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Abstract Glomerular distribution of rat plasma fibroprocesses, and the terminal processes arising from two
nectin was examined during the course of puromya@djacent podocytes display a regular alternate arrange-
(PAN)- and daunomycin (DM)-induced nephrosis. Iment. In proteinuria this fern-leaf pattern of the podocyte
control animals, fibronectin was detected in the mesas-usually retracted into broad and flattened cytoplasmic
gial matrix and along the glomerular basement meprocesses. In the advanced nephrotic stage, exfoliation of
brane (GBM), closely associated with the plasma mepodocytes from the GBM is often observed, eventually
brane of glomerular cells. In peripheral loops, immuneesulting in segmental glomerular sclerosis and/or hyali-
precipitates were preferentially distributed in the laminaesis [18, 23]. Thus, an intimate interrelationship exists
rarae externa and interna. Fibronectin was densely gretween podoycte morphology and glomerular functions.
cipitated in a glomerulosclerotic lesion induced by DMIthough the factors participating in maintenance of the
at 8 weeks after the injection. In peripheral loops, loskaracteristic podocyte architecture are unknown, they
and reconstruction of epithelial foot processes occurrae thought to be related to intracytoplasmic cytoskeletal
in PAN nephrosis but the change was accompanied édgments and/or certain specific properties of the cell
negligible perturbation of fibronectin distribution in thenembrane.

lamina rara externa. In contrast, a remarkable decrease dRecent in vitro studies have indicated that extracellu-
fibronectin was observed in DM nephrosis, unrelated lar matrix macromolecules have a striking effect on a va-
the presence or absence of foot processes. The decraaseof cell behaviours [25]. In particular, fibronectin fi-

in immunoreactivity for fibronectin in the lamina rara exorils are thought to be connected with the intracytoplas-
terna seemed to have no association with podocytemie cytoskeleton via transmembrane linkers, or inte-
tachment to or detachment from the GBM. Plasma fibrgrins, and this system may control cell shape, stabilize
nectin distributed in the lamina rara externa is not direcell attachments to the substrate, and regulate cell loco-
ly involved in the modification of podocyte configuratiomotion, polarity, metabolism, and differentiation [19, 20,
or podocyte attachment, although its spatial distributi@3]. However, the relevance of these findings has not
may have some functional significance for preserving theen widely tested in the setting of glomerular disease.

ultrastructure of the GBM. We investigated the interrelationship between altera-

tions in the distribution of fibronectin and foot process
Key words Fibronectin - Glomerular basement abnormalities during the course of experimental nephro-
membrane - Proteinuria - Podocvte pathies induced in rats by puromycin aminonucleoside

(PAN) and daunomycin (DM).

Introduction

Materials and methods
The glomerular visceral epithelial cell, the podocyte, o )
g o e e e (O Siese s S ch v, e
a highly specialized cell havmg. unique morphologic eek of acclimatization, 14 animals received a single tail-vein in-
features. Its cell body extends primary and secondary @¥tion of 15 mg PAN (Sigma Chemical Co., St Louis, Mo.) as

toplasmic processes, which branch into terminal fobb% saline solution. Eight rats were killed 10 days after the injec-
tion and the others 25 days after the injection. Five animals re-

H. Kubosawa [(]) - Y. Kondo ceived a single intravenous injection of 7.5 mg/kg of daunomycin
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Tel.: +81-043-226-2061, Fax: +81-043-226-2 163 as controls (no injection). All experiments were carried out with



450

due considettion for the “Pinciples of Ldoratory Animal Cae”
(NIH PuHication no. 85-23, evised 1985).

Urine samples @re collected and angded br protein contents
by the quantitéive sulbsalig/lic acid method

Under ether anaesthesia, the left kighveas cannlated and

perfused in situ,ifst with 0.05mol/l phosphee-tuffered saline 4

pH 7.2 (PBS) to emove the ciculaing blood, and subsequentl
with 4% paaformaldelyde and 0.1% glutaidelyde in 0.1mol/l

phosphé&e kuffer, pH 7.4, containing 8% suose The perfusion
pressue and fow rate were kept constant in all xeiiments: the
perfusion pessue was 120 mmHg and the lbw rate was

3 ml/min. Small locks of the cotex were immesed in the same

fixative for 30min to 2h.

For immunohistobiemisty, the fxed samples are embeded
in pamffin. Tissue sections &re incubded o/emight with the
polyclonal antibog against &t plasma ibronectin (Chemicon,
Temecula, Calij) a 4°C. Bound antibogl was detected \b the
streptavidin—biotin immunopepxidase method

Small Hocks of the enal cotex for transmission eleadn mk
croscopy were postixed in 1% osmium tetxide for 90min. They
were delydrated with ascending conceations of ethanol and em
bedded in Epon 812.

