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Abstract We investigated the relationship between rkKey words Interstitial fibrosis - Nephropathy -
generating renal tubular epithelial cells and myofibr&enal tubule - Myofibroblast - Regeneration - Age:! rat
blast development in chronic progressive nephropathy
(CPN) of aged male F344 rats. We used established cri-
teria to classify disease in rats with CPN as gradelntroduction
(n=9), grade 2r=10), grade 3r=7) and grade 4nE4).
Five young rats served as controls (grade 0). The raticRenal interstitial fibrosis is a hallmark of progressive re-
fibrotic tissues per unit area, assessed in collagen tyyé disease following renal injury and has been observed
lll-immunostained sections by morphometric analysis kidneys of aged animals and humans [31, 36, 39, 59].
increased significantly with advancing grade of CPN. Vi-he pathogenesis of the fibrosis is complex and uncer-
mentin-expressing, regenerating renal tubules wean. Recent studies have shown that infiltrating macro-
found from grade 1 and continued to increase in numipérages and fibrogenic cells, myofibroblasts, are key cells
up to grade 3, decreasing slightly, however, in gradeid.the progressive renal fibrosis and that there is a posi-
Similar kinetics were seen for the numberaeémooth tive correlation between macrophage infiltration and the
muscle actin-positive myofibroblasts, and there wasappearance of myofibroblast in experimental renal fibro-
significant correlation between the number of regenergenesis [4, 14, 16, 27, 51]. Furthermore, some studies
ing renal tubules and myofibroblast development (corfeave suggested that degenerative or regenerative renal tu-
lation coefficient=0.83P<0.01). The myofibroblasts de-bules might contribute to the development of renal inter-
veloped in close association with the fibrotic areas sestiial fibrosis [13, 18, 28, 36]; this idea is based on find-
in grades 1-4; the cells also reacted to desmin or vima&mgs showing that proximal renal tubular epithelial cells
tin, indicating the activated state. Immunohistochemistaye capable of synthesizing collagen types | and Il [10,
for platelet-derived growth factor (PDGF)-BB and trang2] and that fibrogenic growth factors such as platelet-
forming growth factor (TGFR revealed that vimentin- derived growth factor (PDGF)-BB and transforming
positive renal tubules were positive for PDGF-BB, bgtrowth factor (TGF)B might be secreted by injured re-
negative for TGH3, and that interstitial reactive cellsnal tubular epithelial cells, resulting in proliferation of
showed no positive reactions for both factors. The presyofibroblasts producing extracellular matrix (ECM)
ent studies on rat CPN showed that regenerating renal[13, 22, 31]. However, the roles of renal tubules in asso-
bules may be a major source of a fibrogenic growth fagation with interstitial fibrosis have not been fully eluci-
tor, PDGF-BB, and that the PDGF-BB might induce thaated.
development of fibrogenic cells, myofibroblasts, culmi- Vimentin is an intermediate filament expressed main-
nating in progressive interstitial fibrosis. ly in cells of mesenchymal origin. In normal kidneys vi-
mentin is detected in the epithelial cells and mesangial
cells in the glomeruli, vessels and interstitial cells, but
not in renal tubular epithelial cells [5]. However, vimen-
— tin expression has been observed in developing renal tu-
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Chronic progressive nephropathy (CPN) is a wefbr 2 h at 37°C, and were subsequently reacted with avidin—biotin
known spontaneous lesion observed in various strain§$@fPplex reagents (Vector Laboratories, Burlingame, CA, USA)

. . . - Igr 30 min at RT. The secondary antibodies used were biotinylated
rats [6, 8, 19, 30]. The CPN is characterized histologicgl " nii-mouse IgG antibody (Vector) for monoclonal mouse an-

ly by glomerular lesions, protein casts, degenerative f8bdies against for vimentim-SMA, PCNA, TGFg, and biotin-
regenerative renal tubular lesions and interstitial fibrogiated goat anti-rabbit IgG antibody (Vector) for polyclonal rabbit

with mononuclear cell infiltration; such changes graduaptibodies against collagen type Iil, desmin, and PDGF-BB. After

ly progress with aging, and rats older than 24 mon‘g&:alization with 3.3diaminobenzidine tetrahydrochloride as a

