; TUWKYe3e<0<- 4z6T\ &~-AmMOANMCEl | ~~~~~ I sa~ USE OF al J31 I NTEGRIN RECEPTOR
| NHI BI TORS AND TGF-Jil 5 INH BITORS I N THE TREATMENT OF K

FI ELD OF THE I NVENTION This invention relates to the fiel HMU mmf
di sease (i.e., kidney disorder) to characterized by gl one

and/or fibrosis. In particular, this invention relates to the* &8 of a 1
(31 integrin receptor inhibitors in kidney disorders. Further, this

invention relates to the use of a 1 (31-integrin inhibito tion
with TGF-(i | inhibitors in kidney disorders. 15 BACKG?QJW"M“WMH”“W
INVENTION In the United States, approximately 12,000 peopl e cudgeRtly |ive
with Al port syndrone. This inherited disorder results in progressive renal
di sease that is only treatable by dialysis and kidney transpl ant.

Transpl anted ki dneys are usually rej ected. Thus, alternative treatnents
are needed. Ho'ﬁgﬁ ' Ao | = Fﬁgﬂresses t he
mechani sm of t Iﬁ%@gﬁ% V'ig' ég feeded is a
treatmen? net hodl STHKET e DIREASE g/ or
progression, one that could substantially slow di sease conditions, such as

renal gl onerul onephritis and renal fibrosis. A nunber of kidney diseases
are associated with alterations in nmatrix 25 honeostasi s, where the

del i cat e bal ance of synt hesiﬁ]’z< ?uf Vi f!‘l‘?l ctural nolecules is
interrupted. As one exanple, E’gﬁ? s@%am | sHydi sease resulting in
progressive renairhisghvdnlibn Alsted o e FHefd Sadnel di&ﬁ@ﬁ%?,rlﬁ&lﬁ:wd%qrﬁ@?” ng

| oss. Male carriers are nost affected and ul frastructurai Studi es reveal

abnor mall¢ t | eleariaterized byjlghomeeruloacpliritisandfor fibuodis. almepagiiaigr, this invémioned 30
i ndi vi dual s. About. one in ,.000 .peopl e have. Al port, syndrope, making the
di sease oner%?testtﬁéhmeé’fﬁ?lég niggR ﬁ??g%?rd&‘ﬂgltp@eﬂﬁ%%w&/@@?&g%e, forg
l e, Atk taad: ¢ . Is & C.W CGottschall
(o) o b b inyentiph el © BERATERE o1 el ilibiOfs , 1,5, G 5 '€

- Boston, pp. cémbingdon witR @&F-p¢ inhitiess A Idahdy diystdene i s caused by any of a
series of nutations in the

e

15 BACKGROUND OF THE INVENTION
In the United States, approximately 12,600 people currently live with

Alport syndrome. This inherited disorder results in progressive renal disease that
is only treatable by dialysis and kidney transplant. Transplanted kidneys are
usually rejected. Thus, alternative treatments are needed. However, there is

20  currently no treatment that addresses the mechanism of the disease onset or
progression. Thus, what is needed is a treatment method that attacks the
mechanism of disease onset and/or progression, one that could substantially slow

disease conditions, such as renal glomerulonephritis and renal fibrosis.

A number of kidney diseases are associated with alterations in matrix

25  homeostasis, where the delicate balance of synthesis and turnover of structural
molecules is interrupted. As one example, Alport syndrome is a disease
resulting in progressive renal failure and is associated with sensorineural hearing
loss. Male carriers are most affected and ultrastructural studies reveal
abnormalities in the glomerular basement membrane (GBM) of affected

30 individuals. Aboutone in 20,000 people have Alport syndrome, making the
disease one of the more prevalent known genetic disorders. See, for example,
Afkin et al, “Alport Syndrome” In R.W. Schrier & C.W. Gottschalk (Eds.),



col | agen 4A5 gene {Barker et al., Science, 348:1224-1227, 1990). At | east
60 ,different nutations in the gene have been identified. The aut osomal
formof 5 Al port syndronme displays the sane range of phenotypes as the
X-linked formand results frommnutations in either basenent nmenbrane

col | agen gene 4A3 (COL4A3) or 4A4 (COL4A4). See, for exanple, Lemm nk et
al., Hum WMl . Gen., 3:1269-1273, 1994, and Mochi zuki et al., Nature
Genet.’, 8:77-81, 1994. Other diseases oR the basement nenbrane include
Goodpasture syndrone, which 1o is due to an acute autoi nmune response

di rect ed agaiDisdasanofehe Ktfreyotth elhe Chipl 18phitlleBrafwi; Bobtegapp. 643-6dHudson et

al., Kidney Int,, 43:135-139, 1993), and diffuse |eionyomatosis, a benign
smoot h nuscl é9§%n&ll@w§tﬁ}lpgﬁa BRI bY 5 AL peEToR PLORMBRENS 1o dhe agen 4A5 -
and 4A6 (Zho‘éogﬁgeﬁuﬁs éﬂeﬁ?ﬁﬂccr &5 $i8cel38212249837) 199b3. Be menbr anes

are specialized ®extrac ar struttures’ associated With nearly every organ
and tissue i différenthnuiptionsiaghagamehavabden idatifidd.aThe gosmal damyobet ween ¢

cells and_connective, ti ssue, byt may al so be found bet n. epithelial and
endot hel 1 51 AUPYEL SYREEOME dfsglaye e o ane o RBgRogyRSSaf e ipksomc| gt er of
capillaries) ang I&ﬁltf’ﬁ%ﬁﬂﬂhﬂl&ﬁﬂﬁs iﬂ‘&&%‘e&%xﬁé&%ﬁn@&%ﬂﬁ endRADr anes 20

i nclude type I'V coll agen, |amnin, parin sulfate profeoglycan, entactin,
and sonet i nre$COLMAGhec#Ah (GOHL4AMDeSE, fylekample, Lerhminkost tal Wi ginl Yol.epr esent ed

conponent in all b rapes i.s type LY collagen, i s{j,nct

col | agen typxg?ef‘ta&ngﬁgf:ﬁ%i %%‘é‘ﬂ@f‘?ﬁf“ﬁ'gﬂﬁ?%é‘é’”’ler&ﬁ"g‘s’n%a?ﬁgeﬁdér m type
IV, like all i BG5S of tife SREMEHSHerbrahdinBRIAE BlobAfRRrd By Rissthe Swiagis enbl ed
inatriple helix 25 consisting of distinct conbinations of the six al pha

chai ns (AQ1- dsidbie toER@cula putdhmMANg reshensadirceted against en epitopendbe NEd al (1 V)

To89) . Type FouRm e Faakeiit AT BrRRI Yty iR e, o 25 de Mo, o of

ways. The heldifaak 16ibmy6indtosisOd bélb%l StheUiR nfildale furdsiSthst id hisobiatkdapitHt _
strictly adhere to the glﬁm ne-X-Y notif 30 observed in other collagens; it
e

contai ns 3- hylaletiey pf both sellagenes andAhc(Zhon ealy Seisneen 0 1:A Ml -1 16%i ch i n
car bohydrate.lga'j)e resul ti ng superstructure of 3 collagen is a chicken
wi re-like networ’k of basenent nmenbrane collagen. This network is the

foundati @n ont o WHagémé enchitiBedE by spebilaR£dd Xraddimr Binfotutes Besotiatedul f at e,
etc.) bind. Basenent nenbranes are very heterogeneous structures, which

account s f or Mithaiearlyievery segan anditissnedn therbaslyr (They aremspalbolepndrithy of t hese

iz)lr Iugtgg;lei h;?’ﬂ‘g&w Bﬁg’%‘% gﬂgqgg rchtrtl%gg‘?ectﬁsgﬁ{ ”2:)?1{ w@%ﬁé RP, ?@%ﬁ%ﬂbr ane

di scovered. §&githelinbindoetaothcHal dells)\w@ lis the ce.in a kidnBy @lomedrtilas\(i,e., cluster
266: 15318- 153%4, .1990; Hostikka, et al., Proc. tl. Acad. Sci. USA,
87: 1606- 1610°f qapianies};; KerRigdominany building bigcks of gﬁéﬂlﬁflt membragos;. 7877, | 0

1987; angy Zhghdhneie vV &5 anrnon‘i"&: i sl Sh&&, ahgl Y. the
novel Chg.(l) nsp‘héavet een ﬁgua%gﬁ’on y |’r111% ert al n%tqrgs'%g%g%. g.? the gl omer ul us
of the ki dnegometivaed{floronertinsanddyger Vcellagent Tie eyt highherdpessented he skin, the

lung, the testis, and the cochl ea). See, for_ex | e, Kl.eppel, et al., Am
0 Bt hor . - Sapincal oAl asgan mebbreRcigs GRS coagam, & dfgiG s aghn

43: 38-44, 1984 fhind 6&&%3&e&%n@19&ﬁﬁrag&‘!% ifs :ﬂtgf'i\i@fohﬁ & BBife IETTOI ane

assenbly and function is currently unknown. s belTeved that these novel
basenment nenboliagens;ad ¢angmassd dHthneesotagentmoleatiesaskanbled i atripld hdix t he
networ k3250 f ggxllsLlsatlﬁlE%f Ei}é?lrexgt cdé'rbflbjinagi%nsl oéthc\e/)s?x a?pqgl chains (4A1-4A6). The 4A1

and 4A2 chains (also referred to as the a1(IV) and a2(IV) chains) are the most

common (Timpl, J. Biochem., 180:487-502, 1989). Type IV collagens differ

from interstitial collagens in a number of ways. The helical structure of the

alpha chain association does not strictly adhere to the glycine-X-Y motif

30  observed in other collagens; it contains 3-hydroxyproline rather than 4-

hydroxyproline, and is rich in carbohydrate. The resulting supetstructure of



-

4A2 (a2(N)). Kidney glornerul ar basenment nenbranes (GBMs) are integral to
the 20 ultrafiltration process (i.e., in which blood is filtered to renove
nmet abolites for excretion in the formof urine, for exanple). Al port
syndronme results in a massive accunul ation of extracellular matrix and a
conprom sed basenent nenbrane, resulting in focal and segnenta

gl onerul onephritis (i~ e., inflammtion of the capillary |loops in the
glomeruli of the kidney), which 25 ultin®ely results in fatal urem a
(i.e., excess urea in the blood as a result of kidney failure). Many of the

same extrace! | ylingeld dniokRivRfeli@ndifort of biRlcAORBLMER collagdr. bFHRNECL] N

| am ni n, and col | agen type al so progressively accunulate in the GBM of

«patients wth hédBbK isnbefoundatiopenttewhichithelretessonyaholecules (laminln, hepain | n t hi s

di sease, however,  the (% t hi ckens, but |acks the focal 30 thinning and
splitting (segthfs S8)) 94t he GBM which is characteristic of Alport

syndr one. a The i I ) I 1C ane

gl ycoprotein recept %%%Qgéﬁg@eﬁ?ﬁag@? %%?Sh%hggéer?éb?éﬁ%gﬁésr gv&r?]fcﬂi;h%gﬁ@%
extracel | ulsar igsa_thdiudivar:feeﬁmﬁﬁmall Fmpeﬁ&sgamewl im;rlpxw Gﬁlhé&%tl}lﬂms\ieﬂil!j n cell
aggregation and in anchori,ng cells to basal |an na. ey SO nsduce
signal's to t hePantungdsrstopdq Ssyaralnoysl basemem mesehreng ¢ gae&@-@é si on,

ticularl b . . f Y
(ypes. el 1, 565 1% BEBRHYut BhlyaEieplV YRENoral STl Bramble GRRE 7, 0"
known, whi ch ialgUubisl aleut, 266:15318-d65324, 199¢ Hostikkaetial.s Peaod Nalioditads

diff t bet i i Si 3 i n, 1. Bjol. ; =194,
1094y 10 T (T Dbl LGEBeHR0) TS0 Rfaiva et ek Bicks Chi s 268 TR o
integrin rR)Cepf9¥7§andrﬁﬁﬁﬁet%!.,eS&éz%Q,Ciﬁ‘ilﬁ@WlB@, @B.hﬂtekbﬁngiﬁstﬁé‘gb\gél matrix

{i.e., a nmenbrane that helps support the capillary |oops in a kidney
gl oner ul us) orchainsdevebeaafoumbonlylin certaimstissiest(eyg., dhe glomerubad of thdhesi on

Conmun., 2:159-.167, .,1994). The nmpst preval e integri.n receptof on adult
ol onorul ar - vi SEARGH e SimedBiang B BEyS Ml 15 e ¢ Blfenthe " ad o
Am . 1. Pat hol testis] 4hd the cadctidd, Sé€) 385 exsmpidRilepperdt apl Am. LPdehdidhesi on
Cammun., 2:159-167, 1994;). The (35 subunit has been shown to be expressed

in adult vi scel34:818p833%8P§% and Eryegvesenshela kddnexi/nt., 43:38-44d1993i dhe @emuni c. |
3:311-325,,.199 j i t
15 the %%v&l@?xgiﬁfgln%%g?ﬁgﬁﬁ?@%ne%ﬁm 8%%&%89?&5}?1?1] ceptors

are expressed devel opnen y nor phogenesi s nen et

.al., Lab. | nveaatknowfi2 Iii 6elboad (k9 Hise Mhvdhbatmant menibrafie tbdllagehoform

132:1161-1176, 1996; and Yaneda et al., Cell Adhesion Conmunic., 3:311-325,
1995). The a Iscpmaterfofwerks distingt drompthegetworkeefollagen typesA bfa kYN aadr i n

receptor identj 'gog%gmt he surface of nesangial cells in the renal
gl onmerulus. A kout nouse at the a3 integrin receptor subunit has

e, 20 Lo acec R LR ol i BN ARITS Y 1
pat hol ogy 29f tultrafiifetiom prokessifeo iatvasicloblood isdilteneito removemetababitey fari il ar to
that obser ved L detanfed Al BoLL, Y02, TIS, BaSelEnL, e s appear
processes of tfgscKeSeBimlaet & traééllular matrix and a compromised basement
membrane, resulting in focal and segmental glomerulonephritis (i.c.,
inflammation of the capillary loops in the glomeruli of the kidney), which
25  ultimately results in fatal uremia (i.e., excess urea in the blood as a result of
kidney failure). Many of the same extracellular matrix molecules (e.g., collagen
type I, fibronectin, laminin, and collagen type IV) also progressively accumulate
in the GBM of patients with IDDM (insulin dependent diabetes mellitus)
nephritis. In this disease, however, the GBM thickens, but lacks the focal
30 thinning and splitting (segmenting) of the GBM, which is characteristic of
Alport syndrome. )



30 cells appear fused. Since one ligand for the a3 ~i 1 receptor is type N
collagen (Itrishnanurti et al., Lab. Invest., 74:650-665, 1996; and
Rupprecht et al., 5 Kidney Int., 49:1575-i582, 1996), and since this
receptor |l ocalizes along the plane of contact between visceral epithelial
cells and the GBM (Baral di et al., Nephron, 66:295-301, 1994), the
observations |isted above for the a3 integrin knockout support a nodel
where. such integrin/ligand interactions4play an 5 inportant role in
basenent nenbrane devel opnent. In a normal animal, the type N collagen in
enbryoni ¢ gl orer ul Hie nfgtifi®are afamitly 20 BetercBivheritotrarznientbrane Blydbdproteid h i s
conprised entirely of the a ( \Q and a2£IV) chains (referred to as the

1 (1
cl assi cal colTeeqpiors it pdyto campenan(s ofbagal lasning and gxereselinkas mateix They ¢ ch

occurs where . I . j . as the
novgl scoI I ageixrlfﬂccj:et @%Sﬁ&gg@%kﬁ?lfﬁg@ém aﬁl@aq@ﬁ@%aﬂén @W%‘E@qf‘h asl (1v)
and a2(1V) cheilsso basablamina Stheyrialsaritahyduce sighals éal tHemuchensmrbargi al matri x ‘

(Mnor & Sanes, J. Cell, Biol., 127:879-891, 1994). In the adult kidney a
thin |ayes ofinteivedBippdulatmesene geprassianypariiatly @eng expression 1or g8ll adj acent
to the endot I I i j @ol it1ynOf | thickness
of the GBMi gﬂ icg(r)%pi@orn %@gc‘f‘ ef(l)? }fferﬁ%nﬁggﬁ @%3’4??{’/)%?'1%%9’&8?% égﬁ;zldns

(Desj ardi ns &lifferedbintagrin féceptoed dre kilowh, whidH BichRie-aboGt 148 ereratphkasht an et
al., (I. din._ Invest., 78: S-1044, 1996).. There is bjochen]cal evidence
suggesting tI?&P“@M°W%I&§%@HEb§%§%b“BFS §8n ARG "f%ﬁ‘gpar ate

net wor ks (KI q@r@j_lg}; 18%4), J. Biol. Chem, 267:4137-4142, 1992). In famlial
nephritis, null 20 nufations (i.e., nutations that destroy gene expression)
i n eitheriot he a3( Nhthé iepalaiidingy) glomeintuspthefd)arg disdact sewoftiategtint he absence

of all three chains ipn the GBM, presunmpbly due to,qQbligatory associations
in macr onol edﬁ?eﬁor&sgg‘??ﬁla&e aspociated wherhgrthe me aatgge.r2sul ts in the

presence of ﬁé‘!@ el ROk | ckness of the
GBM Thus, t%%mﬁa}c(%)ﬁﬁggeel }{%Iréceptagf;l%)B? %e_ sugb gfgio(&){*ér?/lltugjc&eljr(al
epi thel i al celisceral epitlielialdefie (Ratéy etraby Céll Adhesidrh€ommang R: 159- 167, i1894)vi dual

w th Atport ndr one) ein drect contact wth a GBM of uncharagteristic
type 1V Col | B Efey et plhennreeptonon gk lopednly e aLert e selig 1 e

relative gbiljijne cP.’gS 13?]& SdiseR {1 Rkt ebdiRb1.,q8h Iﬁﬂﬁzs@(ﬂb@z;%ﬁ%&é@e N

col lagen with thes frer ent conpositions, and found that they here 30
si gni fi cant | yalpEeH dehéséonoC@apmant 21159162994 nPhe & sutainit Has beew showahai ns

when 6 conpared directly with the classical_chains a | ~ and a2(1V).
Thi s adhesi orfo kg grRresed in doliagscsral koithelia ﬁé¥a@a@4ﬁ§1-,h¢&%efm@ egrin

receptor. A %F del,1§Qbct | o It 2S: me was
created by tarEnge ’é’g‘g‘frg'?égg%%’sﬁgsggh?ﬁ‘g%hﬁg]‘?gt@r’%glg r?%‘e eﬁ( Cosgrove et
al ., Genes Dawceptotdarddpresed devdl§Siientallyhduriip kitheymophogdenssisops a
progressive %lggrr'er ul one%rﬁri tis w&% e onset o rg?gi guri a at about four

th th f
weoks of Mge (KREICRCRELH. Aab Tovestcth BL6 620 pas A adaetials & Gell- okt 8.5 weeks

in the inbre / r st r(%]ﬁ,?,ﬁ 1R, M are
observed as gg’%ﬁ?%ﬁ%ﬁ?&%ﬁ“ﬁ@é‘%{ %ﬁg #ﬁ%%’%g%gu g’?lEB?/I?{)I? ejr%ogéBt

gl omerul i by 1998 eRs 0fpldgtrodithelio Mgediitf reteptoie tivs Gty intbgid edceptonir | a.
Extracel lular,_ matri x conmponents including_ lamnin-1, heparin sulfate

pr ot eogl ycan,identificd eadhe surfagmef mesangial oells de theurnal@lomeuils. GBM  Thi s nouse
is referred to herein as the "Al port” use. . The accurg,ul atiog of

extracel | ul ar maf i8¢ knrekaubmoysriattheodintegr) fereptor subunit has been

25  produced. The offspring die of kidney dysfunction shortly after birth (Kreidberg
et al., Dev., 122:3537-3547, 1996). The ultrastructural pathology of the GBM in
the neonates of this model is remarkably similar to that observed in advanced
Alport syndrome. The basement membrane appears rarefied (i.e., irregularly
thickened, thinned, and split) and the foot processes of the visceral epithelial

30  cells appear fused. Since one ligand for the a3f1 receptor is type IV collagen
(Krishnamurti et al., Lab. Jnvest., 74:650-665, 1996; and Rupprecht et al.,



as a function of renal disease progression is a feature shared by a variety
of 15 gl onerui ar di seases, both in patients and in experinental aninal
systens. See, for exanple, Goyal & Wggins, Am Soc. Nephrol., 1:1334-1342,
1991; WIlson et al., Contrib. Nephrol. Basel, Karger, 118:126-134, 1996;
Razzaque et al., din. Nephrol., 46:213-214, 1996; Yoshioka et al., Kidney
Int., 35:1203-1211, 1989; and Klahr et al., N Engl. (I. Md,

318:1657- 1666, 1988. In diabetes, the 205primary nediator of this effect is
t hought to be prol onged exposure to non enzymatically glucosyl ated serum

prot ei ns resulkyimdy Thi, 019: LIPSAILL, 1996)) afd sieos thid xeuqiter (oEmhzeew@kg the Proc.
Natl. Acad. Sci. USA, 89:2873- 2877 1992; and et_al din. Invest.
-93: 483-442, phmgpf centactbeivesn viseeral enithelipl Seasi éCgiMr@acﬂléiretelsorders

DR e SR qb?%ﬁﬁt&% aleREbBFo (e FAIPEET cag 23 to
‘fibrosis (i.eknodkdaté Bﬂtalxﬂduepﬁvhéﬂefeﬁmwghﬁmge}ld irfteractimy 1@<ﬂrmol e, Border
& Ruosl ahti, Nature (London), 346:371-374, 1992; Yang et aI .J: Am Soc.

Nephrol ., %' 1§mportat wle ipbasementanembranadeyelopment. K| dney Int., 45:916-927,
1994. In an ani mal _nodel for. nephr| ectlon W th elther
anti bodies to TGF- &i“owalmaiéﬁ%é’PB%BﬁWé’&F @é"“ﬂ‘b TWAF 1 espondi ng
MRNA i nhi bi t egaddhfenPhefibeHe (GBM) u },telﬂwmﬁybpmm b n%&i?&g% gemul ati on
of extracellular matrix (Border ‘e , Nature (Lond , 346:371-374, 1990;

and Akagi et adl(I,V)lﬁndlua{/IVI)rohams GefeirdBtoldsThe dlﬁﬂ;&)al cd]lt@eh@hﬁmk) fShosly basenent
menbr ane col | agen in the GBBM of the rat has been esti mated at bet ween 16

and 40 days baBebigh, apﬁ!nvaewa@bs@m(ﬂce%rsmew th 103F e o B canek IV,

Nephr an. | Sk l ] | he turnover
of heparin su?&m?e %f;e%r? eog y‘@r‘f’;"et ?0%(2&%9@"%2,3}&]31&&%#%?% ﬁwtgt ed

macr ongl ecul eGBM, dddah&BMIVY and etZ%V) BidildMBeeshe piréai%nﬂﬁzﬁu bedlized tothebasenent
menbr ane proteins |n the GBM of t port nouse nodel Cosgrove to et al.

Genes Dev., 1D1esTgi: E%QX(MQQB)&$@6$,|~4<€PII Ripk, 12:879:-8%611984). changes i n bot h
th th d t t

the synthesi s and | b dogtBal ol R e o e A0A1 Tt el

h t d d

Char At o £ eded19) AR AR A BERMR 122 YR RTINS
will degresie fifll thidkaesE\oras (BBM?iﬂcoﬂnﬁnﬁéilCUftth@@Bﬁfl'V) mm),qh&ag {rvot her

extracel lular matrix conponents. Mesangial cel and probably ot her
gl onerul ar cefhaing{Resjprdinsé Bandaywoe/. Cell. Biol., 113:689-700, 1991 and Kashtan

et al., J. Clin. Invest., 78:1035-1044, 1996). There is biochemical evidence
suggesting that the two different sets of collagen chains form separate networks
(Kleppel et al., J. Biol. Chem., 267:4137-4142, 1992). In familial nephritis, null

20  mutations (i.e., mutations that destroy gene expression) in either the a3(IV), the
o4(IV), or the a5(IV) genes results in the absence of all three chains in the
GBM, presumably due to obligatory associations in macromolecular assembly of
the GBM suprastructure. This results in the presence of a1(IV) and a2(IV)
chains throughout the full thickness of the GBM. Thus, type IV collagen

25  receptors on the surface of visceral epithelial cells in the Alport kidney (i.c., the
kidney of an individual with Alport syndrome) are in direct contact with a GBM
of uncharacteristic type IV collagen chain composition. At least one study has
addressed the relative ability of the visceral epithelial cells to adhere to type IV
collagen with these different compositions, and found that they adhere

30  significantly better to basement membrane comprised of the novel chains when



natural inhibitors to the netall oproteinases. These are called TIMP's (for
Ti ssue Inhibitors of MetalloProteinases). These are relatively | ow
nol ecul ar wei ght 20 gl ycoproteins. O these, TIIVIP-1 is specific for

stronmolysin-1 and MW-9, while T1IMP-2 and T1IMP-3 will inhibit Mw-2
(Gol dberg et al., Proc. Nail. Acad. Sci. USA, 86:8207-8211, 1989; Staskus
et al., .l1. Biol. Chem, 266:449 454, 1991; and Stetl er-Stevenson et al.,

.I. Biol. Chem, 264:17374-17378, 1989).6 Modul ati on of the

met al | opr ot ei nases and their corresponding inhibitors 25 likely play a role
I n maintainin BZ&P{ | . Bk W'}e ' .S known
regar di ng the&)r gu gﬁégﬂyg?&?ﬁgblé%sﬁéasl enc%)gmgytgﬁ%ge pr)béﬂtlalls%#sdhlgﬁb?he

gl onerul us, s¢ldbe blodkeddvieh arftibodies apaihstahé a3 inegih fickpioM (extracel | ul ar
matrix) interaction nmay be a key aspect in this process. There renmains a

need for ani mal noAehousé orodél footte ayosdmahform3 Alpottisgpndraneywasoreated whi ch
t he di sease progression is slowed significantly. There al so repains a need
for new theraj éggefeg Ipptaggnegts Bﬁﬁﬂf; @%é@?%b%@% QFgrave eti?lirfinesangi al
mat[i X exPANSGebs JH 1929812993, 1998R ! THeartBalbAG defilohila pEx@REE! Ul ar

u | ud port syndrome and

basement menbrane and the tu ol nt'erstitium including
i nsul i n- depegidmaulaticphrtiswithrtid dnsefsof profeinuxia apatout BwviweRks dHisggrndsent

i nvention provides var.i t r eat t t ho or .treatin Ml L0 N
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gl oner ul onephiamirif-1, heparin sulfate proteoglycan, fibronectin, and entactin accumulate in

the GBM. This mouse is referred to herein as the “Alport” mouse.
The accumulation of extracellular matrix in the GBM and the mesangium
as a function of renal disease progression is a feature shared by a variety of
15  glomerular diseases, both in patients and in experimental animal systems. See,
for example, Goyal & Wiggins, Am. Soc. Nephrol., 1:1334-1342, 1991; Wilson
et al., Contrib. Nephrol. Basel, Karger, 118:126-134, 1996; Razzaque et al.,
Clin. Nephrol., 46:213-214, 1996; Yoshioka et al., Kidney Int., 35:1203-121 1,
1989; and Klabr et al., N. Engl. J. Med., 318:1657-1666, 1988. In diabetes, the
20  primary mediator of this effect is thought to be prolonged exposure to non-
enzymatically glucosylated serum proteins resulting from chronic high glucose
levels (Doi et al., Proc. Natl. Acad. Sci. USA, 89:2873-2877, 1992; and Roy et
al.,, J. Clin. Invest., 93: 483-442, 1994).
For the majority of progressive glomerular disorders, over-production of
25  the transforming growth faétor TGF-B1 seems to be closely associated with the
accumulation of extracellular matrix leading to fibrosis (i.e., the formation of
fibrous tissue). See, for example, Border & Ruoslahti, Nature (London),
346:371-374, 1992; Yang et al., J. Am. Soc. Nephrol., 5:1610-1617, 1995; and
Yamamoto et al., Kidney Int., 45:916-927, 1994, In an animal model for
30  autoimmune nephritis, injection with either antibodies to TGF-_BI, or antisense

oligonucleotides to the corresponding mRNA inhibited the progressive



di abeti c nephropathy, and renal insterstitial fibrosis. In one enbodi nent,
the nmethod i nvolves admnistering to the patient an i 5 effective anount of
an a 1l (31 integrin receptor inhibitor. This a 1 (31 integrin receptor

i nhi bitor can be a bl ocking agent that binds to the a 1 J31 integrin
receptor binding site on the surface of a kidney cell. The bl ocki ng agent
can be an at least 9-ner peptide fragnent of a protein selected fromthe
group consisting of lamrun, fibronecting entactin, and collagen type 4.

Al ternatively, the blocking 20 agent can be an anti body. O her agents that
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addition to the al3l integrin receptor inhibitor. These inhibitors can be
admi ni stered $998) t aneously (e.g., as in a 25 mixture) or sequentially. The
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signals to the nucleus of a kidney cell. e er type of inhibitor is

preferably a pmiling(Baha et al.\Mepdirow22: 522528339718 ¢ Adlis iswvery slownim relationl y
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progressi on of Al port sgndrome in a patient. In oné enbodinment, this method
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met hods can be further enhanced by admipistering to the patient an

ef fective anothgtumpves of bpth GBM and mesapgial matrixe thagngst chawcisrizadsare thenvent i on

al so provides . i g/, | ow ng t he

pr ogr essi on o?g@lgﬁ%&l%éseg@éﬁ%zﬁ?rl%isjl}ﬁu%ggggéﬁg‘gnt igge%lélg mellitus in a
patient. |n otxdlagednse), aewell as MMP3e(strotiolysine]l )v hesclenzynsss avill dggrade ef f ecti ve
amount of an a e?‘t, tHat inhihits si%nal tra sductiog through an a 1 ~i 1
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i nvol ves bl ocldishr@isd- 1 ~i 1 integrin receptor binding site on the surface
t 5 of a kidney cell. These nethods can be further enhanced by
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be reduced by adm nistering e’patient an agent Irreversibly binds
t o TGF- (320 anglycopnoteinss Of theseSIIMR-Y i spebificdfonsttdmolysins leawidvIdIR-9,
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to the nucl eug.of sa kkdNe/sRri-82112P049) SYRkuPRal.N2 B8 e9-lTRRE 4498 hods are
provided for imting matrix accunulation in the GBMof a patient with

Al port Syndr offd, 199; ané Stettor8tevenson et ala JBidhod@hdnny 204 EE3 Teld3Z8 NP8IG-- (B1
activity in the patient. This can Pe acconplished by admnistering TG--~i 1
inhibitors -as descMPg tionplthg metalloproteinases and their cotresponding inhibitors :

25 likely play a role in maintaining appropriate levels of GBM turnover. While

little is known regarding the regulation of the genes encoding these proteins in
the glomerulus, signal transduction via integrin receptor/ECM (extracellular
matrix) interaction may be a key aspect in this process.
There remains a need for animal models for Alport syndrome,
30 particularly oﬂe in which the disease progression is slowed significantly. There

also remains a need for new therapies to treat kidney diseases associated with



10 In a particularly preferred enbodi nent, a nethod is provided for
limting renal fibroses by admnistering to a patient a calcineurin

i nhibitor, preferably tacrolinus. Further, the present invention provides a
nouse nodel for kidney disease 5 wherein the nouse does not express a
normal collagen type 4 conposition in the GBMas a result of knocking out
the collagen a3(N) gene. That is, the npbuse does not incorporate the

col l agen a3(1V), a4(N), or a5(l~ chains gnto the gl onerul ar basenent
menbrane (thus the GBMis conprised entirely of collagen a 1 (I~ and a2(1V)
chains, with | 2 .t LaeRe i i on) .