The specimensiXed for immunoelecton micoscoy were
rinsed in 0.1mol/l phosphte huffer, detydrated though gaded
ethanol and embel@éd in LR white (London Resin Co., ¥king,
UK). Ultrathin sections mounted on kel grids were first incu
baed ovemight with anti-fbronectin antibog a 4°C. Sections
treaed with the pimary antibod/ were followed by the secondagr
antibod/ coupled to 5- or 10-nm colloidalolyl paticles (Biocell
Researh Ltd., Cadiff, UK) for 1 h & room tempeature. Before
ead incubaion, sections wre incubaed for 15min in 1.0% be
vine seum allumin in 0.01mol/l PBS and thg were washed be
tween incubions with PBS

Ultrathin sections wre contasted with uanyl acetde and lead |

citrate piior to the @aminaion with a JEM 1200-EX eleain mk

croscope 880KkV. At least 5 glomerli from eat animal vere ex-

amined and imnuno-gld paticles per 1000nm length of the
GBM in a pecise coss section ere erumeiated in d least 10 ar
eas of edt glomeunlus.

Results

In contiol rats, the total unary protein ecretion did not
exceed 6 mg/da.. Immunohistobemicaly, glomeular
mesan@l areas vere lbelled weakly with the antibogl
against plasmaitbronectin and a wak linear distbution
patem was obsered along the pgrheral glomeular ca-
illary walls (Fg. 1A). Immunoelecton micloscopic gam
ination revealed thafibronectin, visualied as gld pati-
cles, is pecipitaed in the GBM and mesaiad) matrix,
closely associted with the basal swte of podogte foot
processes and with mesaalgeells (Rgs. 2, 3). In the pe
ripheral loops, imnunopecipitaées mosty eppeaed to be
distibuted in the laminaearae etema and intera, lea-
ing only a few grarules in the lamina densahd labelling
density vas hetavgeneous (lg. 2A, B) and this paéem
was moe pionounced in azing sections (§. 2C). The

7

Fig. 1A-D Intraglomewlar localizaion of rat plasma ibronectin
detected immnohistotiemicall. A Fibronectin is localied along
the caillary loops and in the mesaiagareas of nomal rats. B, C
No significant diferences a noted betwen theA nomal andB,
C PAN-treaed rats (10 dgs and 25 dgs after the injectin of AN,
respectiely). D In DM treded =t fibronectin is I&delled moe in
tensey in the mesangm and sterotic lesion than in nonal con
trols. x37(:

The peimental animals thtshad eceved an injee
tion of PAN had a mean umary protein ecretion of
248 mg/day a 10 das. The stiking ultrastuctural find-
ing & this stge was loss of the naral arangement of
interdigitating podogte foot piocesses so théhe GBM
was coered by flattened podogte grtoplasm. In adi-
tion, the podogtes had an inelased nmber of gtoplas
mic vacuoles. e regular fenestated pdtem of the en
dothelium tended to become obseufhese magohologi-
cal alteetions were obseved in all ats killed & this
stage. In 6 animals killed 825 dgs, uinary protein \al-

numbes of 10-nm gld paticles per 1000-nm length ofues had ddimed to belev 20 mg/da. The glomeular uk

the GBM in the laminaearae &tema and intera \aried

from 5 to 18 (10.3+5.0 : mean+SD) anarfr 1 to 7
(2.3£1.1), espectiely. There was no gidence to indicte

that the paticles were distibuted in a ceain regular pa-

tem throughout the GBM. fius, the limited amber and
the hetengeneous distbution of imrmunagold paticles
prevent a pecise anaisis in the laminaara intena.

trastucture retumed to an almost noral gpeaance:
notably, the banding pdtem of podogte o/toplasmic
processes had beeastoed Immunohisto©iemical and
immunoelecton micloscopic &amindion revealed no
significant dange with regard to the distibution of =t
plasma ibronectin (kgs. 1B C, 4). This obsevation is
further suppaed ty a semi-quantitive assessment of
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Fig. 2A-C Ultrathin sections of the naral glomeular capillary  immunaogold paticles in the laminaara extema per unit

wall labelled with an antibogl against plasma ilbronectin. The length of the GBM, the alues being 9.4+4.4 (2-19} a
gold paticles ae peferentially locaed oser the laminaearae - ' T
tema and intema of the GBM, with adw over the lamina densa. 10 dys and 10.4+4.6 (6-17) &5 dys.

