1. USE OF al (31 INTEGRIN RECEPTOR I NHI BI TORS AND TGF-11 5 INHI BITORS I N
THE TREATMENT OF KI DNEY DI SEASE FI ELD OF THE | NVENTI ON Thi s i nvention
relates to the field of kidney disease (i.e., kidney disorder) 10
characterized by gl onerul onephritis and/or fibrosis. In particular, this
I nvention relates to the use of- al (31 integrin receptor inhibitors in

ki dney di-sorders. Further, this inventjon relates to the use of al (31
integrin inhibitors in conbinaticon with TG-(3 1 inhibitors in kidney
di sorders. 15 BACKGROUND OF THE I NVENTION In the United States,

approxi mately 12, 000 people currently live with Al port syndrone. This

i nherited .disorder results in progressive renal disease that . is only
treatabl e by dialysis and kidney transplant. Transpl anted ki dneys are
usually rejected. Thus, alternative treatnents are needed. However, there
is 20 currentl IJSEd)FmdSEIIHmEGRBﬂI&ﬁEEﬂHEINHﬁBmTGEM di sease

onset or 5 progr eSNHIBITORSIN WiE TREAEMENT OF KIDNEY DISEASE hod t hat
attacks the . nechani smof disease onset and/or progression, .one that could

substantially slow disease conditions, such as renal gl onerul onephritis
and renal fibrosis. A nunber of kidney di seases are associated with
alterations in matrix 25 honeostasis, where the delicate bal ance of
synthesis and turnover of stFIRIINON THEDINVENGION interrupted. As one
exanple, A po'rt sgndr one, is a disease resulting in _progressive renal

failure and is a yerndign plptes tethedicldeliddneydisasse f.e.  ladeey diagrdetkarri er s,

are nost; aff rev. Les in the
ng orrerul ar bggrrgﬁeg%?éangﬁoglﬁéﬁgw ﬁnd?c#r;‘lfeﬂgﬁﬁs ﬁl&%&}l%gﬁ@{%g +& About one
in 20,000 peelpleetday ascbaiPl iateaen eemRptoiEikhibilofstia kidlieyfigedepe of thg nor e
preval ent known genetic disorders. See, for exanple, Atkin et al. Al port

. Syndr onme" |ﬁuﬂhwtlmmmm&e1@taa\to thytltssoﬁalllil (ﬂi@m)mhﬂntoﬂmeases of the

Ki dney, 4th ed Cha ttle Bro Bost o pp. 617-641, 1988. X
" :linked Al pBP‘Pb fien '@?\‘B]r%f EEHQ’&F‘H & G150TdERSi o5 of nutations in the
col  agen 4A5 gene (Barker et aI ; SCI ence, 348:1224-1227, 1990). At |east
60 .

5 BACKGROUND OF THE INVEN'I‘ION
: In the Umted States, approxunately 12 OOO people currently live Wlth
Alport syndrome. This inherited disorder results in progressive renal dlseasc that
is only treatable by dialysis and kidney transplant. Transplanted iﬂdneys are
usually rejected. Thus, alternative treatments are ne.edcd, 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
.nechanism 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 uitrastructural studies reveal
abnormalities in the glomerular basement membrane (GBM) of affected | .
30.  individuals. About one in 20,000 people have Alport synd;omé, 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.),



different nutations in the gene have been identified. The autosomal form of
5 Al port syndrome displays the same range of phenotypes as the X-1inked
form and results fromnutations in either basenent nenbrane col |l agen gene
4A3 (COL4A3) or 4A4 (COL4A4). See, for exanple, Lemmink et al., Hum Mol.'
Gen., 3:1269-1273, 1994, and Mochi zuki. et al., Nature Cenet., 8:77-81,
1994. .OQther diseases of the basenent nepbrane include Goodpasture-
syndrone, which 10 is due to an acute autoi nunune response directed agalnst
an epitope on the NCI o}g‘rral n of collagen 4A3 (Hudson et al., Kidney Int.

1 43:135-139, 198%§%es gh AR 4t adoi Grep ot Litsie Brown,Ftostan pprelgtétipuscl e
tunor that is S tion,of -both coll agen 4A5 and 4A6
(Zhou et al. l%g g?lglgk&ﬂéﬁﬂoﬁ‘sﬁ@%&a%%gy wHeL Abmptaienindies ar e

speci al i zed moﬂlagmAﬂ&eme@imteUﬂesS‘c@ﬁ&ogwﬁﬁh 1997 ’1‘9§t§afA zeagé/ y organ
|y found at the Boun et ween

and tissue |w 6@“%% They are usual :
cel I's and corfietP tious ui Bﬁﬁnqwebbmdﬂalﬁeduﬂﬂlehmﬂfoﬁ@bt‘hel ial and -
endothel i gl cabbg, | oner cluster of
horl o) 2, SRbbReviohd dilltaTRC i Anll A1 ST BBl piaren ¢
i ncl ude type an¥reslts agenmutaannmlmmbﬂmemwwxﬁlﬁﬁﬁe&ﬂag&ﬁg&% , entactin,
and sorretl gmgnﬁé%#Q dl ype V col |l agen. The nos 1y represent ed
conmponent . e§3q,§)ft6}§@ple%@umuﬂ¢ﬁml Hunh Aoi.nct .
col | agen tym f, auréoon S ve form type
IV, like all go | agens, ﬁl lsgpég?rﬁposegﬁlzﬁgr%f«?&?’éfel%g% %rg‘?é Lul4- assenbl ed
inatriple ﬁEhWﬂI@BSQsmﬁhfshasagemfmdnlﬁﬁnmt:luﬂ@G%bﬂ?ﬂts orﬁ@%vlﬁé}f( al pha
eferre

‘chains ( 14ﬁ@et 41tand4A20ha|ns'aIsor to as. the-a 1(1V)
and a2(1V). chal sy “BAEY ﬁ‘B°W§W“e%mﬁ§ﬁdmtﬂ4wgamamﬁmcctpemnthamms? 502

1989). Type ﬂé{nﬁﬂtﬁ‘%ﬂﬁﬁ@m@ﬁiéﬁds&ﬁ%l'fg%]a‘?f%%al 4311289 5b 201503 aaﬁea nunber of.

ways. The hel:jcal. structure of the S not
strictly adhgifBise iiempomipsis rebenigh smddth nidecle harsbal is Assotibed wamld agens; it
contains 3-h ol 4- hydrox proline, and is rich in
car bohydr at exg{ﬁge &;bsm]:’ F‘?‘#&egggéﬁeg%&@h@u gifal3 c‘é’éﬂel %@éhlﬁ'/'sl]&%hl cken
wire-like net¥3)k of basement nmenbrane collagen. This network is the

- foundation onto which the accessory nol ecul es. (I am nin, heparin
15 Basement membranes are Spcc1ahzed extracellular stractures associated

with nedrly every organ and tissue i the body. They are usually found at the
boundary between cells and connective tissue, but may also be found between
epithelial and endothelial cells, as is the case in 2 kidney glomerulus (i.e., chister
of capiltlaries). The predominant building bloc;ks of basement membranes
20 include type IV collagen, laminin, heparin sulfate proteoglycan, entactin, ﬁnd
someﬁme§ fibronectin zind“type. V collagen. The most highly represented
component in all basement membranes is type IV collagen, a distinct collagen
~ type found only in basement membranes. In its native fonn,' type IV, like all .
collagens, is coinposed of three collagen molecules assembled in a triple helix
25 con31stmg of distinct combmatlons of the six alpha chains (4A1-4A6) The 4A1 -
.and 4A2 chains (also referred to as the a1(IV) and o2(IV) chains) are the most
common (Timpl, J. Biochem., 180:487-502, 1989). Type IV collagens differ
from interstitial collagens in a number- of \.v.ayls. The helical structure of the
alpha chain association does not strictly adhefé to the glycine-X-Y motif
30 . observed in other collagens; it contains 3~hydroxyprolme rather than 4-

’ hydroxyprolme and is rich i carbohydrate The resulting superstructure of



sulfate, etc.) bind. Basenent nenbranes are very heterogeneous structures,
whi ch accounts [ 5 for their diverse functional properties. The conmplexity

of these structures is still poorly understood. Several novel basenent
menbr ane col | agen chains (alpha 3, 4, 5 and 6 chains) were only recently
di scovered. See, for exanple, Gunwar et al.; J. Biol. Chem,

266: 15318- 15324, 1990; Hosti kka et al., Proc. Natl. Acad. Sci. USA;
87:1606- 1610, 1990; Butkowski et al., J. 3Biol. Chem,6 262:7874-7877, 10
1987; and Zhou et al., Science, 261:1167-1169, 1993. Interestingly, the

novel chai ns dvlagebiserchicken &ierike rietwerk of basenichBme@8rane collagehh&h@yy oner ul us -
of the Kkidney, the Decipet's, nmenbrane of the eye, the lens, the skin, the
“lung, the tedtstyorkdsthe leundagion paty)whichthe acegssary mpleuiles(lamipin, bepariz) | Am

J. Pathol., 134s 1989, and Tryggvason et al., Kidney Int.,
, 43:38-44, 199?@ ééfrcgﬁjznq's of these novel chains in basement nenbrane

assermbl y and funct i BikehientremBrhtsy/are Yoy HMogehbodsStraSiuk @Y RlichhiRbountiese

novel basement nenbrane collagens form separate networks distinct fromthe
" networks of5 cdbr thgtrdiverprefimational propekips. aFie complexityaifithage struetins dsystill

gl orerul ar basgngnt. r-angs. Me),.are integral to.the 20.ultrafiltration

o ocess (1. o PORO B AGto Savere opro it bR Sep R el Ry |

excretion in t4)g, et 6rkfing) Wei‘@enl? SécebfipdBbdkbredASee) for 8XMB1O GunwosY ts in a

massi ve accunul ation of extracellular matrix and a conprom sed basenent

_rre][ﬂlar ane, resflls ol ﬂ’?@egﬁﬁdlﬁﬂl%%nl%ﬂo; éioéﬁiﬁﬁ(ftd i Nl Adade. .
tion.of.t ,  t he
@5 uti oy Srh i S0 Ttp. 18R R P RO Cherty TR W Bod 2

tesult of 10ki d98Y; drl Theme) al Meivnc) 261112632169, 4903 alifbrestinply, 18 idvel nol ecul es