Furt her nor e, @%?dﬁ%keeégress’%%ﬁgb%%lﬁ?ﬁxe%gﬂu@ggg%% a result of
knocki ng out iglomertilas bisement grembraneand the tobulbinterdtitimak dndluding Adpdrhere i s

del ayed onset of proteinuria as conpared to the prior art Al port nouse
model . Furt hef¥Rsiremeand IWFP?W@?"@E?FW“PW’ I gammdtg as Al port
littermates. At about 8 weeks of age, which is the 15 average age of death
in Alport mce, the double knockout-shows narkedly reduced gl onerul ar

pat hol ogy.s That is, as conpared to AspMMAREe of the sane age, the double
knockout nmouse has markedly reduced ultrastructural damage with far |ess
GBM rar efi cati on afddepeesgnt invertionprovidasivariousdteatmentyyasd for treaing|or ocesses.
Al so, attenuat.ed.aceumu) ation.,of fibpopectin, |annin-1, d heparan 20
Sulfat e prot oNyRaf el S ortet 8 SA5ARs e prhion ot il B\ anc
type 1'V col | aggfimy Aidenddran d Pdsient Ghreferdbsy, bImaMaY, hndinefo préfeedty,laesul t's
indicate that there is a speCific role for the a 1 ~i 1 integrin receptor

in Al port renhimdn)cbhekiguayndisardergireferablyl includesirenal iglaaerulonephnifisdrnaing t hat
th i ngl | ~int i kout bvi fect | .,physi ol
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characterized by gl omerulone phritis and/or fibrosis. This mpuse can al so
be used for sBcEbEnNpPobferatiyelemenloneplyitisperescsatic glomepanephrier t syndr one

and insulind I |l . her disorders that are
characteri zedaﬁgag‘g‘g%)g?é@gﬁl’gﬁdg@%ir%%tgﬁ%?@girb?ﬁg?ri x and/or 3o fibrosis.
11 BRI EF DESCRI PTI GNof&entbirlifnef Hemdéthatlin@olies Administeding o tHtpatiestein Of
proteinuria in ~Al port versus double nmutant mce, which was studied by

col | ecti n¥f ur effective@mouhtohanel (Htintegri kseeptor inhibitos.. Thiswkintegincat ed t he
age (in weeks) of the.nice af t ime of urine 5 collection. A = Al port
nouse; B = dolfi§FRio Prﬁ%é%?g&f(@gﬁﬁ?rﬁ&ﬁth}“%m P‘lgﬁéﬁtﬂ&i"ﬂs. Figure 2
illustrates t %Lk%: I f i ng loop in
control and dgb;cgl?ﬂg?rﬁtag{t m%‘g&%gﬁg?%%@%&??a%ﬁ rr%:i“gf%wé&@f%m (B,
and doubl e nuamatlegsCP-menpeplide fhgment of a gratein Beleeted Somdhb goipdonsistalgoxy 1o
resin. Utrathjn sectjons re staine d apal yz by .t ransm, ssion

i ectron m or BoRmIn: hERBe Endid AafioliatOBe be Miembavell AL o,
urinary spaceagdfbedl bd HPadtdIPADMer SRNESRALInRibR (PE) inkdtBiated) tid RIMIVi des the
results of i nmmunofl uorescence” anal ysis of extracellular matrix proteins in
nor mal , Al por integmmdreckpidr by oth¢ranechanisms céfr algeebe usdcr yosect i ons of renal

cortex were reacted with anti bodi es specific for the extracellular matrix
proteins i ndi cat edIi#haties embadinent,shemsthodingiolyes admitiderang iodhe natisal t he
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20 collagen a 1 (1V) and a2(I1V) chains; Lam1l = lamnin-17 Fib =
fibronect?hn; mbRure) bepaguentiaiyl Thed @H-B1 endgbitor gan bean agentthabisteversibly 1 +/ +
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transduce signals to the nucleus of a kidney cell. The latter type of inhibitor is

—

preferably a calcineurin inhibitor, such as tacrolimus (commercially available as
30 FK506). Other agents that inhibit (i.e., inactivate) TGF-B1 by-other mechanisms

can éléo be used.
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ki dney during a tinmecourse of Alport renal disease progression. Total RNA
i sol ated from ki dneys harvested at the indicated tinepoints (in weeks) was
fracti onated on denaturing agarose gels, blotted onto nylon, and probed

wi th marine cDNAs encoding either TG--~i 1, or various conponents of the 30
gl omerul ar basenent nenbrane and/or the extracellular matrix. The probes
used to generate data illustrated in the panels are as follows: A TG-/31;
B, Coll agen 12 a1l (1V); C Collagen a®x(l~;, D, Fibronectin; E, Entactin;
F, Laminin (31 chain; G Lamnin (32 chain. Figure 5 illustrates the
guantitative anal ysy ] et | [ %ﬂ ool

progression. Foll ovx})%gé}églg’osuﬂaeg%ﬂg _eir?g?/ﬂjﬁolkr%gst egﬁélg% r%@sﬁgggﬁtto

‘produce Fi gur eoflandéor sloaviag theqrogressiom of ABparReyhd@ins itsa patienphbromeager .
Plotted val ues indjcate fold_ induction of .the specifi.c nRNA in the Al port
sanpl e over t HSBROdIHERY (hismesod i olss Administering Aatecting AmguR d s seent

subtract ed agai Cl{fd Deci zed are
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anal ysi s ofs spefil fTh anétherGftidditheént] MisiAsthoPinVbResblotkingaR @/ 1P 1 Thtegrin Ki dneys

fromnormal littermates (A, D, G and J) were analyzed along side those
from Al port mnitgeepts bimdingsitgemithesurfigetdf adidnsy seld bEthe\patients gic for the

(G and vy encHBRpH T beTytndr ol e BY RaRininorse e bieRlfy ectith "y T oA
probe specifi %Iﬁ&{ntbggtl@}iﬁpi inhigRdkL.act osi dase was used as a control for
non-specific binding (C, F, I, L, and O. Figure 7 illustrates

i mmunoper oxi dase stRreferatdy,fthe pré§dnt fivientioh dlécsproeidseniethods fdrrdelaying thel and

Al port mce. Paraffjn enbedded sections stajned far the active form of
TGF- (31 udPng nset of iandios plewipg the peosaessien of @Hlne)pdléeazs i BB LY dependent -

mesangi al cel | | + a RN rg&q i l.s for TG~ 1
MRNA i n nornaI(ﬁ%bncgéS%P%lgpg lflllhh%&?lén?'ena?%ecortgk g%ifasllﬂﬂkﬁd]wgéﬁ':cgol ated fiom
nor mal and Al pdministeniag an effedtiveantoant ofzanchgift that gnlabitesighalwmasdustipect ed t o
RNase protectipn anpal ysis.using a radiolabel ed portion of the hunan TG (31
anti sense 2s rfg"é)é‘ggé"gswi"ﬁf:@ﬁbrﬁc%‘é"%@ské ey el ﬁ?sa‘l%h‘?{%&dli?ﬁ%r ected
fragnment. Mol - Sl Eadl ¢ . and
appropriate fﬁg%{ir}gr;]@ogr}%g 8?1%%23%{1@} l@%@a&? 5n. ‘ﬁ@:ﬂ ﬁ%?'%%ﬁ;%%cep\l port.

Figure 9 il usifadideyrvelll Mhese mdthédsadan Balfurttier enhahedtbby adihinésterhig to dieal |
- Alport, al integrin deficient, and mce deficient in both al integrin and
col I agen 30 adw@henta TGFA! iphihitofas i sol ated fromthe renal cortex of 7

week-old mce ,-_ _1 littermates), Wi th. the indicated genot S; +/+ =

normal at both all eﬁ‘géfe_g’-‘?‘?tho—drsﬁfﬁl%fﬂ 1d\§% %‘Bé‘t‘rﬁuﬁ feap g‘?mﬁ'isg‘h?gaq%‘%i In 5 _

transm ssi on enechibefi rﬁftﬁ&fn%ﬂx*&d‘?ﬁ\gtl%r r@fTC?F-El%ﬁ{firt]}Qin%é‘R&%ni ani mal
I'c fox al 1ntegri

injected with a neutralizing antibody speci . 5 Note the
regul ar tril arwhikrinhibjtagy @lfldanthrih bezefiod ok pdient sliddeyeceilf. Thisal |y
t hi ckened regions. Mgnification is 10,500X. Figure I | illustrates the
“affect of 2§GF-achyity eas b redyced by administeringtorthepatienban agang that ievexsibly Al por t
nouse. Ani mal . wer L0 el t her 50 .t TOE- ~i bl e
T e o S L S P TR Ml Al
this activity can be reduced by administering to the patient an agent capable of

inhibiting the ability of TGF-B1 to transduce signals to the nucleus of a kidney
cell.

25 In yet another é;nbodiment, methods are provided for limiting matrix
accumulation in the GBM of a patient with Alport Syndrome. In one
embodiment, the method involves reducing TGF-B1 activity in the patient. This

can be accomplished by admitﬁsteﬁng TGF-B1 inhibitors as described herein.



10 cut, stained with uranyl acetate and Lead citrate, and anal yzed by
transm ssion el ectron mcroscopy. A = control; B = untreated Al port; C =
Al port treated with FK506; D = Al port heated with the soluble TG @31
receptor. Magnification is 11,000X. Figure 12 is a scanning electron

m crograph of glomeruli fromtreated 15 versus untreated 129 Sv/J Al port
m ce. Renal cortex frommce used in-Figure 11 was freeze dried, cracked,
stained with uranyl acetate and | ead cifgate, and exposed gl onerul
identified and phot ographed using a scanning el ectron mcroscope. A =

control; B = uninf . X = ?IE.I% j Je. TGF- (31
sol ubl e receptor. ﬁ%ﬁ%@ﬂé@?}f%ﬁ&&ﬁf@%@éﬁc&d EI gﬁlﬁ)g?l gédr?gﬁlf&fr@ én t he
af fect of drugenhlfitabsesbly administering to ppdvient acdlcinditth mbibitor] prefefdtdprt mice. -

During the tinmecgurse of drug treatnent, urine was collected, |yophilized,
and the equi virlimust 0. 5 p,| fractionated on a polyacrylam de gel. The gel

was stained with c i . .V] i fd : I wer e
uni nf ect ed controIE%’?%B%%%#ﬁ%@%ﬁ%ﬁ‘f}egag'}oeu-glgﬁ}ogg{ e‘%@ﬁﬁ%(ﬁ% 506,
and the th r dwhéreinithé giousgddes hov\@ipeess AjnBahsltolgdn type4 Sohipbkition GrtheB1
receptor. Numbers at the bottomrepresent the age of the mce at the tine

of urine col | 6BM ana resulfieEkapcking-out thercoBagenm IV gamet That iguthe mapse
illustrates the affect of TG- (31 inhibito n o,ultrastyructure in
{he doubl o kni B8t FPREtetolfe reiEen AR O APARY S R0 VDB IRRANS, b i ¢ ner
FK506 or the JiGhefidr 559t rehftR & (fHus 1REGBM SUohfhisbd en agerl 4 11
epoxy, cut, stTained wth uranyl acetate and lead Citrate, and analyzed by
transm ssi on el@V) amho2({¢) dmaspwith fespeatito it qied¥ adlaperothaild = uni nf ect ed
doubl e knockout; C = doubl e knockout treated with FK506; D = double
knockout 14 eagaseposition).. Fusthepneons) it dpesiob expressothe wtfil integrin Kaegpior dcat i on i s

8000X. Figure 15 i}llustrates,an.ex e of normal glonerular architecture
ina 10 week r(gfugt%%lachlﬁgmgﬁgﬁt}ggﬁ SH@‘E‘Eieg‘?‘ eated with TGF-~i | inhibitors.
Appr oxi mat el y  25% @ th@ UGB kildckéut i tek SRR kY8l bhse? bF PRiteiffdia h31

i nhi bitor were norphol ogically indistinguishabl’le formthat in control
ani mal s. Ani neompaygst to theopriarasizAlpart nguse medek Fupthermenesthe anirmeldives cor t ex was

and anal yzed B0 vice o Bl an MUPUE Bfgtlaled AS AR A GOR R aBR BER Bt For: &
= doubl Y J A ff f
dr ugut r 2a{§nrrg ﬁ?@gﬂﬁeﬁrgieggﬁt%gggﬂfﬁﬁ% (ttlﬂgil udgilug Eklﬁg’g kout H?:.Vg gi.&ﬁdrﬁiqﬁga_t hgct °

ti mecour se ofrediqsd eloreerulepatholagy.nEhaias ag compared ta dport igsinfithodme and the
cavalent ol i Sond ROl A BBl 12
with far less GBM rarefication and very little effacement of the podocyte foot
processes. Also, attenuated accumulation of fibronectin, laminin-1, and heparan
20  sulfate proteoglycan in the GBM occur, while accumulation of entactin and type
IV collagen are unchanged, relative to Alport mice. These results indicate that
there is a specific role for the a 11 integrin receptor in Alport renal disease
pathogenesis. This is remarkable, considering that the single ol integrin
knockout has no obvious effect on renal physiology or function.
25 This mouse can be used for studying Alport syndrome, insulin dependent
diabetes mellitus, and other disorders that are characterized by glomerulone
phritis and/or fibrosis. This mouse can also be used for screening for agents that
can be used to treat Alport syndrome and insulin dependent diabetes mellitus and

other disorders that are characterized by deposition of extraceltular matrix and/or

30 fibrosis.



The age of th

e mce at the tine of urine collection is indicated at the

bottom of the figure (in weeks). A = uninfected doubl e knockout; B = Doubl e
knockout injected with the soluble receptor; C = Control nouse injected

wi th FK506; D = 20 doubl e knockout injected with FK506. Figure 17 is a
scanni ng el ectron m crograph of gloneruli from Al port versus double

knockout m ce
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gl omeruli ide
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el ect Figure ellusiratep thegil ctylidgimage to the glomerylas sapilltryyer sus
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EB}); aAd doutile miatagti (€) ditedensthasiestat at7 weekss efubetdeal inBpbxy-i 1
expr.essi ,n 1o the, kidney, .of RNAs encoding cell matrix

Fesiny | Bﬁgﬁ{'s}spmévqrﬁ Kiained gnd anglyzed bydransmission glection; i ce.
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were fracti onapee. Mugdifivation bargrepyesents®s gal.s, and anal yzed by hybri di zation
to radi ol abel ed probes encoding either 15 extracellular matrix nol ecul es or

net al | opr ot ei

15

20

25

30

nase FigW®} peavides tlag negultsnf immunofluorescence analysis of
extracellular matrix proteins in normal, Alport, and double mutant mice. Frozen
cryosections of renal cortex were reacted with antibodies specific for the
extracellular matrix proteins indicated on the Y-axis labels. Signal was
developed using the appropriate fluoresceine-conjugated secondary antibody,
and images collected digitally and processed using the Cytovision Ultra software
(Applied Imaging, Inc.). Arrows denote glomerular capillary loops. 4A1,2 =
collagen al(IV) and a2(IV) chains; Lam-1 = laminin-1; Fib = fibronectin, HSP
= heparin sulfate proteoglycan; ent = entactin. ol +/+ = homozygous normal at
the o1 integrin gene; ol -/- =homozygous mutant at the a1 integrin gene;
0.3(IV) +/4- = homozygous normal at the a3(IV) collagen gene; a3(IV) -/- =
homozygous mutant at the a3(IV) collagen gene.

Figure 4 shows the results of northern analysis of mRNAs from total
kidney during a timecourse of Alport renal disease progression. Total RNA
isolated from kidneys harvested at the indicated timepoints (in weeks) was
fractionated on denaturing agarose gels, blotted onto nylon, and probed with
murine cDNAs encoding either TGF-B1, or various components of the
glomerular basement membrane and/or the extracellular matrix. The probes used

to generate data illustrated in the panels are as follows: A, TGF-f1; B, Collagen



hybri di zati on, nmenbranes were washed and exposed to X-ray film Probes used
are indicated to the left of the panels. a 1 (I~ =collagen a 1 (IV); fn =
fibronectin; ent = entactin; Tinp2 = netal |l oprotei nase inhibitor Tinp-2;
Tinmp3 = netal | oproteinase inhibitor Tinp-3. 24 Figure 21 denonstrates the
effect of TG (31 inhibitors on expression, in the kidney, of RNAs encoding
cell matrix nolecules or netall oproteinase inhibitors in normal versus
doubl e knockout nuce. Total RNA was isolged fromkidneys.of 10 week old
normal (C) or double knockout (Dko) mce, that.were either treated with

FKSOb (1), th - = | ubl & 1. 11), ) ed.25 (NI ).
R S ver e 11 SN DG SR YT FP St il v, SRy ot
hybri di zati on G%z{nﬁﬂitﬂkﬁ&ﬁhﬁd probes encoding either extracellular matrix

nol ecul es or netall oprotei nase inhibitors. Follow ng hybridization,
menbr anes wer e wasHtiguraridliestrabesdhe quanktatiay afalysis oPmBRNA intietiomdaringndi cat ed

to the left of the papels. a 1 (1V) = collagen a 1 ()); fn = fibronectin;
ent = entacti rﬁlpqwtﬁ%w?&ssa@emaéqsm Follpme ponipHa g%raxﬁ#a; ge Tinp3 =
met al | opr otei LAk i iR Figire. LA R ' 1 t he
i nhibiti onrsof qﬁﬁ@ma%g%mrgtul on lg?lret‘thvéerté%u %:drttﬁe st?i‘%ﬁ%?gggubl e
knockout mi ce phesphprifi@ger-iPlattédwelidstindicate Kildlirelpstién ofithe specifienRNA imor nal

doubl e k ' nmbedded i | astic,..and ti
Ctai ned usi ng thhAeadeets pire Bng opeRiad e bl Amate "AlbRRR Wity . 5 -

doubl & knock ot kaPapairkiing bASkeA6lindC Thedpibi emiR0R kkbicddrilod hieeat ed wi th

FK506; D = doubl e knockout kidney treated with the ] 31 sol uble

receptor. Fi gulenotedin thedmset.at es the inhibition of collagen type |
accunul atign in the.tubul.ointerstifi f doubl e knogkout. mi ce using TGF- ~i
o bi tdPs. | i dndeUtRS ibatafe2h kPRl Podly=iE BE SRR m ce
were embedded post jbaiirk AIpO ics K6y f61A bRl liEMARS (4] DEC, a9

a

ant i bodi es specific for co '(Pen type 1. Staining was devel oped using the
streptavi di n ARc saalyzed alpngisi erthm&wdnomam@t Bs Heand K)-Antisensgl ki dney;

B = doubl e knockout ki dney Anin ted: .C = ubl e ocC t kianey
reated wit h BRASSets SR PEIR AT Bipaiko i Fih 130 & o I TORE Y,
sol ubl e recep{PrandH)IFibRNEAiH (¢ bid AR eBfachi@ dndK)0bf tRNainid pPCRAR AU N
accunul ation in the tubul ointerstiti'umof doubl e knockout m ce using
TGF- (31 i nhi biahdNy. Aprdbescificdior basteriat figabictbsidaserahs usedds alchatrédrfoc kout
M ce er e e peciflc Bindfe (&, F, I, L, and 0.

Figure 7 illustrates immunoperoxidase staining for TGF-B1 in tissue

sections from normal and Alport mice. Paraffin embedded sections stained for
the active form of TGF-B1 using the immunoperoxidase detection. P =
20  podocytes; M = mesangial cells.

Figure 8 illustrates RNase detection analysis for TGF-$1 mRNA in
normal and Alport human renal cortex. Total RNA was isolated from normal
and Alport human renal cortex, and 10 pg of each was subjected to RNase
protection analysis using a radiolabeled portion of the human TGF-B1 antisense

25  message as a probe. The assay results in a 264 bp protected fragment.
Molecular size markers are radiolabeled MSP1 cut PBR322, and appropriate
fragments are denoted for comparison. N = normal; A = Alport.

Figure 9 illustrates northern blot of RNA from renal cortex of normal,
Alport, ol integrin deficient, and mice deficient in both a1 integrin and collagen

30  a3(IV). Total RNA was isolated from the renal cortex of 7 week-old mice .-



20 and 1 pM sections were inmunostai ned using anti bodies specific for

fi bronectin. Staining was devel oped using the streptavidin AEC staining kit
from Vector |aboratories. A = normal kidney; B = doubl e knockout Kkidney,

uni nfected; C = doubl e knockout kidney treated with FK506; D = double
knockout kidney treated with the TGF- (31 sol uble receptor. 25 DETAI LED
DESCRI PTI ON OF THE PREFERRED EVMBCODI MENTS The present invention provides
treatment nethods that attack the machanizsm of renal disease (i.e., kidney
di sease), one that could substantially stow the onset of and/or progression
of disease conditions, such as_ 30 glonerulonephritis and renal fibrosis. It
i s believed tKHitermatesyutthdhe indicated Bepotyneshrt/t mnommpla beth allelesidn=r ever se
,such condi tiong, aﬂt@tggﬁxtﬂlfewsar’ the invention 17 provides nethods for the
treatment of Ki c}ney I Sease associated with the presence of or an increased
ri sk for devel opi nFigurertdrisih cragynkisdién electroth mierogragh dfiths GBM of 4 avdek dney
.gloneruli, such as occurs_ in nesangial proliferatjve glonerul onephritis,

gp ntl; rano pro Ih iofdAlpart anigebingactadsyiphreutializing patbadyispecific frrleintagsine p E ritis,
Mvotves o o P tsg Rt G dpSSIE ol oaM BORe BhserpeBTguRlP L L °

andl or spli tt ithigkdnet @€gibmy. i Magtifitatiohie16GEMX. Thi s can culminate in the
comon pat hway of tubulointerstitial fibrosis. These conditions are

typi cal | y char act efigurd 1byliustrates feeaffeatefcT G -Bihjuliibitorson &FBM and 10 t he

| ati trix Ji i | t o f Ll lamnin, .
2nd- cocl agne. ApBEREs i BE LESRT Al BT AiRets e BEREEHIbEIES Tor | he
ther apeut | c aEREH08 of SRTGP-BINGIIBRS 1266fir® RehFooRleR S lemb RS @Posian De

determ ned by evacuating one or nore of these characteristics.

i nvent i onl@l seufpsinedartioumnylseetatednd Idadcittates and analyzed bydrdnenitssiond 15 t he
screeni ng of agepts f.or treat,in ati.ents wt i dpey di.sease associ at ed
Wt hepr es EFERORMIGRRCARS thc PRl A bietpied AT s ARG BFeeBT L Mt 1 on
of extracel | ulpgrsogabIL Agﬂﬁﬂ%a?éd with S8 doRBIeTGIUBR rhdepWir! Mdnith@tidd #ney

glonmeruli and the tubulginterstitium Thus, in one enbodi fent, the present
i nvention prolil®@8Xa nouse nodel for Al port syndrone. This nouse nodel

includes an inactivated.20 a 1 (i 1. integtin recept.or i onbi nation with
an-i nacti vat ed col FIgEH 1285 ferintipe HsrBbE ROt SO mer P BB S8 i nonc - ¢ ne
col i agen % ypeedsyd untbdatedul 29 SwJ Albaedmhi¢a! Rendl Bo@eioftosingick REdddn Fgur@X pr essi on
of the a3 subunit of col Iggen (t a result, the nopuse does not

¢

. As
i ncor por at e t Hé was|freggedr M@%&i'{l&g‘ wiruranyl pegtate aed lead ciixate, ek GBM 2s
Thi i f j a t t |
T e el o A SRR St

mel | i tus, andnfitiescopee Ao contsrtpB esunidjected Afpyorty O AdmBEmbasedttsatedotittr | zed by
t he expansi on of the nmesangial matrix and nesangial cell proliferation in

associ at i on withenT @F dHesolnble repepserdviesnitiention 2 ¥W¥age, characterized by
basement ?6’ ”e”bra@?%%g'l?ﬁgﬂbﬂ&atés Inae{agof %h&ﬁ%@ﬂto@%ﬁr}%ﬁ% t of the

podocyt e foot procé or any co ron there preferred
enbodi ment, t h29 SeAenice Alpdit fided uringhdiithe¢dirde® fidngciteadinent] iiemae
inactivate the function of the a 1 (31 integrin receptor as a nethod for
del ayi ng the on&@tcdoiyophﬂnzné@gdﬂwcwwa!qnéoagéeéfrma@d ofldunin in the

urine) or slow t he .nrogr essi on of  (.as sured by.the rate.,.at, which the
| evel of ser uRP@g%WW%gapqﬁ‘ﬁ&G‘P’ﬁfé lf‘%dc\gg@g%%’?as&g}i’é\lf_eﬂ’d_rvéﬂlépﬁdng_ (as
nmeasured by t fe figdt wdlanbh weke drligjett8d 8dnthls, BRI fhdXgRdup I) Wekdi@jedfeline
i ncreases) gl onerl OI’lEPhI’I tis and/or fibrosis (as manifest by the appearance

of nyofi b2dbl adtheF andthgdbinheroup (raupil) wererinieeted withr theselpble TGHcl udi ng
o RS bl O aSATab Bl R bEOSALL HRS: 4ok
urine collection in weeks.
C = control; A = Alport.
Figure 14 illustrates the affect of TGF-B1 inhibitors on GBM
30  ultrastructure in the double knockout mice. Animals were I_lot treated, or treated

with either FK506 or the TGF-$1 soluble reccpfor. Renal cortex was embedded




to glonerul ar di sease. A variety of agents, synthetic or natural, can be
used, which are described in greater detail below In yet another

enbodi ment, the invention is directed to the role of TGF(31 in Aiport renal
di sease pat hogenesis and ot her such kidney di seases. A pronounced increase
in nRNA levels for TGB-(i 1 following the onset of 15 proteinuriais
observed in the nouse nodel s used herein. In situ hybridization indicates
that the podocytes, which produce littlig to no nRNA for TG--(i 1 prior to
the onset of proteinuria, express an abundance of nMRNA for TG (31

followngthe onset rofeinuria nt| a tailure.
At vat i on oft Foge BHRh R Bt AR i e iBle Sl o ot act

are observedtra@sxﬁtssla:baeétréﬂ\ﬁms@s&sp)tw&mmeéteaeéxﬁmmst-h&s}ﬁ ee@ed di mnishing

the level of TG--@1 is another nechanismfor treatin g renaI condi ti ons

such as gl ondouhlekmkpu&,&—éwmleknqdcmtdma@d Witk FK606,0 & dfublehi bi ti ng

appear ance. (hekoREEeeR. R ieBunle efeph S8 TGP, tniniERnfcn Riag0by o

appearancg of nyokiduwoPs AfkSated dh éﬂeﬂ%&me} élbﬁkkﬁlhﬂﬁm?écaﬁv@% 8r

accurnul ati on of extracellular matrix nolecules in the GB
t ubul oi ntersﬂOtweukmldldouhhdmbel{owmmnemcdwithmﬁl@,ﬂluﬂabmm of TG (31
inhibitors in Alport mce deficient,in a 1 integrin, the invention is

directed to METQ?,‘VH@P’«X%P@ of glamepyiinmice Gaated with either TEF-P 1mbé>1t°r ntegrin
hi bi
o "o over o TP BB i i, BB

i nportant as mtﬁndbireﬂtﬂdhaglmgteﬂ&hﬂﬂﬂ(ﬁ)&mRdmal%cmvxtwﬁwmlﬁddﬂed anepoxiyher
di seases associ ated, w gressive gl omer ul argga? wge associated with
Y

p
t hi ckeni 4%, €% ﬂﬁmﬁfbwﬁ@rﬂreyfﬁqentngnq ka@e&n&s aRd thydransiission
cul m nati ng PALIWAY; IR S
characteri zeg &ﬁﬁ app ar%nce o]f&EdE a&;({ugtéa%d(?%l(%det ac%ﬁn‘?ﬁﬂgtl on of
mat ri x (mclEIsﬁSﬁ@ col l agen type | , flbronectln lam nin, and col | agne type
V) in the tubul ointer tiumis t he cause and/ chan| sm of
the di sease progre¥¥% fptﬁqge)qnsgg(tg ?é%ﬂqjdg‘g %{Fﬁeﬁﬁ%“?‘i’ln"trﬁ@[b@ml
a3(1V) or ad4fdihle BRRRSut iRy Duhﬁ%&l&uﬁé&)ﬁfsg%?hdgq&%ﬁﬁbﬂteuﬁﬁé%s of AI port
syndrone, and nutations in the a5(l~ gene results in the X-Iinked form of
t he di seéSe, colleeted, kynplatlzcmandﬂnewqmlvwlestafd) hpt fractiometed quraogr essi ve renal

failure. Inst absence of colla en a3(| V) appears
to result inP% N%C'{S%Pé i@@“'%ﬁ?‘ﬁ%é q\‘qsﬁlﬁ%ﬂ\“/@o‘ﬂﬁ'ﬁ?‘s of the
al (1'V) and aPfd 30e JTThé MIR"at HRAIMNSof Me%oﬁmfohqghrﬂédtl‘&at@é/bé@m%f a suitable
glomerular filter for about the first decade of life in humans (or about

trr:g first lthﬁleéigneeaﬂtrswmcst hé mmc%deublelmmk@u?fw -al)q@le karickouti ne tlhe _
one. bati ont N bFE BPkiBRRMr £ GO el g S VB SB D N of o

9-year obg pmum\hdakéml,ﬁbaedwiQMWe reveal ed a reI at| vely nor nal
ultrastructure 20 (Cangiotti et al., Nephrol. D al. Transplant.

11: 1829- 1834) 199Burest’ ig gscanging elegigopanicragraphafiglomendidrom Alpers of t he
sane patient, r%'&ﬁﬁ@%@%%?&%’a% Qf dorfdl 3R 9'&{&%’1‘ hﬁlhﬁaisxb

syndrone the basemnen umans isrela |ve4 norma un between

five and t endyeRemckdd, sgincdindth urittyl hossie ahd lad 2iteitd, aaaenpcmdane [ nt egrity
can be nonitored hy a progressive increase in albumn in the urine. Biopsy
studi es haveglemsrult Kealified dnd pheloEepBobHRING @ MANAHE CGATOATRICTRSCRRS A5 nor ol

in pre- pgpt eL k& AP R@Brt{)ﬁ lggﬁbslelq!rg kégft_ruc_t urally, GBMdisease is

evi denced by an irtegular enrng an hinning of the GBM Splitting of
the nmenbrane is thuhls shows a6l imiminefludicSdcRbe sainii{d for the 18minifie@l | nunbers

of chain in normal and mutant mice. The glomerular basement membrane was
stained in green using an entactin-specific primary antibody and an FITC-
conjugated secondary antibody. Laminin a2 chain was stained in red using a
30.  Texas red-conjugated secondary antibody. Co-localization in the capillary loops

results in yellow staining. Group I are glomeruli from 7 week old mice; A =




30 erythrocytes detectable in the urine) observed along with proteinuria)
20 Little is known regardi ng the nmechani sm of Al port renal disease onset
and progression; however, it has been specul ated that the accumnul ati on of
GBM conponents and rarefication of the GBM m ght be due to increased
susceptibility of the nmenbrane to proteolysis, and/or increased synthesis
of matrix nolecules due to alterations in the normal regul atory pathways.
Thus, there has been a need for a nodel ;for Al port syndronme because of the
limtations inherent to the study of human speci men. Humans display a range
of severity in the progression of the disease, presumably due to

di fferences i HuigieqtediconteelcR g winigeted AMpast; ST dlpart ingected withihesplubles ¢ he

ffers . : g eed
.ol ecul ar nat lvl%%;r%g% ggr%%%&%%oﬂﬂﬁ%o%%t.f’%gg are Hlofle l%ﬁ&h%dv&&é y

| npossi ble in per1 ng progress ena | Sease research.
A nouse nodel okianice;uA esontedl; Bl=pAipgoris YFidraprowswiefotp imdumedtaining arthet ed

mut agenesi s of t,{]e ene g‘g(é?&?i ng L he type IV collagen a3 (I~ chain
(Cosgrove et &apill § 0 omeryy: 2981-2992, 1996). The ani mal nodel 15

devel oped progreﬁgh}’eelﬁLQ%Mﬂ%@%k%éﬁ%&ﬁé@ﬁ%ﬂh@éﬁﬂoﬁi‘f?%a? in the

GBM wer e observed as early as one wee IS nmouse 1S referred to
herei n as t heoldAlopmaltversws Adport Abase, Renaleotex wasembedtieddn epyxyt, autget ed

nmut agenesi s of th ne epcodin he,a 1 integrin ceptor, subunit (Gardner
et al., Deu B?%‘l"?‘? W%gsmy acetate andlead gitzaie, m’ﬁ#‘@l)’uzﬁ‘g g& HSIBYBORi t forns a
het er odi mer WgjkhrdnRickdd | A=(c3ptrSIuBUOAlpdk© formthe biolo gically active

al~ 1integrin heterodi'mer, which is found on the surface of nmesangi al
cell's in the renal Fighrrérdememstrafesthe affegrof TGF-A1 {phibiters eptempresson, e onl y

integrin receptor, fou ip the_ nes ial. matri x, where it is exclusively
| ocal' z6d10 Actiaded, RLANYAS enrodi ol otr Molsshiss gt BEIROPERIPRATan 25
matrices, t heqf&[b%}‘s%%oﬂgﬂ%rsﬁéﬁl AR qigsa RGO Qla¥ Rlatkd AERVIGHR

ertile, and lives n

normal ly, is ornal life span. There i1s no renal
i nsuf fi ci encyof Aiweeknold apmaal €6) oA Ipbet(A) adee, ithat wereeitlieatreetedyathi t i on or

st ot Ol S BT T AL ERouRT PR RS Rafetoth 11 oq on
the surface OfelffRadBLHIMed 69 HybridiZatidioT4di8labeled FloBEBEMtIding dithet\@S
surprising that 'the absence O0f this receptor had no affect on

15  extracellular matrix molecules or metalloproteinase inhibitors. Following
hybridization, membranes were washed and exposed to X-ray film. Probes used
are indicated to the left of the panels. a1(IV) = collagen a1(IV); fn = fibronectin;
ent = entactin; Timp2 = metalloproteinase inhibitor Timp-2; Timp3 =
metalloproteinase inhibitor Timp-3.

