Unclipped kidney of a rat killed after

7 days of hypertension (group 2). Interlobular artery. The adventi-< 3
tia is greatly enlarged by proliferative fibroblasts, separated byso
layers of extracellular matrix (betweanrows). The enlarged ad-
ventitia is infiltrated by mononuclear cellarfowhead$. There is
no medial or intimal smooth muscle cell proliferation. Light mi-
croscopy, Masson'’s trichrore

area / artery perimeter (¥m2/um)
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Results Sham l Group1 Group 2 " Group3
Operated (1-6d HBP) (7-17d HBP)  (22-31d HBP)

The PRA was normal at 11.9 + 1.57 ng angiotensin I/ml (n=19) (n=8) (n=8) (n=8)
per '::I.OUI' tlln sham-(l)per?tgd 30502;[;?: éaé:sa' The P.R{A Wgha 4 Morphometric measurement of periarterial collagen | area
significantly more elevated (35.53 + 6.83 ng angiotensyy yigney sections stained with picrosirius red, and examined with

I/ml per hour) in group 1 than in sham-operated rats, aslarized light microscopy. The periarterial collagen | area in the
reached 46.66 + 11.24 ng angiotensin I/ml per h in groupclipped kidneys increases with increasing duration of hyperten-

2. It decreased thereafter in group 3 (18.4 + 4.49 ng &) The periarterial collagen | area remains significantly higher
giotensin I/ml per h as seen in Fig. 1 (bottom). in the clipped kidneys than in the sham-operated rats, but does not

. increase with the duration of hypertens.ion
In the 18 sham-operated rats, the renal tissue was nor- P

mal. Renal lesions were observed in clipped and un-
clipped kidneys of hypertensive rats. Interlobular arteries and glomerular arterioles were
Glomerular lesions were moderate and focal and @throunded by round mononuclear cells as early as the
curred only in groups 2 and 3. The most frequent abn8rd day of HBP (group 1). In groups 2 and 3, the numer-
mality was the presence of podocytic hyalin dropletsus proliferating fibroblasts and round mononuclear cells
Ischaemic and necrotic glomeruli were rare. were separated by concentric layers of extracellular ma-
Necroses of the media of some interlobular arterigi, mimicking onion-skin-like lesions (Fig. 2). Some of
and cortical arterioles were detected in the unclippttese proliferating fibroblasts were positive with ari-
kidneys of the three groups of rats. SMC antibody, particularly at the periphery of the onion-
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25 a: p<0.05 versus Sham Operated rats
= b : p<0.05 versus Group |
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Sham Group | Group 2 Group 3
Operated (1-6d HBP)  (7-17d HBP)  (22-31d HBP)
(n=19) (n=8) (n=8) (n=8)

Fig. 6 Interstitial fibrosis evaluated by semi-quantitation of inter-
stitial collagen | in unclipped kidney. The kidney sections stained
with picrosirius red are observed by polarized light microscopy.
The interstitial fibrosis is significantly more marked in all the
three groups of hypertensive rats than in sham-operated rats, and
in groups 2 and 3 than in grou;» 1

Fig. 5 aPolarized light microscopy using a 550 nm filter o
picrosirius red-stained kidney sections to detect collagea |I. 2
Sham-operated rat. Adventitial collagen | around an artAly Q= &
does not extend into the interstitium and around tubulgsaifd
glomerulus G). b Unclipped kidney of rat killed after 14 days of
hypertension (group 2). Some adventitial collagen | around an
tery (A) extends into the interstitium and around tubulBsand
glomerulus G)

Fig. 7 Immunofluorescence using antibodiesatd(IV) collagen.
Unclipped kidney of rat killed after 28 days of hypertension

T ; ; . ; oup 3). The thickened tubular basement membranes are labelled
skin-like lesions (Fig. 3). The SMC in the media of theé\%rd have a wrinkled appearandsT (altered tubule) when com-

arterial sections were neither more hypertrophic red to normal tubulesIT)
more hyperplasic than in sham-operated rats (Figs. 2, 3).