A, B The lebelling density is hetegeneous, anc this is moe The rts receving injections of DM hibited mean
pronounced in tazing sections of the GBMP(podogtes). A proteinuria of 270.9mg/day at 8 weeks. Histolgically,

*100,000B x113,000C *75,00(: focal and sgmental glomarlar tuft distotion developed
Fig. 3 In contol rats the ldelling in the mesarigm is dosely as  iN assocition with progressve mesanigl thickening av-
sociaed with the plasma mendome of mesarnagl cells. x60,00" ing to an incease in the niex, which was sometimes

accompaniedypcapsular adhesions. &Wing of podog-
tes was obsered consistenyl and thg often contained
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Fig. 4 Localizaion of the antibog against plasmailbronectin in the
glomewlar caillary wall 10 das after the RN injection. Irespee
tive of the stuctural altegtions of podogtes, no signi€ant hanges
in the distibution of fibronectin ae notedA x51,000B x71,00(:

variable numbes of hyaline doplets and lage gstic
vacuoles. Ulastuctural examindion revealed various
degrees of ot poocess loss. Endothelial cellser
somavha swollen, resulting in localied loss of énesta-
tions. Moeover, sgmental detdement of endothelial
cells and of podage ¢/toplasm fom the GBM vere ob
seved Some glomarli persisted with minimal alte
tions in which nomal arangements of dot plocesses
were lagely preseved However, in the sgerely dam
aged glomeuli, segmental or lohlar tuft obiteration de
veloped with dposition of dense amphous mgernal
and the ppeaance of bam cells. Tie GBM shaved fre-
quent winkling and thi&kening with a fbrillar appear
ance &higher manification in some pds.
Immunohistobemicaly, rat plasma ibronectin vas
condensed in the mesauag, paticulary in the sterotic
lesions, vhile it was fintly distibuted in the pepheral
loops (Kg. 1D). Immunoelecton micioscopic &amina
tion revealed thaimmunagold precipitaes corespond
ing to plasmaibronectin inceased in amber and wre
irregulafy distibuted in the derotic lesions, rcept for
the subpithelial aeas (kg. 5). However, no signifcant
immunogold precipitaes occured in the papheml
loops. In &ct, thg had damdically reduced in amber
throughout the GBM, \&n in those loops in kich the

Fig. 5 Anti-rat plasma ibronectin antibog coupled to 51m gold
patticles is densgland iregulaly deposited in glomarlosderotic
and obsolescent lesions. Wever, gold paticles ae lagely re-
duced in the sulpgthelial aras. x30,0C:



Fig. 6A, B Distribution of the antibog against plasmailbronec as an adhesion moleculestailizing atachments of

tin in the peipheral glomeular loops 8 weeks after the injection gjomeular cells to the racellular méix and maintain
of DM: 5-nm ld paticles ae heaily reduced in amber ing the cell shpe

throughout the GBM, both in the loopshere the bot piocesses .
remain discete and Wer the bot pocesses ar Hunted A We found tha loss and econstuction of podogte

x46,000,B x21.000: foot piocesses occred without ag defnite alteetions
in the distibution of fibronectin in RN nephrosis, lut
tha fibronectin had deeased emakably in DM neph-
foot piocesseseamained dis@te (Fg. 6). The rumber of rosis, a bang beaing no eldion to foot process bang
patticles in the laminaara extema per unit length of the es. This indicdes tha fibronectin distibuted in the lami
GBM was estimted as 0.5+0.9. na rara extema does not pécipate directly in the main
tenance of dot process marhology. It is well known
tha hepaman sulbéte potealycan in the GBM [5] and
Discussion sialic acid on the podgte cell surce [26] hae a cu-
cial role in peseving both the functional and the mor
Fibronectin is one of the major components of the glomhologic integrity of the glomeulus. Oci et al. [29] also
erular extracellular mé&ix. However, the immunohiste emphasied tha specifc plasma memlane domains,
chemical localizéion of this gycopmotein in glomeular which were detected owla the basal parof foot pio-
cepillary walls is still a méer of contoversy: some cesses¥YHelix pomdia lectin, were relaed to the main
workers hare demonstted fbronectin in the lamina tenance of the comptdoot process ahitectue, but the
densa of the GBM [24, 36]hile othes have reported its sud a function wuld be the esult of specit interac
presence in both the subendothelial and thethmial tions of the molecules with thexgracellular méix rep-
areas of the GBM [14]. Maover, eaty investigators resented the GBM.
found no lhelling & all in glomeular caillary walls Detadiment of podogtes flom the GBM is fequenty
[31, 35]. In the pesent stug the antibogl against plas encounteed in \arious glomeular diseases anésults in
ma fibronectin vas pecipitaed in both the GBM and theglomewular sderois and/or kalinosis. kbronectin has
mesangl marix of contol rats, basicall along the been consided to be a componentvioived in the ixa-
plasma memtanes of glomedar cells. his discepany tion of podogtes and endothelial cells onto the GBM,
could be #ributable to differences in the methods and/obecause enzyntia digestion of glomeular sialic acid in
antibodies used duces boad detaements of these cellsdm the GBM
The distibution of plasmaibronectin along the cell [21]. We sav a signifcant decease in immnoreactvity
membanes in the nonal glomeulus sugests thait acts for fibronectin in the laminaara ectema in DM nghro-
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sis, lut atachment of podogtes to the GBM \was still
largely presewved Our results thus suggst tha plasma
fibronectin is not decisely involved in podoygte dtadch-
ment to the GBM, although it still seems possitiné fi-
bronectin could act as an adhesion molecwieneafter
the loss of its antignicity.