(e.g., collagen  type |, fibronectin, [amnin, and collagen type |V) also
progressi vel y cﬁ@éﬁﬁm"'abeéﬂ foyndianly @mvﬂ@ptﬁaquéﬁgsﬂmglwnm%mﬂt%%m in -

Sepencnt o Sughe, BEIkS MR e L WSS OBIELAE, () OO
t he GBM" whi cltedtis, avidethacdchidayt Sz, fifr exAhple; Klepyelat alyedm AL Phfplintegrins are
a famly of Nehgraq iRl {dko! LAl Ty Eavasan gt al., Kiohy Iees 43:38-44, 1993 The role
15 - -of these novel chains in basement membrane assembly and function is currently
unknown. It is believed that these novel basement membrane collagens form
separate ﬁetworks distinct from the networks of collagen types 4A1 (a1(TV)) and
-4A2 (02(IV)). '
Kidney glomefular basement membranes (GBMs) are integral to the
& - 20 ultrafiltration process (i.e., in which blood is filtered to remove metabolites for
B excretion in the form of urine, for example). Alport syndrome results in a
massive accumulation of extracellular matrix and a compromised basement _
membrane, resulting in focal and segmentat glomerulonephritis (i.e., :
inflammation of the capillary loops in the glomeruli of the kidney), wlﬁch
.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 1, fibronectin, laminin, and collagen type IV) also progrcssively accumuiate
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. - T |




receptors that bind.to conponents of basal |amna and extracellular matrix.
They function as adhesion nol ecules involved in cell aggregation and in
anchoring cells to basal |lam na. They al so transduce signals to the

nucl eus, and are 5 involved in nodul ati ng gene expression, particularly
gene expression.for cell mgration and cell differentiation (Hynes, Cell,
69: 11-25, 1992). Over 20 . different integrin receptors are known, which

i ncl ude about 14 different al pha. subunfts and about 8 different beta
subunits (Di Simone, Cuyrr. Opin. Cell Biol. 6: 182-194, 1994). 10 In the
renal (kidney) g o?@?éﬂt taff'éﬁ@meeofdlemamensmnsmémblahegﬂympwt@iﬂeptors

These are-assg & L | a trix ( nmenbr ane

t hat hel ps suppoé tﬁe cap Iﬁtgnﬁ) uoﬁggqs%qgmﬂaeqq’ap ?@ﬂ]’ﬂ%r’fhﬁ)’/i scer al
epi theli'al celfiketioivas ﬁlheﬁbn ﬁiolecu@@hhvod\féhﬁiﬁ lcél'l‘a%% : 1994).
The nost preval gr| n receptor on adult @ orrerul ar viscera

epi thelial ceff P@‘”?"’i anpgga. obhe mﬂmmgmblterthemmleuk a:RhaziaoL
141: 571- 57 Ad 9- 167,
1994). The§( 3@?%?{?#’@?&%@ °§ %é%ﬁsmq,g Irgg’gg 8@"???1%5%"‘3 i sceral

epi t hel i al  cemligrafotparaie!laliffatbatiation (HyASh€8i,Q9: 1 COSMHBDS. - Ovar 2 1- 325,
1995), and the._al, a3, a5, aV, (31, and (33 integrin receptors are

expressed dev ﬁ%ﬁ?%ﬂ@&%ﬁ@k@m@ymﬁbmmt b4 diffaredrapinen et al .
Lab. | t Bi.ol
132" 112\{63176 1996 d}%ﬁm&%ﬁ%@ F‘ﬁ’t‘m&m‘s}iﬁﬁﬂ%u@f{ cQﬁWuFFEB“’Ia 311- 325,

1995). The alﬁ@&llﬁﬁtlé%)dl meric | ntegrin receptor is the only integrin
qeceptor identified on the surface of mesangial cells in the renal.
gromerul U . A ger® thowse ﬁﬂt@@nmﬂush&ee&rcdisagcnsmsrcﬁ’aﬁwgﬁn subunit has

been 25 prodyg h nctlo shortly after

birth (Krei dbeE%tQJ ?h%%%g&%t%‘ﬂng§§§e ggez%w )ma %&-%4 42 rastruct ural

pat hol ogy of mtmbMahhelﬁMpp@t)ﬂf&&ﬁﬂﬁfy kabssmrma{m élohfé%’hg y sinilar
a

to that observed g{jvanced port syndrone.. enent nbr ane
appears rar ef |’@8“’EFPI ahqe%ﬁ#%frqtﬁl Coll dilleavik, C@fhmunea 159nt67$m994)) and the

foot pr oCess eti@fod BRMoffteahin FRl EOREb) Bhud bl RS IiRRd o "oF O

I

- ligand for the a3(3 recepto st al .,
Lab. | nvdst. 1stheoaqsmheﬁﬁaduix&e@.dlap.dm@mmht14ﬁ57§157851992 and Patey et

al,, Cell Adhesion Commun., 2:159-167, 1994). The 85 subunit has been shown

to be expressed in adult visceral epithelial cells (Yamada et al., Cell Adhesion .

Communic., 3:311-325, 1995), and the a1, a3, o5, oV, B1, and B3 integrin

‘ receptors aré.éxpresscd de;rclopmentally. during kidney morphogenesis

e - 20 (Korhonen et al.,, Lab. Invest., 62:616-625, 1990; Wada et al., J. Cell. Biol.,
132:1161-1176, 1996; and Yamada et al., Cell Adhesion Communic., 3:311-325,

1995). The ol P1 heterodimeric integrin recebtor is the only integrin receptor . -

identiﬁgd on the surface of mesangial cells in the renal glomerulus.

. A gene knockout mouse at the a3 integrin receptor subunit hasbeen

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 medel is remarkably similar to that observed in advanced
Alport syndrome. The basement membrane éppears rarefied (i';e., irregularly
thickened, thinned, and split) and the foot processes of the visceral epithelial

30 - cells appear fused. Since oﬁe ligand for the a3B1 receptor is type IV collagen
(Krishnamurti et al., Lab. Invest., 74:650-665, 1996; and Rupplzecht et al,,



“Kidney Int., 49:1575-1582, 1996), and since this receptor |ocalizes al ong
the plane of contact between visceral epithelial cells and the GBM
(Baraldi et al., Nephron, 66:295-301, 1994), the observations |isted.
above for the a3 integrin knockout support a nodel where such ;
integrin/ligand interactions play an.5 inportant role in basenment nenbrane
devel opnent. In a normal aninmal, the ty?e IV collagen in enbryonic

gl onerul ar basenent nenbrane (GBM up to the tinme of birth is conprised
entirely of the al(lV) and a2(I\Qﬁ)chai ns glré_eferred to.as the lcll assi cal
col | agen chaiKighey Biod4:1575-Hi82c 1996)rand singe this eacepipelocalizes fangitheéccur s where

- chaina). al b dHeas 9tpoRBruERisoRl ARl el Fbd R AMRAIG JUS | [ 20°7
chai ns- beCO"‘%\é&{hﬁ%r&f;@_ﬂlﬁw, 19997 & SbetvatibiQistdDAR0E for theaB ilbegdiM nor & San

e
es, J. Cell rol .; 879-891, 1994). In the adult kidney a thin |ayer of
GBM conpr i seckmtkdtsuppori(dipdel ndhereadich integrindligand|intemctignsplayient o t he

endot helial cell |ayer,. ile the iority of the 15 full thickness of the
GBM i s corfpr imﬂé\‘tr‘f’{%ﬂgﬂﬁeﬂ%‘%mﬁ@gﬁ flc‘éc?(@'%e@%'l V) chains (Desjardins & '
Bendayan, J Cell. Bi ' 689- T ﬂ%ﬁﬂ, “ﬁfﬁ F ., J. din.

| hvest., 78:1035- 1‘55%!OTT§%%§99T%3}% S Dl ogﬁg%%ca %?%é%ﬁnﬁguggest I ng
that the two ghséheitemirais(GEMER teibe tiretudbirth ismompsispd eatirelyrafttheor ks
(Kl eppel et at., J. Blot Chem, 267:4137-4142,, 19921). In fa #é%,‘
nephritis, nmlﬂ‘ébmﬁmm@i(te&@edﬁﬁ%ﬂﬁ@}%mPﬂéﬁl%aﬁwsg]e OIEY pr essi on)
in either the a3(ly), ,th a4(l r the a5 : ' he
{absence of alafier ﬁlF&aéﬁ‘éﬁ?Wq"&Plt\slﬁgcg%‘s ﬁeé'é @%%?@Ogaxe‘{@%%‘?gggygr y
associ at i QNS iR ARG 6 S4HhR noRa TBIRlen chifing) 426 cIeBY deeeablerindliair e.  Thi s

results in the presence of al(1V) and a2(I'V) chains throughout the full
t hi ckness of GBM,GRAMheTHIEY) andpd(IV)wbhing hesonraprederairnily losalizaddodht f ace of

visceral epithelial_ cell's [.n the Al paqrt Kidney,ti -t ki dney of an
! ndi vi dual - wimesangibmatr yiRes %aa?se?‘i‘&ff”}élgfo -eﬁzé@ﬁ?“g??’ [ L% %o |
uncharacteristic t, | V..GQh I . | &R | L LD ; J4ae study has
addressed the rel a%ﬁ@%%ﬁqﬁﬁ@%%ﬁmﬁ I@Fscergﬁhé%?ﬁ]%ﬁgk&gg)l s to adhere
to type |V _Cd?iqm?&ﬁiﬂ@l{ebaajaaei@tdih%ﬁd&lmammmyeﬂ ivils themdjokiopiofthe hat  t hey
adhere 30 signiticantly better to basenent menbrane conprised of .the novel
chai ns when 6full thickness of the GBM is comprised of the a3(IV), a4(IV), and aS(IV)
|  chains (Desjardins & Bendayan, J. 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