The ratio between the adventitial area of collagen (1)
and the arterial perimeter (PAC/AP) was significantbantly greater in groups 2 and 3 than in group 1. The al-
greater in group 1 (3.48 £ 0.26n2/um) than in sham-op- tered tubules in these fibrotic areas had thickened basal
erated rats (2.19 = 0.32n2um). The PAC/AP value waslaminae with enlarged lumina and small cuboid epithe-
significantly greater in group 2 than in group 1, but notlial cells. These enlarged basal laminae stained strongly
group 3 than in group 2 (Fig. 4). Adventitial collagen (yith antibody toal collagen (IV) (Fig. 7). There was no
gradually extended into the interstitium and around tueticeable labelling with antibody tol collagen (IV) in
bules and glomeruli in some areas (Fig. 5). Some artethes interstitium or in the periarterial/periarteriolar area
were surrounded by normal areas of collagen in all hyp@tig. 7). Some fibroblasts around altered tubules were
tensive groups. The PAC/AP in the clipped kidney w&MC actin positive (data not shown).
significantly greater in group 1 than in sham-operated ratsSome fibroblasts in adventitial monolayers in the pe-
and did not increase with the duration of HBP (Fig. 4). riarterial/periarteriolar area of sham-operated nats %)

The collagen (1) in the interstitium increased signifexpressed collagen (I) mRNAs (Fig. 8a, b). In group 1
cantly with HBP in groups 1, 2 and 3 compared to shamats f = 4), the adventitial fibroblasts in multilayers
operated rats (Fig. 6). Interstitial collagen (I) was signififave intense signal around arteries and arterioles with



Fig. 8a—h In situ hybridiza-
tion of al(l) collagen mRNA
with a1(l) collagen cDNA
probe in unclipped kidneys.
Leftdark-field micrographs
showing intensity of the hy-
bridization signalright paired
bright-field micrographs show-
ing anatomical localization of
that signala, b In sham-oper-
ated rat, interlobular artery
showingal1(l) collagen
mRNAs in fibroblastsdrrow)

in the adventitiac, d In a hy-
pertensive rat killed on the 1st
day of hypertension (group 1),
artery showing mang1(l) col-
lagen mMRNAs in fibroblasts in
the adventitiagrrow). e, fln
hypertensive rat killed on the
14th day of hypertension
(group 2), interlobular artery
showing many1(l) collagen
mMRNAs in fibroblasts in the ad-
ventitia @rrow) and many in-
tenselyal1(l) collagen mRNA-
containing fibroblastsafrow-
head around tubulegy, hin
hypertensive rat killed on the
28th day of hypertension
(group 3), numerous1(l) col-
lagen mRNA-containing fibro-
blasts &rrow) detected in the
interstitium and around altered
tubules AT)

10pm
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35+ Sham-operated rats had dispersed cortical periarteri-

W e e a al/periarteriolar and interstitial cells labelled with anti-

N ED1 or anti-W3/25 antibodies. W3/25-labelled cells

% itial inde a
B2 tmerstitia index were more numerous than ED1-labelled cells. There
55| | a:p<0.05 versus Sham Operated rats were significantly more periarterial/periarteriolar ED1-
a labelled cells in groups 1, and 2 than in sham-operated

rats (Fig. 10). The mean number of ED1-labelled cells
per arterial and arteriolar section was positively and sig-
nificantly correlated (= 0.68, P < 0.01) with PAC/AP

(Fig. 11a). The semiquantitative measurement of intersti-
tial ED1-labelled cells was significantly greater in the
three hypertensive groups than in the sham-operated rats
(Fig. 10). The highest index, 0.84 + 0.18 labelled cell per
interstitial field, was reached in group 2, but it was not
significantly different from the values in groups 1 and 3
(Fig. 10). The semiquantitative assessment of interstitial

EDI labeled cells

0.5

L /

Sham " Groupl ' Group2 Growp3 " Epp_jabelled cells was also significantly correlated
Operated 1-6d HBP) 7-17d HBP)  (22-31d HBP) \ ar y
(ho19) o o) (n=8) (r = 0.75,P < 0.001) with PAC/AP (Fig. 11b).