. . strate, sections were counterstained with haematoxylin. Non-
may develop the end-stage kidney leading to marke unized mouse and rabbit sera, which were processed instead

impaired renal function. Rat CPN is a useful model fof the primary antibody, served as negative controls. To confirm
the investigation of chronic progressive fibrosis in hthe specificity of immunostaining with the polyclonal PDGF-BB
mans. antibody described above, we used an additional PDGF-BB anti-

: . . body (monoclonal mouse Ig@; Upstate Biotechnology, Lake

. TO_Sh,F"d some light on the mechanisms behind reﬁ cid, NY, USA), and both antibodies to PDGF-BB showed iden-
fibrosis, in the present study we analysed rat CPN by ifital immunostaining patterns. Rat fetal lung tissues, which are
munohistochemistry, with a particular focus on the corrgiown to express PDGF-BB immunopositive reaction [21], served
lation between vimentin-positive, regenerating renal t&s positive controls.

. L3 ... Vimentin-positive renal tubules were determined by counting
bules and the appearance of myOf'brOblaStS’ in addltl% number of luminal cross sections that showed vimentin label-

immunohistochemical localizations for PDGF-BB anghg of more than half the epithelial cells; the counts were con-
TGF{3 were investigated with reference to vimentin-posucted in the cortex and the outer stripe of the medulla at a magni-
itive renal tubules and renal fibrogenesis. fication of x100.a-SMA-positive interstitial cells were counted at

a magnification of x400 throughout the cortex and the outer stripe
of the medulla. To evaluate renal interstitial fibrosis, the collagen
type lll-immunolabelled area was quantitated by computer-aided
Methods morphometry using a colour image analyser (MacSCOPE; Mitani,

Tokyo, Japan) in ten randomly selected areas (0.3 ganh) of

the cortex and outer stripe of the medulla [37, 58]. The fibrotic

Thirty male F344/DuCrj rats obtained at the age of 6 weeks frc&ql : ;
: - was presented as the percentage of collagen immunolabelling
Charles River Japan were examined at the age of 24 months. \é% per unit area. Glomeruli and vascular structures were exclud-
rats aged 8 weeks served as controls. All animals were housedérfy %om these analyses

barrier-maintained room at a temperature of 24+1°C, 60+10% r Small blocks of the cortical area in CPN were fixed in 2.5%

ative humidity, and a 12-h light-dark cycle and given a Standadl‘ﬂltaraldehyde in cacodylate buffer, post-fixed in 1% osmium te-

commercial laboratory diet for rats and tap water ad libitum ; ; : feah
Rats were killed with ether, and the kidneys were fixed fgx'de’ and then embedded in epoxy resin (Nisshin EM, Tokyo,

b an). Ultrathin sections were stained with uranyl acetate and
Methacarn solution (60% methanol, 30% chloroform and 10 pan, p . . S .
acetic acid) for 3—4 h. Midsagittal sections were embedded in p i_cciocsltzrg;e and examined in & Hitachi H-500 transmission electron
affin. Sections were cut at 4 pm thick and stained with haematoxy-ry4 nu)r/ﬁbers of vimentin-positive renal tubules anGMA-

lin and eosin (HE) and by Masson’s trichrome method. Accordi%%sitive cells, and the fibrotic rate were expressed as the group

to criteria described previously [8, 30], we classed rat CPN as antstandard deviation for each grade of CPN. Studetest

lorvggia g{adff,cgi n?orlrfesriﬁlrgsr %;g;irwg:ﬁ' rﬁgﬁtgrr:r?etlgﬁilélfénli?iovﬁ used to compare the control (grade 0) with the other grades. A
gl' ht mesan 'algth'cken'n in some alomeruli. and a few t % BGalue smaller than 0.05 was considered significant. The rela-
'9 glal thickening | 9 utl, W tubulglnship ‘between the number of vimentin-positive renal tubules