20 Figure 21 demonstrates the effect of TGF-B1 inhibitors on expression, in
the kidney, of RNAs encoding cell matrix molecules or metalloproteinase
inhibitors in normal versus double knockout mice. Total RNA was isolated from
kidneys of 10 week old normal (C) or double knockout (Dko) mice, that were
either treated with FK506 (1), the TGF-B1 soluble receptor (II), or not treated

25  (NI). RNA’s were fractionated on denaturing agarose gels, and analyzed By
hybridization to radiolabeled probes encoding either extracellular matrix
molecules or metalloproteinase inhibitors. Following hybridization, membranes
were washed and exposed to X-ray film. Probes used are indicated to the left of
the panels. a1(IV) = collagen a.1(IV); fn = fibronectin; ent = entactin; Timp2 =

30  metalloproteinase inhibitor Timp-2; Timp3 = metalloproteinase inhibitor Timp-
3.



21 normal renal devel opnent and/or function. This suggests that it is
either not required, or that redundant pathways can conpensate for its
absence. The present invention provides a new doubl e knockout (i.e., double
mut ant) nouse nodel . This was devel oped by crossing the al knockout nouse
strain with the collagen a3{1V) knockout strain (Al port nouse) to produce
mut ants defective in both the integrin a | receptor subunit gene and the
col l agen a3(1V) gene. Although the abseriée of the al (31 integrin receptor
apparently does not play a role in normal renal devel opment and functi on,
because the nmesangirgurd s flhutrates theSnifibitidn OF niyi AR8inhldidn ih AR

nmet al | opr of ei nases and cytokines io such as TG-- (@1 and the early stages of
Al port gl onertubvlo@pénstitinm of double énockoatnmia using) TGRd| inhibitetsi &idweyd

i f f£h i ai tri it . | i d that, t 3!
CEPanS O O e St B Tl P WS Bl | ncc
studies of thgy {‘gﬁgéécqﬂxgé Y%r{élslaﬁ%ﬂxsﬁ%thﬂ&ﬁﬁ@ilﬁersﬂc@?ﬁrI i @fn@mep.rw cularly

uni que and i npor oW ng Scussi on many of 1s the

char act er isst i < aomal kidnegtpB is{ doublelaioekdutikidies, wiinjebted pC esdvubld kaoekdut on. A
good overal |

good overal | ageoaTEtl sk R s hey b ph 2. ™12

illustrated i i he onset of proteinuria in the doubl e knockout
was del ayed tglg({l%ég%%p%)}‘v\eek, and peaked at about 9 weeks to about 9.5

weeks versus aboutFigumeX3dtluttfateitha idhiibition of vslRigen typelliabbhaBfi@Sintthat ver e
Al port (i.e., lacking the collagen a3(lV) gene, but containing the al

i ntegrin subunbuloipserstitiuntieé dowhie knegkgut mice using T(ak-84 dehibitonsr Kidsieysr i a
(i.e., the presence of rum al bum n, i,n t.he urine) is.a .gopd sure for
cval uat i o) CHERRrEw e AR bRt ReBiestebigte thed Vre sPuRafRERaTERE on.  The
serum al bum randevighSsee@dhsiferbRamunestainkd flihd Sntitddied @pedli® fdr'coapnesi s and
25 coomassi e blue staining (running the equivalent of 1 mcroliter of

.urine) or cortype Li Stainingiwas devislaped using thestreptavithie Afi€astaining kif fromat h due to
renal fail urevi§ Zlbgutta to about 9 weeks in Alport mce regardl ess of
whet her t hese' T2V 90f5t he 129 SviJ or 129 Sv backgrounds (at |east ten

mce were al | Qwathrinal KidAEY, TS dbable ReockortRidheY, uanfditdk T2t dyuleckground to
establish this point). The doubl e 30 knockouts |live to an average of about

15 weeks 1o diegkout kidneydrepied §yithalie506; D = doublo kirpkiont kidaey treated Wity t he al

1 integrin rege g ey affect on Al port renal disease onset and
progr essi on. ﬁ'@%‘éﬁ%?gﬂlu@gr%ehﬁ%.ut the a 1 1 receptor had inproved

gl oneni | ar functi oFigas 24dIMsFAsk theirdbikition bEfibrehedtintRGimalatibRinthe Ml s t hat
did not express the a3(l~ gene and were heteroz (vgﬁgus for the 5 a 1 knockout

nut ati on, t hdpbulpinderstitiynmoEderdds kmaskpuimise using (I GEP § imrikitars aKidngyct i on and
di i ilL,lustrati t hat .t h l.int i . d dent
o foct on AL o tiitaek off shaI YR blite Kp ey mide WP bedfey alSEE ot egr: n
expr essi 08 biunfal MO SM-iRiah6RkihUEuRS Rbolita bpdctid for EBINIBAM { he

Al port nouse and the doubl e knockout). This internedi ate protective effect
in 10 Al port Staining washisveloped gsing thestreptawidin AECrstainging kitrfraraiMeotori | | ust r at es

Lot P18 i AR A& RS Boder by LN S oS5 PRURE BB i
i nvol vi ng i nRjoRible I9RckSut kithie tréatkd WK $05; DS @RIHIE knbkButRighey N hunans.
treated with the TGF-B1 soluble receptor.
25
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The present invention provides treatment methods that attack the
mechanism of renal disease (i.e., kidney disease), one that could substantially
slow the onset of and/or progression of disease conditions, such as
30  glomerulonephritis and renal fibrosis. It is believed that the methods of the

present invention could even reverse such conditions. In particular, the invention



Transm ssit~~ .-electron mcroscopi c anal ysis was performed on kidneys is
from7 week old mce that were either nornmal at both alleles (control),
null at collagen a3(1V) and no~rilral at al integrin (Al port), or null at
both collagen a3(1V) and a 1 integrin (double knockout). This tinme point
was chosen since the Alport mce at this age are approaching end stage. The
panel s chosen for Figure 2 are representative of at least 5 different
glonerular fields. As illustrated in 20 Fygure 2, the glonmerular capillary
| oop of the normal nmouse (Figure 2A) had a trilam nar basenent nenbrane

wi th uni form thicBes SRR foT e treltmbRAYUF KRInSE ARERS abddifatdPRim BePCOSSES 1N
all three panels are denoted by arrows). The capillary | oop of the Al port
-mouse (Fi gur e pi&enshofmchnrincredsed disk Awralereloping glonserelonepliritisandirendhi ckeni ng
and t hi nni ng har.act eri s(&igc ?f advanced 25 di.seasg% .. ,Jhe,. foot processes
were swol | en, RS thy kdnex glomerpli,ych psoqqussiin megangial proliferative 5

£ . pe okl : . _
Iltration e r%?ﬂﬁngxgxﬁlhef)hﬂtlé, %ng?@ d&oﬁ%ﬁﬁ{@ﬁ?mﬁ&hﬁ% fs) crebdagtibasenent

menbr ane was ess affec t of the Al port nouse (Figure
2B) . VWi | e st heglimasminephntisyidiabatic nephrapathynand rehalrinstestitiatfibrosis.cont rol , it

oy mor 1 GRS Spa R PRk B R ok BB EREbF her e *°
fibrotic, whiltRicRediNg InnRigeardd/éY Plittihgiifterld@itits WPt GBMANThis can?3

| mrunof | uorescence anal ysis was perfornmed using frozen renal cortex taken
from t he sane cahthipgtedn mmorpgthway of tubhleint¢rstdtind fibzesis. sBigsed with

ti bodi i fic f .0t.ej kno | at e i
Fanceson of - acgBpiopd i HSUE BarasfeRe bOg ABbERARs BE b BT R AR,
i Il ustrat got hahe adtanulationtofintuix Gﬂcl@ﬂing@blﬂa}l@ﬁwﬁ(ﬂ—ﬁ%he&tﬁi, (dnhin, andl 4A2
(a2(1V)) chains was the_sanme for both the ﬁort %I(,orrerul us and that of the

doubl e nut ant .collpgnsdype Baiadhe whuloiderstitium.y Thoeffectiverass obdreitherapentisanel s of
Fi 3 b ' 5 WLive (i 3B, O).
Lt o1 S bedfi e eBReRPg pretBicin bnliGh SaPfeaddibifincdbl o 38 O

conpar ed to t legaluatig one drGnfreafidsese charguoeriztidd) wi th Figure 3E), however in
t he. doubl e nutant (Fiqure 3F), accunulation of |am nin-1 was markedl

. ] y
attenuated rel ati velheanyangionialso mrosades agnousemadel forithgstadyzefmethpds andect i n

normal Iy l.Qcalj [ j . Ll j j found to
| ocal i ze tlg t ﬁfég@ﬁ?‘ggé &\/\%g?é&gg)sfmjtt é“ﬁgggﬁéﬁ?‘ h?ni&dg?iﬁflsﬁasg ﬁ%toﬁia %gr %m' ce
]SFibgure 3H). %ﬁfekaicegF%o;ahitTﬁélﬁedﬁﬂbfog dbﬁelﬁpihg@%ac(:amuﬂﬁdn’adﬂ) on ﬁf I
ibronectin in the capillary |ogps is nQt observe jgure 31)..Thjs result
was highly r eﬁP‘Ha‘iﬁyPgF g!at%s%rﬁlfyagl@d,s pazticlahnyithig the kidhey glomeryly

prot eogl ycan %ﬂ(l@wﬁ@loﬁ{téxﬁﬁﬁt\il’\rhhe‘i‘hﬁé,% Bﬁ@%ﬂrdhi&n_@:ﬁ {18 $2E8hAihvERiohipfofilied NE

doubl e nmutant (Figure 3L) en conpared to either the control (Figure 3J~
or the Al port amnosse njddelforAlet symivaaenThis momsomodeltincludes anrinadtrateBM was

oot S S0nele RS SRR T ST R, ¢ v
Sl oni ng. A por £ eRs Gt Vo B dl MRk B Ml RAE [P0 1S 1
physi ol ogi ¢ ( dedciystdd etizo@gh disruption 6f sxprdssion 8 fhie@8sublnifofeslRgén {typerd

IV). As aresult, the mouse does not incorporate the collagen a3(IV), a4(IV), or

o5(IV) chains into the GBM.

4

25 This mouse model can be used in methods for testing agents to treat renal
dysfunction, as it occurs in Alport syndrome, insulin dependent diabetes
mellitus, and other renal diseases where early disease is characterized by the
expansion of the mesangial matrix and mesangial cell proliferation in association
with glomerular basement membrane damage, characterized by basement

30  membrane thickening, thinning, splitting, and effacement of the podocyte foot

processes, or any combination thereof.



25 ultrastructural (reduced GBM damage and foot process effacenent as shown
in Figure 2) levels. The irnnunofl uorescence studies provided in Figure 3
illustrate that elimnation of the a 1 (31 integrin receptor results in
specific changes in the accumul ati on of extracellular matrix conponents in
both the GBM and the nesangial matrix. Thus, the present invention involves
treatnent nmethods 30 wherein the a 1 @B1 integrin receptor binding site on

the surface of a kidney cell is blockedl8Such treatnent nmethods are
described in greater detail below. 24 Furthernore, Figure 9 shows that,
whi I e the cytoki nepl{Frefdirediemboliikngdhé veMfonProtides Hhibifors td blbek 801

i nduced in Alport mce that harbor the a 1 integrin nutation as well. Thus,

i n t he absencethefwise iha¢tB/Atd the miction ofl{Ee-o1 B1 intaghire teceptor as antetlatdsfor ved,

whi ch accountg faqr, .a decrease in agcunul ati on of trix in the

gl onerul ar baé‘é%ﬂg tl}?é’r?ﬁ?‘é’% , “é‘??d“‘ﬁeﬁifé' fﬁlu%a@?gﬁm ‘bﬁ?‘“&@c‘ﬂéh%%“i‘ %he rate
t which th i : i : p I I

a I C e 518&&1&@& PFo%?e%slBﬁ 89(a§§xt§%lﬁfrec;f Eyt eérﬁ#eat WhicHThe TeVel bFsdrfig®

di sease i s discus n-greater | owm ng section. Rol e of
TGF J31 ' 40 dlbemiteinahénaning increbses) dryevers rewbising (@s ntehsired by the rafe dts i nduced

in a specific gl onerul ar .cell e, ((the podacytes) i.n the use nodel s used
ner oi - The. | HEBRv g0 feam et Fieta telt e g PER L ORRBORRILE on of t he
genes encodi NendidiSitFalis {af nliRlES Wy G kfpRNAndL oGBS bfid tiee of oner ul ar
basenent nenbrane as a function Of progressive gl onmerul onephritis in the
nmodel (e.g., accsmubtivpniofiextfacelidaraunstrir, inelutlimgtlaminimyrftbrogting soltageh agen) .
Furthernore, the,data herein that TGE-(B1 s jnduced in human Al port
renal portex.gm¥’§“ &Bﬁiﬁ%‘&&eﬁ@qﬁ’l‘? @ﬁwugrsﬁ\gnmthgpr%ﬁgmq? its ability
to mmc yhat %}tiﬁlehﬂﬁm A Daridtf oPASERR, iRt df nafkeM,; cahtb @B AwhicRt € t he

role of TGF-[ total RNA was isol ated from ki dneys 20 of Al port animals
and probed w ¥R desedibed Bogrpater dstaibleslowpeci fic for either the a 1 (1V) or

2(1 |1 [ t [ t | ami ni n (31 hai

P hesti " or S B o AT B RSB TO e v
for all of thesm ﬁtt@)eheemdi&eése phihSe@iti8 Rhd BhePfuch ity tideddesare | nduced
follow ng the onset of proteinuria’in the Al port nousé nodel. Northern

bl ots for thimosamee®nctaaseinonRNe lerclefoa TGB-Hé foidowing theondetof ni n al ,
famnin ~ 2, larninjn n sul fate profeog) ycan cgr rotein, and

|, hepari ) e,
the col | afen BRteinpya 1%?4‘3?%5 iR Ahe moysp godgls l@?%h?r i AR SUAPYPRGIZAONS | n nRNA

| evel s for t 5[;;,&;5 r . I n

conpari ng thgﬁlé%%t?% gﬁf %l%%t%ge nutﬁ{m p%cgielgfﬁﬁ?gﬁo? Fgeﬁggﬁlﬁgg ngﬁal yses
wer e anal yzedotthe shiseesftpryteiiufitdxpiessSth shmdafledfinENBNRBTEF-Bn speci fic MRNA
expression during the t3mecourse. Figure 5 illustrates that induction of
the specific Rnakingdhepaset of groteinurig yp amihend-stage renal faidurge detivefiongfe. By 8
weeks, MRNA | cxgl ¢ 1 e r&gﬁh’ =k i nectin

i nduced 6. 6- and@.eg?%?%ﬁg@g?&{ﬁhgp@ caggtro ng’c%g%rn gas?%xelggélj?/%k&eaﬁe mRNA

| evel s foro codtlib@ftithesae(ting. , Tiséfore, nizttibds firalitninishieg thedlevel @ TGF-Bt f ol d
i nduced by week 8. In contrast, no significant changes in nRNAs encodi ng

the | am nin (i8anether merhavipmifprtreatiog aenabeonditionsisych acglomeatenepbiitie RNA
northern bl ots, e observ at_.any .poi i renal disease progression.
The gl oner ul ifﬂé‘/&\?}%ﬂ%&s&- ﬁef?fg°t§ Rﬁfﬂﬂbdﬁ?%ghfé@eaag‘f&@'ﬁ&“?’S_frbelas%ﬁ‘ggyof t he

ki dney. | ndi vict¢inifigtte :ﬁﬂdﬂ;ﬁﬁnwtsﬂa?pém&ﬁe_(mb@ﬁw%é/{m fafio¥ih&readdbfeven | esser
| 0 percentage. Northern blots of total kidney is therefore not likely

to detect i ncaleumisrinofinramkerpppearance ofimyiofibrablasts(in thegubdoiptestifitan) | or to
ti | | | It T i th . di
T 1 S AR Bt ohet ekt e R O BB e SR AT hiced i n o

particul ar gliapEbinkerstith@l.! type, in situ hybridization was -perforned using

di goxygenin 15 | abel ed anti sense probes specific for the nRNAs. The results.
are shown i n Fi gurle aBothememimdimaéntpihomigh ttheeuserof (T -B p ishibitars TiGAdpeart 1 (Fi gure

6D), fibronectjn (Figure 6G and lamnin ~i 1 q%Fi &ure 6M | ocz%l ize
excl usi vel y tIBIcE deficigntdn gil antegran, (the inyentiop i5 direqied @ the synesgisw of@hese sane

i i d N . dyel L | h
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i1l ustratigng YsiRfg Aed dnéatidnd prdgiedsionSorgloniilehéshriR! And/¥iifeventing

fibrosis.




Podocyte activation of collagen a 1 (1V) is also evident (conpare Figure 6B
with 6A). Activation of genes encoding matrix proteins in glonerular
podocytes could result in changes in GBM conposition. TG--ail protein data
based on i mmunoper oxi dase detection using z5 anti bodi es specific for the
active isoformof the cytokine corroberate data obtained by in situ-
hybri di zation anal ysis for TG (@Bl nessenger RNA. The data shown in Figure
7 illustrates that el evated expression df9 TGF-ail nessenger RNA in the
podocytes translates into el evated protein. Since the data fox TG--ail was

acqui red usi n%%&.gmsgfjrmdel RNase 30 protection analysis was perforned to
determne if evel's for the cytoldne are also elevated in hunman renal

“cortex from Al port A&ﬂi@éﬁaﬂ@@pwﬁbf mahdgnyg patlentsaﬁt}DAleort syridrome an@
illustrate a 3-4 fold el evation of TG (B rnasl_ﬂ_@égi RNA i n, human Al port
renal cortex PHicEdisoes assecipted with PT‘PE"§SS Weéﬁ%@t‘?ﬂem@ al so

‘overexpressed ty of
TG (31 provi dﬂels a 'Easonaﬁﬁl eqﬁ ea?mﬂ&glﬁgi ocoPk?3 or1m§yng¥%ng,
parti C:J| ?r by ﬂwidrr:tmﬁpa@yawﬁiumleﬁmmhibayﬁbmm qsmbmgtenzgd byrﬁ]eritx i
accurnul ation in the SCUS above e a ile
Te T o' | nduaBRpanes REmpTPbAHS AeEihe AEHGlIAba o AR RS aibE P Ut Roc kout
mce that harlaﬂi e I, HbréHectin] 1&gl afdEtld gﬁ@@érvzhdmemmmasﬁmﬁpsence of

al 1 integri TG-- 1 10 inddction is served, which accounts for a
decrease in adctanmhatgltbmcamseami/onmealnmsmeofgh@dscasb@rograsséomrﬁorrrenbrane, and

hus, f d h I
br oo eases. | SPEAIPCHIA rrﬁﬁiﬁw&zﬁhécoé@%fwwﬂpg@éﬁisﬁ%%ﬁ B both t ne
neorin 30/ SRR s A bR el SRS By P LUt ng

renal disease di Sease) onse essi on,

and/ or rever sgene rE&UlﬁSlyﬂﬁDg-hﬁkdd?foﬂﬁfofﬁie diScasis Hiva3s imﬂhmhsuhemgalvmoex arrpl es,
two different agents that block TGE- 1 activity in three different ways.
Both were stuBPle@anss” amnssve renel failurge Instead, the ahsence pfeolleganmi(®Y)i ng” TGF-

1 activity, sde effect of dr t reat,ne 20. The t
oxamnl & 13 a GRS of B3vEapse s risfin otk 57 ME ShpryRic tite GBI
comprised of the o 1(IV) and a:2(IV) collagen chains. This embryonic-like GBM

15 is a suitable glomerular filter for about the first decade of life in humans (or

about the first three weeks in the mouse model). However, after this time the
embryonic-like GBM does not appear to function effectively. For example, in
one patient with Alport syndrome, uitrastructural studies of the GBM of a 9-year
old patient with Alport syndrome revealed a relatively normal ultrastructure

20 (Cangiotti et al., Nephrol. Dial. Transplant., 11:1829-1834, 1996). At age 18,
‘however, the GBM ultrastructure of the same patient indicated advanced Alport
glomerulonephritis.

In Alport syndrome the basement membrane in humans is relatively

normal until between five and ten years of age when the loss of basement

25 membrane integrity can be monitored by a progressive increas;c in albumin in the
urine. Biopsy studies have confirmed that the basement membrane ultrastructure
is normal in pre-proteinuric Alport patients. Ultrastructurally, GBM disease is
evidenced by an irregular thickening and thinning of the GBM. Splitting of the
membrane is thought to account for microhematuria (i.e., small numbers of

30 erythrocytes detectable in the urine) observed along with proteinuria.



Ltd., Osaka, Japan, referred to as tacrolinus or FK506. This drug is
commonl y used as an i mrunosupressant to prevent rejection follow ng organ
transplantation. It works by inhibiting a critical subunit of the T=cell
receptor called calcineurin, which is a serine threoni ne phosphatase, and a
critical part of 25 T-cell receptor signal transduction. As revi ewed
recently (Crabtree, Cell, 96:611-614, 1999), calcineurin is a subunit of a
vari ety of receptors. One of these recep'%Q)rs was recently reported to be
that for TG--1 (Wang et al., Cell) 86:435-444, 1996). The drug FK506 was
tested as a TGF-1 Little s known regarding the atechanism o€ Alpdrhrenbladisgape agzet at e dose
of FKR06 will iphibit TG=- 1 t%/

pe I/type 30 Il receptor sjignal
transduct i on. and proguessien; hereqyer, ithas be pesvlsieeéﬁ%éhg grcppptaliopof (RN

. inhibiting TG angsvial j [ =Gk ptor inhibition
- being the mgoégﬁgnaegﬁggl,g%areglecon&ﬁ%-e?ﬁﬂpﬁ%%id}gr%wg&gﬁl uated. This
. second i nhi bi susceptibiléty of Hrpaméembranalto proteplysis) end/deinetaapedsyntheyisBf ogen | nc.

Canbridge, MA. This 5 drug is cofrpetitive inhibitor of the cytokine,
soaking up’t h’é‘aB'E‘tlF‘(?’@c@?ig‘R‘? ‘i?ea?@?t‘é?ﬁs I%‘;‘EPPV%B%HIWB’P%‘EMSM conpl ex. It

is a sol uble chineg -~ RLLL ri j r i

I nt ernati onal Publ ]H(%lg ?il(?ge %gﬁfg%%?& a'II{'}ngne{l gg‘#@@é’ﬁs C&S‘S‘F gb%gﬁtg? 0{ he

i nhi bi tor wer heilippiegionsiinhsient to the study of §limai spdoitén. VEumahsdisslayeekl y in the
descri bed experinepnts. .tq Since the node of activity and the potential side
ef fects of FKE08e ahteveny ia gheprogressipn of the disease, prespmablymdus de diffgrencesy

different, ob : ' [ i g@rﬂ.@

consi stent w cégtli%w&rﬁ gs gsf.gl@f gg%g?@gsé@m[e%é ueéstt(f)’g o?é?%a%?%tlﬁj{e?%fﬁ of
TGF-~ 1 aug i vdisgase duszt arybprogedssion psy logtitaivimpessiblefin humans, Bamperagent s wer e
tested 15 using the, 1‘3}% Sv/J .npuse nodel (the Al port nouse) to exam ne the
bi ol ogi cal ef PROgFess BrAlpep renal dissasefessamh by itsel f. Second, both agents

were tested in the I | .t ine t bi ol ogi cal
effects of a 1l (31Aiq{r?1 e§?‘?Ar?%?g%%%%%?@@%%ﬁ%‘amgﬁpﬁﬁw&?%?nhi bition. In
al | cases, thgr HageRbis O iRl Rnvdifing BRIV &dlidgeRas(IVhEREnt i Mes with
a high degree o consigﬁgncy. l’g’(;éV\hen T -~3?ﬁi;s i nhi E??edaﬂ the Al port

mouse nodel , (Gasgwveekals Srasendavdli, 40208 bLPEL11996)r hEraaniimalgpedal | |
i nprovene o) , i.qnl fi t foot
orDeoss ol acdsvRPETEBina RN Gn ORITUAAR BN iral SABLS NGRS

mor phol ogy byGBdlueteubséred aat@lyods setwéek cfagelnThismmie istgferded tdas no

significant affect on the mechanisms underlying foot 25 process effacenent.
Thi's means t hbgrem@gthe “Alporthmouser s gi ven al one, al t hough provi de

i nprovenent, are n lik u .0 1Lnmrovi L racteristics of
Al port Syndrone orgfg? h%rrn%ls‘%ecﬁgsdﬁrggﬁ%g%;taﬁgﬁwgou%tﬁggf%écﬁg‘g%emgce, by 10
weeks of age, erf¥88ing #e & Ntégi reBégloLRBARIt (GAUNEQI AR) Ded) BYSTY QU5 1308L e IS
significant matrix accunulation in the GBM If you treat these same aninals
30 with ary o313, he96)Grhisintégrimsibnnitdormsmbeterodomariwith the imtegurefk of age, and
harvest tissues at 10 weeks, of ,age, about 30% of gloneruli are,

ul trast ruct ursoppt to @E“ithﬁjblé’fq ety e 181 srsgrmdictergdimes, Waich i§ ce.  Thus,

Canifi . . b od hon a0, b
2ch eved usi iRt B Yetalk SORBLAER odfsdh Stear BORELA, TS GALE RN be
recept or i nhidipiofeseptdids theadrly ltegrirthetéptonfoine i fhie enasiiigial rhaten) wheddreys

taken fromeither 5 Al port mce or double knockouts treated with either of
the TGF-~i 1 itifaxslusiyely, locrlizeds Asidledronnalieredadhesionofdibsecytesto eeliaget ences

expr essi o o e HEKrodoR e nind AdvibiR digpbRat AUHbRRED 1T o'
accunul at e i nistférile(EM lividaa roriabliRpasli THerd®i ) fepRliasEYiieaAS afd s ! udi ng

matrix rnetal |l oprotei nase 2(MW-2)) 1o and their corresponding inhibitors
(i ncl udi ng TI3wpaenpdifferensgs ig)mole¢itlar composision oy alfrastuetpranf heglomerulyst e of

turnover of nolgcul es at ¢ ri the GBM .are .also differentially
ffected in ARSERE e Bours jee aUbhesRAERin RSP uBe S el T her of -
the TG-- Bl i pflBhtQeptorrfentificd 8h the suffaBPofmediil cdifs i MY Rafed at very
high levels in normal mce 1s suppressed 1n the both Al port 15 m ce and

doubl e kn¥fckcglomeniluse#itwassurprisinig thanth¢ abdencrdfdhis re¢eptonbiad o affect 081
i nhibitors prevents suppression of T11VIP-3, restoring the nRNA to | evels
conparabl e to those observed in control mce (Figure 21).




Al ong these sane lines, lamrun a2 expression is normally tightly
restricted to the nesangial matrix. The deposition of lamnin a2 is the
earliest 20 nolecular change identified in association with Al port GBM

di sease onset, showing up at the sane tinme as basenent nenbrane thickening
is first detected. Deposition of lamnin a2 in the GBM of doubl e knockout
mce is not observed even at 7 weeks of age (Figure 18, Goup 1D).