(Kle;;pel et al., J. Biol. Chem., 261:4137-4142, 1992). In familial nephritis, null

| ( 20 fnutations (i.e., mutations that destroy gene expression) in either the ‘a3(IV ), the
| o d4(IV), or the dS(IV ) genes results in the absence of all fhree chains m the
- GBM, presuxﬁabiy due to 6b1igat0ry éssociaﬁons in macromolecular assembly of
‘the GBM suprastructure. This results in the presence of ol(IV) and a2(IV)
" chains i‘.hroughout'the full thickness of the GBM. Thus, type IV collagen
25 recéptors on the surface of visceral epithelial cells in the Alport kidney (ie., the
kidney of an individual with Alport syndrome) are in direct contact with 2 GBM
of uncharacteristic fype IV collagen chain :femposition. At least one stﬂt_iy has
addressed the relative ability 6f the visceral epithelial cells to adhere fo type v
&)Ilagen with these different coml-)osit.ions,zand' found that ﬂmgy adhere

30 gié,niﬁcantly better to basemént membrane comprised of the novel chains when



conpared directly with the classical chains al (l1V) and a2(1V). This
adhesion could be blocked with anti bodi es against the a3integrin receptor.
A mouse nodel for the autosomal form of Al port syndrome was created by
targeted nutagenesis of the COW procol |l agen gene (Cosgrove et al., 5 Genes
Dev., 10:2981-2992,1996). The ani mal nodel devel ops a progressive .

gl omerul onephritis with the onset of proteinuria at about four weeks of age
and a nean age of death fromrenal fail fre at about 8.5 weeks in the
“inbred 129Sv/J background. U trastructural changes in the GBM are observed
as early ‘as on€om insfotly yath theclasdicad olins i | AV afBio @) Mfls @h?ﬁ?dﬁ i by 3
weeks of age, .to-ﬁn[% efore the onset of protelnuria. tracellTular matrix
conmponent s inc'ftﬁlt# fyPlorkediwithantibogdiep against g ¢digegrimteeqstoy.can, - fi bronectin; .

and entactin accurruA%oe I n %’33 @M This, mouse is referred to herein as
the "Alport” nouse.’ THESARQArhIPEEe FHtaspmaldorm of Alpor syndiowie wesrmraaled GBM and
t he mesangi um byatargetedwitthdeBsi®bf the TR 44 resshon is eature
shared by a vari etg@ f 15g gl (;mer%ll ?rédl seﬁ%gg{l%)eg%ﬁﬂ?ﬁé%sgq"&é?{’and in

057 gV 252900 e M g S0
Kalroger . 118 1%&'&%@&’%&1@@%@ ‘ﬁ%%ﬁ&ﬂ%et(?? pié’lt‘?i‘,‘ﬁﬁ@tiﬁbpuﬁ\@phﬂgﬂks, ofrge2nda214,
N Engl 3. Methy 310 Te7 Jaaen auBoutdtod g ecks G BRIV Toarat o
of this effectarkgremdudfitrastmotum) changes inthe GRYIRYOBsdr e arkgHEBHRL i cal |y
(ooi ot al . Brok O RePh BfolgRoi e BRLoP Rosbeiomennin’ sosbs ofsmn oy et
al., J. Qibn. langwestre the@Dset4BBrotdidurid 984 acelion 'mﬁ"’{'@d"?%é&rﬁ&ﬁg;l%lﬁ@ﬁgr essive

gl onerul ar di ?_or.de(rels ov,er-Pr-oduction of 25 the transTorl h factor
TGF- (31 seens A5l drppsia spifategueteogyennibronebiin, and entvtin béounugdite in

extracell ul ar geRSENAXThe A0y P;.t Lhrosis. (i.e.,..the formation of fibrous
ti ssue). See, for exam?@ugglgrrgfgyegt‘hﬁ?fgﬂ%ﬁtﬁ? ‘Niﬂ‘?ﬁr &QUsEndon) , |
346: 371- 374, 1992; Theaguahladbn of ekt ’ oa Qi h6L7, . 1995, and
Yamanot o, et al .., _Kidney Int., 45:916- 92%&@%§Htﬁénc*grﬁgﬂ$#§lmﬁ?5@fm’f or 30
aut oi nnnune n%gﬁ’rﬁlp‘ftl‘%l,"fir‘?ﬂﬂéétsﬁﬁnmgrbssamibarfee&uﬁcishﬁféﬂébyziﬁrfé@:of)l, or

anti sénseys ol i B L gle s . the corresponding mRNA I nhi bited the

progr essi ve oAt <5 bolPin phficfid and i Sxperinibntal animal systems. See,

for example, Goyal & Wiggins, 4m. Soc. Nephrol., 1:1334-1342, 1991; Wilson
etal, Contrib. Nephrol. Basel, Karger, 118:126-134, 1996,; Ra,_z:zaque et al.,.
Clin. Nephrol., 4_!6:213—2 14, 1996; Yoshioka et al., Kidney Int., 3.‘5 :1203-1211,
1989; and Klahr et al., N. Engl. J. Med., 318:1657-1666, 1988. In diabetes, the
( ) 20  primary mediator of this effect is thought to b; prolonged exposure to non-
enzymatically glucosylated serum proteins resulting from chronic high glucose
levels (Doi gt al., Préc. Natl, Aead. Sci. U,S_'A, 89:2873-2877, 1992; and Roy et
© al,J. Clin. Invest., 93: 483-442, 1994),
For the majority of pro gréssive glomerular disorders, over-production of
25  the transforming growth fa;:tor TGF-B1 seems to be closely associated with the
accurnulation of extraceliular matrix leading to fibrosis (i.e., the formation of A'
fibrous tissue). See, for example, Border & Ruoslahti, Nazure @ondon),
346:371-374,1992; Yang et al., J. Am. Soc. Nephrol., 5:1610-1617, 1995; and .
Yamamoto et al., Kidney In., 45:916-927, 1994. Tn an animal model for
30 gutoilnn}t_me nephitis, injection With githér aﬁtibodies fo TGF-?I,_ or antisense

oligonucleotides to the corresponding mRNA inhibited the prbgressive



7 gl onerul onephritis and the accunul ation of extracellulac matrix (Border
et at, Nature (London), 346:371-374, 1990; and Akagi et at.; Kidneylnt.,
50: 148- 155, 1996). The half-life of basenment menbrane collagen in the GBM
of the rat has 5 been estinmated. at between 16 and 40 days based on
pul se-chase studies withH proline (Daha et at., Nephron. 22:522-528,
1978). This is-very slowin relation wth the turnover of heparin sulfate
prot eogl ycans (t,n = 20. hours) or other7 sulfated nacronglecules in the .
- GBM (t,n= 20-60 hours). The accunul ation of basenent nenbrane proteins in
the GBM of t :gleﬁﬂ’d lﬁ‘?&'ssﬁldrfﬁg%ct&@&wn%ﬁxﬁ‘ﬁheﬁbl@'mam%&ﬂer etal,
Dev., 10: 2981-29 Is likely the net effect of changes in both the
© synt hesis andVathee @egdtada346<ﬁﬂles74,ﬂ8% apd dvkagig. al OKidnes I $0d48dS3i nvol ved
in the tur novgr of both GBM and nesangial nmatrix, the nost characterized
are the me t&PY prote| nases MM2 (72 kD collagenase) and MMP-9_ (92 kD
col | agenase), as aﬂsh% ?éﬁ lbSded e degr ade
15. type IV coll agen In a 5 I on ern?g%a varlcé%l?/ %{‘ﬁgtﬁ%er e%fﬁlg\(%dlﬂlaﬁl ar ,
matri x Cmmditembﬁnnat%stajmwdn ToearidsA(( dayd bpsed lvatpujseothiase stydionwith’Br cel |

a6 ol F‘LZ"TF;{c&?é’ece 358 Sntle Neairip RPSEE 97, 7o T PR B BRo% roce are

relatively | quy ¢ M6 ORE A/t Ns=20Houl Qs8thed | MP-1 i's
speC|f|c f or strorm ls)?ér{o\j@g n&@faeﬂbv\h% TSAE’ 2 and TIMP-3 will inhibit

MVWP- 2 ( Gol dbemtfatet na!crqmdlemr}es 1hlah¢ GBM\{as= 2660 hous), The agromlgperf§ 19809;

ot Al s 5. Eitisbeiest GibratproinA 4R dha M S5l Mo T e FRNELC SR "

et al | oprpf eifas E‘@er@%ebh@wgsmm g@@é} .iaglkah@hé@fﬁect 8fchangesiifbythpl ay a
role in maintaining appropriate [evels turnover. Wiile littleis

known regardlﬂlgsmﬂmsm@gdlﬂmdegm@mnhéﬂgeme@t@ﬁ:(ﬁfﬁgPF‘PFQ@“@S pwvelvels in the

gl oner ul us, ra ia int. r t | 1 ul ar
Pt i ni crag Prayer APt CPfant ey GERE st S 20E 1 7
need for ani f}ﬁétamiﬂ&leﬁm&sammmagmﬁmdn@gmase;&en@mcmmm one in which
- the di sease progression is slowed signifi-cantl ){_h Ther e
=

- collagenase), as well as MMP-3 (stromolysin-1). se enzymes will degrade
. type IV collagen, i in addition to 2 variety of other extracellular mafrix

components. -
Mcsanglal c¢ells (and probably other glomerular cell types) also produce
. natural inhibitors to the metalloproteinases. These are called TIMP’s (for Tissue
_ Inhibitors of MetalloProteinases). These are rclatwely low molecular weight
- 20 . glycoproteins. Of these, TIMP-1 is specific. for stromolysin-1 and MMP-9,
| while TIMP-2 and TIMP-3 will inhibit MMP-2 (Goldberg et al., Proc. Natl
Acad. Sci. US4, 86:8207-8211, 1989; Staskus ¢t al., J. Biol. Chem., 266: 449-
454, 1991; and Stetler-Stevenson et al., J. Biol. Chem., 264:17374-17378, 1989)
Modulation of the metalloproteinases and their corresponding 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}) intéraction may be a key aspect in this process.
There remams a need for animal models for Alport syndrome,
: 30 ﬂ partlcularly one in which the disease progression is slowed significantly. There .