basement membranes thickened; grade 2, multifocal areas of s&%— i} _ P :
tered dilated and atrophic tubules with thickened basement m%r'ré&?ic?nu?o%efgic?gn?MA positive cells was evaluated using the

branes; grade 3, glomerular and tubular lesions more pronounced,

with atrophy and sclerosis, thickening of the capsule, cellular infil-

tration and mild interstitial fibrosis; grade 4, adhesions of the

glomerular tufts to the wall, marked tubular dilatation with prdResults

teinaceous casts, more pronounced cellular infiltration and intersti-

tial fibrosis. Rats examined in the present study were distributdg described previously [5], in all rats examined glomer-
by grade as follows: grade 0, 5 animals (controls); grade 1, 9 aiiar epithelia and vascular endothelia were reactive for

mals; grade 2, 10 animals; grade 3, 7 animals; grade 4, 4 anim ; ; :
The following primary antibodies were used for immunohist?ig?memm' In grade 0 CPN, a few renal tubules lined with

chemistry: anti-swine vimentin at a dilution of 1:400 (clone vdasophilic epithelial cells reacted faintly to vimentin [6,
Dako, Kyoto, Japan), anti-humansmooth muscle actim¢SMA) 7], but the majority of renal tubules were negative for vi-
at a dilution of 1:400 (clone 1A4; Dako), anti-chicken desmin atraentin (Fig. 1). In contrast, vimentin-positive renal epi-

dilution of 1:800 (polyclonal rabbit; Dako), anti-rat collagen typ ; ; _ .
11l at a dilution of 1:100 (polyclonal rabbit; Chemicon Internationﬁqe'Ial cells were frequently seen in grades 1-4 CPN; the

al, Temecula, CA, USA), anti-proliferating cell nuclear antigeROSitive reactions were localized mainly in epithelial
(PCNA) at a dilution of 1:200 (clone PC10; Dako), anti-huma@ells lining dilated or atrophic proximal tubules and col-
PDGF-BB at a dilution of 1:10 (polyclonal rabbit; Genzymedecting ducts with thickened basement membrane
falrg?“dge’ lMA’IUSA) alr‘%é‘”t"bo"'r;e TGrat a dilution of (Fig. 1), The vimentin staining developed in the cyto-
:10 (monoclonal mouse enzyme). . . oo

The immunohistochem%al met%ods have been described in %léasm often in the basal portion of the epithelial cells. In
tail elsewhere [37]. Briefly, deparaffinized, Methacarn-fixed seéne vimentin-positive renal tubules, many epithelial cells
tions were incubated with 1% hydrogen peroxide in methanol fgave a positive reaction to PCNA, indicating proliferat-
15 min at room temperature (RT) to inactivate endogenous perqy , regenerating cells (Fig. 2). As shown in Fig. 3, the

dase and were then washed with phosphate-buffered saline (P ; . e ; :
After incubation with 10% goat serum in PBS for 20 min at R ber of vimentin-positive renal tubules increased with

sections were reacted with the aforementioned primary antibodfdvancing grade of CPN, reaching a peak in grade 3
for 14 h at 4°C followed by incubation with secondary antibodi€ésPN; however, in grade 4 CPN (the most advanced
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Fig. 1A, B Vimentin expression of renal tubules in control (8Fig. 2A, B Immunoreactivities for proliferating cell nuclear anti-
week-old) and aged ratA. In control kidney [progressive chronicgen (PCNA) and vimentin on serial sections of grade 3 GPN.
nephropathy (CPN), grade 0], glomerular epithelia, interstiti®any epithelial cells lining dilated or atrophic renal tubules give a
cells and vessels and occasional renal tubules are positive forpaisitive reaction to PCNA, indicating active proliferation (dark
mentin.B In contrast, most of regenerating renal tubular epithelialiclei). B These cells correspond to vimentin-positive, regenerat-

cells react to vimentin in grade 3 CPN of an aged rat. <120 ing renal epithelial cells. x140
stage), the number was slightly lower than in grade 3 190 12
CPN. Vimentin