Adm ni stration of TG Q31 inhibitors to 3the SV/J Al port m ce does not
inhibit deposition of lamrun a2 25 (Figure 18, Goup 1 C). This

under scor oS ayaliR el doRIGHAE aRd/BPHineridn. (s SURAME Rt P Sheridr (1 1
functions in slowm ng di sease progression ratirng wt ard evi dence
‘why a conbi natrequiretly exthatredundantiatiseays garec@npsdnisate femits aisence. t i s bel i eved
that the failure of TG~ 1 to inhibit effacenent of the podocyte f oot
processes is di r ectihy presaridavention meovides amet danble knackewt G-, dawblai n 30 a2.
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29 chai n. tn%tg‘})g é’ﬁé %'Bérm%g’ﬁ dpﬁ%@%iﬁgggpm@g% tq‘ll glh gﬁéf'ﬁ%s’g to form
a sheet-1li ke SHRRWIH tHelcHl ehf@m)amaékdu%@aﬁ PAIPRR hofde) td'prodase ment
menbrane. The | am nins are known to interact wth |ntegr|n receptors, and

pl ay i npor t antmutaite defectiwtiih bethethe intégrinro: bwredeptar subanitigene afd thessllagehunct i on.
In normal mce, the GBM5 contains predom nantly lamnin-11, a heterotrimer
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cyt oskel et al m&mgxﬂqﬁamﬁ is thatslté @Isyﬁttkéie férahé ntNIopEStEihasds ARl By takines
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- doubl e knockout, however, onset of fibrosis is at to 9 weeks, and
progresses unti |t bhegcﬁmiaWemyeasmsdﬁatthf ﬁtexﬁ&gm@,edﬁhe 'n'énalsﬁltefﬂs pﬁﬂexdmmz’ol e

knockout is a el | ent del for he stud i br.osi s her e
si gni ficant cZ‘LFr-s‘ECB?eS‘F’iCBP an EXGess Ly sruabmténw& RBHPes)im%% “S%Gé{%u s can
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one aspect, the invention relates to the use of inhibitors (e.g., blocking
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30 knockouts live to an average of about 15 weeks to about 16.5 weeks of age.




integrin receptor can be used in the nethods of the present invention.
Exanpl es of such agents include, but are not limted to, a neutrali zing
anti body, peptide, pnteolytic fragnent, or the |ike. Such agents are
believed to bl ock signal transduction through the receptor. Effectiveness
of such treatnents can be 15 determ ned by eval uating the downstream
effects on gene expression of, for exanple, TG~ (31, fibronectin, lamnin
chains, etc., by the norphometric changeg2in the gl onerul ar basenent

menbr anes, and/or by inprovenent in the glomerular seive as evidenced by a
decrease in the ratEhepéfore)fedhoving thelciP1€aREAN rédkptof RAEA Maflted affé6t oin

anti body that neutralizes alpl integrin function as is provided in the
exanpl es and iAdp6itgenat diseaseansetrand progressiono Futthers tnicet withdwttheo Bl ubl e agent

capabl e of blocking,the interaction of a.1 ~i 1 integrjn with. its |igand
bl pr oduce e sl Tmpriye Slamerilen bioction abccamsid B ariotetmice foed 571
gene knockout | . i i j i I i ssue
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ng/injection, diarRRkbutRRatGE thete wabhh aiteriiddfiiemhptdventdid irs Bloyerdlar | nhi bi t

gl onerul ar basenent damage in the Alport nouse nodel, in nuch the sane
manner as was fanstionand diseaseiprogressioreiliustrating. thattheaibintegrirliadecdoset he

invention relates to the use of agent.s that decrease 3¢ the |l evel of

TG [ 31 as 5 AEORIE LI It foHal dioeasr BOBSEHAN DrenFRQIHRE 1R iine
progression of tgéx%'@i k@fond > [ v |

gl oner ul onephrrilt S. IH’31 0#35@5@8%%% tgtbﬁgﬁ)égg&ﬁgg §tﬁio%§f¥vg%q[thzl port
syndrone pati &dpert amaispand thatdsublietkinockuosit), iThiciamemeddiate piotattitessffeckin| i t us, as
well as others suffering from partir(t:,gl arly progressive gl omerul onephritis,

or any sudf diAdperyan cierogygops donfye gl atasrin mugation pllnstrates that partially s
proliferation.gf.t. J el | 5 0Si 1} of, LLx dn the

gl oner ul ar baé@ﬁ%‘%‘pgﬁ%%%@% ‘S%\JF%eﬁ)ﬁ)grqr%ﬁg%sﬁlgé@ﬁﬁ%rgfi%%ﬁnag’ splitting,
or sonme such kighEtahefindi a@ftfaﬁﬁl?&ﬂﬂTthéi‘ﬁpiéshﬁv&@ﬁ@ﬁﬁﬁiBﬁioﬁQ@thaQi_HﬂesSeS1 or
sonme conbination of the above [1sted manifestations, all of which

cul i ni nat e i nintpgrincreeaper whethyeed inhumensl fibrosis (the prevention for

whi ch the conbi nati;l.on t hera N of al (31l.int Eiﬂr'i n inhifbi tﬁrs 1.0 and TGF- ~i
1 i nhi bi tors i's parersHttetraninicpsponis analysis venBertomel 8 U R or api es,
as described Ham 7 kReRbld mic@thdtSveis Bfthdr AoRthA GKbSHRNIERS (RALBH, st B1 or a 1
(31 integrin receptor protein, A variety of agents, synthetic or natural,
can be used. dollaggent3(f\Hand meahaladtioddateghie (Alpiott),toy noll afitefth c8llagent oki ne to
interact with its receptor can be used in the methods of the present

i nvention. Ex&aiVaand ol integrin kdopblaknockent). Hals imgpoiptavas shosengincgdher o, a

neut a1 2109 APl RS BERRSHGI AR L (St kdigauch 2

FK506 or tacr 2laremepregentativeraftit isaal § fiffecdnt glatherwiapiieldd shs ilssatedidl e recept or
Publ i oat | 8 VDESRS SebSaRmIaRmn ey Joumetdhe hogalmopt Bare ARNBRI € T
TG ~3RII /] gGlm&lgﬁia&) Ba&hﬁﬁe@h%)nb_rﬁmnﬁm bt forfn tRRNRES afd rdplifr GAEPL OF, OF Some

such fragnment that has t ability to irrreversibly (or "stably) bind with
t he cytoki ne prodesseh(thé fool procedsies it all theeelpanels aiet denoted by @repsprThe n

o1 he nuct cuethiiy Beetalehe Alpbdaoige Pee g Shewed el bmariin be - O .

deter mi ned byyghusaed wint irack M AR AR (AlaBteARiTIRVAIRI ©SSi on o

for exanple, fibronectin, I'amnin chains, etc., by the norphonetric changes
i n the gl ?er disease)hdBlenfont proeedsesawers swalich, appdaying fpsedyeproperty believed

| | ' ' d hy.a d in th f t and
o oor ess, on_ ol ST et ARAGCH elicholls i B ES iR bR it 2003, A can be
used to inhi bpischieft MEmBAINE wiB WidrRedd( Idss Mfectd thie thhtST HR1AHERA MRIUSE »

inhibiting signal transduction thrmugh the receptor conplex, as has been
di scl osed f or (Figune 2B)h&hile the bgsement membrane was thinner than that of the control,

it was much less rarefied, and the foot processes of the podocytes appeared
30 largely normal. In the Alport mouse, about 40% of the glomeruli were fibrotic,

while only 5% were fibrotic in the double mutant.



32 di seases (Wang et al., Cell 86:435-444, 1996 and MIller et al.,
Endocrinol, 3:1926-1934, 1989), and thereby inhibiting (through an unknown
mechani sm) the onset of proteinuria, as has been described for the sane

ki dney di seases (Callis et al., Pediatr. Nephrol., 6:140-144, 1992). No
such recommendati ons have been made for Al port syndronme, diabetes neilitus
or for diseases associated with an increase in extracellular matrix in the
ki dney gl omeruli, prior to the present i4vention. In particular, the
present invention illustrates the effect of a conbination therapy of

inhibiting the a 1 Iidghmbfli®gsdefice frBRIsOWasPpeoridd dsilg Roxdn¥end copeer gi stic 1
o effect at preventi n&l both the gl onerul ar di sease and the fibrosis
e

"associ at ed wi taken §§‘HIWSllsted\}bﬁwafef?olTW%H@W%?%@GY@EaseS t hat
i nvol ve . the proégpeaﬁc N Iy NI IV S N

mesangi al cel €ssS| ve “basenen as nmn

‘nore of GBMtbmtimnngaldxdwmmgressi@i Thdxﬁgxltseﬁﬁagmerﬂﬁllﬂumtdthathedocyte
foot processes, or any 15 conmbination of the above wil| also benefit from

this treathe nsilstmbut@a@f eolingen GOL, AL (e HAY D and 4A2H(p3EM)) ehabisssvasthe he

conbi nation treat v fibr 1S t ub terstitiumin
Al port syndroﬁ%megrg)lpgkﬁ%g&r@orgg 8}?2’8 Sﬂﬁ}ﬁm?%%u% g’ﬂ? ﬁﬂ “which is
bel i eved to bgadesané t4pl hﬂm;»a(&m&aahﬂpm&m@&reW&Pow?tahasw becones
i nvol ved. The effectiveness of this conbi nation ther ap o treating

fibrosis, themes#eial maydxweragositpisl (Fisrs 3B.(GQ. almmrﬂrﬁxwewndqedf. brosi s,
regardless of ,th& lﬂﬁg)%rlhg{é@Bglﬁgftﬂeﬁ@d‘t}ng# éd'k% aLdgy | eading to

fibrosis. The agents use resen Invention can be
adm ni st eted (QomparbFigiré 3D wvtltlﬁhgarem&)rhmmaﬁmhé &wﬂemﬁmb}lﬁgu&aﬂﬂ); er. The
agents of the pre invention are fornul ated in phar eyt i

conposi tions %YL 10no& N5l W Gyarkedly atieapated pel b‘@dgﬁyﬁ qrh t he

et hod of the gldhei fhre 3891, Flto bt nbihly TBANB: xSl oRFindpouTan pati ent.

|navar|ety d to the C routeo mnistiation. The
formul ati ons mepaxrgﬁdlmatmx;daluudevastfaaﬁltsﬂmdahtﬂtethe)GHMraemeHIas(thmcl udi ng

subcut aneous, intranu scul ar traperitone i.ntrave
admi ni strati oﬁleé‘?ngbac tHBd"E Ji: a:{}a"ag’lfpgf‘ﬁ%l?'ﬂ r}g a% uble, o agent s.

33 Suitabhe pm&mca%u&m&aahwomﬁécﬁhhﬁufea;a,smamo Niskdt bbsehied (F
liquids, semsolids, finely divided solids, or conbinations thereof

Formul ati ons 3Di {This resmwaqdagblmrqrraduoddm In comgrast; sihmmzrﬁoehemmsylfeterrpr i se a

steril e aqueo e powders
conpri sing thgf%tg&?# 2h gﬁo\kﬁ 3?%{63 dp%%ﬁjé]'rgé%ﬂ{/ | sss'@glm C g\nﬁi??tﬁa&gql%od of the
recipi ent. | soiuedit (FiggelLy “ﬂlbﬂbompared to either the control (Figure 3J) or the Alport

mouse (Figure 3K). Accumulation of entactin in the GBM was observed in both

20  the Alport and double mutant samples, with no discernible difference between
the two (Figures 3N and 30).

Combined, these data illustrate that the a1 null mutation in the double
mutant results in slowing Alport renal disease progression. This is clear at both
the physiologic (delayed onset of proteinuria as shown in Figure 1) and

25  ultrastructural (reduced GBM damége and foot process effacement as shown in
Figure 2) levels. The immunofluorescence studies provided in Figure 3 illustrate
that elimination of the a1p1 integrin receptor results in specific changes in the
accumulation of extracellular matrix components in both the GBM and the
mesangial matrix. Thus, the present invention involves treatment methods

30  wherein the o.1p1 integrin receptor binding site on the surface of a kidney cell is

blocked. Such treatment methods are described in greater detail below.



can be included in the liquid preparation include sugars, buffers, and
sodi um chl oride. Solutions of the agent can be prepared in water,
optionally m xed with a nontoxic surfactant. Di spersions of the agent can
be prepared in water, ethanol, a polyol (such as glycerol, propylene

gl ycol, liquid polyethylene 1o glycols, and the |ike), vegetable oils,

gl ycerol esters, and mxtures thereof. The ultimte dosage formis sterile
and stabl e under the conditions of manuffcture and storage. The necessary
fluidity can be achieved, for exanple, by using |iposones; by enploying the
appropriate parti clRurthemsore/Figine Shews tHat, witledhscytokine IGH:P1 isindgeed
surfactants. Sterilization of a liquid preparation can be achieved by 15
any conveni entin thetAlpgrtmpanse, it isqof uggchhe Alpartpigethatyhaghorithe o detegrin

f bly by filt teril,J zati ., Pref .neth . I wd '
e oy L Sl PR s i Bbe oot 3 BAGRRR A PO
solutions. Su %?%?Ned%ﬁ%ﬁlﬂb&lun&%f #HcRak¢ Aace@fulafioR Bfﬁfa&‘ifﬂx e! ng )

various antimcr al agents, for exanple, antibacterial, antiviral and
ant i f ungal 5ageghamseriilac basgimeyt membtaaesand ¢inisoa sigoificantl dec@@sgincthe rate gor bi ¢

acid, thinerosgl.,,, and the. Like. Absorpti on, of ents oxer a, prol onged
period can be whiéh éﬂlaE§IS?q~$e p{&_ﬁfﬁﬁesag@mrglmfrf T@%Mg?alfd&ea&laﬁm e
al um num mnoﬁsgg#%&?ggcg@tﬁ] Wﬁmbﬁ qll%n ddefibnt 0 t he aforenenti oned

i ngredi ent s, ornmurations o IS i ntiron may further include one or
nore accessory ingredients including 25 diluents, buffers, binders,

di sintegrants, surface active agents, thickeners, |ubricants, preservatives
(i ncl udi ng antMMﬁE&@- and the like. The formul ations may be conveniently

presented ,,n unit f.0r Qfgy . ] ? the .eet hods
wel | knovvnlbi n the g?lg%gﬁhﬁge;"ﬂn%c .%}a@% s%%g%fggl %’1}1@{1&@%@%&1@2 amount s
that provide @wiﬂe&hl&edelﬂfyﬁe(thé p&docyis) ihlie: meerifodtisededieeiheTRe n can be
determ ned by conparin'i; their In vitro activity and the in vivo activity in

ani mal nodel s indystioneETEH;B 1anRNApisimitrored byfthe ingycticrs efcthe geneseveedBg i n ni ce,

and ot her aninals,. .{q are known | he art. For e, doses of
about 150 ng gcrmﬁta&tn&ag%g%ﬁmgﬁg‘ tﬂﬁg “‘?35}‘1@%!9"“.&&5?%*’%%%‘%&; for
i ntravenous | m@ﬁirm_a&métmlcﬁ'w%ﬁsﬁive@d@mamﬁmmkeﬁmb moéel (g.,.gener al ,
t hose which are sufficient to produce a_desired eflrect, such as by

i nduci ng 45 de k8wl fbroncetis catacen. gnd pipsd¥ cpllagsnd Herthsrprors dhefpta or ot her
fwo. i 1 er ont TSEPvRTh IEPRT il i liBreRRoRE SR 108 ©
nmodel whi ch degspoRte thevaliditg of thelaniaf odd in\ds ability to mimic what is
happening in the human Alport kidney.
To demonstrate the role of TGF-B1, total RNA was isolated from kidneys
20  of Alport animals and probed with radiolabeled probes specific for either the
al(IV) or a2(IV) collagen chains, entactin, the laminin B1 or B2 chain,
fibronectin, or TGF-B1. The results in Figure 4 illustrate that the mRNAs for all
of these proteins with the exception of laminin 1 are induced following the
onset of proteinuria in the Alport mouse model. Northern blots for this same
25  timecourse were also performed for laminin a1, laminin B2, laminin y1, heparin
sulfate proteoglycan core protein, and the collagen 04(IV), and a5(IV) chains.
No significant differences in mRNA levels for these other basement membrane
proteins were apparent when comparing the control to the mutant.
The results of the northern analyses were analyzed to directly quantify
30  the relative changes in specific mRNA expression during the timecourse. Figure
5 illustrates that induétion of the specific mRNA levels is first apparent at six



and is normal for a 1 integrin and is described in Cosgrove et al., Cenes
Dev., 10:2981-2992, 1996, and the second, which is referred to as the
"doubl e knockout" nouse, which was derived by crossing the Al port nouse
with a 15 nouse that was null for the a 1 integrin gene. There are

di fferences between the Al port nmouse and the doubl e knockout that serve to
illustrate the efficacy of blocking a 1 (31 integrin function on slow ng

gl onerul ar di sease. These effects are dé3cribed in detail. The Al port nouse
is in a 129 Sv/J pure genetic background, and the 20 doubl e knockout nouse
is in a 97.5%weeksof88@ By 8iwecksniRINA. levels poakepithdhe RN AR escading TGE- ani nal s

that were useq.to nerate, Figures 4, 5, d 6. These experjnents were
" performed ear H&%ggw&q‘%ﬂs%‘# %g-%ﬁ%diﬁﬁgﬁtwﬁﬁﬂ‘é’@?ﬁm mE8 t hus were
gener ated by d ﬁﬂil ' ' 7 f . t hen
.crossing the ?éég‘?ﬁltbla 'g‘[ﬂg ero)zq?’“{fq‘)c'iB e@%@ﬁééﬁlé?gtgi’%o ’yag‘gfééﬁ pg‘;rée m ce 25
that woul d beali Bisout 3-foRrigditied 69 wetk 8S I Sorithagt, B Epnifict eharpes fif ani mal s
used in the ori Si nal description of the Al port nouse nodel (Cosgrove et

al ., Geness DemBNAs argodiog thedgminin poe8d B2 Thains,ias detesminedrby these semel y gene

knockout st udj | nce, it eeds i.dentifjcatiaon .of the.knockout phenotype.
The resul & s- olaIRYABpftsh pRES ke tseRen o SPeadiiR rebA SRR | ¢ nra

i nduction, argrogriasgibgt ent with 30 results obtained for the pure 129 Sv/J
knockout. It should be noted that all of the experinents that provide

conpar ati ve anal ysThe gpmegulistompgise enlyar smpll peseantagelafdbk tntal masg of ther e
f d ! ' ' . T , - | di
P oressi on, ey, WSSt e wini el oGt Amptide il st D0 ) S€A0C

nodel s waso expercéigsge. Northenietdotd o etdl kidnest RNW igthieveford 1idt dikelytio dadettbi t or s of

TGF-[31 that work, in very different ways, Using two different inhibitors
(FK506 and a Wdpetisneofmossaggs thatmiaht be spesifinip gdamerubis gbto & pasticulse ef fect is

due to TG @@L inhibitjon rather th si.de ct of,.t nt_used.
K206y bo_ PREERIEE cel Vbl T Ehmii S AEmRNAS bl TORHT br i3S
over expr essi ogiffefent bdsement méibrahec neftsWerdiiuyed fita pAreichlaf f er ent ani nal

nodel s and drug treatnents described, there is_a specific course of
eval uati on t hglpmegdarcsliynset situ hybridization was performed using digoxygenin-

15 labeled antisense probes specific for the mRNAs. The results are shown in

Figure 6. In nhormal mice, the transcripts for TGF-B1 (Figure 6D), fibronectin
(Figure 6G) and laminin B1 (Figure 6M) localize exclusively to the mesangial
cells, while in the Alport mice, these same transcripts (Figure 6 E, H, and N,
respectively) clearly localize to the podocytes (the ring of cells on the outside of
20 the glomerulus) illustrating gene activation in this glomerular cell type.
Podocyte activation of collagen at1(IV) is also evident (compare Figure 6B with
6A). Activation of genes encoding matrix proteins in glomerular podocytes
could result in changes in GBM composition.
TGF-B1 protein data based on immunoperoxidase detection using
25  antibodies specific for the active isoform'of the cytokine corroberate data
obtained by in situ hybridization analysis for TGF-1 messenger RNA. The
data shown in Figure 7 illustrates that elevated expression of TGF-B1 messenger
RNA in the podocytes translates into elevated protein.
- : Since the data for TGF-B1 was acquired using a mouse model RNase
30  protection analysis was performed to determine if mRNA levels for the cytokine

are also elevated in human renal cortex from Alpoﬁ versus control patients.



| 0 constant throughout. Three different areas were evaluated. First, renal
functi on was exam ned, which provides an assessnent of overall integrity of
the glonmerular filter. This was done by exam ning the urinary output of
serum al bum n. Second, the structural integrity of the tissue at both |ight
and el ectron mcroscopic | evels was exam ned. Both transm ssion and
scanning el ectron 15 m croscopi ¢ procedures were used. These procedures
were designed to determ ne the degree of 26enal histopat hol ogy under these
different conditions. Finally, nolecular analysis experinents were
erformed to oA é@j} t here
(F:)orrespondl nge%?%;lg?r%ﬂggla re%ﬁiﬁ ko ﬁﬂ%@é%br?‘ f[&l(%%sﬁgg{}?%r@wmese

wer e examni ned m;mimAlpomgeﬁal dohex sebativieltb comteol R'VAss provesghatahé Beokinbliot s, ih
situ hybridization, and R r ot ctl on nd by uysi.ng i mmunohj stochem eal

detection for %lffeEY‘?’F’EPrfﬁs 3} dnsysi This. inhibibing theactivity o€ peat ed

for the analy treatnents
in different er‘néF 1 nodg%,gg#ag?ﬁ? ea‘ﬁ‘ (??Otg%tg d’%i-tgsr}{?dgém%y it is now
stated thats thsaxmnﬂmgdwreﬁnfmg,eanﬂ@réfefabgowedpﬁvieﬁﬁig a6 actR@fulstiocadn can 2s

be expected in d%éto day practice) in all cases, and are thus described
once and then th Med to in latter speC|f|c exarrpl es. There are a vari ety

of alternative tech ues .edur |.a | in the
ot wht o vwoul doi B AR Sl B G ¢RIt Bhls rORA Rpfiee B B endea
invention: Al ALRAIRGNSS, w&tmwﬁmédb%&mr&ee%@mam%b St.

Louis, MO, unless otherw se specified. PBS used in all of the studies
descri bed her antegwasmpamrhmdl i Thutsain the abszneg obatfii mEdghﬁITGE‘Qﬂnstl tut ed

36 in 200 M of waler to H7.4 PBS, from,Si gma, Chenic Loui s
2O RO B ocdnatetionin st absaneh wiiEh prsauhis Tor & g emmevmaﬁngn OFr ot oi

Anal ysi st | ni trhabixTR¥RLEISHRANS taberit wra/br&{eosga bS] et B6raae it/S! N0

Al bustix (Ml es Laboratories, Elkhart ative
anounts from ttheraiehbwhxchahercpalmimedmpmgtebseshe Ki t- Ur| ne sanples were

e ophor e o« atenull Bt esets o St st 1o
gel s was staing p%gﬁgdq&ﬁegﬁ.ﬁﬁlﬁft)Eygsa%grgeg%tlggnp : ucg% ‘Qgra?gasger um al bum n

was used as a nolecul ar egrity 15 A

Transmi ssi@n IibmircmaﬂyMlpmsampmseﬁe)a@heept@meionraﬁﬂﬁdr rewréatxThizs nminced in
4%paraforrraldeh de,. \%Iglg gtOfIX for 2 hours, and ilggred at 5C in PBS
(pH 7.4). The SWP 1 is Spmanstiated hsinge s examplesy o differephagantsthals each at

4C) with 0. 1M 0 Y%Sm i ni ng
100 mM of 200 % nono am%gstg?[%‘%nép lospﬂp‘{vgyéghﬂd&ﬁgﬁ &“?&igoo%x%&q di basi c_
sodi um phosphaheresultiiwbfduito afhibitihe TGRaPUaatiitystatiter tanpHide effect and
postfixed.in 1 %osmumtetroxide in Sorenson's buffer for | hour. The

ti ssue was th&t“&l@ﬁ‘}‘ﬂwat ed in graded ethanol (70% then 80% then 90% then

100% f or t.en m nut & fi [ edded in
Pol yBed 8f§ epoxy ?@%l%gl(‘%(af@s]cllseandc%gél)yqdhge&ﬁg‘ryjis?ﬂgtp g#‘%ﬁ@@%ﬁ%w ng the
25 procedur es Idds Oshls fapay, idf@reda db aetdlingis or FK 5060 Mhis didg ¥ corimely ybed 812
was m xed with 26 m of dodecyl succi ni ¢ anhydri de (DDSA, Pol ysciences,

Inc.) and 24 rHse ﬁsﬁamumasﬁﬁsaahmw%reo@@wieu@ﬁeéeraaﬁc ) ne and a

half ms of 2 lg_mu T ?1519151 cat al yst,
and the acti vatfmgpres hiati6h Pfrig‘tzuen nu url'r?é%ﬁt(lq&h] H}?f? nee (rjéizﬁ%trﬂr enbeddi ng
speci nen. 30 Gaﬂetbcalbmemm evhmlemhlsénﬁdtlﬁeoninemhoélﬁhawse,mhdaeﬁhicm]rmmdfal ned

with toluidin ij and thin sections were cut at nano[ret er)
t hi ckness Asi Elb— ;qugtﬁglgngéqqgsductmn As reviewed reccntly (Crabtrec Cell

96:611-614, 1999), calcineurin is a subunit of a variety of receptors. One of
these receptors was recently reported to be that for TGF-B1 (Wang et al., Cell,
86:435-444, 1996). The drug FK506 was tested as a TGF-P1 inhibitor. Thus,
treating mice with the appropriate dose of FK506 will inhibit TGF-B1 type I/type

30 II receptor signal transduction.



37 Utracut E ultram crotonme (Canbridge Instrunent Co, Vienna, Austria).
Sections were nounted onto grids and stained with uranyl acetate and | ead
citrate using well known procedures. Gid-nounted sections were exam ned
and phot ographed using a Phillips CMLO el ectron m croscope. B. Scanning

El ectron M croscopy: Small pieces (approxi mtely 2mm cubes) of ki dney
cortex were fixed in 3% phosphate buffered gl utaral dehyde, then postfixed
in 1% phosphate buffered osm umtetroxi d@7 Sanples were then dehydrated in
graded ethanols, and critical point dried in carbon dioxide. The to cubes

were then cracked i | ' | a0 @y razor
bl ade, and nount ed %“?%pgﬁﬁ%ﬂﬁsnﬁé‘??ﬁlgg& \i/‘mI t t#eekigf %Bﬁ%ﬁcﬂgggggc@ facing
“upward. The suypbratinvasnssppetsion einT-eell vaceptopinhibitier being themest notabte),| known

procedures and visualized with a scanning el ectron mcroscope. 15 C. Jones
Si | ver Met henagerendTaFB1 inbihitor wagevalygted. nThis seqpnd ighkbiterisami n enbedded

ki d i . ' . : i d Thin i
ol st ¢ SrepBETEAR I BRGr S SIoRhelt b BioB0E 1, SCARIEL A s £ 0 s
Di vi si on, Anmerdragis Seomhtiyive intibitati ofdhe Eabking, agaldhg up (e atige cytbkine fp.

24-25, 1981. 20 Ill. Mol ecular Analysis A Northern Blot Analysis: Kidneys
were renoved Andnagtiyg selubleaacapton doginlex. it is aspdyble phimeris TGF-BBIAgEdwder i n

| iquid nitrogen using a rtar a e The . 1 lbilized in
TRIZOL 1 eagenthEiy PR eBRbin o Rl-RERon PrlR8 O WD i o s
ki dney. Total fhelrhi¢ketrar?Nbe the Sntibitéroeére dnjectedintd fiicd trduph the@ilfveimt urer’ s
instructions. Twenty mcrogranms (20 p,g) of RNA was fractionated on a 1. 0%

agar ose/ f or maltwigewrekhyomshe descrbesbexnesiments) pr opanesul foni ¢ aci d) gel by
el ect ropharesi s at V. . |

m nut esl,o g‘g and trasﬁg?cet%?élc?%te %?Eé/%‘gﬂgﬁ@b gﬁéﬁ%@%%@%ﬁ%ﬁmﬁoé%q tgi%d
Nucl ear, | nc. sofé®% PGF-F1ihhibitof 8PBidgen YrdXoalifferéat; Gb@atiofis Mdde Gdingiidk

am noruum acetate (in = 38 . .
animal model systems that are consistent with both drugs are concluded to be

due to the inhibition of TGF-$1 activity.
Two types of experiments were performed. Both agents were tested

15  using the 129 Sv/J mouse model (the Alport mouse) to examine the biological
effects of TGF-B1 inhibition by itself. Second, both agents were tested in the
double knockout mouse model to examine the biological effects of a1f1 integrin
inhibition combined with TGF-B1 inhibition. In all cases, the data presented
herein was repeated at least three times with a high degree of consistency.

20 When TGF-B1 is inhibited in the Alport mouse model, there are some
beneficial effects. There is overall improvement of basement membrane
morphology, however, significant foot process effacement is still observed.
Thus, TGF-B1 can improve GBM morphology by reducing the rate of matrix
accumulation, but it has no significant affect on the mechanisms underlying foot

25  process effacement. This means that TGF-B1 inhibitors given alone, although
provide improvement, are not likely to succeed in improving all characteristics
of Alport Syndrome or other such disorders. In double knockout mice, by 10
weeks of age, most of the foot processes look normal, however there is
significant matrix accumulation in the GBM. If you treat these same animals

30 with any of the TGF-B1 inhibitors used starting at 4 weeks of age, and harvest

tissues at 10 weeks of age, about 30% of glomeruli are ultrastructurally



water) as a transfer buffer. The RNA was L1V crosslinked to the blot using
a Stratalinker (Stratagerie, Inc., LaJolla, CA). Blots were prehybridized
in a solution conprised of 50% formam de, | OX Denhardt's sol ution, 1M Nad ,
SOY™M Tris-HCl, pH 7.4, 1% SDS, and 200 pg/m sonicated and denatured sal non
sperm DNA (Sigma Chem cal Co., St. Louis, MJ). Probes ('~P-labeled cDNA
probe fragnents) were | abeled by randomprimng to a concentration of 109
cpm pg using a random primng DNA | abel ingg kit (Boeringer Mannhei m

| ndi anapol i s, Prehybri di zati on and hybridi zati on buffers consisted of

IN) .
SX sal i ne-sodi i e ' i 5 sodi um
1 o dodecyl suﬁ%%gﬁ%@%@?gtﬁé{]ﬁm%gﬁ%ﬁnﬂ%h@%’gﬁ% ggﬁ%ﬁ?ﬁe ngﬁa{l mon
sperm DNA." Fi | ttesasmesstipeotpeaddiéscribedietein oin bd achésved using MGE-Barichibiter in

hybri di zed overnight using 1 m|lion DPM (disintigrations per mnute) of
probe per ni ofcom%natmnm o lP kigtegringeceptphinhibiforser s were t hen washed at

hi gh stringency (t t i es r, .30 _m nutes ch.at,6bC in,a soluti.on
conprised of 300 n%ﬂﬁmg{??gﬁaﬁﬁsg%ﬁms&?%@gﬁs%.kf%%é)ghf"ﬁl?ﬁrdodecyl
sul fate in vat eslhoARHice sPRAMIE kR cRodtdtredtéd With Siker@¢dd TGRS 1 inffbifdh¥
preparations and the consi stency of |oading was assessed by staining gels
wi t h et hi di um hieamindirata ticht theenare digtihételiff@Ences Het2@&n howeithenTGRMN bethels
using a Cel | mager 2000 digital inmaging systemjnstrunent and software

package (Appl i et Alintpeny knerkensmutatipn aftecty exppessiap of Bisse Bressagss s of
ri bosonal ba”dsen§8’dlaf é&y@?@a{rﬂcﬁkoﬁa@eﬁ% a%E&}{?ﬁEt%tih BASGHRE el ) and
consli st ent qual Ity. antitatirve ensrtonetric scanni ng conri fired no nore

than a 10% var ieabéding mesalloptoteihaasi(inguding fatix metaHopyetindss 2QQMMIPI29y t han a
control probe because of congerns, that changes_ in cell physiol ogy
concomi t ant10wi t3Rd theippereespanding ighibitors (ingludwestIMP-2 3ad TIME;3 ) et algr el i abl e.