also remains 2 need for new therapies to treat kidney diseases associated with’



al so remains a need for new therapies to treat kidney di seases associ at ed
with s nmnmesangial matrix expansion, and progressive matrix accunulation in
the glonenl ar basenent nenbrane and the tubul ointerstitium including

Al port syndrome and insulin dependent diabetes nellitus, for. exanple. 5
SUMMARY Di scl osed are various treatnent nethods for treating or limting
(i.e., delaying the onset of, slowng t progression of, and/or reversing)
a kidney disorder in a patient (preferably, a mammual, and nore preferably,

a human). T Fﬂé 9@8@ [gre erabl i ncl ydes renal

gl omer ul onephri ranal T RS PRSI IVB&WWW@Q)M can be

associ at ed ngdinerﬁtarbﬁmmmltﬁten&ﬁ{érahdﬂ%’ﬂ&gﬁl‘aﬂﬁ t?t%,tl ﬂgﬂlﬁfﬂgtm%brt”esangl al
erative

proliferative g] omem gnephritis, nmbr ano Y

gl omer ul onepRyidrPme a@ﬁé%%‘@ﬁﬁeneﬂgbnimhﬂasmqﬂhmstﬁosc:xamiplabet i ¢ nephropat hy,
and renal interstitial fibrosis. In one enbodi nent, the nethod. involves
admi nistering to the patient. an 15 effective am)unt of an al al

i ntegridreceptor inhibitor. Thi sal f [ in. receptor inhibitor can be
a bl ocking agent that binds to the éb(l\gg&‘gﬁyegri n receptor binding site on

bopt L de fragment bl&%)édgl%l‘}am g]?ect elgtljﬁ-k‘rom&’sgtﬁp rezﬁ%%pol%gongpsﬁlt nlgeaSt o

pept i de frag&gr glrﬁot ein se of

| ami nin, i (t > dehtymeithsonsgief, dowingtba progpession of] :tmit’dnart;vetﬁhgj t he

bl ocki ng .20 her agents that in .e.,
ey (ﬁ@&d@?ﬁfh@ﬂ# hp@géfem Peﬁ%ﬁys@an al so be

I nactivate) the al (31 1nt Inrece

used. | n andwiven). e'ﬁh@ktldmejnthsotd&emféﬁérm mdlk&/déb Yl t he
pat i entr% éﬁ)ffect [ ¥’Hﬂ unt of .a TG-- ‘?l 1 hi bi togﬂﬁt&gﬁggél on’ {cgalt he al 131
re

i ntegri hRsgs or heé?wnﬂﬁmcamhequa@dmﬂl ﬁuammptn,sm red
si mul t aneougbydr f‘»‘lﬂlﬁﬁ se ent I The TG (31
b 61%e9[DDR{Fn t hat’ |rr Slup ﬁfeflatw& B’ %‘W"B 1 and inhibits

I nhi bi'tor can bé an -agent
its abili tymmllittarmjpmhfmmrsglbmeﬁﬂm&phmﬁ E%E@Elb\gﬂxﬂemlédéﬁ §- &F-Pi i nhibitor
ran

can be an ag_ﬁ@tt tha n bits the, abi lltpi/ of TGF duce signals
to the nucl Eﬁn an F‘?nall?t‘ﬁ‘@fﬂ“& @Proslype of inhibitor is
preferably a cal to rolinius (comercially ' '
avail abl e as 30 &%%?hﬂg ﬂ'ﬂhplﬂl ?@0 Veﬁ ﬁ&g}r@st?r,m%to e hakentaat e)

TG (3l 1y “efiféveive eR@MANO S4B B1 integriri receptor inhibitor. This el B1 integrin

receptor inhibitor can be a blockitxg agent that binds to the «1B1 integrin |
‘receptor binding site on the surface of a kidney cell. The blocking agent can be |
- anat least 9-meer peptide fragment of a protein selected from the group consisting,
~ of laminin, fibronectin, entactin, and coltagen type 4. Altcmatwely, ths blocking
29 ~ agentcan be an antlbody Other agents that inhibit (i.e., inactivate) the 1 Bl
infegrin receptor by other mechanisms can also be used.
| In another embodiment, the method involves administering to the patient
an effective amount of a TGF-B1 hibiltor in ttddition to the 11 integrin receptor
inhibitor. These i'n;hibitorscan be administered simultancously (e.g., asin a
25 r_nixture) or sequentially. The TGF-B1 inhibitor can be an agent thatixreversil')ly
binds to 'I‘GF—BI and inhibits its ability to bind with its receptor. Altemaﬁvely,
the TGF-$1 inhibitor can be an agent that inhibits the ability of TGF-B1 to
tmnsducc stgnals to the nucleus of a kidney cell. The latter type of inhibitor is -
preferably a calcineurin inhibitor, such as tacrolunus (commerclally available as

30 FK506) Other agents that inhibit (1 e. mactlvate) TGF-f1 by- other mcchamsms
can also be used. ‘



can al so be used. 9 D sclosed may be nethods for del aying the onset of
and/ or slow ng the progression of Al port syndrone in a patient.ln one
enbodi ment, this nmethod involves adm nistering an effective anmount of an
agent that inhibits signal transduction through an alfil integrin receptor
of a kidney 5 cell. In another enbodi nent, this nmethod involves bl ocking an
al0 1 integrin receptor binding site on the surface of a kidney cell of
the patient. These nethods can be furfher enhanced by adm nistering to the
patient an effective anount of a. TG~ (3l inhibitor. Al so disclosed may be
net hods' for del ayiggosel ena@neehetRbdsOE H6layisk B di@et HAnkifae slrawm% fesi on of

ki dney disease in_insulin dependent diabetes nellitus in a patient. In one
embodi ment , PIOSFSSIROfh Sdporheaidveme ingipdtignsinegtieng an ef f ective amount of an
agent that Lphihits:si (AP G B istckinp a8 effe@ivetmdudk of @i sgni n

recept or ofEQQE@%#%§%%§P%&KFHﬁ§%other gﬁ%%ggﬁgnt, this nethod invol ves

bl ocki ng antiak imibitsiged transdectizptthrouph ad pd §1 #itegrinorecepter eflakideey 1 s of a

ki dney cell. These methods can be’ further enhanced by agﬂLnistering to the
patient @ TeHL(Buanotter smbediment, thismethgddavales plogiangan AL HEE™ | miti ng

renal fibrosis in apatient . |n . e ' y et ppdei nvol ves -
reduci ng TGRECERPT B '%@“Pﬁ‘%‘?&fagé;ﬁfaeg‘?m%l {Hgﬁl‘% | e{ﬁﬁlﬂg gl_ (31 integiin
receptors ofpchifls Bak BO furthekérhagoedds ddeninitieting Rthaghiisitiap effentive reduced by
adm nistering to the patient an agent that irreversibly binnds to TG (31
and i nhi bi t smbtst oftai TGF-Pitehibiterd with its receptor. Alternatively, this
activity can be reduced by adm nistering to the patient an agent capabl e- of
i nhi biting the aBidoidisclesed nEy-te3netheds fordelavias ths epsal of and/or OWIRE| eus of a
ki dney -, cel].. 25 |n.yet..anot her enbaodj ods are provided for
limtin Ocma iBrogreRsiqRRf kigney lsleﬁsetlﬁén%ln{%epe@%gt ient with Alport Syndrone.-
I n one enbadbeedinellitheingiatient. Inment sebodiednt thigniEthoddnvolyes i vity in the
tient. Thi b | i shed dm ni st eri.ng. TG 0L 4 nhi bit
ggsgfinbed' h,lgcfxgiq%%grilggeanagfge%tqec %Iugou?nt o?gn ggerﬂt Hxla? 1&31&%1@%&3&%&&%&)' ors as

through an «1§1 integrin receptor of a kidney cell. I another embodiment, this

method involves blocking an o181 integrin receptor binding site on tt_:e surface
15 '. ofa kidney cell. These methods can be further enhanced by adminiétering.to the
| patient 2 TGF-B1 inhibitor. o
Further disclosed are m;ethods for limiting renal fibrosis in a patient. In
oné embodiment, the method involves reducing TGF~[31 activity in the patient
while inhibiting 0:1B1 integrin receptors of the patent’s kidney cells. This |
20 aétivity 6a_n be reduced by administering to the péﬁient an agent that iﬁévcrsibly |
: binds to TGF-B1 and inhibits its ability to bind with its recéptor. Altemati\rely, '
this activity can be reduced by admi_nisteﬁng to the paﬁgﬁt an ~'ffigent capableof
inhibiting the abilitj} of TGF-B1 to n'ansdﬁcc signals to the nucleus of a kidney
25 eIn yet another embodiment, methods are provi('ied for l_iniiting matrix
‘ accuﬁtulation in the GBM of a patient with Alﬁort Syndrome. Inone
- eml;odirnent, the method involves reducing TGF-B1 activity in the patient. This
. can be accomplished by administcring‘ TGF—Bi il_)hibitors as described herein.