Smooth muscle cells constituting blood vessels were ggg| [0 Alpha-sma
positive fora-SMA in CPN of all grades, indicating the & —o— Fibrosis
specificity of this staining. An antibody agairstSMA ~5§ 8 _
was used for identification of myofibroblasts [12, 42¢% 600 ¥ g
44]. In grades 1-4 CPNy-SMA-positive cells were gE § 8
found in the tubulointerstitial fibrotic areas as well iIig£ 44, % N / §
the surroundings of the sclerotic glomeruli. The positiveg %/ X a
cells in the fibrotic areas were located mainly around® N
the vimentin-positive renal tubules, surrounding the 200
basement membrane of the tubules; the cells often
showed filamentous reactions in their cytoplasm. These . N 0
o-SMA-positive cells also reacted to desmin or vimen- 0 1 2 3 4
tin, indicating activated myofibroblasts (Fig. 4). Elec- Nephropathy (Grade)

tron microscopy showed that the myofibroblastic cells _ i »
had characteristically long myofilament bundles a -Ig. 3 Numbers of vimentin-positive renal tubules amdmooth

. scle actin@-SMA)-positive myofibroblasts, and the percentage
ranged parallel to the plasma membrane(Fig. 5) afi‘taosis in CPN of various grades. Control rats represented as

possessed well-developed rough endoplasmic reticulgrade 0 CPN. Both vimentin-positive tubules an@MA-positive
and some mitochondria. Many collagen fibres were seeafis were counted in the defined area (see ‘Methods’). Mear: £SD
adjacent to the cells.

The number ofa-SMA-positive cells increased with
advancing degree of CPN, reaching a peak in grade 3.
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Fig. 4 Immunoreactivities foA vimentin, B a-SMA, andC des- In the initial stages of collagen deposition and fibril for-
min on serial sections of grade 2 CRNSMA-positive myofibro- mation, collagen type Ill appears in greater amounts than

blasts thin arrowg are seen surrounding vimentin-positive ren
tubules. These cells also react to desrthick arrowg or vimen- ollagen type | [31, 59]. Thus, we assessed development

tin (arrowheads. x24C of the fibrotic areas in collagen type lll-immunostained
sections by morphometric analysis. As shown in Fig. 3,

compared with grade 0 CPN, the percentage of fibrotic

tissue per unit area increased significantly with increas-
However, in grade 4 CPN, the number was slightly lowig grade of CPN; grade 4 CPN had the greatest fibrotic
than in grade 3 CPN (Fig. 3). area. In grades 1-4 CPN, the immunoreactivity for colla-
Interstitial fibrosis in CPN was assessed by collaggen type Il was seen in the tubulointerstitia and peri-
type Il immunostaining. The fibrotic areas seen iglomerular areas (Fig. 6). In the tubulointerstitia, the in-
grades 1-4 CPN were stained blue by Masson’'s tense reactivity was present exclusively adjacent to the
chrome method, indicating deposition of collagen fibredilated or atrophic renal tubules expressing vimentin. In

Fig. 5 Electron micrograph of
a myofibroblastic cell adjacent
to a renal tubular epithelial cell
in grade 3 CPN. Myofilament
bundles &rrows) are character-
istically seen in the cytoplasm.
(T regenerating tubular ceB
thickened tubular basement
membraneMf myofibroblastic
cell, C collagen fibres). x8, 800
Inset higher power view of
myofilament bundle s
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Fig. 6 Immunoreactivities for vimentina-SMA, and collagen itive renal tubules, and in grade 4 CPN the numbers of
type Il on serial sections of grades 0, 1, 3 and 4 CPN. Immunofgsth declined. There was, then, a highly significant cor-

activities for vimentina-SMA, and collagen type Il are markedly . P
increased in grades 1, 3 and 4, as compared with grade 0. HoW@lﬁ‘“on between the number ofSMA-positive cells

er, in grade 4, regardless of the decreased expressions of vimediel the number of vimentin-positive renal tubules (corre-
anda-SMA, staining intensity for collagen type Il appears to bation coefficient=0.83P<0.01; Fig. 7). In conformity
increased. x€3 with the increased number ofSMA-positive cells the

collagen type lll accumulation was increased in grades

1-3 CPN, but in grade 4 CPN, regardless of the de-
grade 0 CPN there was simply a small number of type ¢dleased number of-SMA-positive cells the collagen ac-
collagen fibres in the interstitia. cumulation was still increased. Grade 4 CPN appears to