The highest value for periarterial/periarteriolar
Fig. 10 Immunohistochemical quantitation of periarterial/periatV/3/25-expressing cells, 8.52 + 6.26, was reached in
teriolar ED1-labelled cells and semiquantitative index of intersti oup 2. It was significantly higher than that in sham-op-
al ED1-labelled cells from kidney of sham-operated rats and fr ) . . .
unclipped kidney of rats in groups 1, 2, and 3. The number of p%ateq rats_ (Fig. 12). The mean number Of.pe.”.arte“'
arterial/periarteriolar ED1-labelled cells is significantly higher idl/periarteriolar W3/25-labelled cells was not significant-
groups 1 and 2 than in sham-operated rats. The index of interstlalcorrelated = 0.39) with PAC/AP. As for ED1-la-
ED1-labelled cells was S|gn|f|cantlyuh|gher in the three hypertefelled cells, the number varied greatly from one vessel
sive groups than in sham-operated -ats section to another, and could reach 50 cells per vessel
section. Semiquantitative measurement of the mean

normal (Fig. 8c, d) or necrotic media. In group 2 ra%mber of interstitial W3/25-labelled cells showed sig-

(n=5), the adventitial signal was more intense (Fig. 8e icant increases in groups 2 (1.49 + 0.02) and 3

(.58 = 0.12) over the number in the sham-operated

and there were also some clustersodf collagen (1) : :
) Co : o ! group (Fig. 12). The index of W3/25-labelled cells per
MRNA-expressing fibroblasts in the cortical mterstltluI terstitial field was significantly correlated € 0.72,

around tubules in (Fig. 8e, f). In group 3 rats=(4), no : ;
al collagen (I) mRNA-expressing fibroblasts were ol§1< 0.01) with PAC/AP (Fig. 11c).

served around arteries and arterioles, but such fibroblasts
were still present in the interstitium (Fig. 8g, h).

None of the structures in the kidneys of sham-oper
ed (Fig. 9a, b) or group 1 (Fig. 9c, d) rats expresskd . : .
collagen (IV) mRNAs, but 4 of the 13 hypertensive rajd'¢ Unclipped k|ﬁndey in the 2(;«:1% rlno?el of hyper';?nr;
had fibroblasts containingl collagen (IV) mRNAs in >v€ rats is a well-documented model of HNS, in whic
the adventitial periarterial/periarteriolar area. Thig L1e'€ are arterial, glomerular, tubular, and interstitial le-
collagen (IV) MRNA expression was transient; it was dg°"s [9: 1;:" 24, 27, 4#]' but the early (I:ellulgr and f('jbmt'
tected on day 7 (group 2) of hypertension, maximal ShEVENtSs that initiate the HNS are poorly understood.
day 14 (group 2: Fig. 9e, f) and absent on day 28 (grou Within the first 6 da_ys of HBP (gro_up 1) _the f_oIIow—
3). Five hypertensive rats gaud collagen (IV) mRNA INg changes occurred in the periarterial/periarteriolar ar-

expression in the epithelial cells of altered tubules andﬁfi gfnt(r;;a. :?ﬁlr']%?ggslé'%rf‘?gugn é?]czga;engg?nar?Sig r;(-jl-
the interstitial fibroblasts in contact with them. Thege 297 L)) g P

collagen (IV) mRNA-expressing cells were present froH¥e adventitial fibroblasts; and an increase in ED1-ex-

day 7 (group 2) of hypertension onward, and were mdf&SSing cells (monocytes/macrophages). Patchy medial
numerous on day 28 (group 3) (Fig. 9 g ’h) necroses affect arteries and arterioles. All these modi-

fications could be observed as early as the first 3 days of
. . A _ hypertension.
Fig. 9a—h In situ hybridization ofal(IV) collagen mRNA with  After 7-17 days of HBP (group 2), the unclipped kid-

al(lV) collagen cDNA probe in unclipped kidneyseft dark-field . o
micrographs showing intensity of the hybridization sigmaht M€Y contained even more adventitial collagen (1), and

paired bright-field micrographs showing anatomical localizatiotollagen (I) mRNA expression was at its highest. The
of that signala, b No signal is detected in sham-operated rats aumber of ED1- and W3/25-expressing cells increased

in ¢, dgroup 1 ratse, fIn rats killed after 7 days of hypertensionground arteries. An increase of collagen (I) area occurred