In a particularly preferred enbodiment, a nethod is provided for limting
renal fibroses by admnistering to a patient a calcineurin inhibitor,
preferably tacrolinus. Disclosed is a nouse nodel for kidney di sease
wherein the nouse does 5 not express a normal collagen type 4 conposition
in the GBMas a result of knocking out the collagen a3(N) gene. That is,
the nouse nay not incorporate the coli@gen a3(1Vv), a4(lVv), and a5(1V)
chaiins into the glonerular basenment nenbrane (thus the GBMis conprised
entirel.y of coll with respect to its type IV

en_al(l d a2(]V). chains, t S o
col | agen chain 1%8&%&&%’?@5@2@%@#@*%,@@%@m@mcmpfpebsnm al (31
i ntegrin regent Gbroves B stlnbinishiink195 bafith i 5 nit gene In the
doubl e knockout_nouse%fhere m%lllﬁbe E]lélﬁ%ltgﬂgatl)ér]lse o@%&%{’eﬁrﬁ%@%yas
conpar ed t otadgdip¥s.or art Al port- nouse nodel. Furthernore, the aninal can
live nearly t"“iﬁ‘ as long as Alport littermates. At about 8 weeks of age,
which is the 15 &Véslesd 1agmogte medeltor hidabpdistasarintiereit e mewseldeeknockout
shows mas kedly I rul.ar patholagy.. That is, as conpared to

oot P A0 A QTR b SRRt kol

Al port mce of e sane f nouse has markedly

reduced ul t G rsie resubilof iavokiye outithidcolapen @3@VEBbhY. argkdis aht Abuadd Very

little effacenent. of the'ﬁodocyte foot- processes. Al so, attenuated
accunul at i JREHROIPEIBRFALEthe coliagsn AP HVI, a4{hd), repeadEW) .chins tith alie

pr ot eogl yc ' ' cun il e ac l.ati on,  of entactin and typé |V
col | agen a?@oﬁﬁgﬂﬁa}ﬁjﬁgﬁé n?e e%#?f%%l@b@%ﬁﬁ campriged cotirely @feellagep i ndi cate
t hat ther‘eai(svpmﬁmz(m(ﬁm{r@witﬁ%spw%ﬁggﬁé{éﬂa i(g}lﬁggﬁgh- ceptor in Al port

renal di sease - pathogenesis. This is rend onsrdering that' the
singl e ¥ 1 conipegtiom). FEARGKROW, i Asy O SBYVdO renal physi ol ogy or
function. 2% ‘Thi s nouse can b(la_ ui%d foF3 s?t ﬂ%ycﬁﬁfé?%%%?fecg@tﬁﬂ?gﬁ’@ I nsulin
dependent © kagrkingoutha ¢k subuniigdnot her di sorders that are characterized by

I I hpiti d fi [ Thi I be used for -
deraeni ng Tor " alute BoRHakROskah BB hert ey Sealaeyal SB1e OLpIBHA nd | nsul i n
dependent dombaredso the ok bkt A3t nRhSCHodbrs PliRlold e A fOANAR ©F 1 26d by

| a

deposition of extracellular matrix and/or ) brosis. ,
- nearly twice as long as Alport littermates. At about 8 weeks of age, which is the

* 15 average age of death in Alport mice, the double knockout shows markedly
| reduced glomemlar pathology. That is, as compared to Alport mice of the same
age, the double knockout mouse ha:s? markedly reduced ulfrastructural damage
with far less GBM rarefication and very little effaceniént-of the podocyte foot
processes. Also, attenuated accumulation of fibronectin, laminin-1, and heparan
20 sulfate proteoglyéan in the GBM of:cur, whiIe accumnulation of entaétin and type
IV collagen are unchanged, relative to Alport mice. These résults may indicate that
there is a specific role for the o151 integrin receptor in Alport renal disease |
: pathbgenesis, This is remarkable, coﬁéideriﬁg 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 glor"nerulone. '
phritis and/or fibrosis. This mouse can also be used for screening for agents that
can be used to treat Alport syndrome and insﬁlin dependent diabetes mellitus and

other disorders that are characterized by dcpoSitibn of extracellular matrix and/or
3¢ fibrosis. - -



In a first aspect, there is provided a use of an al (31 integrin receptor
inhibitor for the preparation of a pharmaceutical conposition for limting
a kidney disorder. In a second aspect, there is provided a use of an agent
that blocks an al (31 integrin receptor binding site on the surface of a
ki dney cell for the preparation of a pharmaceutical 5 conposition for

del ayi ng the onset of and/or slow ng the progression of Alport syndrone or
ki dney di sease in insulin dependent diabetes nellitus. In a third aspect,
there is provided a use of an agent tH8t inhibits signal transduction
through an al (31 integrin receptor of a kidney cell for the preparation of
a pharmaceutical_conposition for delaying the onset of and/or slowi ng the
progressi on of APB&FY 2ehdhanis Piawided puk obrmexl BYintegris escemoriinhiitor for hependent

di abet es nejrbpataion oflalphdulabuitiéallciEREGEN fof IMGHLy 4 MayAibded a use of an
irreversible antagoni st or transduction inhibitor that reduces TG (31

activity for the™prepaaspsehhersss proyiuaaeelin peeal hatdlpsksina ihintdgr | i mi ting
renal fi br ogsédptor @RLIidR oﬁﬂieQUr@éégm&ﬂe?Ebﬂif& thOprBRr A b el&dulp @ patient
whi | e gpe alldi .1 integnin receptors of the patient's kidney cells are

i nhi bi t &d. PEPP§Hog ferdelaying the gpset of ppllorslovangsheqppseseion of Alporbyyndromeprei neur i n

i nhi bi tor fidéney biceapd ie pRGIa dePhderdliabet@h@iipmceut i cal conposition for limting
renal fibrosis. .In.,a,sixth aspect éhere S rov'ggﬁ a use of an agent that

r | .

reduces TGE-01 adf iREPoFuihere SPovided pasef psecnyhal inBihits sighekinpdugtion
conposi t i onhioogh dnidtPt infegrimFebaptor oBLKtM L fotie pBpd:didn ofd SHERRAdbAEal Dasenent
menbr ane (GB%% qf g ﬁ%%Len with Al port Syndronme. 20 |n a seventh aspect,
there is provPga™ i eagee RRPuA odaukers f"’mgglﬁrpé%%es%{mhgrpﬂﬁ‘?“ sypdspPaden type 4
conpositli orkidnay dikmasegh sdinudepanddna dietes imell®zbr ane and does not express the
alp 1 integrin r. ln an eighth aspect., there is provided a nethod
for screening ar%!(la ég"gﬁ . %CF’Q]?Jeéeels rﬁ’gll]af:% ¥ ﬁgméﬁ%‘ieﬁﬁ’ivn %‘Eﬁl geraosqifiiiteby t he
agent is t onlbigtoathat redusésaiGRIB I wititityforeisepatisioni@fa phaghacslificahb@yRsitiddd @ ni nt h
aspect, there.i. rovided a,pharmaceuti.cal. cqmpqsition conprising an alf31l
Moreorin randsp Rt ST, SnBaR R SEpon i iR S e SR T O
OF THE FI GURES pimgpgrie rebeptrb tfthe pities’s khieyosdBedre Mhibpeddt ei nuria in Al port
\r/rle(r:ZuZt1ga/gte)|I<|E}y Iﬂ“‘; Eﬁﬁ as&cﬁ%iere%br%&bldmsusg E) adcla C%CIP n igh?llai![o?%(}r Ithrf]z re%grgtri]o% from the

of a pharmaceutical composition for limiting renal fibrosis.

In a sixth aspect, there is provided a use of an agent that reduces TGF-B1 activity for
the preparation of a pharmaceutical composition for limiting matrix accumulation in the
glomerular basement membrane (GBM) of a patient with Alport Syndrome.

20 In a seventh aspect, there is provided a mouse which does not express a normal
collagen type 4 composition in the glomerular basement membrane and does not express the
al1p1 integrin receptor.

In an eighth aspect, there is provided a method for screening an agent for use
in limiting a kidney disorder, whereby the agent is to be administered to the mouse as defined

25  above.

In a ninth aspect, there is provided a pharmaceutical composition comprising an

~o1P1 integrin receptor inhibitor and a TGF-B1 inhibitor.



-intervals. Nunbers indicated the age (in weeks) of the mce at the tinme of
urine 5 collection. A= Al port nouse; B = double nutant nouse; M =

nmol ecul ar wei ght standards. Figure 2 illustrates the ultrastructural
darmage to the glonmerular capillary loop in control and double nutant m ce.
Renal cortex fromnormal (A), Alport (B), and double mutant (C) mce was
harvested at 7 weeks, enbedded in epoxy 10 resin. Utrathin sections were
stai ned and anal yzed by transnission el ettron nicroscopy. Arrows denote
foot processes. C = capillary lunmen; U = urinary space. Mgnification bars

represent 0.5 gm Fi gure BRIEF\DESCRUEIONOF THR FIGURRS| | ucr éscence
analysis of extracellular matrix proteins in normal, Al port, and double
Hut ant mi ce. FrozenFigus lalysedestthoomsedéf proteaiuriadn tAdpoiiwesus dauilled wit h

anti bodi es specific-for the extracellul ar matrjx proteins indicated on the
i s | abel o muahfinred phief o5 sl o fitstRiseing o i s st wealdy *
fluorescei n- comteped. MhnftREGAMRE BIE 40 P week)6F thERAESAGRS tifelordrdL 9l tal Iy
and processed using the Cytovision Utra software (Applied Imaging, Inc.).
Arrows dendct e @ligetrane Aitdyiperapionses B~ dowde mudant puse;(MR & moletulgen al (1V)

and a2(1V) Cha‘g&%‘?ﬁkﬁ%mﬁf-; lam nin-1; Fib = fibronectin; HSP heparin

sul fate proteo = entactin. al +/+= honobzygous nornmal at” the al

integrin gene; at -P‘i%mgzhgmyegmg%c%@ agtdahﬁ c%tﬂggl%%}uﬁrggmm a3(1V) .. -

+/ += honmozygous nonnal : at "t he en géne; i
honpzygous nutlaet inatontrbleand iphble nedbdtagiea Bemd co2éx Fomutormal &4 \Welpbite

Ve" e of (gBRaoRar i dBiessRgEien il / Hoekt cROAIorLEeEP0N 1 rom
i"dneys hagvesbanl mtmﬂanﬁsécﬂ@hscvaéregtama%ﬂ@hﬁmze@iug#ﬁhﬁ%si Weﬁanact i onat ed

on denaturing agarose gels, blotted onto nylon, pr obe muri ne
cDNAs encodi nguietostapy- TéFows denate fophpiosesses: oo capitiay dimedJ SQurifagner ul ar

basenment nenbrane d/ o Eihebextracell(g ar matrix. The probes used to
gener at e dat a SP#5%u "?'ggfiiﬁ? PROFREAEHRI G ¥ as follows: A, TGF-(31; B,

300, 2, 1l SR o B bR 88E o 1111
' _ extraceliular matrix proteins in normal,- Alport, and double mutant mice. Frozen
15 éryosections of renal cortex were reacted with antibodies specific for the
_extracellular matrix proteins iﬁdicated on the Y-axis labels. Signal was
developed using the appfopriate 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=
(W 20 collagen al(IV) and a2(IV) chains; Lam-1 = laminin-1; Fib = fibronectin; HSP
= heparin sulfate proteoglycan; ent = entactin. al -+/+ = homozygous normal at
* the al integrin gene; al -/- = homozygous mutant at the a1 integrin gene; )
a3(dV) +H+= homozygoué npnnélrat the a3(IV) collagen gene; a3(IV) -/-=
homozygous mutant at the a3(IV) coltagen gene.