As described above and shown in Fig. 3, in grades the end-stage of contracted kidneys developed

1-3 CPN the increased numbercoSMA-positive cells through scar formation, consisting in increased ECM and
was closely related to increased number of vimentin-pagcreased number of cellular components [30].
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1200 In grades 1-4 CPN, intense immunostaining for
Y=-42.379+0.880X PDGF-BB was localized in the epithelial cells lining di-
lated or atrophic renal tubules with thickened basement
membrane (Fig. 8). Intact proximal tubules and appar-
ently normal tubules with slightly thickened basement
membranes were weakly or occasionally positive for
PDGF-BB. These PDGF-BB-positive renal tubules were
corresponding to vimentin-positive renal tubules. T&F-
expression was found in normal cortical tubular cells of
all grades, including control (grade 0), whereas no reac-
tion for TGF was detected in dilated or atrophic renal
tubules in cortical areas of grades 1-4 CPN (Fig. 8). In-
terstitial reactive cells in CPN of all grades were negative
for PDGF-BB and TGH.

800

400

No. of alpha-SMA positive cells

460 800 1200
No. of vimentin-positive tubules

Discussion
Fig. 7 Correlation betweern-SMA-positive myofibroblasts and

vimentin-positive renal tubules in rat CPN. Both vimentin-positivgha pathogenesis of rat CPN appears to be related to
tubules andr-SMA-positive cells were counted in the defined are ) . .
(see ‘Methods’). Eachklot represents an individual animal. Correﬁmteln leakage caused by increased porosity of the base-

lation coefficient=0.83R<0.01) ment membrane [6, 19]. In the renal tubules, degenera-
tive epithelial cells are sloughed from the basement
membrane and fall into the lumina; thereafter, the tu-
bules are lined with regenerating epithelial cells with ba-
sophilic cytoplasm. The regenerating epithelial cells in
proximal tubules and collecting ducts are immunoposi-
tive for vimentin [20, 35, 40, 54, 56], and show prolifer-
ating activity by bromodeoxyuridine [30, 32] and PCNA
immunostaining. In progressive tubular injury and fol-
lowing fibrosis, tubuloglomerular feedback has been as-
sumed to play a central role in the transition from acute
to chronic renal injury [7, 28, 59]; in addition to continu-
ing exposure to an aetiologic agent, presumably dietary
proteins, tubular damage can lead to loss of glomerular
functions and subsequent structural changes, and con-
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; i L e\ - ; versely glomerular changes can accelerate renal tubular
SN a0 ) N\ oy v . . K L.
p,ﬂ@@' %I\ R s P A1 4 damage. The increased number of vimentin-positive re-
NVe a0k = v Rog :.i’:'-:.ﬁ.‘..: arx. Y. nal tubules with increasing degrees of CPN suggest that
g-"fg;mv S " - degenerative or regenerative changes occur repeatedly in
¥ PN N ""l_‘_‘ - i nephrons throughout life. As a result, glomerulosclerosis
23 iy 0

and interstitial fibrosis appear to develop progressively in
rat CPN. Previous studies on rat CPN have concentrated
mainly on glomerulosclerosis [8, 9, 19]. However, the
mechanisms of the interstitial fibrosis are unclear. Our
morphometric analysis showed that with advancing
grade of CPN, collagen type Il accumulated abnormally
in the fibrotic areas. Furthermore, we have confirmed ab-
normal increases in collagen type I, collagen type IV and
fibronectin in advanced CPN [38]. Similar increases in
such ECM components have been reported in hydrone-
phrosis and interstitial fibrosis induced by nephrotoxic
chemicals [26, 27, 46, 57]. Rat CPN may be a useful
model for chronically developed renal fibrosis.