loops under the conditions of imased gnsglomeular
pemeaility due to disturbances of the eizelectie
barier [34]. The enhanced binding pacity of fbronece
tin in the séerotic lesions my be eplained ly an in
crease in collgen and/or denaration of collegen [13,
16]. The possibility of ibronectin migation from the

Our result is a signi€ant ngative, because the mainGBM to the sterotic lesions can also be considér

integrin in the glomeulus isa3B1, which has ibronectin
as a major lignd However, a3B1 is not the oryl glom
erular integrin [2] and fbronectin is not its ol ligand
[15]. In fact, co-distibution of a3B1 integrin and lami

Sud mehanisms my not be opeative in FAN nephro-

sis, in which modifications of the bage-selectie barier

are thought to beeasponsite for a damdic increase in
the glomeular pemeaility [11].

nin in a linear pem along the GBM has been demon The spé#al distribution of plasma ibronectin in the

strated [3], and eposue of podogtes to AN and

GBM demonstated my have a functional signi€ance

Adriamycin (identical to DM) in vito resulted in a loss and its peturbaion may cause altetions to the molecu
of the 1 integrin focal adhesions, concomitant with ater stucture of the GBM. Asibronectin can be altea

altered distibution and de@ased xpression of laminin
and heaman suléte [12]. Kemely et al. [22] also sug
gested thhaltemtions of the glomerar distibution and
expression ofo5 integrin anda3B3 integrin (vitronectin
receotor) contibute to the detdunent of podogtes flom
the GBM. On the other hangodogte adhesion media
ed by a3pl intgyrin to types | and IV coligen was

showvn to be moe efective than adhesion to laminin and

fibronectin in vito [1]. Whatever the ®&ents iwvolved
further irvestigations seem to be necesgao darify the
nature and locton of constituent(s)esponsike for the
firm atachment of podogtes to the GBM.

Our mopholagical obsevations were confrmed ty a
semi-quantitdive method although stiastical anaysis
could not be cared out because of the limitedmber of
expelimental animals. & exact anajsis seial sections
would be adiséble, to allov evalugion of the thee-di
mensional distbution of imnunopecipitaes in a glom
erular loop.

It has been demonsted by a sequential >@raction

procedue thd the incease inibronectin content in the ¢

GBM leads to the loss of glomdar pemselectvity in

streptozotocin didetes [8]. This piocess has not been

demonstated in other gpeimental n@hitides, indud-
ing nehrotoxic seum nephiitis [36] and passe Hey-
mann nehiitis [8]. Our results ¢ealy indicae thd the
distribution of fibronectin in the GBM is umiaed to the
development of poteiruria, as &r as RN nephrosis is
concened

Recent studies ha revealed inceased accuuaiation
of fibronectin in glomeulosderotic lesions [6, 9, 28].
Varous gowth factois and/or gtokines hae been
claimed to be gagble of stinulating glomeuwular cells to
produce e&tracellular méix, for example fbronectin
production ly mesan@l cells [17, 27]. Bagijk et al. [7]
reported tha the dundance of ibronectin was not e
flected in the mRN levels, and antibodiesgainst the
cellular form of fibronectin filed to stain glometosde-
rotic lesions, sugesting speci€ accunulation rather
than de nwo synthesis ofibronectin. In DM nehrosis,
we obseved a lage amount of plasmabfronectin in the
sderotic lesions in congst to its de@ase athe peiph-
eral loops. & speculee thd, in DM nephrosis, plasma
fibronectin is gcreted into the une from the peipheral

tively spliced athree egions, which potentialy give rise
to functionaly distinct variants [4, 10, 30, 32], the wat
of the antibog will have to be mog accuately defined
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