25 Quantitativ i | i . @ﬁ-ﬂl’[{l mage
anal ysi s usi ngq’gﬂg‘?{)daggﬁ@%%@egﬁgég%@@n%ger&f%iﬁgﬁggggoﬁ%g}ﬂgrcu es, CA),
and subtract ed droalsddifferentiatiyl affedied nii Alpoit arice Wralseoublerkmockaltanied from a

murine kidney 5 stretch cDNA Iibr ar{ Cl onet eché@t% PCR anpl ification
usi ng publ i shedredtedyatieeithenef thed GE-§ fors3SPesA nL PR VIR 18| | agen

cDNAs and t hos ' . ' . rane

col | agen pr obeg':,x E%é%%&ﬁ@@??éﬂogflﬁguﬁog&ggﬁ%grlg'\j%{g pﬁégefh ﬂ%@gﬁ%n@ ﬁp\/vas

anpl i fi.ed. 'ifhe mice aid dovblkioeRouts. Treatmehe dritivdoable taotkonamit©with RGF-pipl oyed
by M ner and Sanes, Cell Biol.,127;879-891 ). 1994. Faor caqllagen COL4A1l,

J:
the primers werdBHpiersprovents sappression of TIMP-Hregtoring fhgmRMNALodevels317, 1989):

, 5" TCTGT ' . . i 1
?'T’?’%TCATGCACA%%@ 3 EE%@IOFQ%I?)C. boémgegﬁ? gg%?{%?4A2, the priners
were (Saus et al., JAlofg these sdamiines,doinidd 3 efpiBskionlis 39 maldyetightly

5' GGCTACCTCCTGGTGAAG3! &SEQ >D NO: 3); antisense, 5 TTCATGCACACTTGGCAG'
(SEQ | D NO¥4) . resiri¢tedtt hpmesangisbmadrie The depesiion of lamininge? istthe carling

conditions...Virigns,(a 10 e 10 subjected.to cles of PCR using a
ot st a0 iR gngsdBnttEl i aGa RS Alier GRM U dlbetyg s aconds
and 72C for onghéwitgh at HeGaLES HiRY £ tabddsdn®iRfhbaae thijkédihg ik st Eéctskquence

anal ysis. Probes for the basenent menbrane associated proteins were
anmpl i fi ed fromDepesitianef laminiag indhe GBMeldoubletknoekait ariee sondt ghsersed Pri mer s

wer & (Noonan el 3 7 eskg ol Rk gl 18 Jyreim IR FoAdpenvatpRt IOEGIce
5' CGEGCCACATT : I , ' oy 2 3" (SEQID
N0-6) . For | amiiaigs B8 Y/MRRH mE B fuayhit ERRIERITRIGAAES | (550

Chem ) 262:%71 % Felﬂﬁcr%#ﬁm). HBieRIedores Hdliée IEreiéehTEaN80 1§ SEQ m NO: 7) ;
antisense, 5'T GAGCTTGI TCAGE' (SEQ 1D NO: 8). For laminin B 1, the
primers were (Sategin versusdl'GE-pRrfouctiohiain slowiogdiseSeiprogigssior 4ubdantihiilg 1987) : .
sense 5" TAGAGGITATTTTGCAGCAGA3' (SEQ I D NO:9); ant]sense 5 |,
TTGGATATCCTCATHithardgvidense syhyaconhingiion tieatment, proyides syRargisfic bersfits. o5 wer e

(Mann et al., ENBO. lpyr . 65 72, (S,
5 GTGGTTTACTGGACAGA(@#‘(%@VF%%Q?B %ﬂ“‘ﬁ’?%grm {9 3fthibit effacement of the
5' CCAATCTGT CCA@B&M&K%‘)M %rSE@séQs WizeckB) linkk@to tha Bbservatidne hepanding Rénipin mer s

were (Duetzmann et al.) Eur. J. Biochem,6 177:35-45, 1988): sense
5' ACACACT CGAAGOZCAeAaminicEomtheterashnes Dongsting)of an alphesbrta and gamma



30 5' GAGCGAAGACTCCTTGTAGGTCAA3" (SEQ I D NO: 14). For S-lamnin, the priners
were (Hunter et al., Nature, 338:229-234, 1989): sense, 40

5' GCAGAGCGGGCACGGAGC3' (SEQ 1D NO: 15), antisense 5 TGTACCTGCCATCCTCTCCTG3!
(SEQ ID NO: 16). PCR conditions were identical to those used for the type IV
col I agen chai ns above. The probes for MW-2, Tinp2, and Tinp3 were isol ated
using total 5 RNA fromday 13 nouse enbryos by RT-PCR The prinmer set for
Mv>'1"-2 anplifies a 237 by fragnent fr@hh the nRNA (Reponen et al., f

Bi ol . Chem , 267:7856-7862, 1992), and included upstream primer 5 CCC CTA

TCT ACA CCT ACindih fh the mmeéﬁianartﬁe}d&‘ém&k‘iﬂtﬁ e sﬂ%!he’é to' fatm@C TGT CCG
CCA AAT AAA3' (SEQ ID NO:18). The prinmer set for Tinp-2 anplifies 10 a 195

by fragment of shmhllhme(ssncweztbates amintqgrﬁmaa of thetbasemenomembsag) Thend

i ncluded upstreampriner 5 G CIG AAC C A3 I NO 19)
and downst r eant2FPHE %‘é‘w 'é&%& regeyTs (a% "’N&”g% P
primer set fOHanlftBreﬁtlﬂiﬂih' dntir@fin@nad oPhisshié AHPHOA, ThaBhhilaniteNhe Gwe et
al ., Devel opmental Dynam cs, 200:177-197, 1994), and i ncl uded 15 upstream

primer 5' GGT mmtm@redqmnmmmnummlammmqmo;fabmomv aha:momnst[)eam
5' AAA G, CAT

glﬁ]'enﬁ».r crogramAhEu ?GA GA'QI’@O‘O(B?T&%&ST Qﬁ%w%éﬁgl %Jﬁé(%cergeeg %gr?;t

P otocol 5. desclitpafuirBiodie, MfyiRNeR ‘?ﬁé‘@?@ﬁ?ﬁﬁ‘ﬂnﬁf"%%‘“‘?eact. on vas

subjected to 4ﬁhamymhmg thoef cdnqﬂe:sd:)etoskelé@RamhltmgmBmt foinythe fsat prétesses.agene,

Inc.). TGF-ail probewas gift fromH L. Mses (MIller et al., Ml.
Endocrinol ., 3t @92@&@9@“‘@@?8@)“0@%‘8&‘3%%?h%ﬂ%‘“ﬂﬁ'@t%@t RN 89 r equi r ed

i1 ed o pyotae GraplaREn TR ERRaBRA o s T e B A GBS o
CA). The pri nemight k&uld ethe\wbkdvéd Dot ABcssd Effidemenl 6y inbibitnf BRDIAAING 023)
(lower) and GGA CAT CAA CGG GIT CAC TA (SEQ | D NO: 24) (gagn@ﬁ]m The fragnent

was reanplifi edew3Ph “IﬁFE]l“p@l m@gbsupmta(lagmﬂlhnﬂs Ble thegated into

t he pBl uescr dn s di on Kdn S were
i ni t:oal :Jy fi ng @F’S&?‘fm ‘gﬁé‘g%‘?s&f%@fg ?f‘t"]ﬁ%%ﬁéj I Za}tblﬁ?ré‘?lﬁtrelﬁﬁ’f: ghyde
in PBS). The aﬂitﬂ%eﬁn&?ﬁfeﬁaﬁdero‘fffodi%?&%éée@ﬁﬁﬁﬁtrﬁﬁisb%ﬁQmUS' ng Avertin
(2,2,2-tribronoethanol, A drich Chemi cal Co., MIwal kee, W). The chest

cavi ty waslsopened, Additianal ohsdrvatione rafatosstherissue Ofuntdwlttalﬁbroswent ricle by

puncturing wt culin ne | | oy exit of the

second t uber cuﬁ(‘ﬁs‘t*@gﬁf’@s@&ﬁﬁ'&%’gﬁlq%@g% mS?F‘?%&%‘%‘oJBSﬁ%%@%H usi on
buf fer was i nsgipofidnduit erddeE liERERbrsis tshfbséxe&l MR6Y tb 170k €cks ith Einhdahnlapé er  of
fixative was perfused per gram baody weig at arate of about 3 mlliliters

per nminute. Prefieathat Biwesks. klndhﬁggumckwtnhwehawsa qfaﬁbfsv%wsms to
appearance. Faoj n [&qﬁg I pdthiris
forceps, Ki dneylé‘j%v\y/tesfg1 éllé%e g??'ttpg'r‘n‘é"?‘?% na ?ﬁ{a?bl sec%fng the pel vi s,
medul | a anzb coddubl@knoamiltm m@«deilentinoxle]tﬁorlmeatudy@fmom Bltle isiaonal hour
The fixed hal ves \were enbe din,p ffin and transferred
ont o ' SUPERFRCgM qyscwmfgfibssﬁlsmﬁaggul{ ¢k@9f§9utsapm i this Gandse
Fittsburg, PA) =/ ide warmer at 60C for 20

m nut es, and Wﬁe@ﬁ?&i@% useg31 ﬁlﬁl eS are useful for up to six
weeks). Kidneys fromcontrol and Al port littermates were enbedded side by
side to control for subtle differences that m ght be incurred during the

hybri di zat4,0n pra gsdes were baked in a vacuumoven at 60C for 1
hour, then de uccessive 2-m nute washes in xylenes. The
tissue was dehydr atiadnt ﬁspbbh&mhverﬂlﬁﬁltdhtes oathe dsdof inhidbitbai e bletkihg?N HC
for 15 m nutes, washed with PBS and digested with 3 leglnl proteinase K

. (Hoehringer Meagehis) i blockdirathsswisednactivate ﬂ@rﬁm@mhthfe@ @t irgegnn The

di gestion was sto b i.n cine jn.PBS. Follow
Gohvar st on: orrer Aot e B Aalifle e Mo SnbRurg b s Gnpeastcs 86 "S00,

- 100% for 10 m quidcebicReds 8f sdfﬂﬁ@lﬁxﬁﬂﬂﬁ{ fhk WFiRe, us ithbS® bSmiRcially
prehybridi zed, hybridized, and washed accordlng o the protocols descri bed

with the Goni ues/allabls stiak te@tlor geli electrophoresis andmged auahmprom“h)alomng the

I'ndi anapol i s, w.th the. fol nodi.fi cati o
prehybri di zat |Qfﬂgr§§F6° ERATES) 6?@3&‘?%4#’39‘8 @‘ a?rﬂ"'r‘ﬁg’ aliriin levels
phenol | chl or of jgefehih iRGIRE a8 alf@kctiod 9 e ﬁ%déﬁz%d above), or even reversing




30 included. This step significantly reduced non-specific signal. Follow ng
the hybridization, the tissue was washed twice in 2X SSC at 50C, then

di gest ed 42 with RNase A for 6 mnutes at roomtenperature. The anmpunt of
RNase A was determ ned for each probe (range from200 ng/m to 5 p,g/m).
Negative control probes include the codi ng sequence for bacteri al

-gal act osi dase or neonyci n phosphotransferase. Al probes were

approxi mately 200 bases in length, clon80 5 into the Sacl site of

Bl ueScri pt SK+ (Stratagene, Inc.) LaJolla, CA), and transcribed (after

| i neari zati onylofdePiiht diSeade’ p%ﬁﬁlarl?'}ﬁo@@és%e%%?@fdl&rh tis'&dld/or fibkosig)hi Ch was
974 bases and cloned into a pml vector. C se Protection Assay:

Experi ment s whesedngludep boreuample; stdeast 9amaripaptiddes frong swdteins that hind to thest i n,

pai T agnent b LIRS ECeRis, HOBER s BOLERios S, TN SNBIEY cDNA
library (Con : , % : . GAA GIT .
GGC ATG GTA Gﬁ%’éﬁ%tlrg%eﬁéﬂ( |%¥TIEE§QW@R%§@@TA (SEQ I D

NO: 26) (upgper gite offfthe &l poreegitod@anrcréatalipsed or grotein/o I lintegtiy revepne
(Stratagene) and blunt-end ligated into the pBluescrjpt, SK+ plasmd

( St rat agene) . Studies-aAntibediesand antibodyfsagments thatsperifically hindfo thebindingr . D,

| fi s F ' ) ] 3-
Lok cr oss. Bt né Bt Blcinintbdhlb: Call BE sl R VGG gn S theck Bhfivdifles TT
nunber 4583, M dntibodypiesnéms incRide Polyefnkl, midnbcloaBl ahti-9diefyps)anithalci ng in a

-150C freezer. Sections were cut at 3 mcrons using a Mcromtype HVBO5N

(Zei ss, rnc. ,denveddymmanized apd ghimezicyagtibedies. and t hawed ont o

| y-L-1ysine- ted sli S| j.d fixed, foy 15 m nyt Ki
oL 1 Ve ot e s U b G il R DAY, 305 18,
basenent. nme nbfn?ééﬁn%&é\%&ﬁ %Qﬁ 808Ek 1 the mARLALRAHE PresOit ilenfioh OEKarkFIEC)

acetone for staining wth antibodies specific for the basenent nmenbrane
associ at ed profsuchegens} indude, kit areaiof imitdd te agicutrdlizing antibodyhpeptided st or ed

desi d - 80 i | d | | I oped h_amnbi
enpor at ure.  PREMNIUSHERh At T8 Shok 26T Be bplieed G ploR Sl °
tenperature. {r@isdedtinthidgghtticteddptord Bfebetiness Gsath trkatiefitsicine | V

col l agens, the tissue was pretreated with 0.1M glycine and -
15  determined by evaluating the downstream effects on gene expression of, for

example, TGF-B1, fibronectin, laminin chains, etc., by the morphometric
changes in the glomerular basement membranes, and/or by improvement in the
glomerular seive as evidenced by a decrease in the rate of onset and progression
of proteinuria.

20 An antibody that neutralizes o.1B1 integrin function as is provided in the
examples and in Figure 10. As an example to illustrate that a soluble agent
capable of blocking the interaction of a 11 integrin with its ligand would
produce the same effects on renal disease pathogenesis as the o1 gene knockout
mutation, the antibody described in Fabbri et al., Tissue Antigens, 48:47-51,

25 1996 was obtained. This antibody was injected (400 ng/injection, three times
weekly, intraperitonealy), and shown to inhibit glomerular basement damage in
the Alport mouse model, in much the same manner as was observed in the
double mutant.

In another aspect, the invention relates to the use of agents that decrease

30 the level of TGF-B1 as a method for slowing the accumulation of matrix in the

progression of glomerular disease, particularly progressive glomerulonephritis.



"6Murea (pH 3.5) to denature the protein and expose the antigenic sites.
The 43 appropriate dilutions (determned enpirically) of the primry
anti bodi es were applied to the sanple and allowed to react for 3 hours at
5Cin a humdified box. Antibodies were diluted into a solution of 5%
nonfat dry mlls in PBS (pH 7.4). The use of nonfat dry mlk substantially
reduced background fluorescence. s Sanples were washed four tinmes in PBS
(pH 7.4) for 10 ninutes each at roomtenmBérature to renmove the prinmary
anti body, and then reacted with the appropriate FITC conjugated secondary
reagent. Al |l SHmsjsiehggentaganbeused tetraatchlpartt spndrorh® Patiéritsiandopatientsi ng 7%

nonfat dry mlk in PBS as the diluent. Secondary reagents. were allowed to
‘react for 2 hd’!ﬁﬂé‘né\d“h@fpe?h@“éiﬁlbﬂ@é%“@S’ﬂﬁwqﬁ% %&fﬁ SEGATM] nes with
cold PBS (pH i ) { disdrddle: 4 medi a
(Vect or Labor i’tag%‘;l“ieégi}'l é}ﬁ?@sa%%élpﬁ‘ﬁgg%él gk& ’%gg%%@sdl%ter e é‘ g%U e h%der

‘gl ass cover sltypxpassiomgofithe aresarggid] madtis,givolifétatide of theneresahgiabepllaphed at
1000X magnificatiqn. Jones. silver nethenam ne staining s perforned on

ol asti ¢ enfed deBoSinHaRTiRIn Becglamerle Barhen BAHERIS HSBRE HAL and 0L ~A2
chai ns vas PuriiRagal EiRMnEoMiteid oPsahe siihakegMarid Doffacefiichfdabam AL
This antibody was tesSted for cross reactivity by the nmanufacturer, and
produced a st godoeygesfaot proeesses, phsomg combinhtion oflthe abayedistedi st ent wi t h t hat

observed for other antib epar atiops._agai nst these chains (M ner and
Sanes. 3. el fangienARbriss ¢ BT Bunghiin W ichinol Py pPrs) Atfps
proteogl ycan ({Heipraventién RRWhitISthR coftfbifHion the? floAlp18 ifigbitdere HSPG
core protein guripﬁived from EHS m)lfse tlum)r. Tﬂgjoant iﬂgogt;%s tl;els%rgd for
Cross-reaabi viahy TUR-pI inhibitorsis pretidubarbyneffoctiec)N Tof thisrend caritisense aledapder; act i n
by western bl ot and dot bl ot irmunoassaépb% t he manuf act urer é,Chem' con

F

I nt er nat i onal 2s Yeseabed i theast, eandesed i expression{di@E-BLor rdBEhi 25 et
aL, 1. Hist O?l'ﬂ?gpin %&ﬁ%}éﬂ&dmg’x:v%%fyggfoazggét?,%gl}x%ﬁ@éfb x‘}g.t@gg@gtgbé‘u?eﬂt | bodi es

are a rabbit antfsera nunogen “was _ “basenent
menbrane and purch ehf A1 ndutiaRzdsTHY ARG EESH TGI-B 1 CHlokineQH ifteraMith Dot bl ot
i mmunoassay, perfornmed by the manufacturer (Sigma), confirmed the absence
of cross- r eactifswéceptor oarcbe¢ hseddn the methbdooftbe presentiinventiewt Examplasiof3o

chondroiti,p sul fate S A angd..C.. Anti-fibronectin .S a fabbi.t
anti sera r'gi sé%%ﬁpﬁﬁﬁﬁleﬂmﬁ?ﬁﬁoﬂhm 19: aReptraliing apy oﬁY’a?s%Lf.m‘?“inas
tested by the inhibiforTREUnaiblide) suéhhOfBsd diFoioned e U1 S Fatht KA 066,301
cross-reactivity to col | ac(;en N, lamnin, vitronectin, and chondroi tin

sulfate A B, (Makangshiesahy (@igs FKSB6 or tastolisaussugd stopgturally selatedi n is a rat
| onal ant i i i i . Thi
ongont aas pooERodndy, 3 HRRSS WL RS SRS BRI AS I R G RFITOOPT, T ©

Placi d, NY, anstep@s discidtelinflatentitiphalIrubliction WOnes/48024i(Bidgendse.y\eld, as for
the absence of cross-reactivity with other nmajor basenent menbrane
conmponent 20 by aselublsrohirhérie Tﬁﬁd%/wg(ﬂ fpsion protei; a peptide Hagmeakofthies . |

165: 530- 540, 1986). | mmunofl,ugrescence,and Jpones, stai ned, i e re
recorded and F?febﬁ)%@éégf&asﬁ%f\ %w?%m@egﬁ&l lﬂ'eyffrﬁ'g]’ye@ggtﬁﬁlé( n cr oscope
interfaced w bﬂd&ﬁtﬂﬁ'c&ﬂﬂﬁﬂdﬁﬁﬁﬂﬁb@ﬁs%ﬂlﬁ} Eli’bihl_l With iishr@ﬁt&ﬂﬁ ysis system

i

(Applied Imaging Inc.). I mages were captured using a resol ution bl ack
and whit e vi dedditemmnagetithaténhibiigthe ahdity ofbOTHH et travsdugetsignalsye them

AT e S R
| mrunoper gxi dapAudtRigahd dGRhstER® égﬁ&?&nﬁgﬁx@&ﬁ@é‘sﬁ)m AR tkafiplef et hod was

used in imunostaining for TG--( meruli as well as 2o fibronectin
and col | agen fibpaettin, taminbuchains; efcs by themorphhmetrisl dhanges in theeglomemilar body i s

* rabbit anti-npuse, gﬁdxggas gur ased from Bi a %lﬁ?éi s, Lnc.. gSandown, NH) .
The antisera WASTBLHCROARCY 2GOT Y ipraySmeRf It f BFPYEER st ai ni ng.
The fibronect f)iglézéhfeg '2?:1%;1}?91%3& i‘Tﬁ/ifE%e £alkEoSGHEBt AR prYiredsiORBTprotemBRL.ENCE

" staining (ara uman ronectin antisetfa from2s Signa Chem cal

‘Conpany, St. Loui sIn 849 exafiple, FKS08 ¢ dyéibsporih: Al Odh st used toihhibisthendar y
reagents were biotinylated anti-rabbit antibodi es purchased from Vector
| abor at or Beés cHoineyrimpertion cfitheiGF-{d geceptorainhibiting signabiransdugion The ti ssue

hybr £ ai zat§ onjiuatel ool otttk 8 Bhal RIS I BB Sl one vere




30 pretreated with 5 p,g of proteinase K (Boehringer Mannhei m

I ndi anapolis, Ill in 100nM Tris-HO (pH 7.4) to expose epitopes. The

pr ot ei nase di gestion was stopped by incubating in 2 nmg/m glycine in PBS
fox 30 seconds. Dewaxed 45 proteinase K-treated tissue was washed three
times with PBS and reacted with the primary anti body for 1 hour at room
tenperature, washed 3 tinmes with PBS then reacted with a biotinyl ated
secondary antibody for 1 hour at roomtederature. After washing three
times with PBS (pH 7.4), slides were 5 incubated with streptavidin horse
radi sh per oxi ddizeaded (Wangrd al. i 86:435344, 1096 aebMillerret 30, Badoetigsl, at room

tenperature. Follow ng three washes w th PBS, antibody bindin
devel oped. i t h3UB0HRA4cIHIEh aad sy iebibicus (irsrishizo voknawp e hkrisia)

Laborat ori es) rer io For
Tar a1 the piiteiel Sirbigfulh R R héen, el M Yarh CHBPHBRRE T
M nneapol i s, MUallis ethalgPediafr; NepkHiol., 18 1403144) 1992)n ONo- dueh rdrdmrﬁbddatlbms PBS

(which was used as diluent, for all antib es This was_allowed to react
for at |east Bﬂﬁ‘fﬁh@nﬂa@é‘b‘?ﬁ]ﬂ’ i P@Péﬁg’ﬂtfé ‘E%lbﬁ'ﬁd’&lf‘}f ‘H?ﬁ%‘??d’é?%%d a

bi oti nyl at ed [ T r
Burli néame 19%&\?\2gm§§6&|g§ gl?ﬁlgrlgﬁ{%dngfe(w%l ia)il’ to react for

at |east 1. houpresﬁttllhvmmmg t hree washes, ImmnoperOX| dase det ection was
performed using an AEC kit (Vector Labor atories, Burli nggrre CA) . E$anple 1
20 Production of anImpgamlarathelm%@g#mnerm@ubllhestrmsétmefﬁec ﬂ%eomm@moxt or the

| f d b d f
e ooL4n3 pr ok atRSe Sle i gt AT L TOFARL SR SIRIGRS e
Dev., 10: 2981- ¢8&: at ﬂ&ggiitmg_ﬁhtlﬁhé glonRIr@lar @iSeak® atPih8 ifibras®s Ad36ciatéd MMt nouse”

and |s avai l abl e from Jackson Laboratories at 25 Bar Harbor, M ne under
Accession No. Admat syndrame Jt weplddalew dhat oﬂwuér@easmﬁh@hlmvelmrthaemm/ J

background.  vege (L QARG AR EBRTH R GSRA G g 129 Sy, ther

W|th the integrin use produce a

"doubl e knockobisementimembiahe dimage az\tﬂam&it b'@%rﬁwr enote Bf GBM thickeninggnockout
nouse was provided by Hunphr y Gardner of, the Scrlpps Institute 30 in
Ladol 1 2, CA anthiningsplitmrfiacementad s padocylp foof piopessas.qyr any

175: 301- 3185 1996nbinattéh SPREM e ill also benefit from this treatment. In addition, we

illustrate the effectiveness of the combination treatment in preventing fibrosis of

the tubulointerstitium in Alport syndrome. Fibrosis is a common pathway, the

mechanism for which is believed to be identical for all renal diseases for which

fibrosis becomes involved. The effectiveness of this combination therapy in
20 treating fibrosis, therefore, should be applicable to all forms of renal fibrosis,

regardless of the underlying cause that initiated the pathway leading to fibrosis.

The agents used in the methods of the present invention can be
administered in combination with a pharmaceutically acceptable carrier. The
agents of the present invention are formulated in pharmaceutical compositions

25  (i.e., formulations) and then, in accordance with the method of the invention,
administered to a mammal, such as a human patient, in a variety of forms
adapted to the chosen route of administration. The formulations typically
include those suitable for parental (including subcutaneous; intramuscular,
intraperitoneal, and intravenous) administration or other methods that allow for

30 stability of the agents.



Assessnent of Al port Reaal Di sease Progression in Muse Mdels The mce
studied in this, exanple included Al port mce, which do not 5 express

coll agen a3(1V) and are nornal for al integrin {available from Jackson
Laboratories of Bar Harbor, Maine), and doubl e knockouts (i.e., double

mut ants), which do not express collagen a3(1V) or integrin al. The double
mut ants were 97.5% 129 Sv and 2. 5% Sv/J backgrounds. Urine was coll ected
fromthe mce at weekly intervals and pro3®in 1o anal ysis was carried out
as described in the Methods Section. As shown in Figure 1, for animals that
did not express col Iggﬁgle?},gh;{gc AL B8l Blridr®Earfbelin thE F6Hn the nean
age for Al port renal disedase onseetl zgggicg on a study of n6 |&n |v§%(.jual s), as
‘measur ed by t hdiquidsssemifolidspfinely divided sakids, 8r Sombsinitfortsdhereof dksmultionei nuri a
progressed rapidly,, reaching peak | evels at between 6, weeks,and 6.5 15
Weeks of age. FHUHHleLor Ragietel ianinisicelipn coBvanisally COMmAFiSF & SteEle BN o
weeks and 9 eeltsn it thd heff) o Blspétbiohd bSO SWOE &ﬁ:’m@ﬁ&ﬁx ikSiged, |1 ved
beyond 9 Weeks(aﬂg?p agle. Bl ood” urea rﬁ"ﬁlggen IevePs ?BEJ ecaﬁe e%g;egét ed at
7 weeks to 3.5 widckaregfrefarpbly isotonkavithahe blwodof thetrecipientir Isotomé agentsdiht f or

t hese nmeasurenents). onset. gf .protei nurla was, betwee week nd 5.5 weeks
of age, 20 and §P éﬂ%@‘é%g‘ﬁﬁ}eép%‘f@ae%m‘?w\eﬂﬁ?ﬂ?m%%*%“ eks to’
9.5 weeks. The ghRHde2FONfions 8B afdtR cArPbe ed @i Wate€ opBendIRi MBRA whth Weeks
and 16.5 weeks. Ani nals devel (;]Bed el evated BUN at between 10 weeks and 11

weeks of age. PRanRxc gufsstagh Pispersions ol the agent cakmprepxad sk water\buse Model

Three different ,se of I s. (jnornal _control s ni..nal t, _expressing

the a3(1Vv) geneeﬂgﬁléﬁﬁcﬂ%&mﬁgg# %él{cﬁf{ﬁfeﬁ’?? n‘f ggyﬁ%)ll’ ﬁq%@é)?xe?@ﬂa‘edoubl e

nutants) wepe ag{yﬂoygaddﬂielﬂceﬁwg&ame&k@ ghicerdDestéts) 4d raixAitEPRiercdf. Thé f er ent
r

techniques. ,. Transmi ssion electron m croscopy was perfornmed to assess
basenent 3o meriimpte dopagederm is stesile and wiadtile under thecopdyions pbmashlaaiwye t he

Al port litterm 7 . i N % of the
gl oner ul ar ca%ﬁ%‘&aﬁﬂ%&%E%%%&g?ﬁ@‘ﬁ%%ﬁégﬁ%ﬁ%%“s?%’E’(‘ésrj‘r‘ggm ar

baZ ene In_t nmenb ; aipﬁsdxmyby _emp&fyﬁmgoﬁth? approprizte pargéle e@u:cimthetdah@ sLdispegsiohs)i n 2:) g} g,
ana splitting), owever I was Jntrequent nd rarety, extensi ve. out 0
of the gl oner ulof by HskgSuEfRgiMIe Steriigatiag of gﬂewéa’rw%wa&@m sty _
menbr ane - 1 gk ef g3 hMentint %E{mdﬁ?aﬁ&ﬁéﬁ%éﬁe bIYRCHB G the ?géﬂi,o;%r_gﬁrdﬂif’w t mce

at this tinme point were ftibrotic, Ile there were no tibrotic gloneruli

- found in the ddilter sterilization. Prafersedmetbeds for preparing pdwdess inglusle vatiimiegr ee  of

g ol eSS T RGN, AETRYS N AL el SRR el e
illustrated. Then@h@iRidhlcah bepeOEREd udiBgP4RNS ahtinichébid) dpehts, for eRardflet Ni S

devel opnental tinepoint is badly damaged in virtually all 0%1 oneruli.

Evident in F} g@nébateriad, agtivisal angd m@@n?l agintcinelyding pambensi mrﬂy;t?-mhd
knockout . RBwe PEPGLscStie B3 AARRGH e 1 DEERRRRR o thd AEal BB €

ul trastruct ur alprplonggdriiod vhd be adhieved B¢ Rictudingddgentsifordelayiagpiot example,

irregularities, and the foot processes of the podocytes maintain a normnal
archi tect ure {AHHDEHE PeRgstsREAtoRIKEANby arrows for the nornmal nouse in

Fi 2A with th .2 _knogkout in Fi 2Q) . At..this.ti i nt
betwean 305 and. BovdBpatiien i B aRremontated Beifibls tieghionigtl e or o
while |ess thaﬁn@%i&ﬁh&ffhﬂﬁiéﬁﬁ&uderbn& RE nid R 4R Essbt inBlelientOinSlaaingi Ng

el ectron mcroscopy of the 7-week old nice (data not shown) indicated that
the Al port 2fi cdiluerssdwmficrsgbinfiensdisintegrantsi sugfacé active agents, thickerstses of t he

docytes, d ing th ly el t, | t f th
Dol e Thi s odioniB R it B sl fng AN B R P Tt o “Abor o
- gl omer ui onephr iggintulatichs Bé%hb&niéﬂﬂ?%%s%mtem wifit dd¥@géform drAGhay Be Was not

25 perfect, it was very close to that observed in glonmeruli from control

m ce. The swel Iprepgrasibytdnyof thieonethpdsovelblowown in thegpohphasimacy.or bl ocki ng t he
~glonerular filter and ds to urema, Therefore this findi | S
significant with r egéﬁeé’?aﬁsaﬁﬁ%(‘ierrﬁff%’é@ amoBnts that BWW&%@?%WHg#CW@f doubl e
mut ant rel gki v h A€ [ K : ki mount s of
whol e Ki dnggs ?}rl%)% 1&16%%3 ellg'&déaﬁ‘ibgga\%eﬁxrugég? ?‘?\@g%‘%ﬁgﬂﬁggﬁ Met hod and
t he total nunbattivify &ridthetd wvahaivity il animalBodels) Methodsl fdrextrapolationef) .
Virtually all of the gloneruli fromthe Al port mce were affected to sone
degree. Mst showed gl onerul ar hypercellularity and expansion of the
nmesangi al matrix, and about a third were fibrotic. In contrast, the

glomeruli fromthe double nmutant. mce were largely normal with respect to
mesangi al matrix and cellularity. *About 25% di d show evi dence of nesaagi al -




e

cell proliferation and 5% were fibrotic. The anal yses were repeated on
two different sets of mce with very simlar results. , I mmunofl uorescence
anal ysis was perforned using frozen renal cortex taken fromthese sane
animals. The tissue was reacted with antibodies specific |0 for proteins
known to accunulate in the GBMas a function of Al port renal disease
progression. These included lamnin-1 (Lam1l) (used at a 1:200 dilution),
collagen a 1 (1V) and a2(1VJ chains (COL 34A1,2) (used at a 1:15 dilution),
fibronectin (Fib) (used at a 1:200 dilution), heparin sulfate proteoglycan
(HSP) (used at effective@dsapies itf mive) andootberaanirals,ito hGarhg afelaneindh tiee dt. ¥op 15
dilution). Al ant|b0|es iluted into 7%nonfat dry milk in PBS. The
results are shE%FRIE f\éaﬁgut @59@*&/\?@@!&“ Oafﬁé,l’c%l &“ﬂf’e dalyef
conponent s wer t t mce
relative to cog Wlﬁ?&%ﬁﬁﬁéﬁpﬁhﬁ%ﬁ%ﬂ %rr%og , %H%&%&gqg’omonents
wer e abundant . gémrdlhﬁoshmlﬁlchammﬁnwntltm’pmdusdadmm effect, eadhaadyn a 1 (1V)
and a2(N) chai pns was conparabl e, 20 totlhat for the Al port nouse in
non-fibroti¥ gigHeng e dempgstea l%mé&"ﬁ%fc? HBW?I%"H‘W‘N“E flagen
conposition of S gl e rrutant is the sane as that in the
Al port nouse (fﬁﬁ%,t dr@fcgﬂg’ ent reI y of collagen al (I1V) and a2(1V)
chai ns). Staining for Iam nin-1 and heparin sulfate proteoglycan were
significantly reduced in the GBM of the double nmutants relative to Al port
m ce 25 (conpare Figure 3F wth 3E, and Fi gure 3L with Figure 3K
respectively) , and there was no appd B$ning for fibronectin in the

GBM of the oubIe nt Ei gure 31 undant t he of t he
A port m odd (R gur ool sXppler 8 0RsAton S olibE WBE%EH@%*‘E{“G@FHBPY These
proteins vas CPRPAFRAN & ‘QapaeeRotiR4RbR Wlﬁ&’ﬁoe@ﬂgté!p?&%tco gm?ever, for
heparin sul fate 30 proteogl ycan, nesangi al stalning was re t he

doubl e nut ant Sar(d-“lsgumai&bx)ar ﬁit@nn\madmdmchhahnr@dsgadvmnu@émQ]avgure 3T,
or Al port mce 49 Northern, blot analysis gerfor med using

ure 3K) .
RNA i sol at ed f"é) 3%32 i F‘“‘!:gﬁctsé‘kor\drﬂméid?ﬁ? ﬁér“c‘e ledoubl e nut ant
t 7 k
mce a wee &d&f{o@tg?nou&{‘%{l?’h Wh&&é}gfeﬁ'ﬁ? cﬂfssnﬁ@ﬁﬁkf K#ﬁtgsﬁgg%ﬁﬁ 2 blot, and

fracti onat.ed on an agarose ge transferfed to
hybri di zed11 0 mousecttha wdseiudalcfopmebd ihtegrin lgemq)dl’lwmgretdrffercpcﬂsﬂ)mveenihd he