(group 2),a1(lV) collagen mRNAs are detected in adventitial fi- : . : ; o
broblasts drrow). g, h in rat killed after 28 days of hypertension!” the interstitium, paralleling an increase in fibroblasts

(group 3).a1(IV) collagen mRNAs are detected in altered tubul:ﬁ‘{(pressmg collagen (I and 1V) mRNAs, anql correlated
epithelial cells. A artery,AT altered tubules.) with the number of ED1- and W3/25-expressing cells.

Discussion
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Interstitial ED1-expressing cell index Periarterial ED1-expressing cell number
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Fig. 12 Immunohistochemical quantitation of periarterial/periar-
teriolar W3/25-labelled cells in kidney tissue sections and semi-
guantitative index of interstitial W3/25-labelled cells from sham-
operated rats and from unclipped kidney of rats in groups 1, 2 and
3. The number of periarterial W3/25-labelled cells is significantly
higher in group 2 than in sham-operated rats. The index of intersti-
tial W3/25-labelled cells was significantly higher in groups 2 and
3 than in sham-operated rats

After 22—-31 days of HBP (group 3), in the periarteri-
al/periarteriolar area of unclipped kidneys, collagen (I)
area was increasing versus group 2. The numbers of
ED1- and W3/25-expressing cells remained high and sta-
ble, and collagen (I) mMRNAs were no longer detectable.
In the interstitium, collagen (I and IV) mRNAs were al-
ways overexpressed. Collagen (I) area and ED1 and
W3/25 cell numbers remained high.

In the clipped kidney, the area of periarterial/periarte-
riolar collagen (I) was stable in groups 1, 2 and 3, but
significantly larger than in sham-operated rats.

Adventitial fibrosis without SMC proliferation in the
media has also been observed by others in the unclipped
kidney of 2K1C hypertension [24], and in extrarenal ves-
sels [2, 20, 29]. Adventitial proliferative and fibrotic ar-
terial lesions have also been described in the coronary le-
sions [15] and cerebral arterial lesions [11] of spontane-
ously hypertensive rats.

The very early periarterial/periarteriolar accumulation
of extracellular matrix in the unclipped kidney has been