25 - Figure 4 shows the results of northern analysis of mRNAs from total
kidney during a timecourse of Alport fgnal 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-p1, or various components of the

30 - glomerular basement membrane and/or the extracellular matrix. The probes used

to generatc‘data illustrated in the panels are as follows: A, TGF-$1; B, Collagen



Figure 5 illustrates the quantitative analysis of nmRNA induction during

Al port renal disease progression. Follow ng exposure to X-ray film the 5
menbr.anes used to produce Figure 4 were anal yzed using a Bi oRad GS-525
phosphorimager. Plotted values indicate.fold induction of the specific mRNA

in the Al port sanple over those observed in the normal littermate. Al
bands were subtracted agai nst the background. The specific nRNA species
anal yzed are denoted in the inset. 10 .-!Bigure 6 illustrates in

situ. hybridization analysis of specific. transcripts i n post-proteinuric:
Al port mice. KtfI®ysCfCollaganod@V)] D Ribfoneitas B Bntablin:®, IARfnid)p1 Maie

anal yzed al ong_side those fromAlport mce (B, E, H and K). Antisense
probes were sp&clfmininf2chais. NC1 domai n-of collagen al(1V) (A and B),

TG-- (31 D and E), oFi br ctin G and.H), entacti.n and 10 ,. qr the
_lam I(’li n R(I chai n) (R‘Ag'%e%ﬂ@s It?'s&e Pﬁfg@aﬂvﬁ@f‘%’?’é"kﬂ?&ﬁﬁﬁ u&%‘ﬁi‘mﬂg
- p-gal act osi dasﬁlpéﬂsrehﬁ%eﬁé%;ﬂo@@ﬁﬁdx@'FJlB%g{‘%%giﬁ?%&@xgﬂ@g{&g (C F, 1,

L, and 0). Figure 7 illustrates inmunoperoxX rrm TG (31 in
ti ssue sedti onsmbravas wsd @ praduce Rigpesrd weteapalyBal ufiig a BaoRml@8$25ect i ons

Getection. p D5kt RO vl hignio Srducbon PElHECRRRF FIDE it s

RNase det ect i atic Atyadrysdniplé efrerTE%%e(oBﬂerﬁa\iﬁlth@norﬁ&! Waematéd Aliands wegan renal

cortex...Total. RNA was isolated fromnormal and Al port human renal cortex,
and 10 g of eduhtragied against thedackgsomdaskhe specifie stRNA specibs/miatyzed areg a

r adi ol abel ed Lon. of . _human TG~ (3l antisense 25 nessage as a probe.
{Lhe assay resi%%lzs)de??lng{eéﬁ%%bp protected fragnment. Ml ecular size markers

are radioliabel ed . MiRgure il 2n s By 0B hAdl9sis bF FHER Baréfprsipnot ed
for conparison. N = norpal; A = All%prt. "Figure 9 illustrates northern bl ot
of RNA from r-®RtProtanusic Adportsnige | Kidnpysfsem nognaljliitesgaten (AsPi Gi andJ) and

Tsol ated from e ParAddlonsdthod AR it RGN, 2o and 0 anfhebiee) i 1 n
; Ihfe: 22 | cat ed pg@w&;epegieciﬂc{ér the NG d@haih of bolRigks hQ&V)_'(A'an‘B)@WGFEBI ?Ot h
t (D and E), Fibronectin (G and H), entactin (J and K), or the laminin p1 chain (M
15 and N). - A probe specific for bacterial B-galactosidase was used as a control for
non-specific binding (C, F, L, L, and 0). o

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:—[SI using the ixnmunoperoxidaée detection. P = |
(- 20 podoéytes; M = mesangial cells.

 Figure 8 illustrates RNase detection analysis for TGF-p1 mRNA in
normal and Alport hﬁma:n renal cortex. Total RNA was isolated from normal
and Alport human renal cortex, and 10 pg of each was subjected to RNase
s 'protection analysis using a radiolabeled portion of the human TGF-B1 antisénse
25 messagé 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, -

Alpbrt, ol integrin deficient, and mice deficient in both o1 integrin and collagen

7 30 o3(IV). Total RNA was isolated from the renal cortex of 7 week-old mice ::



Figure 10 is a transm ssion el ectron m crograph of the GBMof a 7 week old
Al port animal injected with a neutralizing anti body specific for al
integrin. 5 Note the regular trilam nar appearance of the GBM and the
absence of focally thickened regions. Magnification is 10,500X. Figure 11
illustrates the affect of TGF-D1l inhibitors on GBM ultrastructure in the
- 129 Sv/J Al port nouse.. Animals were treated with either FK506 or the
TGF- (31 soluble receptor. Renal cortex was enbedded in epoxy, |0 cut,
stained with uranyl acetate and |lead citrate, and anal yzed by transni ssion

el ectron m croscopy, m eontrol: B = untreate " A _part treated
‘W th FK506; @&ﬁ&sﬁw@ﬁg&%&%g@%@gg% ubﬂ%‘%@%ﬁ&@gggp{)or.
.Magni ficati onphgant hlbS@Melefi gure 12 is a scanning el-ectron m crograph of

glomeruli fromtreated 15 versus untreated 129 Sy/] Alr(gért 'ie. Renal
cortex fromm ce u¥Fighre i¢ispirasmissionplectronaierographof theyGBNMef 2 TWstkied wit h

.uranyl acetate_and lead ci.trate, .and xPosed gl P at.i f1 ed and
phot ograp’hed"ﬁgqa‘?‘rg’oﬁt%&%ldpﬁgtegm %WH&W%@%@% © %’gﬁ{iﬁ%q éﬁg =

uni nj ect ede Al Rk the feguidt tRRindAY P SarkrcB AF A£ GBM hnd the ibsdhde dfIdcatlgl ubl e
receptor. i/agnl %tggt??%lrl\ I's 250%%?20- Igi gure 13 denonstrates the affect of
drug treat nenthickened regions. Magmificationis 128008y/ J mice Al port mice. During

the tinecourse of drug tent, urine W ollect ed philized, and -,
t he equival ent of !@Hﬁﬁ?}@w&ﬁ%@#ﬁwﬂ%ﬁ@fm‘?‘&%ﬁ el . The gel was
stained with Gt iR 1 A S Y ARl hGRE: Anfihifls WefStedidiDwimeRBervere

uni njected control's, the next two ('group I') were injected 25 with FK506,
 @nd the thirdrgsoder (g TGR-Plisplubky recéptyre Repal cotteh wihembeddedivef®y, (31
- Feceptor. Nunbers at the bottom represent,the age of e .mce.at the tine
of urinel®ol P@bﬁ%@dmﬂ\m.@@tﬁ_aﬂé?ﬁaﬂﬁ}@t%a&g ?{}%\W&%Bfﬁaﬂﬂ?’&s‘fﬂ _
I1lustrates tgﬁﬁé&ﬁﬁﬁém%pi‘%é H.Drll.f]:k bifeste®AL Ve ,Agi},ér[@gtédjﬁityre in.
ockou

“the doubl e kn mce. "Anihal's were not treated, or treated wth either
* FK506 or the T@50630 ~sAlpek teeatedarif the soltble GG P receptonsMaghiidaden 54 i n

epoxy, cut, stained with uranyl acetate and |lead citrate, and anal yzed by
' : 11,000%. - - ST - : : |
Figure 12 is a scanning electron micrograph of glomeruli from treated
15 | versus untreated 129 SviT-Alport mice. Renal cortex from mice used in-Figufe
11 was frecze dried, cracked, stained with uranyl acetate and lead citrate, and
-ciposed glomeruli identified and photographed using a scanning electron

microscope. A = control; B = uninjected Alport; C = Alport mouse treated with

[+]

the TGF-P1 soluble receptor. Magnification is 2500X.
( 20 | Figure 13 demonstrates the affect of drug treatment on urinary albumin in
129.Sv/J mic.e'Alport mice. - During the timecourse of drug treatment, urine was
collected, lyophilized, and the equivalent of 0.5 il fractionated on a
polyacrylamide gel. The gel was stained with coomassie blue and visualized.
The first two lanes were uninjected controls, the next two (group I) were injected
25 with FK506, and the third group (group II) were injected with the :soluble TGF-
p1 receptor. Numbers at the bottom represent the age of the mice at the time of
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 ‘x_mt treated, or treated
with either FK506 or the TGF-§1 soluble reccpfdr. Renal cortex was embeddéd