TG ~i 1 cDNA. Fol f hi h th
e TGk R S PiTa ey s R S " L
i nd dinth F th d
vt i A G Vst

t hat har bor thﬁeaeébnbadﬁgddtsﬁl mut ati on (doubl e knockouts) 1 o (third | ane

fromthe left co are th second lane.~ fromthe left, which is a
P AWort mouse c1)s ina laZ@ v/] pure gcnetﬁ: bacI(ground and the

io double knockout mouse is in a 97.5% pure 129 Sv background. An exception
for this are the animals that were psed to generate Figures 4, 5, and 6. These
experiments were performed early in the history of the Alport mouse model, and
thus were generated by crossing the chimeric males with C57 Bl/6 females, and
then crossing the resulting heterozygotes to generate homozygote Alport mice

25  that would be the F2 generation. This is the same generation of animals used in
the original description of the Alport mouse model (Cosgrove et al., Genes
Devel., 10:2981-2992, 1996). This is customary for early gene knockout studies,
since it speeds identification of the knockout phenotype. The results obtained
from these F2’s, with respect to specific mRNA induction, are consistent with

30 results obtained for the pure 129 Sv/J knockout. It should be noted that all of the
experiments that provide comparative analysis of Alport mice versus double

knockout mice were performed on the inbred strains.



control). It is this data that led the investigators to specul ate whet her
the effect of al inhibitors mght be nediated by the suppression of
TG-@B1l. Thus the TGF ~i 1 inhibitor experinents that follow were carried
out to clarify this issue. 15 Exanple 4 Rote of TGF-ail in Post-Proteinuric
Al port Retiat D sease Progression Tissues were harvested fromF-2
backcrosses of 129 Sv/J founder animals onto the C57 Bl/6 background (see
above). Experinents were performnmed at Ieasg twice (on specinen fromtwo
different sets of animals). 20 Results for“data presented herein were clear
and consi stent. These experinments were perfornmed to illustrate two points.
First, is there a téfgaoklofd&iF-Bl anirenal disease progressingy, aoweld s MiGtheai | RNA

and the nmRNAs encading matri x.prqteins that accunul ate as.a. function of

Alpor t renal diteEoRmE G fibzasisle bolh imal Badels ¥es exstatned Hiaavas dons by
nduced in i he'&gﬁﬂﬁﬁﬁ?&é BBl PR Y T NG5 U8 el whghe K1 ey
s gloneruli, inductidon of specl ?’?‘? n?tﬁs I'n tota? rengﬁ cortex relates

nore to the i sdin®iwddiffgrensmhititors (FRE06%nH AablubledNGFL 10reedplidr) picvides Tot al
RNA was isol ated $om ki dneys_ of Alwg_ort animals and control littermates at
two week i nSer \psdaf thatdhe effest isidug tod €l Ph inhikition raghexithawa sideeffectof Be age.

apor oxi at o1y 888 5ec USRI o eshelid sk BE Biges SR tengi S 85
fractionated onydeRslaioof PGRITISE gels, transferred to nyl on suppoxts, and

probed wi th radi ol abel ed probes specific for either the al(1V) or a2(l~
col | agen chai ns, entlathd coursehod ahalyzing the(lifferent ariidabmadels afd dugnecti n, or

TGF-~i 1. The results in Eigure 4,illustrate that {he. for all of
these prot ei ns (RETPTEsea Rtis arpPalff frie oL valatom i bes TPORRSN ng ¢ he
onset _Of prigt elchhdthr th:@ugﬁtﬁlt.pdrﬁﬁéfdiﬂaﬁﬁt%é&%e e\}\.i%étélﬁrl!-‘ir&'r@ﬁa‘i fﬁrﬂ:’ﬁoﬁh'_s
sane ti necourse were also perforned for lamnin al, lamnin ~i2, lamnin

Y1, heparin sulWastesapinedcuhich providesran agsessmaént of averall indegrity bithen a4(1Vv)) and

a5(f~ chains (data npt showa).. No.significant differences |1Q in mMRNA | evels
for these ot hesagatt AR eTHis REABHER. PrGT e herflar fiPut of ceflt
albumin. Second, the structural integrity of the tissue at both light and electron

microscopic levels was examined. Both transmission and scanning electron

15  microscopic procedures were used. These procedures were designed to
determine the degree of renal histopathology under these different conditions.
Finally, molecular analysis experiments were performed to examine what
changes take place in specific genes and there corresponding proteins as a result
of these different conditions. These were examined by looking at the specific

20 RNAs using northern blots, in situ hybridization, and RNase protection, and by
using immunohistochemical detection for specific proteins. As the specific
procedures are repeated for the analysis of different animal models and different
drug treatments in different animal models, for the sake of avoiding redundancy
it is now stated that the procedures were performed identically (as nearly as can

25  be expected in day to day practice) in all cases, and are thus described once and
then referred to in latter specific examples.

There are a variety of alternative techniques and procedures available to
those of skill in the art, which would similarly permit one to successfully
perform the intended invention. All reagents were obtained from Sigma

30  Chemical Co., St. Louis, MO, unless otherwise specified. PBS used in all of the

studies described herein was purchased in tablet form, each tablet reconstituted



when conparing the control to the nmutant. The results of the northern
anal yses were anal yzed using a phosphorinager to directly quantify the
rel ative changes in specific nmRNA expression during the timecourse. Figure

5 illustrates that induction of the 15 specific mRNA levels is first
apparent at six weeks of age, or about the tine when protein in the urinary
space reaches the maximumlevels in the F2 mce (Cosgrove et al., Cenes

Dev., 10: 2981- 2992, 1996). By 8 weeks, nRNA | evel s peak, with the nmRNAs
encoding TGF-p 1 and fibronectin induced”®.6- and 9.4 fold over that of
control mce, respectively. The | evel s for collagen 20 a 1 (T

MRNA ’
a2(1V), and enin200im! efevaterto maksplt 7.4 PBs, fromndigwa Chepmicad Lo, 8t. homngzu rast,

no signi flj,c,antw SR i \ coding the lam nin @1 and (32 chains, as
det er mi ned by é?g saFﬁg g&m northern blots, were observed at any '
point in renal disease progression. To exam ne whether the nmRNAs encodi ng
TG (i |, or the different 25 basenent nenbrane conponents were induced in

a particular glomerular cell type, . in Methodsybri di zati on was perfornmed
usi ng di goxygenin-| abel ed anti sense probes specific for the nRNAs. Kidneys
wer e harvest ed-fRepal RyngHer ol d F2 Al port nice and normal control

littermates foll ow Rg A Si ' 0 r I.n PBS, and
processed for in si)thlﬂ‘ggeﬁélagg%#br@gﬁyf’%%Péégggﬁu%@rﬁggyﬁﬁ&t he Met hods
(Se\c/; i on. ~A?t i s@nﬁ&lb@xtmbing Mbt‘lstixs(bﬁlﬂsfﬂabofﬁmﬁﬁi,iﬁfkﬂﬁ,lN)j((aﬁnireEadhfg thel | agen a 1
V), TG= (i 1, Fibronectin, entactip, or t Lamnjn (31 51 chain. A
pr obe specific""*aé‘ﬁ’cﬁﬁ’@f‘%ﬁsif&mg‘ﬁ-cah’lrﬁ H‘§§€"W§$“Elg’é as a control for
non- speci fi c bindi . ' L i ' bridize
fo toral muse ki drayPFRRiaat i AR E sl hSkRIREARES il Raffna®d 10 T
probe was foybrhyglectcbphbresizatnsagie10% denaarigtaylamide delc THeql¥oteingindhd r eat ed

with the sanme s_concentration of RNase A follow ng_the hybridization
procedure. RNoESS Was ftalnedpith cppmassie blpeandphotogranhed s Bayingisemugy aljumin ¢ v) |

TG~ (31, and f&gﬁgg%%gﬁ’}%&gg“%ﬁ%’%sm‘i for entactin and lamnin (31. The

results are shown 1 n results in Figure 6 illustrate that, for
all specific NRNAs exam ned, elevated |levels are clearly observed in the

vi sceral epit I"ﬁl IS?ll-uc(t:uGrlaﬁnt(egﬁgyocyt es) of

15 A. Transmission Electron Microscopy: Fresh external renal cortex

was minced in 4% paraformaldehyde, allowed to fix for 2 hours, and stored at
5°C in PBS (pH 7.4). The tissue was washed extensively (5 times for 10 minutes
each at 4°C) with 0.1M Sorenson’s buffer (Sorenson’s buffer was made by
combining 100 ml of 200 mM monobasic sodium phosphate and 400 ml of 200

20 mM dibasic sodium phosphate with 500 ml of water, and adjusted to pH 7.4),
and postfixed in 1% osmium tefroxide in Sorenson’s buffer for 1 hour. The
tissue was then dehydrated in graded ethanol (70%, then 80%, then 90%, then
100% for ten minutes each), and finally in propylene oxide and embedded in
Poly/Bed 812 epoxy resin (Polysciences, Inc., Warrington, PA) following the

25 procedures' described by the manufacturer. In short, 42 m! of polybed 812 was
mixed with 26 ml of dodecylsuccinic anhydride (DDSA, Polysciences, Inc.) and
24 ml of nadic methyl anhydride (Polysciences Inc.). One and a half mls of
2,4.6 tri(dimethly aminomethyl) phenol was added as a catalyst, and the
activated resin frozen in 10 ml aliquots until needed for embedding specimen.

30  Glomeruli were identified in 1 pum (micron) sections stained with toluidine blue,

and thin sections were cut at 70 nm (nanometer) thickness using a Reichert Jung



to the glonerulus in the COL4A3 knockout mice (Al port mce). For the
col lagen al (1V) chain, expression of the nRNA in the control is observed in
both the nesangial cells and the endothelial cells of the gl onmerul us
(Figure 6A), which is consistent with where this nolecule localizes in the

mature animal. In the nutant, expression in the nesangial matrix may be
el evated, as evidenced by 15 nuch darker ai ni ng when conpared to the
nmesangi al cell staining in the control s | e, however the nobst obvious

di fference between the control and the mutant is the ring of stained cells
| i ni ng the out &itragut Bulramisnateme(Cambridgeoimstramhent, Ca; dhemwpdnsiria)y t o t he

podocytes (Figure.6B). Fibronectjn expression. i.n the control gloperulus is
‘observed pri mﬁﬁﬁgpﬁve{%gloqg'gﬁﬁaﬁoagn%anﬁ§?a(rp§dﬂﬂgurggyl_ acﬁé’imd'qgad;fai ning in
the mesangi al gitdateSusing wER knoWs procedurks) GHE-niBlintdd seclidi wAste egathined and
clearly, expressing significant |evels of fibronectin nRNA (Figure 6E).

Expr essi on of paptographedsusing 3 Phidiins CM 10ieteclpomierasqopss t he control aninal s,
however, so specific staining is observed in the nesangial cells of the
control anitals (Figure 6G. In the nutant, TG~ (31 nRNA | evels are
significantly 25 el gvacadniny Bie ' seldntall dib&: ' | s,
and again in the podocyt elsl “?F]Fgﬁtrrgﬁgﬁba%%g y:ergtngdctti;ln, s?ﬁ@%ﬁd&tﬂ%@ﬁ zed to
t he podocyt es oibeshef kidmtyrevirtex wrere fixedsinidé phosphate buéfdredi glataraldehydgr ot ei n

| ocal i zes specjfical] 0 1he.GB nexpect edl y). so sangi al

col 1+ speci 11 tnenapiaed & bAPbombate BHHRRr et erpaningy Ferathen
stalning Int h&cl'g‘di?aﬁ&l M gradid diRinoR, af®britfeal Poiht\@riddih@afboRMEHAd. OTIRO
indicate el evated expression, this is not a quantitative assay, and the

di fferencel0 Soubgsmeeethen geackehinmiecea by stressingithem withsthe edgesofd 1azero be

evels for t hooRatnant o s Bhnfe Yt LB FortbR b Rt bl 10

nut ant thrOughwuésdrf&e&aiaaeﬁmerraeatedwmgowlsamnhﬂ dsiAgwell’knawal ysis for this
sanme nessage illustrated the expected nesangi al cell-specific |ocalization

in gtoneruli fPro&seduses and visialiged with misgamingotgctronmicHscePeoner ul i f r om nut ant
m ce, however, the nRNA is clearly induced in the visceral epithelial cells
(Figure 61~ Tissue sanples were harvested at 3 and ~5 weeks of age, and
anal yzed bys to in sC JohgdSilvbravethen antind'Statlickmes staih wisqheformddien st ai ni ng
pattern in these gloneruli were indistinguishable fromthose of nornal

li-ttermates (dearafimpmbeddedkidneysusing the mothodidescrthediby Byraniant ¢ hese genes
in the podocytgs -qaf trer . JOLLE i3, 77 - otein
data based on P%ﬁ%@?gﬁ’ gggne&géﬁggﬁﬁgerﬁg@%g%{e {/t&%f ‘g‘nlf&%'é?ééc@%eci fic
for the acti veEdwationahPoéduckeDvydiark iArmerinan iSobietyad feClitd¢ad Patitobogists] by in situ
hybri di zati on gpal ysiis for -~ 1 messenger RNA (conpare i mmnost ai ni ng
of Figure 7B mﬁgﬁaé‘?’éﬁ’r@‘%\;g':ﬁéls illustrates that el evated expression of
TGF- B1 negsenger RNA in the podocytes translates into elevated protein: 20
RNase protection analysis was performed to determine if nRNA |evels fox the
cyt oki ne are allloMdleadaredralysiuiman renal cortex from Al port versus control

tients. H Al par t t f 15 Id b
Bari g transprant. o8 gery NerkteeniokBRalyaH YSftncs MarErohionti e Shdp °°
scarification, frébdninHa@idini&6enofndtgieuri t_@'ﬁﬁ{o&ﬂdier fnl IRfuRd hitrogdi@siBPeCi Man was

25 immedi ately renoved and snap frozen in liquid nitrogen. Normal human
ki dney RNA wasmptiacnsdqestls. r bra mivdes weag isolgbdized il TRIZQEAyeagent was a pool ed

sanple from a ectd of r uman saoprces. RNA . f.rom Al par t

speci nen S I@PQP@M&}%(‘ W*’é‘@é’ﬁ@ "S%ése'ﬂﬂ?%eﬁc p%g&nfgeé%?%r“ﬁﬁﬁrse

ki dneys. The RRINAWREs &tRbledQbcdr@ingitd the Mim@dnirkr ihsiri@fdns OTalenid 10 .

m crogranms on an agarose gel, 3o and staining the gel with ethidium brom de
"(10 m cLogrgmsmmﬁgrmns:@ﬂ pglﬁrBNAMSrfrac:ieanalé)ﬂ(d Al port sanples were
Intact base Oglgatros%/fégnaqééh\grﬁemgﬁé I(ii-{IN-Omoxpholino)propanesulfonic acid) gel by

electrophoresis at 80V for 4 hours. Gels were soaked in water for 45 minutes,

30  and transferred to Hybond N (uncharged nylon, New England Nuclear, Inc.,
Boston, MA) by capillary blot overnight using 750 mM ammonium acetate (in



53 28S and 18S ribosomal RNA bands. The RNase protection experinent was
carried out according to the nethods. Data in Figure 8 illustrate a 3-4
fold el evation of TG (31 nessenger RNA in human Al port renal cortex
relative to control. This proves that the cytokine is al so overexpressed in
human Al port 5 kidneys. This data substantiates the expectation that this
technology wll work in humans. Exawple 5 Use of a Neutralizing Antibody to
Block ai1(31 Integrin to As an exanple to 4d lustrate that a sol uble agent
capabl e of blocking the interaction of al(31 integrin with its |igand would

d h f Al | _di ' he al
fene knockout MR PO st B b R wid G AR ReRo Byt &7 S
Antigens, 48: 4gtablink&OSradgerRDinl, 190l 4. BIYts BREVpréRvbridieaGhad (400

ng/injection, three tinmes weekly, '15 iniraperitoneal’y) Into Alport nice
starting at 2 wekikioncompysed ofS0befosmamids, tAX Dsuhardt’sisolution, WDENeChf age and

the b t | 1 i | t ! . As
evi dent 1 Fi gaPEM G st BHCERA Y SRS B St TaddeBntiet T < ver o
largely regyl akalnhaVdpRiin DNA (S1EATRICHefdida? To!) &F. %M%%bmllgﬁélé@ cell

swel I ing was observed due to i mune 20 response to t antibody. These
resul ts ill ust cBINA ptabe fragmehighiveredahmbed byrranddh puiking toea concenfrationaf1 ~i 1

< obser ved | n I0FEHHBREA RS PMAL DN Hesing kit (hogtiberMmRghts of

TGF- (31 | mhi bi i i N . :
experi nment al p?%ﬁ%é@lt’ﬁgfaq@'t B&F%@M&htﬁaéﬁ@é%at@% %S“’E){gi?tgéhé%g? wei ght,
inj ected intr agére-dodiemtitpte Haffer (3SGHa SR enhardEssolatibn, Q5% sbdidm  Csaka,

Japan), or a sqluyble TG recept or 5 [injection, .infravenousl
thlroou)gh théotaﬂpél%ff'ﬂlgg‘?&@’ “ﬂﬁ'cfm"@é‘(ﬁ'fzﬁqng%@d ajtvg)deP%W'@ésﬁ}é‘&ﬂsP”E‘f‘a_r%/i ng at
3 wocks o A0°DNR. WIRRON Ere R oA B3 el SholRPAR (bn RGN SUDI ect ed

to the describ _
overnight using 1 million DPM (disintigrations per minute) of probe per ml of

hybridization solution. The filters were then washed at high stringency (two
times for 30 minutes each at 65°C in a solution comprised of 300 mM NaCl, 30

15 mM sodium citrate, and 0.2% sodium dodecyl sulfate in water) and cxposed to
X-ray film. The quality of the RNA preparations and the consistency of loading
was assessed by staining gels with ethidium bromide and scanning the 18S and
28S ribosomal RNA bands using a Gel Imager 2000 digital imaging system
instrument and software package (Applied Imaging, Santa Clara, CA).

20  Appropriate ratios of ribosomal bands confirmed that the RNA preparations were
of high and consistent quality. Quantitative densitometric scanning confirmed
no more than a 10% variance in sample loading. These tools were used rather
than a control probe because of concems that changes in cell physiology
concomitant with progressive fibrosis makes such control probes unreliable.

25  Quantitative differences in expression were assessed by phosphorimage analysis
using a BioRad GS-525 phosphorimager (Bio Rad, Inc.,Hercules, CA), and
subtracted for background hybridization.

Probes were isolated from a murine kidney 5’ stretch cDNA library
(Clonetech) by PCR amplification using published sequence for the different
30 basement membrane collagen cDNAs and those for the associated proteins. For

the basement membrane collagen probes, sequence encoding the conserved NC1



54 Transm ssion el ectron m croscopic analysis of the basenent nenbrane
ultrastructure under various conditions is illustrated in Figure 11. Figure
11A shows a glonerular capillary loop froma nornmal untreated animal. Note
the regul ar foot processes and the trilam nar basenent nenbrane st aining.
Figure 11B shows a capillary loop froma typical 7 week old 129 Sv/J Al port
nouse. Note the swollen foot processes d gross focal thickening of the
GBM Figure 11 Cillustrates a typical pillary loop froma 7 week old

Al port animal treated with FK506. There is an obvious |ack of basenent

merbr ane t hi clkdomaig was agplified. nthetprimers and eondijions usasewere identigaldodhosgnat r i x |

lation if o . . A ¢
SvelTing it raptafed BrileR add Sk, £, ol B0, 670 300 Ao 3ok sHRSES ©
architecture. GOL8ASaHE pEReRIWet (MuthubufiBde e 41., U1 BRI Cheps| 264:88100 t he
TGF-~i 1 soluble receptor (Figure 11D). These data illustrate that TG~ (31
‘i nhibitors carﬁ%ﬁelﬂﬁ?& seRseed)| TERACRATGRCRECIH(REQ HAMNR: 1y event changes

in foot prgc esagipgt%lﬁg,i i’?’f&’t‘&%ﬁﬁéj\é‘f%d@’3%%@??}9@829%%9 %H&r%nggglct fon

di sease. Sone i dney speci nen was pr scanni

m croscopy. GCOR4AR) theprimeswees (Shubyt 41, FeRiol. (Theat, 26¢:631 8+G304) 1989):t ex,
whi ch renoves the Bownan's capsul exposi ng the outer |ayer of podocytes

as they cover SCR¥: é?ﬁﬁ@TéWT 83@%’@ LNQ@)Q_ mtiseasenl gl omerulus is .
illustrated Zg,ﬁcﬂ.ﬂ%ﬁeﬁ?j@?ﬁ & A@ﬁ@%(%%{). a}i&ﬂmﬁf&@f t he

podocytes is very evi bran g processes w ap around the
capi |l l ary | oopBOL#A2 avete/gmplified indercthie sinte cdinditiohs.nWiriams (b kel Suwérece of t he
podocytes in the glaoneruli are notably lacking in, the fine filanentous

gdr anches, I\R/n: @Hbissted todbeyclas of PERysng pHhotstagy Q@iwﬁsgvalﬁ?q}z@fn 9ﬁ‘HC]E he
. . . i
T the S0 PRGN Dk 38 secliR G o Yoy e FME BrobBERROT 1D

untreated A peabcloRetadvetified By DRA seqiétice ahalgsis.e cl early denonstrates that
bl ocking TG--p 1 al one does not protect against the changes in foot process

archi t ect ure associPxobes fou thé bastmznioecinbiape assocjhtedprotbias witrsamphfied
Proteinuria asured.b 0 cryl am de,gel e) ectrophoresis qf 30
yophi || zed untiart BEgg Spey B tnk Basanenl e ELSEats- FOmEROVEE D of dr ug
treat nent .15 AS iR e SbyheRENHR MRAHSRG QoRRSEIAC thePHintd WesA(NGonah el bum n
in 55 the urine é).row des a cog)rehenm ve assessnent of the integrity of

I

“the gl onerul amls | Riek Chegdek16379% 1638988k sensgat whil e the administration

of TG (i 1 iWb&@c?é%éﬁﬁtﬁ&@%ﬁ@b%oﬁ};%%ﬂ%&i a, progression to high

| evel s of al bum’n 1n € urine oc very f'apl ’( 1 week). These results
imply that theéGGAGBGGCCHTIGCATTIWBEQ IsNO:6)! Foelantdnini2, theprites t he

roperly 1 s | e (Saseagt Saragt i Biop Geen 203 17 hb ARGE IS8 seenece.
i 531 PACCATACeR el qecen S mNy P ifgpotocyt o5 deser e
adm ni strati o5’ TCAAAGAGCTTGTECAGGES (SEQUDING:8). For laminin B1, the primers
were (Sasaki et al., Proc. Natl. Acad. Sci. USA, 84:935-939, 1987): sense
5" TAGAGGTTATTTTGCAGCAGA3’ (SEQ ID NO:9); antisense 5’
TTGGATATCCTCATCAGCTTG3’ (SEQ ID NO:10). For entactin, the primers
25  were (Mann et al.,, EMBO Journal, 8:65-72, 1989): sense ’
5’GTGGTTTACTGGACAGACATC3’ (SEQ ID NQ:11), antisense,
5’CCAATCTGTCCAATAAAGG3’ (SEQ ID NO:12). For laminin A chain, the
primers were (Duetzmann et al., Eur. J. Biochem., 177:35-45, 1988): sense
5’ACACACTCCAAGCCCACAAAAGCAAG3’ (SEQ ID NO:13); antisense
30  5’GAGGGAAGACTCCTTGTAGGTCAA3’ (SEQ ID NO:14). For S-laminin,

the primers were (Hunter et al., Nature, 338:229-234, 1989): sense,

.




. apparent in Figure 1

i 0 in no discernible differences when conpared to uninj ected normal m ce.
Exanple 7 Effects of TG--ail Inhibitors on the Doubl e Knockout (DKO M ce
Mce (DKO mice are null for both the collagen a3(l~ and integrin al 15
genes) were injected with TG~ 1 inhibitors FK506 (2 pg/gram body wei ght,
twi ce weekly, intraperitoneal injections) or Biogen's TG~ (31 soluble
receptor (25 p,g per injection, twce weekly, intravenous injections)
starting.at four weeks of age. The kidneyf were taken at 10 weeks of age
and anal yzed. The 10 week time point was chosen since, in the double

signi f1cant 117 QORGP HBEA CHGHDEL JREERRTRO, £, AR T he"ani mal s
are begi nni ng S§TGETACCTETCATECTETOTTEYABEQENO:16) IPORecontitiths vicke t he

TGF- (31 inhibitors are to provide additional protective benefits, those
benefits shoul ilepticab{q thesn used forthe tynedyecallagaphainssaba¥e progr essi on.

T i ssi | ect i ' Lysi d very. clear 25
Cone; ot ent di 1 or endBe PRPOREREP -2 ik, SibrRe R e Bind Plato
untreated doubReAfRemkday 3Hhee eMbiyddi AR TPORIIT e pimédees fordithfrez ences i s

illustrated in Figure 14. Figure 14B illustrates the typical profile of a

gl omerul ar cappmphties 4 B bn fagrpent fiopbthe mRYA(Bsponan i @l.af Big). (dems of age.

Not abl e are th LW £d.Gca o) . i g
characteristi cﬁgﬁb%ﬁ‘@%r ggrzg’séshllaﬁéaxg %doﬁﬁsﬁg{%%%‘ﬁ %@Q?ft‘?g@ﬁﬁg& oot
processes of tOCTACAGCAS’ (SEFES NG 1Y) gid ddegseeard brifed 91 FGT @A TGECt ur e
w th-well devel (F)%gd slit _di aphraamsED 56 even in the advanci ng di seased

state. This ch&GFsteeA AATAMA3Y R¥@dRbuThepamenset forofimpnd pwplifics ¢ he

fonol & Knofo R TOS6E safibar ERRAA (bl W36, GORNT 1490 Eo80 Ryl Mo
T e e A e oo he
Sol Ubl & TGF- - ﬁﬁ%%@ﬂywnm%vﬁwer g%ﬁ@ﬁ%&%m?@% kgfgﬁméé]%ve
conpl etely normhoeb@ %E?gi%{pélﬂ"s& f&ﬁ?xrﬁp.%%gpﬁggga?ggb eh€80thahd t Y

]
D), etely lackin i Q%HI cant pockets of
GBM t 0 t hi.ckeninBdNA phpte etal., ilevalbptnentab Pynarnias, 2080177+ 7y 19940 panddhcludedr eat ed

doubl e knogckout ani mal s S| j 4 i,S v, l..stage. In
about 250 B 1 wesegr et 8 R (T AE A TR TRa GOAGRTIGARGR GRRJEL
restored gl oneNw.2y) aHi UbRAstFSART pHired P AR A ATTEGGAEAG CAT GO GEPEEQ! i were
i ndi stinguishable fromthose of normal mice (Figure 15A shows the M of a
ten week ol d nB? N&:23)5 Fepall threeprighes one mieragiam efetabBiN dwvagreversgeek ol d
doubl e knockou . W . I i L1 841.S 2 weeks past
t he nmean age o#ra[g%lz@etsdﬁgbng (?J%g’rcfg)l gz}sr:rdfgﬂlﬁéng? %ljggﬂ'ﬁ{l]%ﬁl&’%% g*cgtggAl port ani mal
nmodel , é hi.s i ﬁddwm;hyam pdﬁeqmc?trlﬂmgwgm hmﬁcelsgieadim.bg%e)hmhmw@nwas
exam ned in these sane nce coll ect wee uring the 2 ours
t r eat ment . 2%anfIneentheef the repetign wes %@#ﬁcﬁ’ﬁ@it QV‘EAC%HEI‘%&‘W‘ g‘f:ﬁd’ﬁ\élgreﬁl:ﬂ oliter)
wer e anal yzed QM Eﬁ?é(s?@&%&ﬁé‘lﬁc.}?” pol yacryl am de gels. Al bum n was

tal Wt [

vi sual i zed by ni ng céon®ssi e blue. The results in Figure 16

illustrate that botT\Gngirawwmgmﬁbﬁm.LM@S@m{{&iegwae.,mp) or the
sol ubl e receptor for TG-(i 1 (Figure 16B) markedly inproved the

per f or mance of Endpsring.,gh: A26r i34y 15%]83){ exceptdhbRNdese proteption adhietreguingsd
knockout mce (Figure 1 Elgyre shows. t he ur | Yoprotein.far a
normal nouse t PE8EH OW‘_t rﬁkﬁ@g‘? eméggp%egaérfﬁ@ﬁ?pkﬂ@&-@rg%ﬂg&ﬁ{f nds
evi dent atzsev%gPCR’E‘dﬂ?hﬂhmhﬂkmE?cﬂm%f BlCIeRedn) albtiitd, G AQUrThe 16D) m ce

heated with FK506. This is al ways observedih mce treated w th the drug,
and probably rpliratreststused wererf@GArGAAXGTTIHGE AN TEE GTA 6(SEQID NO:20ne

ranspl ant at 1 ofiowife il Cad 43568 SFr CACTA il ISR 24 Tupen.