Fig. 11 Correlations in the unclipped kidneys between PAC/AP
and a the mean number of ED1-expressing cells around arteries
and arteriolesr(= 0.67,P < 0.01),b the index of interstitial ED1-
expressing cellsr(= 0.72,P < 0.01), anct the index of interstitial
W3/25-expressing cells € 0.70 and® < 0.01}
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assessed semiquantitavely in other studies [9, 17, pdrtensive clipped kidney in the first few days of HBP
41]. In the Helmchen study [14], medial thickness babuld be explained by the action of Ang Il. In fact, sever-
not adventitial fibrosis was measured morphometricably in vivo studies suggest that Ang Il could mediate arte-
in the days immediately after clipping. The authors conal SMC proliferation independently of HBP [17, 23,
sidered this medial thickness to be due to intracellu@®]. Moreover, in experimental renovascular hyperten-
oedema. Using computer-assisted morphometric anaien Brilla et al. [3] noticed that myocardial fibrosis oc-
sis, we have measured adventitial collagen separatlyred in not only the pressure-overloaded, hypertro-
from interstitial fibrosis and have demonstrated that thepeied left ventricle, but also in the normotensive, nonhy-
is a significant increase in adventitial collagen (I) accorpertrophied right ventricle, suggesting that a circulating
panied by collagen (I) mMRNA overexpression in the firabrmonal factor (Ang IlI), and not haemodynamic fac-
6 days of hypertension. This induction of periarteriers, is responsible for this adverse fibrous tissue re-
al/periarteriolar fibrosis in the unclipped kidney is naponse.
only early but also transient; collagen (I) mMRNAs were Inflammation could be another potent triggering fac-
no longer detected after 17 days of HBP, and there wassfor fibrosis, since suppression of macrophages leads
no further significant increase in fibrosis in our study. to the suppression of fibrogenesis in several experimen-
In the 2K1C model of HNS, the effects of haemodyal models [7, 10, 18, 22, 36]. We also found a signifi-
namic factors bound to HBP are difficult to dissociatant correlation between the number of ED1-expressing
from those of angiotensin Il (Ang I1). It would have beecells and the adventitial area of collagen (I). However,
of interest to compare arterial and arteriolar lesions threre is as yet no indication as to why these infiltrating
the 2K1C model with high PRA with the same lesions @ells are attracted into these areas around arteries and ar-
a model of hypertension with low PRA (Doca salt intoxterioles as early as the 6th day of HBP.
cation). Unfortunately, the comparison is difficult, since Fibrosis occurs later in the interstitium than in the ad-
hypertension level and duration are not the same as auanstitial area, that is on day 7 of HBP, and regularly in-
in the available studies [33, 43]. Nevertheless, in thegeases with the duration of HBP. This interstitial fibro-
studies it seems that adventitial perivascular lesions ai® is accompanied by overexpression of collagen (I)
not predominant, suggesting that the renin-angiotensiRNAs in interstitial fibroblasts. This interstitial fibrosis
system participates specifically in the development of tisea continuous phenomenon, unlike the transient periar-
adventitial vascular lesions [43] . terial/periarteriolar fibrosis. As with adventitial fibrosis,
The activation of the renin-angiotensin system (RAS8jterstitial fibrosis is accompanied by an increase in in-
that occurs in our model, as indicated by PRA measuterstitial infiltrating lymphocytes and macrophages in the
ments, may be a triggering factor for fibrosis. Althougbame sites as1 collagen (I) and (IV) mRNA-expressing
the RAS is activated mainly in the clipped kidney, it hdi$roblasts. The number of these infiltrating cells is also
a potential effect on both kidneys [9, 13]. The fibroticorrelated with the extension of adventitial fibrosis. The
activity of systemic and local Ang Il has been widelghenotypic distribution of these infiltrating cells is in
discussed. However, in vitro effects of Ang Il on renal fagreement with the data of Mai [24] in 2K1C hyperten-
broblast activation are poorly documented and remaiion, but also of other experimental [21, 35] and human
controversial. AT1 receptors for Ang Il have been deelerosing nephropathies [39]. The interstitial fibrosis
scribed in rat cultured cardiac fibroblasts [6, 25, 32, 3B8eems to progress morphologically from the periarterial
Adding Ang Il to the culture medium causes both cardirea towards the interstitium, much like the process re-
ac fibroblast proliferation [1, 31, 32] and collagen symported by Wiggins et al. [16, 39] in experimental glomer-
thesis [4, 6, 44], but Ang Il has no effect on the growtHonephritis. The authors hypothetise that during this
of murine fibroblasts isolated from the renal tubulo-intetype of renal injury with an inflammatory process,
stitium [42]. In vivo inhibition of Ang Il production by (myo)fibroblasts could be stimulated to synthetise colla-
converting enzyme inhibitors (CEI) [27] or inhibition ofjen and to migrate into the interstitial space, leading to
Ang Il binding by DuP 753 (losartan) [29] does not didibrosis [39]. The fact that many fibroblasts express
sociate direct effects of Ang Il from those of HBP, sinc@MC actin in interstitial and adventitial fibrosis suggests
the two phenomena are tightly linked. However, the atiat these cells display a myofibroblastic differentiation.
ventitial fibrosis of the nonhypertensive clipped kidneykhe reasons for such differentiation are not clear, but
remained unchanged in all three hypertensive groupave been observed in different circumstances: Ang Il
Roughly similar observations were reported by Eng et mfusion [17], obstructive nephropathy [28], and 2K1C
after 11 weeks of clipping [9]. In our studies, fibrosisiodel [9].
significantly increases in the hypertensive unclipped kid- The overexpression of collagen (IV) mRNAs in tubu-
ney from day 6 to day 17. Thus dissociation betwekr cells that begins on the 7th day of HBP is accompa-
hormonal effects of Ang II, which is elevated in bothied by overexpression of collagen (IV) in enlarged tu-
kidneys [9, 13], and haemodynamic effects of blodmilar basement membranes. However, the collagen (IV)
pressure, which is elevated in the unclipped kidney, indiRNAs in interstitial fibroblasts are not accompanied by
cates that blood pressure is a potent triggering factor éapression of collagen (IV) protein, or at least this is not
fibrosis. Nevertheless, the small but significant enlargéetected with the antibody used. This apparent contradic-
ment of the adventitial area of collagen (1) in the nonhtjen may be due to a postranscriptional blockade of pro-
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tein synthesis or to a synthesis of collagen (IV) aftét. Frederiksson K, Nordborg C, Kalimo H, Olsson Y, Johansson
more than 28 days of HBP. In fact, collagen (IV) was de- B (1988) Cerebral microangiopathy in stroke-prone spontane-