transm ssion el ectron mcroscopy; A = uninjected control; B = uninjected
doubl e knockout; C = double knockout treated. with FK506; D = double
knockout treated with the soluble receptor for TG--f 31.. Mfication is 8n
000X. 5 Figure 15 illustrates an exanple of normal glonerular architecture
in a 10 week ol d doubl e knockout nouse treated with TG--f3l inhibitors.
Approxi.mately 25% of gloneruli in mce treated with either TG (31

i nhibitor were norphologically indistinguishable formthat in control
animals. Animals were not treated, or treated w t hFK506. - Renal cortex was

enbedded in epmppxy,]@t,fswincd&irﬂi Mcbitetnd dd ?lfa%ﬁn% ang E@? citrate,

.and anal yzed t r.ansm ssi on | ectron m croscopy ed control;
B = doubl e kn ?SIQQQ%QEMQGSCOP?KﬁﬁunEIJWcBwh&oQ J algp. the affect

of drug.treat Ly n double knockout mic During the -
ti mecour se of uegﬂébr E&‘th do“hfeqﬁ’(?n]@% trgafed withddE 6 Dﬂioqﬂtiel i zed, and the
equi val ent ofkﬁbcﬁodttfe&&a%ﬂﬂﬁé The gel was
stai ned with coonmassie bl ue andmg?gﬁ%e?@gg*a&%b nb’gaﬁ??g‘iaﬂenﬂﬁ 0% t he
time of uri ne coI | Egumedd lﬂgshramdlauakadplebfh&%d!‘gldﬂﬁ;&{- gyne (in

weeks). A = (eg qﬂugl e knockout; B = Double knog(out |nJ &cted Wwth
t he sol.ubl.e recep OrJ P‘oqmﬂ‘ﬁﬂé@aﬁedj‘m&ttw-\ﬂltlhhiﬁ%ﬁﬁ D = .20.

doubl e knock | ect =

e s A S i U ed S SR i o

cortex from wmemmowmlmasmshﬂﬂ@ﬁm dlid HidonfbAGEG. Hdined W Lh
de

uranyl acet at, e citrate, and expose gl oneru d and
{bhot ogr aphed cle0TireatpdavideFK 06. rﬂmbwm@vas%tﬁﬁedﬂ@d\hf QoxyB =

port; 8.shows I mmunof | uor eéscence
st ai ni ng for%%@%&%%ﬂaﬁt&g %ljéﬁ‘oFWEF a‘%ﬁlﬁfzﬁﬁ Yrﬂ‘a@eﬁnm gl orrer ul ar
basenent ne tmnmax’oscep)m A@d’“‘ﬁlegé@%hm'ﬁ‘gﬁﬂb%%ﬁgft&ﬂu%ﬁ 1 cC primary

ant i body anngg TTC conj ugat ed secondary anti b am ni arn was
stained in re ing a :30. Texas Tred-conjugated secondary ant i body

Co- 1l ocal i zati on |ngﬁfbe1%dnls resul s in yellow staining. Goup
| are gl omerél from7 week o%XS%g%ﬁgﬁof ment or urmary albumin in -
oub.

le knockout mice. During the timecourse of drug treatment, urine was

© 15 collected, iyophilized, and the equivalent of 0.5 pl'fractionated on a

(

polyacrylamide gel. The gel was stained with coomassie blue and wsu-ahzed
The age of the mice at the time of urine collection is indicated at the bottom of
the figure ¢in weeks). A = uninjected double k:nockout B = Double knockout
injected with the soluble receptor; C = Control mouse mjected with FK506 D=
- - 20.- double knockout injected with FK506.

Figure 17 is a scanning electron microgreph of glomeruli from Alport
versus double knockout mice. Renal-cortex from 7 week old animals was freeze
dried, cracked, stained with uranyl acetate and lead citrate, and exposed
glomeruli identified and photographed using a scanning electron mlcroscope A

25 . =control; B = Alport; C = Double knockont.

Figure 18 shows dual immunofluorescence staining for the laminin a2
 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 o2 chain was stained in red using a
30. - Texas red-conjugated secondary antibody. Co-localization in the capiitary loops

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

T L T



uni nfected control; B = uninjected Al port; C = Alport injected with the
sol uble receptor, D = uninjected double knockout. Goup Il are gloneruli
from2 week old mce; A= control; B = Al port. The arrows denote

i munostaining_in the capillary Ioops of the glonmeruli. 5 Figure 19 is a
transmi ssion el ectron mcrograph of the GBMof a 2 week .old normal versus
Al port nouse. Renal cortex was enbedded in epoxy, cut, .stained with
uranyl acetate-and lead citrate, and anajyzed by transmission el ectron

m croscopy. A = control; B = Alport. Figure 20.dermonstrates the effect of
TG p 1 inhibj I 8SS i'ﬂtﬁg fwithifis: ing cell
matri x nol e_cumglsjeéteﬂeo ’Ilgprot ?cng{ge ﬂo?tﬁglgl tor s’ ¥n %ormal ng?gﬁ)‘g

- Al portmce.’ qubtoﬁmﬁsmdcmdldauﬁd&od{mklﬁmpﬂ amfglﬂmmhkﬁmhawmknal (O
or Alport (A mce, that were ei er treated with, FK506 .. Qf not

‘treated (NI). okpissifreoptrele Biomlnodd T arewadanets magaesiamiogintie 5ng
+anal yzed by hg%qﬂ*f&#oﬁ I&@&lﬁﬁ)l abel ed probes encodi ng eit her 15
ecu

extracel | ul ar es or metalloproteinase inhibitors.. Follow ng
hybri di zat§ on, nenﬁngane@1mmnmsheniebmbremmgdphoﬁthxﬂw éfid Zrweek obes -
used arelndlcatedtoth | eft of hhe panel s. = collagen al (1V);

fii = fibronepidnermalyersus PRSP 9“%?%1?‘?‘ &1 AR P¥hi bi t or

- Ti np- 2 Ti MP3gtzined wﬁﬁ%?dn&?%e%t@éﬂ@ﬁ%&i éx&ﬂﬂe%ﬁd%al?z@&’ﬁ? irangHiskiogur e 21
denonstrates t he effect of TG (3l inhibitors on expression, in the

ki dney, : of RNAsctemaoigrasgopyelA = cnaitrmlsBmﬁllmcMI es: or netall oproteinase
inhibitors in normal versys doubl e kn 1 ce. . Jatal RNA was isol ated
{fiom ki dneys of %%@%WWWC %5"‘3 ?&@?uﬁf@h%im%ﬁxﬁﬁ?&n’m ce, that
were either gre aey,WM@@n&'&llrﬁa%fﬁ Glechiid oS RletHtl ?r&t&ﬁﬁ'ﬂ@t or (I1), or

not treated 2 ( ) wer e ractlonate -Qn denat uring: agar ose gels,
and anal yzed indibithystinindimzad tvesns Adpartadics! diotil RNPpmbmlatahﬁ‘ouﬂugmyiSt her

t |1 ul nol | 1. hi . Fol | owi
hybridi zati onot REFRIABITACEok BlonBar mISe P St COhekRRAPUITI probes |
used are i ”d'FKSGﬁj(I %rh&&réa%ﬁt(N?f mﬁﬁ@%?é‘@ic‘ﬁonﬁls& b}()denatﬁﬁhé ageseal (1V);

fir = fibronectin; ent = entacti'n; Tinp2 nmet al | opr-ot enase i nhi bitor

Ti np- 2 Ti np3gels, malﬂﬂlmdbbfélyhla@éathwtpmdlg]ﬂbqtpdypmbgs encoding either

15 extracellular matnx molecules or metalloproteinase inhibitors.. Follomng

y

hybridization, membranes were washed and exposed to X-ray film. Probes used
are indicated té 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—BI mhlbztors on expression, in
l- “the kidney, .of RNAS encodmg cell matrix molecules.or metalloprotemase
inhibitors in noxmal versus double knockout mice. Total RNA was isolated ﬁ'om
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 exppse(i to X—_ray film. Probes used are indicated to the left of
the_ panels. a1(IV) = collagen al(IV}); fn = fibronectin; ent = entactin; Timp2 =

30 . _mgtalloprqteiﬁlase inlﬁbito: Timp-2; Timp3 = ﬁlctalloproteinase inhibitof Timp-
3.

R



16 Figure 22 illustrates the inhibition of matrix accunulation in the
tubul ointerstitium of double knockout mce using TG--0 1 inhibitors.

Ki dneys fromten week old normal or doubl e knockout m ce were enbedded
inplastic, and 1 pMsections were stained using the Jones silver

met henam ne nethod: A 5 = normal kidney; B = doubl e knockout ki dney,

uni nj ected; C = doubl e knockout kidney treated with FK506; D = double
knockout kidney treated with the TGF- 01 I$ol ubl e receptor. Figure 23
illustrates the inhibition of collagen type I accunulation in the

t ubul oi nt er sti t i um Biguooliillastkatecihe ithibition offiaftx abeimbBtioh HHRRI t Or S.
Ki dneys 10. frogillt en week ol d normal or doubl e knockout m ce were enbedded

in plastic, an mt?@'é‘i‘%l‘g dﬂ@?l%knmummealﬁwgﬂﬁ%ﬁhgnluhmmomchmys pecific ',
for Col a0en ot el MR BB ARGHL HRLRLA IS SIS B 1 AEC

stai.ning kit- from. Vector

knockout ki dnesnd IughnjeetisBdierEsaminda wWeing 116 t dywith
‘FK506; D = doubl e knockout kelrdfl é treated {/dﬁ?ﬁﬁﬁ/&ﬁhe prﬁlflﬁ&ﬁ&ﬁ

receptor. Ri gufBommal kidngyB stdegb ﬂ@ockduthdnemmnufjedtub@ﬁﬁﬁﬁiblekﬂm{mﬂ ation -
in the tu’bul '- [ | e t e using. TG (