Fig. 8A, B Immunoreactivities for platelet-derived growth factor Studies on hydronephrosis models caused by ureteral
(PDGF)-BB and transforming growth factor (TGF)n grade 3 obstruction and chemical-induced renal fibrosis have
CPN.A PDGF-BB eXpression is seen intensely in dilated or atraemonstrated tha]_SMA_posrnve myoﬂbrob'asts have

phic regenerating renal tubules, wherBawo reactivity for TGFB : . . PP .
is observed in regenerating renal tubules. However, occasio aqrumal role in renal interstitial fibrosis [13, 14, 24, 58].

cortical renal tubules with normal structures are reactive for TGHL the present study, with an increase in the fibrotic tis-
B. x18C sues in CPN the number of SMA-positive myofibro-
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blasts was significantly increased, indicating that myofiation, and that vimentin-positive renal tubular epithelial
broblasts are also related to the progression of fibrosisélls might be a major source of PDGF-BB capable of in-
rat CPN. On electron microscopy, the cells were charaeicing myofibroblast development. To specify the source
terized by some myofilament bundles and well-develf PDGF-BB, further investigations should be conducted
oped rough endoplasmic reticulum. Similar cells havéth in situ hybridization studies.
been reported in hepatic [25], pulmonary [2] and cardiacIn experimental rat hydronephrosis, there was a close
fibrosis [37, 52] and dermal wound healing [12, 44]. telationship between the appearance of interstitial mac-
has been well established that myofibroblasts may shaphages and TGB-gene expression, and immunolocal-
an heterogeneous cytoskeletal repertoire in pathologiizaltion for TGF was found exclusively on peritubular
settings [42, 44]. In the fibrotic areas of CPN, myofibranononuclear cells, apparently macrophages [15]. We
blasts also expressed vimentin and desmin; this indicdtgked to demonstrate TGE-immunoreactivity on infil-
an activated state capable of producing ECM [42, 44]. trating macrophages in grades 1-4 CPN, although the
Some studies have suggested that renal tubules mamber of macrophages demonstrable with ED1 (rat
participate in interstitial fibrosis in response to injury [13nacrophage-specific antibody) immunostaining was very
18, 28, 36]. Therefore, we focused on the relationshipsohall [38]. Analogous negative staining for TGHA in-
regenerating renal tubules to myofibroblasts. Interestirigrstitial infiltrates has been shown in chronic ureteral
ly, we found a significant correlation between vimentirebstruction [57]. There might be some differences in the
positive renal tubules arSMA-positive myofibroblast functions of infiltrating macrophages between the acute
development (Fig. 7). In addition, we found that myofphase of experimental renal fibrosis and chronic fibrosis
broblasts appeared exclusively around vimentin-positiveCPN. The possible contribution of TGHo interstiti-
renal tubules. It has been suggested that fibrogenic fakcfibrosis in rat CPN remain to be determined. As de-
tors released by infiltrating macrophages in injured aressibed above, further, TGEwas not detected in the vi-
might induce the modulation of pre-existing fibroblasteentin-positive, regenerating renal tubular epithelial
to myofibroblasts, leading to fibrosis [41-43, 45]. We ircells. This cytokine has been shown to inhibit cell prolif-
vestigated a possible production of TBFRand PDGF- eration, especially by preventing resting-stage cells from
BB by regenerating renal tubular epithelial cells by inentering the cell cycle [11, 34]. These findings imply
munohistochemistry and found TG the cytoplasm that, with regard to tubular regeneration, the disappear-
of normal cortical renal tubular epithelial cells, but not iance of TGH3 in the vimentin-positive tubular cells re-
vimentin-positive, regenerating renal tubules. In contraéves the inhibition of cell proliferation, while produc-
intense immunoreactivity of PDGF-BB were detected tion of PDGF-BB promotes cell proliferation via an au-
the vimentin-positive, dilated and atrophic renal tubulgscrine pathway [50].
while renal tubules of a normal appearance though within grade 4 (end-stage kidney), the numbers of vimen-