. ously hypertensive rats. An immunohistochemical and ultra-
tected by Eng et al. [9] only 11 weeks after clipping. structural study. Acta Neuropathol (Berl) 75:241-252

In summary, morphometric analysis and in situ hy2 Gabe M (1968) Détection histochimique des principales acti-
bridization studies show that fibrosis begins early in this vités enzymatiques. In: Gabe M (ed) Techniques histologi-

model of HNS, within the first 6 days of hypertension, gues. Masson, Paris, pp 601

i i ; ; ; ; Guan S, Fox J, Mitchell KD, Navar LG (1992) Angiotensin
and is restricted to the periarterial/periarteriolar areas of and angiotensin converting enzyme tissue levels in two-kidney,

the unclipped kidney. The process extends to the intersti-one clip hypertension rats. Hypertension 20:763-767
tium after 7 days. HBP is involved in adventitial fibrosis4. Helmchen V, Kneissler V, Bohle RM, Reher A, Groene HJ
after the 7th day. Nevertheless, in the first 6 days HBP is(1984) Adaptation and decompensation of intrarenal small ar-

not the only relevant factor for fibrosis; the adventitial %?g%sééns‘%x&e”me”ta' hypertension. J Cardiovasc Pharmacol

collagen expansion is identical in both clipped and Uy Wingiais N, Heudes D, Nicoletti A, Mandet C, Laurent M,
clipped _kldneys. The colocalization of infiltrating cells  Bariéty J, Michel J (1994) Co-localization of myocardial fi-
and activatedr1 collagen (I)-expressing fibroblasts and brosis and inflammatory cells in rats. Lab Invest 70:286-294
the correlation between the level of inflammatory celf$§- Hooke DH, Gee DC, Atkins RC (1987) Leucocyte analysis us-

. : . SR : . ing monoclonal antibodies in human glomerulonephritis. Kid-
and fibrosis suggest that inflammation is involved in this ey Int 31:964-972
Q

fibrotic process. Nevertheless, further studies are needediohnson RJ, Alpers CE, Yoshimura A, Lombardi D, Pritzl P,
to establish the mechanisms of inflammatory cells re- Floege J, Schwartz SM (1992) Renal injury from angiotensin
cruitment around arteries and arterioles and to identifg '3-med'ated hypertension. Hypertension 19:464-474

: - :18. Jones CL, Buch S, Post M, McCulloch L, E. L, Eddy AA
the links between hypertension and/or Ang I, and i (1991) Pathogenesis of interstitial fibrosis in chronic purine

flammatory cells. aminonucleoside nephrosis. Kidney Int 40:1020-1031
. ...19. Junqueira L (1979) Picrosirius staining plus polarizing micros-
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