The fragment was reamplified with PFU polymerase (Stratagene) and blunt-end

‘ligated into the pBluescript SK+ plasmid.
30



57 Exanple 8 Mechani sns for the Synergistic Effects of al Integrin Blockers
and TGF ~i 1 Ynhibitors in Slowi ng Onset and Progression of Al port

G onerui onephritis 5 Data illustrated in Figures 11, 12, and 14

col l ectively suggest that the reason a 1 integrin blockers are synergistic
with TG--~i 1 blockers is that the al inhibition results in inproved
podocyte foot process architecture while TG--/31 inhibition results in
reduced matri x deposits in the GBM F|gurE 17 is provided to further
substantiate the role of al integrin bloc ers in inproving the podocyte 1 o

|1/ ustrated i n Fi gube Tt poprRtmslipn: Rils sire iy beed Bedowr % °° 11

glonmerulus f roﬂ%&c&d%?érf%@n Hﬁ%?&ﬂﬁmaﬁeﬁ%@mﬁ%) "I'h'é?]ﬁn?él?ﬁ'eﬁ

glonerulus froma 7 we por e the | oss of podocyte
ar chi tect ure dfiest deeplyf drmesthetived aking Hveftaoi2,2,2tibrogmethaioly Widridiy C

knockout . mouseChiel Cheh ke ). ‘TeHshCaay iy Wae SnBRerh g bomal Polecs

architecture. Jhemaddie ﬁFEt FARRIS b Plinctdriy WAk a taiRRSuliPhdedRNB lall¥k eW
provi ded by transm ssion electron mcroscopy shown in Figure 14B, where

f oot processesexitefdheperéisaientA mpmhmbg@ylm needie connested th a3OKnlsyringeise. 20
Exanple 9 The al . l.nteqgrin.Bl c Ef f ect . l.nexanini aus

mechant sm for CRAARESeHRiR RSt s thnerel jned i bk R BoReBliiler Ong nee 10
i s known that lhnﬁh&rbﬂﬂiaweavasrpeffuéeatp&dgtamb Wi iitlliﬁfe dfabeaENt Menbrane

is lamnin 11 (Mner et al. Cell Biol., 137:6 701, 1997), it was

bel i eved t hat mHllitepyResminete. Bromrlue’wed&tﬁnﬁymwm ﬁtm:arm hast a magy &d m ght
cont 11 but ey 0 423%apl BANGEHLARLATIHE nd Cuddlfe FHemRFSAn R0"

|-|

exam ni ng m ni n" conposi am'nin cha| n,

whi ch nor mal | yfokeps | Kidress exed aﬁm/mwlohguﬁdiﬁaltye@nmguﬂg thierdelvis nlxemun@r mal

m ce, was found in the GBM of ort mce. Figure 18 illustrates a series
of panels of 3¥dgfogss: and pliamdm HV%%‘d’f°§sfPh©n addmamalmpubr'ﬂyc@me | abel i ng
g[ﬂggggg{j . Tﬁga'g{‘%%e%éemké’cﬁfeﬁ%&%% ROR 83, ot onfe?" L % VS

‘SUPERFROST PLUS microscope slides (Fisher Scientific, Inc., Pittsburg, PA).
15  Slides were baked an a slide warmer at 60°C for 20 minutes, and stored at 4°C
until used (slides are useful for up to six weeks). Kidneys from control and
Alport littermates were embedded side by side to control for subtle differences
that might be incurred during the hybridization procedure,
Slides were baked in a vacuum oven at 60°C for 1 hour, then dewaxed by
20 3 successive 2-minute washes in xylenes. The tissue was dehydrated in ethanol,
deproteinated by incubating in 0.2N HCIl for 15 minutes, washed with PBS and
digested with 3 pg/ml proteinase K (Boehringer Mannheim, Indianapolis, IN) for
10 minutes at 37°C. The digestion was stopped by washing in 2 mg/mli glycine
in PBS. Following dehydration of the tissue in graded ethanol solutions (70%,
25  80%, 90%, 100% for 10 minutes each at room temperature), the tissue was
prehybridized, hybridized, and washed according to the protocols described with
the Genius in situ Hybridization Kit (Boehringer Mannheim, Indianapolis, IN)
with the following modifications. In both prehybridization and hybridization
solutions, 10 mg/ml phenol/chloroform-extracted bakers yeast tRNA was
30 included. This step significantly reduced non-specific signgl. Following the
hybridization, the tissue was washed twice in 2X SSC at 56°C, then digested



Tek aqueous enbeddi ng conpound, snap frozen, and cut at 4 mcrons on a
cryostat. Slides were postfixed in cold (-20C) 100% acetone for 10 m nutes,
and then air dried overnight. Tissue was rehydrated by three washes in PBS
for 10 m nutes each. The primary antibodies were diluted together in 7%
non-fat dry mlk (BioRad). An anti-entactin antibody (Chem con Inc.) was
used as a known marker for glonerul ar basenent nenbrane at a dilution of
1:200. The lam nin a2 chain-specific ant i420dy was a gift fromDr. Peter

Yur chenco (Robert Wod Johnson Medi cal School, Piscataway, NJ). The
specificity of this I0 antipody for the lamnin a2 chain s illustrated in
Cheng et ai., Withdase A@E‘é’ré) @“12@2:39@?5@5@5@91,‘@1@67?1“% s dyWahs used

overni gne at atbfnibd Foren blobPTnlec i 380 B8 5 bl egabile CBRGL (4 -
m nutes each i Brobeé thehi¥e thd\eolingeRGhdre YorlbacteREl (RAaRIAd keI hbhAKiRS, Whi ch

were al so added toget her. Secondary 15 antibodies were a Texas
r ed- conj ugat edphesphotrasisifirasef dyll prahéswere approxinuitely 260 bses mjength eldnetht i - r at

for entactipn, bot ed .at 1: 100 dil utjon (Vecto o] ori.es,

Bur |l i ngane,” CA)“?O E@%?gﬁﬁ??°@ﬁﬁiﬁﬂp§§ﬁﬁh§ﬁ%§g‘% &’*Z@c@gb’cﬁn% hours at

4C. Slides wer ganN@fiBed (ahtet li®$izatRn) oM the TIGRR. GheRnl ddeption waTPGR- drop of
Vect ashi el d anti-fade nmounting nmedia (Vector Laboratodries, Burlingane, 20
CA) appli ed befbrwhishatas 974 baste andytlonsl iotoapraTivestor.| mages for each anti body
were digitally overlayed using a BH 2 epifluorescence m croscope interfaced
wth a Cytovision Utra inage anal ysis system (Applied Imaging, Inc.). A

gl omerul ar basenent GraRipsgRrotection AssaysinExneaimentsivere camipd o8t ysingjr een, whil e

the lacninih a L0k Sl d. I d m ni n
a2 25 co- | Bhal TRATCRR(AReldR, T Ak FoRE R R e drBfhe S Aot b B 0
represents i MiioEbea probe, £164bage patefriigriént bf TGFP M'wiealipefied HOPCRI nouse.
Here lam nin a2 locallzes exclusively to the nesangial matrix. Panel B

i
il lustrates st&pmiauman kidpeyRINAJibsara(Gloneteeh, Palorlte,CA). nEhequiraer s8tf t he
arrows, the capilsl i e ' I X 1] ating
that in the A E%P tﬂ%&ls(g& amb:l*l}‘rpa ‘gga}d;@gﬁ @Mﬁpd?ﬁqwé&@%ngi al
rratrihx alnd the?giﬁoﬁ:wf UCAA QMHCNA@M(SEQDWMG)@W\SI‘HWh taci5 8i6ng
in the glonmerulus froma,l v(J port npouse 5 r eat Wi Fl

(cortex wab t aWéﬁrm%ﬁaﬁm%P?‘ﬁe@mms%@ﬁ@ﬁgﬁ%%gg &@&Pvigaﬂg\%m%d
represent ed i n.f Q4 i

gl oner ul ar capP ug%{/ﬂ-ihli g(i){sjsplgs}xé%%tf’#%%k?ﬁ)f. ndi gg‘%‘fﬁﬁ%ﬁ%ﬁ%ﬁﬁ?ﬁ@)ﬁ%ﬁ‘

TGF- @1 acti vi thg THgwemotr. prevent the accunul ation of lamnin a2 in the GBM

of Alport 5 mce. In a 7 week old doubl e knockout nouse, however, there is
no lamnin a2 i mungstaining in the glonerular capillary |oops (Panel D,
arrows). .The - predBnilanuneforgicence Analysis; Frssh kidpexwas reaovsd, quf into
podocyt es” i | 4t j s Sdecti L 15695 o ni cati on,
2: 159- 167,”399%“.%3%' ﬁeléefqb(r‘it iegcr‘F‘??I’ ?ﬁs{’bﬁdﬁg?vﬁgﬁtﬁ/ed ?c?h%‘f"é@@g“ﬂﬂemymr ole in
podocyt e att ac{prehict hombéret SERNMdegiL dboratonissnE kdhant,dd) cdndrirozen by fptezinginocess

architecture. (Smyer. and Nundel, J. Ml . Md., 76:172-183, : an
exanmple, it wa -@c@ﬁ&epgﬁrsg“mnf Jste qeh@iamicons psing w@m%ﬁﬁg%ﬁ
resulted in coppletg okl j 56 _1aL:60] ure
(K ei dber g et s gy ABECeft) gBQURC KT 0R oo RAE-PHACENTEE )

sol ubl e a3(31 slidesgBlidesrveare fiked ford§ minwtdsizgyesbaking eithenin cold (B207€) 95%wi t h hi gh
affinity to lamnin. hai n .cont.ai ni n inins (like lamnin-11.which is
a het er ot rPer ‘%%1?2%6‘” ‘6“‘1"85% s&’é’,““@’ét?’ té%ﬁgsweg ?‘H‘?r?n%ﬁ?m%ﬁ?'sﬁf & chain
contai ni ng | angfibBdies B vitedold@{20°C Picefohie Wridining ¥ith Haitodits §haeivic £:998) .
Taken together with this informati'on, the data presented herein support a
nodel where, ithebhgemdndorembrangsissocistadpreteinisy Slidespusre allowedfo dindryni n a2
containing 20 lam.nins in the GBMresults in reduced adhesion via integrin -
a3 (31 recept ofE¢Mg fs(‘H“% StAtpdidssiecatad %F%‘:Z:s"é‘t‘}e?ﬁﬁgcenent. Bl ocki ng the
integrin al chain rgsults in reduced or, abhsent deposition of .t | am nin a2
chai n 1 n the. CBM poaeise whE A1REeR ety SRR Fkpmpagar, MEBaet e cct ure
To further305Ub§ﬂ1€§ﬁim§(ﬂH"7§)Eﬁb8ﬁvtexhﬁéfh_ é?f%@sﬁhﬁﬁ%‘wﬁh%éirﬁi%hﬁ@ inthe 2
25 week old Sv/J Alport nouse conpared with a nornmal littermate was

eval uated. At ageinst thertypebf tollagensgtheitiasueBrasdiresteated withogl Meglycine andiere wer e
not abl e "pockets" of i ckening spar.sely distributed.on abgut hal f of
Che ol omerur - oRseL (DY s} ARt B BTN Bnd e e Rl Pt 010
The GBM and podocyte foot processes are norphologically normal in
unaffected regions of the 30 glonmeruli at this devel opnental stage,

however, at the regions of focal thickening, the foot processes are swollen
and effaced, nuch like the nore




60 generalized changes recogni zed | ater in GBM di sease devel opnent. It was
surmsed that if lamnin a2 deposition results in |oss of focal adhesion
contact with the podocytes, focal deposits of lamnin a2 in the GBM of 2
week old Al port mce should be seen. This is indeed the case as illustrated
in Figure 18 Goup Il. The arrows on panel B denote focal deposition of
lamnin a2 in the GBM of 2 week old Alport mce. This is the earliest

mol ecul ar change (other than change in ty¥e 1V collagen conposition, which
results framthe inborn genetic nutation) ever detected in the Al port nouse

nodel , and cor rappfpride dilifiend (deteirhined baphitally) oftheisrimadycdatibodigdivéamage. 10
"o~ Exarrple 10 gg?grgl stic Ef(?ect of TGE )I nhibitors with al Integrin
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el udes. - 15 be AyBReE 1R o a3pRfion o s onti T BHUCR A GRS
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messenger RNAs encodi ng each t hese Er oteins is induced in the Al port

ki dney rel ai v§amplqsovmwaﬁi@dtfmmtgnesm B8t (pHrV. 4 for tYrntigutes eachiat rasns r educes

t he degree of Lr I E nes of the
gel). This may L"'}(’:eoutlrl{?é]tf ﬁ]eatﬂégﬁ gﬁ%ﬁlbggy %g%fggﬁécﬁ%m ane t hi ckeni ng
observed in thep ﬁwbdatélmmicomuﬁaed stohdudy Yéapent T @it secordary Feageritd wre
(illustrated in Figure 11 ? is simlar set of northern blots were

perfornmed usi nQS arl YR dilutinmyising Bangalabde milinddes anthedilupali were ei t her
tt t ed, cted th T h th
loed 1o der | ve SeaaR; Slechlsierd dliokeshohitt Br by A FRE TRGHatsFeRl T on < °

protocol igg deﬂfdh'vba%ﬂed fouFREPith old sz @Hﬁy gﬁﬂb‘;\fcﬁ(b?‘thbﬁpﬂﬁhﬁorpéﬁse”t ed
in Figure 21 that the administration of i nhi birtors does not

significantly @antinife mounting media (ectorhaboratorios tng, Brrlingame @A)k Samples

conpared to no d There is,
ovever . a mar VEtP isp e SGver b aTnd CARASL BBAA MlaclyRiy

met al | opr ot ei nphaognabhéd 4t A 000X pagnifichtion. Added silvey mbthendriing Wtathind wabot t om
row). As evi denc% I es 1 there is a marked reduction in Tinp-3

expressi on 'ﬂ"ﬂ%? éjdfé’sRE’é‘R‘e’&l d untreated doubl e knockout mice

relative t ontrol n if [ gx&ﬁﬁ&s . 0n_nhh mage
anal ysi s) . ?Sl'hl S redl(}(g;I f%ﬁlg%ﬁaqﬁﬁ%tgegogAA gnﬁ’ I'S no&%c;%s‘%g\})g%&gg&{

doubl e knockoufroffi S@theinmit&lmmog? Iat| Bénifgthth ATl a1ids amtikdy whs tested he
TG (31 sol ubIe recept or, ﬁvanes 5 and 6). 5 This sanme effect on Tinp-3

expressi on was stmtlw lgwhs mﬁnééacmrgmdeprg@lceé@tsswgmemm fhest r at i ng
that th bi | lhrﬁw t
isaa reguiﬁtI o:‘ Etf)éf%% {x%%xﬁ%ﬂﬁ{]tﬁ?c%bggg%gog ﬂ%rg{l an leé:besu '(tﬁgof mdﬁgl

intu' bition of agalﬂstthvsegtams (Mider Bl -Sanes]J. Jdik Bialnd27-8AH891L ni99v). adti-of thi s
observation is, based t he fact O Tinp=3 is a dul.at.or, of ., matri x
met al | opr ot®i nheRazin s&ﬁgfe @@ﬁ“ﬁ%@i@g’ Hg aiﬂ?@gaﬁp%{ﬁgfeq againsh |
basenent rrenbrﬁiaqﬁme&% ) ﬂﬁe&ﬁﬁﬁlﬂfl RRTEORnY q‘hb@nﬁ%oﬁﬁ% (Esposito

et al., Kidney Int., 06- 5 1996; and Elliot et al. Soc.
Nephrol ., 10: 6®s&8 foQ@@s)s-rea&twﬂylmﬂlllummm_coli@ewxpﬂeléé|ftbmrmt:t1ﬂ' |an¢ 3
et al | opr ot ef nage. 1YY Bhhh bt aha A Uil indra Sy b5 RRAGhMLliBeT e25€ 10

(Chemicon International, Temecula, CA) and as described elsewhere (Horiguchi

25 et al, J. Histochem. Cytochem., 37:961-970, 1989). Anti-laminin-1 antibodies
are a rabbit antisera. The immunogen was purified from EHS basement
membrane and purchased from Sigma Immunochemicals (St. Louis, MO). Dot
blot immunoassay, performed by the manufacturer (Sigma), confirmed the
absence of cross-reactivity to collagen IV, fibronectin, vitronectin, and

30  chondroitin sulfate types A, B, and C. Anti-fibronectin is a rabbit antisera raised
against fibronectin purified from human plasma. It was tested by the



15 netal | oprotei nase activity. Such an increase could cause basenent

menbr ane damage, resulting in the activation of TG~ 1 with concomtant
accurrul ation of matrix. Breaking this cycle would thus result in the
restoration of basenent nmenbrane honeostasis, which should be nmanifest by
restoration of GBM norphol ogy, which is what was observed (Figures 11, 14,
and 15). 20 Exanple |l Inhibition of Interstitial Fibrosis in Double
Knockout Mce Treated with TG= Q@1 |nhibgjors The role of TG~ 1 in
upregul ation of matrix proteins and in renal 25 fibrosis has been mell

est abl i shed (Yand t al [ 5:1610.1617, Bor der
ond” Ruosl ant | MELIERE Sisrpe Lpmihegfiicald Pt crod-ERENIGUBBUREH o1
nouse, renal 'l@ﬁﬂﬁﬁ,th&b@cnﬁ'M%ﬁbﬁdrbﬁm%lﬁ%QﬂB buall ClagiAg BeEWIBE W de spread
at about 10 weeks of age, and progresses through end stage renal failure at
appr oxi mat el y manmmyoﬂnawtacm inatat mompdenaldntibedy modu¢atusinghEHSt or s 30

were anal yzed n three n”ark=rs f |nter titial fib conpar ed
directly with ‘g ﬁg S4B Q@Q |Wlp§r$l}?ﬁ?c{ﬁglf"esu?§q Ct r eat ed
wi th i nhi bist Orﬁlotechﬁcﬁoﬁ'lnﬁsﬂp’érdf&f Eaké‘Pla@i@ltW Hﬁd%sté&&dsiﬁf'ﬁg_;% feol as
those used to generate Figure 14°in Exanmpl e 7. For Fi gures 22 ﬁItZiB and 24,

panel A is a ciowunereactdriieds well &s fontherabsense eﬂcmmaetnmowktblmherpaajen Cis a

(reat ed w t n ettt PR biofplaly T AR U B oo
| ow magni fi catC&anr&ON 68i580:540f 1986% renal cortex. Figure 22 is a Jones

silver nmethenam ne stain, which is a stand_ard_ hi stochem cal stain for
matrix. It is evi ddmmurefuoreaconcxandsloncs stambdimagesiwere rgordedandt i ti um of

th | t th t t ed | B Th
Fonal cor tidy. rdssSi e AR RS BIR RFLA AR e o iR e cever |
were to indi Sty Abﬁtpédqntagmg CREviSRANUIRE fmaddlahald dYatchi {Atietto o

fibrosis. Comonly used nol ecul ar markers renal interstitial fibrosis

i ncl ude col | admagmgrim) Images wnrempbwms@n@mh!@bmomtm blaclmrdmbxw nt.,

' Qloarty, conseaert hese imecel Mok BRI URRE M B EheBlut i O e *°

. renal cortex qfro(sastmg&teeﬁtagm oat wad takes @ntlosely ppprekinthté theCfutirésebnden panel

1 accunul afi orPbserved

A). Figure 23 panels illustrate a relative absence of collagen type
@H?@¥°Pﬁ e HRsRPRE- knockout mice treated with FK506 or

the soluble receptor, respectively. The sine scenario holds true for

fibronectin, which is abundant in the cortex of untreated doubl e knockouts

Fi 24B) , d | ik th I t f m

h Seted with the Terttpmusopetidass PetetprThe HamyfdneraRits iegrion>°

Col | ectively, nb t
ectively thtgﬁﬁwg@%ﬁao ﬂtnﬁaﬁ&stédﬁ_gg thFGE-l lhgtun%rtlﬁr@ wegu 450nbi nati on

with integrin a ckers are affective at preventing (or del aying)
interstitizal ffilbomestis andhcdllagerypel in twbusainterstitihm. 2Thé\edliagehdypenices,
patents, patent blications, Ci herei n _are expressly

| d t
i ncor porat ed it ‘g‘f : C?a?i’é%?‘ t’B‘?"(gﬁt *E"éd’l"’ss(ﬂ%%hﬁ?eélgl BFeBS WSpr eci at ed by
those skilled (sshdo% R, habnffid Wad ¥ed uly 10D QllufiGetreen descr i bed above

in connection wth partlcu ar enbodi nents and exarrp es, the invention is
not necessar i lijmmumopénokidase staining hThe fibromectinsantibody ussdywes theisamp agfarnpl es,

uses, 30 nodif.i catl ns and artur nbodi.ren npl es and
uses may be mefE™H ﬂt?fﬁenfﬁeg nggr f"i’bﬁﬁ“??&“t%@ﬁ??‘tﬁé‘ hﬁ%agﬁ‘mt hi s
applicatioB. Sigma Chemical Company, St. Louis, MO), and was used at a 1:100 dilution.

Secondary reagents were biotinylated anti-rabbit antibodies purchased from
Vector laboratories (Burlingame, CA) and used at a dilution of 1:100. The tissue
was embedded in paraffin (using the same procedure as described for in situ
hybridization) and sectioned at 3 microns. Deparaffinized sections were

30  pretreated with 5 pg of proteinase K (Boehringer Mannheim, Indianapolis, IN) in
100mM Tris-HCI (pH 7.4) to expose epitopes. The proteinase digestion was
stopped by incubating in 2 mg/ml glycine in PBS for 30 secoxids. Dewaxed



63 Wiat |Is Cainmed Is: 1. Anethod of limting a kidney disorder in a
patient conprising admnistering to the patient an effective anmount of an
al(31 integrin receptor inhibitor. . 5 2. The nmethod of claim1 further
conprising adm nistering to the patient an affective anount of a TGF- Bl
inhibitor. 3. The nethod of claim2 wherein the al[31 integrin receptor

i nhibitor and to the TG-[31 inhibitor are adm ni stered sinul taneously. 4.
The nethod of claim2 wherein the TG ~i inhibitor irreversibly binds to
TG~ 1 and inhibits its ability to bin ith its receptor. 15 5. The

met hod of claim2 wherein the TG- (31 inhibitor is, an agent that inhibits
the ability of PratsingsgK-treated Hssug yeas washed theee imes with FBSand rsacted withney

cell. 6. The '@d.;ﬁ;' | P L ARADR Ol

cal cineurin Zﬁ%%gﬁl . @%g’ﬁﬁgfﬁgg&gﬁergﬁft&%v&ﬁ%ﬁé&é?%ﬁ{eﬁgﬁﬁ%ﬁ neurin
i nhi bitor is t tiemakachadswitlBa bidtinyladdsedorafarcardibody foshbhewrattrbema 1 ~i 1
integrin receptor inhibitor is a 25 bl.ockin n hat .bjnds to the a 1 ~i
1 integrin recdyaRsratre, Ay washiog 9?”@%&1“%&13%?3?&{2& YWEBR | . 9. The

met hod of clai ' T ' ' I ng agent
conpri ses ag peFﬁ}}cﬁgéé@&g@h%&é}ﬁ?@ﬁ%g&#ggﬁ?gfog@aggﬁ% lﬂﬁg‘ro'%lkn t he peptide
is at |east a 9ab@atotie)dBEI0 miriutes NroéA itEmperhatacs, Rblfowiny thiee washed with
consisting of Lamnin, fibronectin, entactin, and collagen type 4. 5 11.

The method of B wtbodybinding wasdeysloped withdhe AESHsubskale systom (Yieatofret hod of

claim1l wherei ki | ' rafi s,
renal fibrosis, Or@%g{zﬁﬂf’y Bgﬁ‘?%b%&ﬁ%‘°‘ﬁée§??‘%‘8’%‘§§g gﬁglﬁ hﬂc%ﬁﬁlﬁ}éﬁ%&ﬂt etil ér enal
gl orrer ul onephr nfanafacturerenal fi brosis is associated with Al port syndrone,
| DDM nephritis, nesangi al ﬂﬁr oliferative gl onerul onephritis, nenbrano

proliferatil?e gl omeFar BHERHs fherimany sty wasy ligkenupdnemn TEFBL di abetic
nephr opathy, a@gfﬁ}g%ﬁﬁ%ﬁ@@bﬁé L8a%2 b .15 didbibn ift FE bRt Ay €T 21 N0

the onset of a progression
milk in PBS (which was used as diluent for all antibodies). This was allowed to

react for at least 3 hours at room temperature. The secondary antibody was a
biotinylated goat anti-chicken for TGF-B1 (Vector Laboratories Burlingame,

15 CA) was applied at a 1:100 dilution and allowed to react for at least 1 hour.
Following thrée washes, Immunoperoxidase detection was performed using an
AEC kit (Vector Laboratories, Burlingame, CA).

Example 1
20 . Production of an Alport/al Integrin Double Ml;tant
A mouse model for the autosomal form of Alport syndrome was created
by targeted mutagenesis of the COL4A3 procollagen gene as described
previously (Cosgrove et al., Genes Dev., 10:2981-2992, 1996). This is referred
to herein as the “Alport mouse” and is available from Jackson Laboratories at
25  Bar Harbor, Maine under Accession No. 2908. This ae3(IV) knockout mouse,
which is in a 129 Sv/J background, was crossed (five successive backcrosses
with pure 129 Sv, then with the integrin a1 null mouse, which is pure 129 Sv),
to produce a “double knockout™ mouse, which is over 97.5% pure 129 Sv. The
o1 knockout mouse was provided by Humphrey Gardner of the Scripps Institute
.30 in LaJo}la, CA and is described in Gardner et al., Dev. Biol, 175:301-313, 1??6.



Al port syndronme in a patient, the nmethod conprising adm nistering to the
patient an effective anount of an agent that inhibits signal transduction
t hrough an al(31 integrin receptor of a kidney cell. 20 15. A nethod of

del ayi ng the onset of and/or slow ng the progression of Al port syndrone in
a patient, the nethod conprising blocking an al~i 1 integrin receptor

bi nding site on the surface of a kidney cell of the patient. 25 16. The
met hod of claim 15 wherein bl ocking the‘%I i 31 integrin receptor binding
site conprises contacting the kidney celT” with an effective anpbunt of an a
1 (31 integrin receptor binding site peptide. 65 17. The method of claim
16 wherein the peptide is at least a 9-ner fragnent of 'a protein selected
fromthe group consisting of |amnin,,fibrogectin, entactin, and collagen
type 4. 5 18. The nethod of claim 1 SX¥WME& conprising adninistering to

th tient fhe | - ' Lot . t hod of
Cl'ai m 18 wher o n AREpiETAbrt ot DieaidProaPlah iR Modst MgA8, ! 107 O
inhibits its abilifKe ificddtidledr thid dxampRGRALAEd Alpertafice NoBicREbRed of claim -

18 wherein the TGF-ail inhibitor is an agent that inhibits the ability of
TGF- @B1 t & t r eupsehscollagegroad (BV) andtdnenommal éarsx lointegriki(aivadigbledtdm Jabksor21. The

i bi t or . _22-A0RFEOE: paA HetEor MRS Pl RGBT fmdBHR | i bi tor s
tacrol i nus.  mytants), which do not express collagen o3(IV) or integrin a.1. The double
\ mutants were 97.5% 129 Sv and 2.5% Sv/J backgrounds.
Urine was collected from the mice at weekly intervals and protein
10  analysis was carried out as described in the Methods Section. As shown in
Figure 1, for animals that did not express collagen a3(IV) and were normal for
al integrin, tﬁe mean age for Alport renal disease onset (based on a study of 6
individuals), as measured by the onset of proteinuria, was 3.5 weeks to 4 weeks.
Proteinuria progressed rapidly, reaching peak levels at between 6 weeks and 6.5
15 weeks of age. The mean age of death due to renal failure was between 8 weeks
and 9 weeks of age. No animal of this genotype (9 were tested) lived beyond 9
weeks of age. Blood urea nitrogen levels (BUN) became elevated at 7 weeks to
7.5 weeks of age. In the double mutants (four were tested for these
measurements), onset of proteinuria was between 5 weeks and 5.5 weeks of age,
20  and progressed more slowly, reaching peak levels at 9 weeks to 9.5 weeks. The
mean age of death due to renal failure was between 15 weeks and 16.5 weeks.

Animals developed elevated BUN at between 10 weeks and 11 weeks of age. -

Example 3
25 Characterization of Double Knockout Mouse Model
Three different sets of animals (normal controls, animals not expressing
the a3(IV) gene and normal for a1 integrin (Alport mice), and double mutants)
were analyzed at 4 and 7 weeks of age using a number of different techniques.
| Transmission electron microscopy was performed to assess basement

30 membrane integrity. At 4 weeks of age (data not shown), the Alport littermates



20 23. A nethod for delaying the onset of and/or slow ng the progression of
ki dney di sease in insulin dependent diabetes nellitus in a patient, the

nmet hod conprising adm nistering to the patient an effective anount of an
agent that inhibits signal transduction through an a 1 (31 integrin

receptor of a kidney cell. 25 24. A nethod for delaying the onset of and/or
sl owi ng the progression of kidney disease in insulin dependent diabetes
mellitus in a patient, the nethod conpri 47ng bl ocking an aril integrin

receptor binding site on the surface of a kidney cell of the patient. 30

66 25. A et hoghoWed!rhrefitd BasehRifmeinbRhesing 00% of thégloftidtular dapilliey} RRfs.
conprising reducing TGF- (31 activity in the patient while inhibiting a 1

‘@1 integrin rEeegeublemytanisshoyad perme slomerardipseraent snenptpaner(GiBMRt hod of
| ai m 25 wher gj ep ; i (. £\ i
i i ster | no bAfoR i, ifbelSAEL Mg Miphin, BEiepltt) IR Rs o

‘and i nhi bits iinfregisnt ahd rarély Rktetsive.t Absit 20¥cufahé glomerili inkthedosaiéod of claim
26 wherein the step of reducing TG--(31 activity tg conprises adm nistering
to the patiSentmyientghawed np appaserbasemenbmemhipne farefieationfalht Abeyt 5% 1 to

transduce sign . . ' 8 . limting
renal fibrosi S&Jitﬁe g%%%ﬁémﬁ%gﬂéorr?@%g&a %&ﬁf’g’g 1enlrt Pvr?g?f Q%@lﬁg'&lgadtpgﬁt a ‘

cal ci neurin i nkeginodibrotibgldtherulinunid inthed dodble inmikant BlerntatgseFigutd®
calcineurin inhibitor is tacrolinus. 30. A nouse nodel for Kkidney, disease

wherein the noljugraiesthe degree ofglemsrulanbasemant msmbserdampge cheracieristisiofi on i n
the gl onmer ul arg,basf rg;,%gg ss the a
1 QB% i ntegri nthr ecegtgl%bt.&%f hg&mngﬁéskgoﬁo é{pﬁﬁc@gﬁmﬂ%ﬁmﬁgilﬁﬂ{o e nouse
does not i HcoripdliustratedoMhe gtomarGiat bdsemert(rharbraneth thé Alport micziatthis nto its

gl omer ul ar bas&r‘r’gﬂtpmrg%&? trix%régbint is badly damaged in virtually all glomeruli. Evident in

=

Figure 2B is gross irregular thickening and thinning, and extensive effacement of
the podocyte foot processes. In the double knockout, héwever (Figure 2C) the
GBM is, for the most part, ultrastructurally normal, with the exception of a few

15 small irregularities, and the foot processes of the podocytes maintain a normal
architecture (compare regions denoted by arrows for the normal mouse in Figure
2A with the double knockout mouse in Figure 2C). At this timepoint between
30% and 50% of the glomeruli in the Alport mouse were fibrotic, while less than
5% were fibrotic in the double mutants.

20 Scanning electron microscopy of the 7-week old mice (data not shown)
indicated that the Alport mice showed significant swelling of the foot processes
of the podocytes, destroying the normally elegant and complex structure of these
cells. This foot process effacement has been described for Alport
glomerulonephritis. In the double mutants, while the architecture was not

25 perfect, it was very close to that observed in glomeruli from control mice. The
swelling of these foot processes is responsible for blocking the glomerular filter
and leads to uremia. Therefore this finding is significant with regard to the
improved glomerular function in the double mutant relative to the Alport

littermates.