slightly thickened basement membrane showed weaklypositive tubules andi-SMA-positive cells were de-
or occasionally positive reaction for PDGF-BB. Thesweased, whereas the fibrotic rate demonstrable on mor-
PDGF-BB-positive renal tubules also demonstrated posirometric analysis was increased. In the end-stage kid-
tive reactions to PCNA, indicating active tubular proliferey, because almost all areas of the kidney were dam-
ation. PDGF-BB has been reported to be produced byaged owing to the advanced glomerulosclerosis, collapse
nal tubular epithelial cells as well as infiltrating macr@and increased interstitial fibrosis, the regenerative capac-
phages and platelets in diseased kidneys [3, 24, 29]. Tan®f renal tubules appeared to be reduced. Konishi et al.
et al demonstrated in rat kidneys that exogenous admélemonstrated that DNA synthesis in the tubular epitheli-
istration of PDGF-BB induces the proliferation of renalm increased with the degree of CPN, whereas the syn-
tubulointerstitial myofibroblasts [48]. In angiotensin llthesis decreased in the end-stage with progressive tubu-
mediated renal injury in rats, tubulointerstitial fibrosidar injury and interstitial fibrosis [30]. They also indicat-
collagen accumulation and tubular cell proliferation haeel that interstitial cells (fibroblasts and endothelial cells)
been associated with increased PDGF-BB expressieduced DNA synthesis in the end-stage kidney [30].
[24]. PDGF-BB is a potent mitogen and chemoattractarttis appears to support our findings that the regenerative
of interstitial fibroblasts and may be an important mediatules and the myofibroblasts were reduced in the end-
tor of renal fibrosis [1, 24, 48]. Moreover, it has been rstage of the rat CPN. Recent studies have demonstrated
ported that renal interstitial cells have PDGF receptahat the process of fibrosis represents an imbalance be-
[3], and that the number of the receptors was increasethiren ECM protein generation and degradation [15, 27,
pathological conditions [17]. In tubulointerstitial fibrosigl7]. In addition to overproduction of ECM by interstitial
in a 5/6-nephrectomy model, Kliem et demonstrated cells, decreased ECM degradation by suppression of me-
that PDGF-B chain mRNA and both protein expressidgalloproteinase activities or activation of tissue inhibitors
and its receptor was markedly increased in renal tubulefs,metalloproteinases or both contribute to excessive
which associated with increasing tubular proliferative aeCM accumulation leading to fibrosis. Therefore, severe
tivity [29]. On the basis of these findings, we assumébrosis in grade 4 rat CPN may be associated partly with
that PDGF-BB expression was initiated at an early stageimbalance in ECM metabolism.
of tubular proliferation, that the expression was then in- In conclusiona-SMA-positive myofibroblasts partic-
creased in association with tubular proliferation/differeipate in interstitial fibrosis in rat CPN and there is a sig-
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nificant correlation between the vimentin-positive, ré-7. Fellstrém B, Klareskog L, Heldin CH, Larsson E, Ronnstrand
generating renal tubules and the appearance of myofibroL, Terracio L, Tufveson G, Wahliberg J, Rubin K (1989) Plate-

P : : : . let-derived growth factor receptors in the kidney: upregulated
blasts in fibrogenesis. The regenerating renal epithelial expression in inflammation. Kidney Int 36:1099-1102

cells are immunopositive for PDGF-BB but not for TGFg. Fukatsu A, Matsuo S, Yuzawa Y, Miyai H, Futenma A, Kato K
B, indicating a possible participation of PDGF-BB in (1993) Expression of interleukin 6 and major histocompatibili-
proliferation of myofibroblasts. Our findings suggest that ty complex molecules in tubular epithelial cells of diseased

repeated pathological change (degeneration and regeyglh
e -

ation) in nephrons is the most important event for dev
opment of interstitial fibrosis in rat CPN.

uman kidney. Lab Invest 69:58-67

~ Gray JE, van Zwieten MJ, Hollander CF (1982) Early light

microscopic changes of chronic progressive nephrosis in sev-
eral strains of aging laboratory rats. J Gerontol 37:142-150

20. Grone HJ, Weber K, Gréne E, Helmchen U, Oshorn M (1987)
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