~ 30 Paraffin embedded mounts of whole kidneys from the 7-week old mice

were stained using Jones’ Method and the total number of fibrotic glomeruli



25 32. A nethod of screening an agent for use in limting a kidney

di sorder, conprising adm nistering the agent to a nouse nodel for kidney

di sease, wherein the nouse does not express a nornal collagen type 4
conposition in the gl onmerul ar basenent nenbrane of the nouse and 30 does
not express the a 1 (31 integrin receptor. 67 33. A nethod of limting
matrix accunmulation in the GBM of a patient with Atport Syndronme conpri sing
reducing TGF- (31 activity in the patient 9. AR A'5r. AF3. A A A . AY. A3?.Aa .A
Y.A Al .A A ul.A Al9 A A Aal.AE A r. Ae. A@bAP A A3u . A u R A3r. Ava. A

R A AY(. Ar. AY. Ae. Y. F| . . . AFar,. A3l .
3. Al (Y2, Aa. A&S e ey “ﬁ*éﬁ ok Vﬁl“ﬂé{%al St e AlpFedaide
LN| 7- sbK- U< > ere affected to some degree. Most showed lomerularh ercellularity and

) } xrmhb] X] ca] caV] ca] ca] caV] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] cal] ca
] ca] ca] ca] ca] cexvpasion ebipe mopangial matfix,andakeuta third were fibrotic. 'In contrast,

B M A G s ) 2

$3@'CT7eFNf x~ymeswgid]l hathcaleosMlaly: Afcuaps%|didkkow evidence of mesangial
aJ ca] ca] ca] ca] caI] ca] ca] cal cal ca] ca]ca] ca] caV] ca] caV] ca] ca] caV] cal ca] caV] ca
0QV m cell proliferationfand 5% were fibrotic. The analyses were repeated on two

rerrpe® " K#,
cal o e o) B A0 R OB B BRI e Sy St )
H())))) ot 4. 6. inhihofluiichtd iEara? g i L BN kadl estao ] cal cal

caj ca] ca] ca] ca] ca] caV] ca] ca] ca] ca ca] ca] ca] ca] caV[ca] caV] ca] caV] ca] ca] ca
V] ca]ca 53 EShSEB@Bﬁquqmwam s The tlssue was reacted with antibodies specific

cal cal cal cl ca 7§f7<1 S kR AR ERSE T RS S SRbAGL SEARRI RS L o7 oY)
L] <<=="= ---ragfekswal These included larmnm—l (Lam-l) (used ata 1:200

e S bR Ebon AGE ) A g ol oo e

o afcal o) col LA U1 ﬁﬁ? R N R S R

ca] ca] ca! T&VWepK WX? @adiiilbbjdilem karakdritdomRqe Il £ aboa] ca] ca]
ca] ca] ca] cal] Cal}lél ca‘]ca] ca] caV]ca ca] caljcalcalca ca] ca 4 cal ca]cal ca]c
aU| ca] ca] cHj cagibuion) pRfihodias were 1luted into 7A> nonfat ry milk in PBS. The

Doy cas co BB EIS) NER a0 pRU ad) anbeabenanlamlac] o2l o010
Za{gxgﬁ z ]{ ~({: g] | Wertlsignifigditty ¢1wa§dtl’mﬂ GBMafﬂﬁ]ﬁdﬁbﬂ ailca}elitgiea];@gilmk ca] ca] ca]
YO[ FI 1+. }} xs MB‘Q} i gg}'@é]aﬁgﬁ &]1 e s were unc]ant ﬁltl]e ﬁo(]lbl?c

10 sl oo )

a] ca] ca] cajocalto al]atew]tha]t\gm]na@m]m adps-fibeaticpidmenutia THicis@kpected, since
the type IV collagen composition of the GBM in the double mutant is the same

as that in the Alport mouse (i.e., comprised entirely of collagen a1(IV) and
a2(IV) chains). Staining for laminin-1 and heparin sulfate proteoglycan were
significantly reduced in the GBM of the double mutants relative to Alport mice

25  (compare Figure 3F with 3E, and Figure 3L with Figure 3K, respectively) , and
there was no apparent staining for fibronectin in the GBM of the double mutants
(Figure 3I), which is abundant in the GBM of the Alport mice (Figure 3H),
Immunostaining in the mesangial matrix for these proteins was comparable
between double mutant and Alport mice, however, for heparin sulfate

30 proteoglycan, mesangial staining was reduced in the double mutants (Figure 3L)

relative to either normal controls (Figure 3J) or Alport mice (F igure 3K).
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‘when comparing the control to the mutant.

The results of the northern analyses were analyzed using a
phosphorimager to directly quantify the relative changes in specific mRNA
expression during the timecourse. Figure 5 illustrates that induction of the

15 specific mRNA levels is first apparent at six weeks of age, or about the time
when protein in the urinary space-reaches the maximum levels in the F2 mice
(Cosgrove et al., Genes Dev., 10:2981-2992, 1996). By 8 weeks, mRNA levels
peak, with the mRNAs encoding TGF-p1 and fibronectin induced 6.6- and 9.4-
fold over that of control mice, respectively. The mRNA levels for collagen

20  oal(V), a2(IV), and entactin were all about 3-fold induced by week 8. In
contrast, no significaﬁt changes in mRNAs encoding the laminin 1 and (32
chains, as determined by these same total RNA northern blots, were observed at
any point in renal disease progression.

To examine whether the mRNAs encoding TGF-B1, or the different

25  basement membrane components were induced in a particular glomerular cell
type, in situ hybridization was performed using digoxygenin-labeled antisense
probes specific for the mRNAs. Kidneys were harvested from 10 week old F2
Alport mice and normal control littermates following heart perfusion with 4%
paraformaldehyde in PBS, and processed for in situ hybridization analysis as

30  described in the Methods Section. Antisense probes were specific for the NC1

domain of collagen o 1(IV), TGF-1, Fibronectin; entactin, or the laminin f§1
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consistent with where this molecule localizes in the mature animal. In the

mutant, expression in the mesangial matrix may be elevated, as evidenced by

15  much darker staining when compared to the mesangial cell staining in the control
sample, however the most obvious difference between the control and the mutant
is the ring of stained cells lining the outer circumference of the glomerulus,
corresponding to the podocytes (Figure 6B). Fibronectin expression in the
control glomerulus is observed primarily in the mesangial cells (Figure 6D).

20  While staining in the mesangial cells is also observed in the mutant, the
podocytes are clearly expressing significant levels of fibronectin mRNA (Figure
6E). Expression of TGF-P1 is very weak in the glomeruli of the control animals,
however, some specific staining is observed in the mesangial cells of the control
animals (Figure 6G). In the mutant, TGF-§1 mRNA levels are significantly

25  elevated in the mesangial éells, the endothelial cells, and again in the podocytes
(Figure 6H). For entactin, the mRNA localized to the podocytes of the control,
which is not unexpected since this protein localizes specifically to the GBM.
Unexpectedly, some mesangial cell-specific staining is observed in the control
animal. While the staining in the visceral epithelial cells in the mutant seems to

30 indicate elevated expression, this is not a quantitative assay, and the difference
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shown). This suggest that activation of these genes in the podocytes occurs after

the onset of proteinuria.
TGF-B1 protein data based on immunoperoxidase detection using
15 antibodies specific for the active isoform of the cytokine corroborate data
obtained by in situ hybridization analysis for TGF-§1 messenger RNA (compare
immunostaining of Figure 7B with Figure 7A). This illustrates that elevated
expression of TGF-B1 messenger RNA in the podocytes translates into elevated
protein.

20 RNase protection analysis was performed to determine if mRNA levels
for the cytokine are also elevated in human renal cortex from Alport versus
contro] patients. Human Alport renal cortex was removed from a 15 year old
boy during transplant surgery. The specimen had a moderate level of
scarification, with about 50% of the glomeruli fibrotic. The speciman was

25  immediately removed and snap frozen in liquid nitrogen. Normal human kidney ‘
RNA was purchased from Clonetech (Palo Alto, CA) and was a pooled sample
from a collection of normal human sources. RNA from the Alport specimen was
isolated using the same procedure that was used for mouse kidneys. The RNA
was examined for its integrity by fractionating 10 micrograms on an agarose gel,

30  and staining the gel with ethidium bromide (10 micrograms per ml in water).

Both the normal and Alport samples were intact based on the relative quantity of
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Example 5
Use of a Neutralizing Antibody to Block a1f1 Integrin

10 As an example to illustrate that a soluble agent capable of blocking the
interaction of a 11 integrin with its ligand would produce the same effects on
Alport renal disease pathogenesis as the ol gene knockout mutation, the
antibody described in Fabbri et al., Tissue Antigens, 48:47-51, 1996 was
obtained. This antibody was injected (400 ng/injection, three times weekly,

15 intraperitonealy) into Alport mice starting at 2 weeks of age. Animals were
collected at six weeks of age and the basement membranes analyzed by
transmission electron microscopy. As evident in Figure 10, the basement
membranes in these treated animals were largely regular, having the normal
trilaminar appearance. Endothelial cell swelling was observed due to ir;lmune

20  response to the antibody. These results illustrate that a soluble agent that blocks
the integrin a.1$1 receptor will slow Alport GBM disease progression in much

the same way as is observed in the double knockout mouse line.

Example 6
25 Effects of TGF-p1 Inhibition Alone in the Alport (129 Sv/J) Mouse Model
The experimental protocol was to inject with either FK506 (2 pg/g body
weight, injected intraperitoneally, Fujisawa Pharmaceutical Co., Ltd., Osaka,
Japan), or a soluble TGF-B1 receptor (25 pg/injection, intravenously through the
tail vein, Biogen Inc., Cambridge, MA) twice weekly starting at 3 weeks of age.
30  Kidneys were harvested at 7 weeks of age and subjected to the described

 analyses.’ "
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injected with the TGF-B1 soluble receptor (Figure llD) These data illustrate

that TGF-$1 inhibitors can prevent irregular GBM thickening, but cannot
prevent changes in foot process architecture associated with advanced Alport
+ 15 GBM disease.

Some of the kidney specimen was processed for scanning electron
microscopy. Glomeruli were exposed by freeze fracture of renal cortex, which
removes the Bowman’s capsule, exposing the outer layer of podocytes as they

f . cover the capillary loops of the glomerulus. A normal glomerulus is illustrated

20 in Figure 12A, where the complex architecture of the podocytes is very evident
as the branching foot processes wrap around the capillary loops. In a typical 7
week old Alport mouse, the surface of the podocytes in the glomeruli are notably
lacking in the fine filamentous branches, which have been obliterated by
swelling (Figure 12B). In the Alport animal treated with either FK506 or the

25  soluble receptor for TGF-B1, the surface of the glomerulus looks much the same
as that in the untreated Alport mouse (Figure 12C). This figure clearly
demonstrates that blocking TGF-P1 alone does not protect against the changes in
foot process architecture associated with advanced Alport glomerular disease.

Proteinuria was measured by polyacrylamide gel electrophoresis of

30 lyophilized urine collected at weekly time points during the course of drug

treatment. As previously mentioned, the presence and abundance of albumin in
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' occurs very rapidly (1 week). These results imply that the TGF-B1 inhibitors,

5  when used alone, do not improve the glomerular filter although they delay the
onset of proteinuria. This property is likely to be directly related to the inability
of these inhibitors to prevent foot process effacement of the podocytes described
above and illustrated in Figures 11 and 12.

It should be noted that drug administration to normal littermates resulted

10 in no discernible differences when compared to uninjected normal mice.

Example 7 )
Effects of TGF-B1 Inhibitors on the Double Knockout (DKO) Mice
Mice (DKO mice are null for both the collagen o3(IV) and integrin ol

15  genes) were injected with TGF-P1 inhibitors FK506 (2 pg/gram body weight,
twice weekly, intraperitoneal injections) or Biogen’s TGF-p1 soluble receptor
(25 pg per injection, twice weekly, intravenous injections) starting'at four weeks
of age. The kidneys were taken at 10 weeks of age and analyzed. The 10 week
time point was chosen since, in the double icnockouts, the disease typically

20  progresses to the point where significant irrégular thickening of the GBM is
observed, and the animals are beginning to progress toward's end stage renal
failure. Thus, if the TGF-$1 inhibitors are to provide additional protective
benefits, those benefits shoulci be evident at this stage in GBM disease
progression. Transmission electron microscopic analysis showed very clear and

25  consistent aiﬁ'erences between mice injected with the inhibitors and untreated
double knockout mice. A typical example of these differences is illustrated in
Figure 14. Figure 14B illustrates the typical profile of a glomerular capillary
loop in the double knockout mouse at 10 weeks of age. Notable are the
significant pockets of basement membrane thickening characteristic of

30 progressing Alport glomerulonephritis. The foot processes of the podocytes
possess a high degree of regular architecture with well developed slit diaphragms
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o with the soluble TGF-B1 receptor). While the GBM of most glomeruli do not
have completely normal ultrastructure (note the moderate GBM irregularity
apparent in Figure 14D), completely lacking are the significant pockets of GBM
10  thickening apparent in most glomerular capillary loops of untreated double
knockout animals (as in Figure 14B) at this developmental stage. In about 25%
of the glomeruli examined in this way, TGF-p1 inhibitors restored glomerular
ultrastructure to a degree where the DKO glomeruli were indistinguishable from
. those of normal mice (Figure 15A shows the GBM of a ten week old normal
15 mouse; Figure 15B shows the GBM of a 10 week old double knockout treated
with FK506). Considering that this is 2 weeks past the mean age of end stage
renal failure in the unmanipulated Alport animal model, this is truly a unique and
remarkable finding.
Proteinuria was examined in these same mice collected weekly during the
20 course of treatment. Samples (equivalent to approximately one half of one
microliter) were analyzed by electrophoresis on polyacrylamide gels. Albumin
was visualized by staining with coomassie blue. The results in Figure 16
illustrate that both treatment with either FK506 (Figure 16D) or the soluble
receptor for TGF-B1 (Figure 16B) markedly improved the performance of the
25  glomerular filter relative to untreated double knockout mice (Figure 16A).
Figure 16C shows the urinary protein for a normal mouse treated with FK506.
Notable is the diffuse group of bands evident at every timepoint in both the
normal and the DKO (Figure 16D) mice treated with FK506. This is always
observed in mice treated with the drug, and probably related to the nephrotoxic
30 effects reported in some patients treated with the drug following transplant
(Solez et al., Transplantation, 66:1736-1740, 1998).



10 10f 10%& ()-y' 10%& ()-, 109%&' ()-, 10%& () - 109%&' () - 10%& () - >h>>>; ?2~?2?2dEM?10
10 10s!-109&' ()- YI09%& ()-109&' ()- 10%& ()-F109%&' ()- 109%& ()- ?Z@ @ GAGAIEM?10
10 10, 109%& ()-s

+109%&' ()-)109& ()-1"' 109%& ()- @ 109&' ()-#g109%&' ()- AXAABSCTCUCVCYCr dV70
10Y109%&' ()- 10 10 10! 1l f810%& ()-1g10%& ()- YO 109%& ()-1.10%& () - YCEBFsGGH;
| dEdV70 10Y( 109%& ()-F" 109 ()- 109%& ()-10%& ()-SsF10%& ()-s10%& ()-S;

| j JIK, KnKKdEdV70 10Y7109%& () -5GL0%&' () - FAR10%& () - 2310%& ()- 0S 10%& ()-
“*y109& () - KULVLWLXL] LVMVNr S10! @S 10%448& () - 109&' () - ! 10%<<& () - &10%<& () -
10" 10 10! S99@ 109%&' () - NO PPVQORWX6r S10! ! 1) 10%<=<& ()-! 109%& ()-Z'19%
10%<=<& ()-Z! X! 10%.L& ()-2Z!3S 10%< gl : SS |

"10% </ <& () - RRSJTKTLTMIPTTr S10! 6s 1ocyfi(" mple®) 594 & ()- 10*<*< 10*<*<

I 11 i ARl o o S Pt i sk TGRS
110%(q( & ( ) - rrslnlﬂﬁrit&‘sl(i)l Sl«swih@%a{ell an@Prédression g@lpﬁi'ﬁGldli\Y&‘lﬂt)nephﬁ(ﬁs 10(
(010 27 bt iy 8 il
oo ()- w100 3 PG BOEFaielomet il MR CHGRY piger it 12
inhibition results in improved podocyte foot process architecture while TGF-f1
inhibition results in reduced matrix deposits in the GBM. Figure 17 is provided
to further substantiate the role of a1 integrin blockers in improving the podocyte
10  foot process architecture. Renal cortex was prepared the same way as that
illustrated in Figure 12. Figure 17A illustrates the surface of a glomerulus from
a 7 week old normal mouse. Figure 17B illustrates a glomerulus from a 7 week
old Alport mouse. Note the loss of podocyte architecture due to effacement of
the foot processes. Figure 17C illustrates the surface of a glomerulus from a 7
15  week old double knockout mouse. Note the near total restoration of normal foot
process architecture. These data are consistent with the cross sectional view
provided by transmission electron microscopy shown in Figure 14B, where foot

processes have excellent morphology in the double knockout mouse.

20 Example 9
The al Integrin Blocking Effect
In examining a plausible mechanism for this phenomenon, the laminin
chains were evaluated. Since it is known that the primary laminin found in the
glomerular basement membrane is laminin 11 (Miner et al., J. Cell Biol., 137:65-
25 701, 1997), it was believed that the appearance of a new laminin in the Alport -
GBM might contribute to loss of podocyte attachment to the GBM. Indeed,
upon examining the laminin composition of Alport GBM, the laminin o2 chain,
which normally localizes exclusively to the mesangial matrix in normal mice,
was found in the GBM of Alport mice. Figure 18 illustrates a series of panels of

30 glomeruli immunostained using a dual fluorescence labeling protocol.
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dry milk (BioRad). An anti-entactin antibody (Chemicon Inc.) was used as a
known marker for glomerular basement membrane at a dilution of 1:200. The
laminin a2 chain-specific antibody was a gift from Dr. Peter Yurchenco (Robert
Wood Johnson Medical School, Piscataway, NJ). The specificity of this
10  antibody for the laminin a2 chain was illustrated in Cheng et al., J. Biol. Chem.,
272:31525-31532, 1997. The antibody was used at a concentration of 1:10.
Primary antibodies were allowed to react overnight at 4°C in a humidified dish.
Slides were washed three times for 10 minutes each in cold PBS then reacied
with the secondary antibodies, which were also added together. Secondary
" 15  antibodies were a Texas red-conjugated anti-rabbit for laminin o2, and an FITC-
conjugated anti-rat for entactin, both used at a 1:100 dilution (Vector
Laboratories, Burlingame, CA). Secondary reagents were allowed to react for 4
hours at 4°C. Slides were washed 3 times for ten minutes each with PBS, and a
droﬁ of Vectashield anti-fade mounting media (Vector Laboratories, Burlingame,
20 CA) applied before sealing under glass coverslips. Images for each antibody
were digitally overlayed using a BH-2 epifluorescence microscope interfaced
with a Cytovision Ultra image analysis system (Applied Imaging, Inc.).
A glomerular basement membrane specific antigen (entactin) is in green,
while the laminin a2 chain is in red. In places where the entactin and laminin o2
25 co-localize staining is yellow. In Figure 18 group I, panel A represents
immunostaining of a glomerulus from a 7 week old normal mouse. Here laminin
o2 localizes exclusively to the mesangial matrix. Panel B illustrates staining in a
7 week old Alport littermate. Indicated by the arrows, the capillary loops stain
predominantly in yellow, illustrating that in the Alport mouse, laminin o2
30 localizes to both the mesangial matrix and the glomerular basement membrane.

Panel C shows immunostaining in the glomerulus from a 129 'Sv/J Alport mouse
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immunostaining in the glomerular caplllary loops (Panel D, arrows). The
predominant integrin receptor on the surface of the podocytes is integrin o3p1
(Patey et al., Cell Adhesion and Communication, 2:159-167, 1994). This integrin
is widely believed to play a key role in podocyte attachment to the GBM and

10  maintenance of normal foot process architecture.(Smoyer and Mundel, J. Mol.
Med., 76:172-183, 1998). As an example, it was recently shown that knocking
out the integrin o3 gene resulted in complete obliteration of podocyte foot
process architecture (Kreidberg et al., Development, 122:3537-3547, 1996).
More recently, a soluble a3p1 integrin receptor was produced and shown to bind

15  with high affinity to laminin a5 chain containing laminins (like laminin-11
which is a heterotrimer comprised of an o5, 2, and y1 chain), but not to a2
chain containing laminins (Eble et al., Biochemistry, 37:10945-10955, 1998).
Taken together with this information, the data presented herein support a model
where, in the Alport mouse, progressive deposition of laminin o2 containing

20  laminins in the GBM results in reduced adhesion via integrin a3f1 receptors,
resulting in foot process effacement. Blocking the integrin al chain results in
reduced or absent deposition of the laminin a2 chain in the GBM, preventing the
loss of normal foot process architecture.

To further substantiate this point, laminin o2 chain distribution in the 2

25  week old Sv/J Alport mouse compared with a normal littermate was evaluated.
At this very early stage in GBM disease progression, there were notable
“pockets” of GBM thickening sparsely distributed on about half of the glomeruli.
One such pocket of GBM thickening is shown in Figure 19B. The GBM and
podocyte foot processes are morphologically normal in unaffected regions of the

30 glomeruli at this developmental stage, however, at the regions of focal

thickening, the foot processes are swollen and effaced, much like the more
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surmised that if laminin a2 deposition results in loss of focal adhesion contact
with the podocytes, focal deposits of laminin a.2 in the GBM of 2 week old
Alport mice should be seen. This is indeed the case as illustrated in Figure 18

5 Group II. The arrows on panel B denote focal deposition of laminin a2 in the
GBM of 2 week old Alport mice. This is the earliest molecular change (other
than change in type IV collagen composition, which results from the inborn
genetic mutation) ever detected in the Alport mouse model, and corresponds
exactly with the onset of detectable GBM damage.

10
Example 10
Synergistic Effect of TGF-1 Inhibitors with o1 Integrin Blockers
. As illustrated in Figure 3, the matrix that accumulates in the GBM and
the interstitium as a function of Alport renal disease pathogenesis includes

*15  collagen al(IV) and a2(IV) chains, fibronectin, and entactin. As illustrated in

Figure 20 (first two lanes of each gel), the messenger RNAs encoding each of

these proteins is induced in the Alport kidney relative to normal controls.

Injection of TGF-1 inhibitors reduces the degree of induction substantially

(Figure 20 last two lanes of the gel). This may account for the reduction in

20  basement membrane thickening observed in the Sv/J Alport mice treated with

TGF-$1 inhibitors (illustrated in Figure 11).
This similar set of northern blots were performed using RNA from
kidneys from double knockout mice that were either not treated, or mj jected with
TGF-B1 inhibitors. These were the same mice used to derive data presented in
25  Figure 14, thus the drug injection protocol is described in Example 7. It is
evident from the data presented in Figure 21 that the administration of TGF-p1
inhibitors does not significantly change the levels of mRNAs encoding matrix
proteins as compared fo non-injected control versus double knockout mice.
There is, however, a marked effect on expression of mRNA encoding the

30  metalloproteinase inhibitor Timp-3 will add to probes (Figure 21, bottom row).

As evidenced in lanes 1 and 2, there is a marked reduction in Timp-3 expression
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in T1mp-3 expression is not observed in the double knockout mice injected with
either FK506 (lanes 3 and 4) or the TGF-$1 soluble receptor (lanes 5 and 6).

5  This same effect on Timp-3 expression was observed in Sv/J mice (Figure 20,
bottom row), illustrating that the ability to inhibit the suppression of Timp-3
mRNA in Alport mice is a result of TGF-1 inhibition inhibitors, rather than a
result of dual inhibition of a1 integrin and TGF-f1.

The functional importance of this observation is based on the fact that

10 Timp-3 is a modulator of matrix metalloproteinases, and has been suggested to
be a key player in renal basement membrane homeostasis and loss of
homeostasis in disease (Esposito et al., Kidney Int., 50:506-514, 1996; and Elliot
et al., J. Am. Soc. Nephrol., 10:62-68, 1999). A reduction in the expression of
Timp-3 metalloproteinase inhibitor will result in a corresponding increase in

15 metalloproteinase activity. Such an increase could cause basement membrane
damage, resulting in the activation of TGF-§1 with concomitant accumulation of
matrix. Breaking this cycle would thus result in the restoration of basement
membrane homeostasis, which should be manifest by restoration of GBM
morphology, which is what was observed (Figures 11, 14, and 15).

20

Example 11
Inhibition of Interstitial Fibrosis in Double Knockout Mice
Treated with TGF-f1 Inhibitors

The role of TGF-B1 in upregulation of matrix proteins and in renal
25 fibrosis has been well established (Yand et al., J. Am. Soc. Nephrol., 5:1610-

1617, 1994; Border and Ruoslahti, J. Clin. Invest.;90:1-7, 1992). In the double
knockout mouse, renal interstitial fibrosis is delayed, but does become wide
spread at about 10 weeks of age, and progresses through end stage renal failure
at approximately 15 weeks of age. Animals injected with TGF-B1 inhibitors

30 were analyzed using three markers for interstitial fibrosis and compared directly
with 10 week old double knockout animals that Wcre not treated with inhibitors.



11 10=0=0 9F4s10%& ()-9210%& ()-0g 10%& ()- 99* 10%& () - (
10%<& ()-9' 10%& ()- 2kl mquV7 11 1LL10%& ()-&310%& ()- 10% % 10% % 10%
% 1199 1096 % & ()- 7] 10%<& ()-L510%& ()- %i{NaBuV7 11 1L
| 10%& ()-10%& ()-, 10%& ()-!, 10983& ()- & 10%& ()- & " 10%& () -
Nog }A2uVv7 11 1& 410%&' () - &2S10%& ()- !'Dy/f 10%b& ()-&@ 10%& ()-!;
(10%JbUb&' () - 9F" MLO%&' ()-@)*+.rS1 1L 10% x| x& ()- 10%& ()- 10ZBzB
10ZBZB 10ZBZB! @ 10%ZBZB& ()-G @ 109ZCHE& () - GR610%& ()-zX6rS1 111D *
1098<8<& ()-!3 10%<& ()-!63 1096 <*<& ()-! @ 10%#<4<& ()-L 109%& ()-!L
10%<<& () - +[ r Snimhals Feosidjecied 16ing the santetprototol-as these-ustd togaateFigure | @
0 ! - % 0, ! - |
F210%<4<& () 14 in E%%z(i‘:’iﬁ‘m( )For< ﬁfg%?e%&%zﬁ ‘and 24, panel A is a control, Panel B is an
untreated double knockout, panel C is a double knockout treated with FK506,
and panel D is a double knockont treated with the TGF-B soluble receptor. All
5  of these figures represent low magnification 50X views of the renal cortex.
Figure 22 is a Jones silver methenamine stain, which is a standard histochemical
stain for matrix. It is evident that matrix is accumulating in the interstitinm of
the renal cortex in the untreated mouse (compare panel B with Panel A). The
renal cortex from animals treated with either TGF-P1 inhibitor, however, were
10  indistinguishable from the controls, indicating little to no fibrosis. Commonly
used molecular markers for renal interstitial fibrosis include collagen type I and
fibronectin (Yamamoto et al., Kidney Int., 45:916-927, 1994). Figure 23
illustrates immunostaining for collagen type I. Clearly, collagen type I is
accumulating in the interstitium of the renal cortex of untreated animals
15  (compare panel B to control in panel A). Figure 23 panels B and C illustrate a
relative absence of collagen type I accumulation in kidneys from double
knockout mice treated with FK506 or the soluble receptor, respectively. The
sdme scenario holds true for fibronectin, which is abundant in the cortex of
untreated double knockouts (Figure 24B), and much like controls in the renal
20 cortex of mice injected with the TGF-f31 inhibitors (Figure 24 panels C and D).
Collectively, these data indicate that TGF-B1 inhibitors in combination with
integrin alpha 1 blockers are affective at preventing (or delaying) interstitial

fibrosis in the Alport mouse model.

25 All references, patents, patent applications, and publications cited herein
are expressly incorporated by reference into this disclosure. It will be appreciated
by those skilled in the art that while the invention has been described above in
connection with particular embodiments and examples, the invention is not
necessarily so limited and that numerous other embodiments, examples, uses,

30 modifications and departures from the embodiments, examples and uses may be

made without departing from the inventive scope of this applic:ation.
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What Is Claimed Is:

1. A method of limiting a kidney disorder in a patient comprising

administering to the patient an effective amount of an o181 integrin

receptor inhibitor.
5
2. The method of claim 1 further comprising administering to the patient an
affective amount of a TGF-$1 inhibitor.
3. The method of claim 2 wherein the a1p1 integrin receptor inhibitor and
10 the TGF-B1 inhibitor are administered simultaneously.

4. The method of claim 2 wherein the TGF-B1 inhibitor irreversibly binds
to TGF-B1 and inhibits its ability to bind with its receptor.

15 5. The method of claim 2 wherein the TGF-B1 inhibitor is an agent that

inhibits the ability of TGF-B1 to transduce signals to the nucleus of a
kidney cell.

6. The method of claim 5 wherein the TGF-B1 inhibitor is a calcineurin

20 inhibitor.

7. The method of claim 6 wherein the calcineurin inhibitor is tacrolimus.

8. The method of claim 1 wherein the 11 integrin receptor inhibitor is a
25 blocking agent that binds to the a.1p1 integrin receptor binding site on the

surface of a kidney cell.

9. The method of claim 8 wherein the a1f1 integrin receptor blocking agent
comprises a peptide.

30



KLMMUX4 1! 10 10! 6Fs3 10%& ()-M 1Fs3 10%& ()-M F" 109%& ()-3!; F"

109%& ()-3!6F" 10%& ()- 3MNGhoP14 1S10%& () - zs

10%& ()-!8& 10%-& ()-!1 m0o%b& ()- s 10%& ()-s310%& ()- 109%raBl4 1S10
(110%8& ()- F"S10%& ()- , 10%& ()-!109%R2& ()-9S10%& ()-yglo%e& ()-6dE14
1S10 910% & ()-L310%& ()- 31&10%& ()- ~-&10%& ()-& ,

10% & .()- *10%& ()- @\: 1!Yg 10% - & (gsa' 1BYg 1091 & () -! @9

10%runmu& () 10% u& ()- 10z 10z 10zL@ 10% &' ( Z ~a?~\: 11! 03+

10% . & ()-)10% u& ()- FY( 10% u&'é -s110% u&' g) Y 10% & ()-m,

10%ruYu& () - 0. adkhemathacof elain & wheregn Swsreatifly is af deast 4 rf@ﬂmezt of

124%530% &)103; 3&'1 ((); %f 8%% %&&Z@ﬂﬁ%@f g@‘i’ sé%“%@?%“’élfb TP 00 g () -/ %

GdEoP1 entactin, and collagen type 4.

5 11.  The method of claim 8 wherein the peptide is an antibody.

12.  The method of claim 1 wherein the kidney disorder comprises renal

glomerulonephritis, renal fibrosis, or both.

10 13.  The method of claim 12 wherein the renal glomerulonephritis or renal
fibrosis is associated with Alport syndrome, IDDM nephritis, mesangial
proliferative glomerulonephritis, membrano proliferative
glomerulonephritis, crescentic glomerulonephritis, diabetic nephropathy,
and renal insterstitial fibrosis.

15

14. A method of delaying the onset of and/or slowing the progression of
Alport syndrome in a patient, the method comprising administering to the
patient an effective amount of an agent that inhibits signal transduction
through an 1P 1 integrin receptor of a kidney cell.

20

15. A method of delaying the onset of and/or slowing the progression of
Alport syndrome in a patient, the method comprising blocking an a1p1
integrin receptor binding site on the surface of a kidney cell of the
patient.

25

'16.  The method of claim 15 wherein blocking the a1p1 integrin receptor
binding site comprises contacting the kidney cell with an effective

amount of an o131 integrin receptor binding site peptide.
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entactin, and collagen type 4.

The method of claim 15 further comprising administering to the patient
an effective amount of a TGF-B1 inhibitor.

The method of claim 18 wherein the TGF-B1 inhibitor irreversibly binds
to TGF-B1 and inhibits its ability to bind with its receptor.

The method of claim 18 wherein the TGF-f1 inhibitor is an agent that
inhibits the ability of TGF-B1 to transduce signals to the nucleus of a
kidney cell.

The method of claim 20 wherein the TGF-1 inhibitor is a calcineurin
inhibitor.

The method of claim 21 wherein the calcineurin inhibitor is tacrolimus.

A method for delaying the onset of and/or slowing the progression of
kidney disease in insulin dependent diabetes mellitus in a patient, the
method comprising administering to the patient an effective amount of an
agent that inhibits signal transduction through an o.1f1 integrin receptor
of a kidney cell.

A method for delaying the onset of and/or slowing the progression of
kidney disease in insulin dependent diabetes mellitus in a patient, the
method comprising blocking an o.1B1 integrin receptor binding site on
the surface of a kidney cell of the patient. |
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5 26.  The method of claim 25 wherein the step of reducing TGF-B1 activity
comprises administering to the patient an agent that irreversibly binds to

TGF-B1 and inhibits its ability to bind with its receptor.

27.  The method of claim 26 wherein the step of reducing TGF-B1 activity
10 comprises administering to the patient an agent capable of inhibiting the

ability of TGF-B1 to transduce signals to the nucleus of a kidney cell.

28. A method of limiting renal fibrosis in a patient comprising administering
to the patient a calcineurin inhibitor.
15

29. The method of claim 28 wherein the calcineurin inhibitor is tacrolimus.

30. A mouse model for kidney disease wherein the mouse does not express a
normal collagen type 4 composition in the glomerular basement

20 membrane of the mouse and does not express the a 11 integrin receptor.

31.  The mouse model of claim 30 wherein the mouse does not incorporate
collagen a3(IV), a4(IV), and a5(IV) chains into its glomerular basement
membrane.

25

32. A method of screening an agent for use in limiting a kidney disorder,
comprising administering the agent to a mouse model for kidney disease,
wherein the mouse does not express a normal collagen type 4
composition in the glomerular basement membrane of the mouse and

30 does not express the a1p1 integrin rcceptof.
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