“inhibitors. ?t?éa etrdo%ﬁ}%s%ﬁ”& Bgfflrgﬁnﬂé?o LG%B%HP%“'(WHE@%TGH‘I ce were

 enbedded ‘i n pHHSdollﬂale?déqﬁaﬂ 1 p. M sections were inununostai ned using
anti bodies specific for fibronectin. Staining was devel oped using the
streptavidin AEC s thagyre A3 iltisirafes dhe fubibition oﬂcatl@ge&ttype Bsccuufatiof e Ki dney;

B = doubl e kn t ki.dne Ject ed; C = _double knockout kidney treated.
i th FK506; D E‘k‘ﬁ%‘é‘i&@%‘i’ Rt mipeusingi TGFH nhibitrer-Kidaeysol ubl e

receptor. 185 QE}I}H&EQ. RO E NTS The present

I nvention provides treat rrentlﬁ;r%ket @é%ﬁg Egaiﬁtnglg 3’;@%9%& éf’ﬁt!‘}f r enal '

di sease (i.e. anfkﬂalhéyemﬁoaemﬁs)ummnmah&rd &%'aﬁnﬁétﬁéés}ﬁ&ﬁ%‘fbb’callﬁk&w the
.essi on of di sease conditions, such

onset of and/&ﬂe g"ﬂ
gl omeni | oneph ng ¥y deys W%S@gthPSﬁr@tmdlne&EGStaMgkﬂn&onet hods of

t he . Vector laboratones

A= normal kidney; B = double knockout kidney, uninjected; C = double
15 knockout kidney treated with FK506; D = doiible knockont kidney treated with
the TGF-B1 soluble receptor.
Figure 24 jllustrates the hﬂﬁbiﬁon of fibronectin accumulation inthe
tubulointerstitium of double knockout m‘icé using TG‘F-[S.I inhibitors. - Kidneys
| from ten week old normal or double knockout mice were embedded in plastic,
C - 20 - and 1 pM sections were 1mmunostamed using antibodies speclﬁc for fibronectin.
| Staining was developed using the streptavidin AEC staining kit from Vector
Iaboratories. A = normal kidney; B = double knockout kidney, uninjected; C =
double knockout kidney treated with FK506; D = double knockout kidney
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 ﬂjsease (i.e., kidney disease), one that could substantially
. slow the onset of and/or progression of disease conditions, 's'ﬁch as
30 glomeruvlonephritis and renal fibrosis. It is believed that the methods ofthe

present invention could even reverse such condltlons In particular, the i mventlon



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

I nvention 17 provides nethods for the treatnent of kidney. disease
associated with the presence of or an increased risk for devel oping

gl omerul onephritis and renal fibrosis in the kidney glomeruli, such as
occurs in nesangial proliferative glomenr onephritis, nmenbrano
proliferative glonmerul onephritis, crescentic 5 glonmem onephritis,.diabetic
nephropat hy, and renal interstitial fibridsis. A onem onephritis invol ves
gl onerul ar damage typically associated with thickening, thinning, and/or
splitting"i rrggjﬁldyslmetb:ﬁislfurmb&emb’fiuéne;ahseasmﬁasomateé“mhthhe conmon

pat hway of tu

| t titial t |1
- char act er i zedp%géqg@eiﬂgﬁégﬁl"g‘?% f?ya?‘fe&f'%}sﬁe%!e #ma'pﬁgﬁ? %tréf%%lﬂlnﬁ?at iy'on

of matt X (1 Nehlidid EOkinadr oﬁnkéﬁﬂl et ds F?ﬁgﬁﬂn@san balbhilifera@sl  col | agne

type 1V) int |t|um The e tiveness of the therapeutic

ragents used i glidnfeulonepioitis, mémbi’mommlsfenatwe glommlmpbahs,mt@r m ned by

eval uati ng one_or npre .of, these, chayacteri stics i n al so.
provi des aS roGwnsrpiguephrilis ‘El “&Q?B OB fLIYpTY GWWEG tiqaaYﬁﬁ tr eeni ng of
agents for tr%ﬁ%&éﬁhﬂﬁﬁv&‘v&i&l&n@ﬂﬁ% cﬁin%g@%@ay%so@im withh the

presence of, or an incteased risk tor, devel opi'ng an _accunul ation of

extracel | ul ar thiekening, gnmang,lalngiloraphttlpglrrﬂgchn&ﬁsnwgﬁlﬂ {lhés geandney

gl omeruli and . the tub ointerstitium,T t, the present
i nvention proW]&Bgaeén SeRmppRatygy; 0 fﬁ%ﬂ?@twﬁﬁhﬁ’n&rﬁ?‘gﬁouse nodel
includes an ig m&%ta?@ty%ﬁbaﬁ%cﬁ%&ceeﬁiﬁgﬁtﬁe ERRARNSS of Mysfbiobhstsi2nd Wi th an
i'nacti vated coll'agen (type nol ecul é. I'n"a preferred enbodi rrent t he

¢ol | agen (0 ypéhe agpumslationbEmatix (incheting eallegen typo Ldtbran

crpression of e SRuBioNh i ShlAGn g estup e %?‘ﬁ‘i nto

the GBM 25 Thjstdwieden tHRARMhEE bitRe pretsht inventidlemibel deterinirddibyy agents to
treat renal dysfunction, as it _occurs in Al port syndrome, insulin

dependent di abealuating pselor mege obthgserhuEcterisi@ di seases V\/nere early disease

h t d b th f th I
Ccat1 prol i Terat ontbh iteuGab 45 bk e gL TRRE T i TRl sfoAfiodraRne' °

damage, Char aglcictbRihgldf aPafiSR Meating patients with kidney disease associated with
the presence of, or an increased risk for, developing an accumulation of
~ extracellular matrix generally, and particularly wiitﬁﬁ the kidney glomeruli and
the tubuiointerstitium. Thus, in one embodiment, the present invention proﬁdes
a mouse model for Alport syndrome This mouse model includes an inactivated

20 oalfl integrin receptor in combmatlon with an inactivated collagen (type vy
molecule. In a preferred embodiment, the collagen (type N)_molecul_g is
inacti.vatc;_d fhrqugh disruption of expression of the o3 sublmit bf collagen (type
1V). As aresult, the mouse does not incorpqrﬁte the collagen a3(IV), ad(IV), or
o5(IV) chains into ﬂle GBM.

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 glomcrular basement membrane damage, charactenzed by basement

30 membranc ﬂnckcmng, thmnmg, splitting, and effaccment of the podocyte foot

processes, or any combmatlon thereof.



30 nenbrane thickening, thinning, splitting, and effacenent of the podocyte
foot processes, or any conbination thereof 18 1In a preferred enbodi nent,
the invention provides inhibitors to block or otherw se inactivate the
function of the al 01 integrin receptor as a nethod for delaying the onset
.of (as neasured by the appearance of albumn in the urine) or slow ng the
progression of (as measured by the rate at which the level of serum’5
albumin in the urine increases) or even l&ver5|ng (as neasured by the rate
at which the |evel of- serumal bumin in the urine |ncreases)

gl onerl onephritis Iadfreferrtd ahb@dlﬁleﬁeﬁldiﬁ?énfﬁ%ﬁgl :f\liﬁi &%%ib%ﬁo?f

myof i brobl ast's and.the .accunul ation of extrac Incl udi ng

| aminin, fibroMfBgwise m%wtaamﬁmﬂypmﬂﬂw ahl nmégmgedselﬁm alﬁ:{ethad e

t ubul oi ntersti r essi f to glonerular disease. A variety
of agents, syncE dg’mgcthg‘rjﬁgé?fdg (ﬂ%ﬁl w&aﬁ%"préﬁa Ibypn i theuirineXor n -
greater det ai Isldveihghe progreiontsT(hdRkass s o is_directed
to the roI of  TGE- “b&é I n A1 port renafgagﬂ}stgggggc%%‘vﬁggéwne5| RF"Bt her such

ki dney dis Saselbuimin ﬂwﬂmasmpemremnm@slmhmdwthaﬁeéﬁl

fol | ow ng thevﬂﬁﬁﬁ%‘ or RS gﬂbnurla s _qQbserved in the nouse nodel s used
herein. In situ Fidizati on Hﬁ'ﬂ’b’é‘t@%“‘é‘%’ﬂ“’{%s 8losessloephniiisi ch produce
little to no mﬁNﬂrﬁhnsﬁ(E—mﬁﬁfegrum ﬁ&a}gﬁge Qfﬁ?{._, @BE,%S&%Q& express an

" abundance of nRNA f?r TGF 01 follow ng the onse proternuria up until

end stage rendfCUiatignof extzaceliuler matrix mchdh@amnﬁﬁhgnéfaﬁﬂ eolepienn, COl AAI

and -COL4A2, apgheq, r e sane tinme, Therefore,

met hods f or d%emrgsnﬁfbﬁn%eﬂ eveﬁ'tﬁggj“)&% at§'f§ Hhtg‘FWé?grﬁ%&?d?ﬁ sm f or

(treatl ng ﬂ%naglowndaltdlmase sl ohriet$ of hguey, Wh{rlnfahﬁal @%%é)%s gis. The
eter m n

ef fects of |nh|%TS ﬁg 31 ac |v1ty can be. neasured ing the
“time point of 5 q‘n léQ?Wand rate of I ncrease of - albumn in

uri ne and/ or appe I n e tu interstitiu 25
and/ or accumul gf i girtll%%? &gﬁg}@gppﬁ&? F "I’FD‘F Hefle t‘?&'etrﬂléc’é@ﬁf‘ang)
t ubul oi nt er st Bt inukipottmerabdistse p @tﬂi‘@@éﬂeﬁ?ﬁﬁdo&@fﬁi&ﬂ%&d&?cﬁ S8l ATGH- (31

e |

inhibitors in Alport _mce deficient inal i1ntegrin nventlon S
d| rect ed to tmgn@yaﬁ@}:gp@aqegn mRNA levels for TGB-B1 following the onset of

.15 proteinuria is observed i in the mouse models used herein. Jfu situ hybridization
 indicates that the podocytes, which produce little to no mRNA for TGF-p1 pnor
to the onset of proteinuria, express an abundance of mRNA for TGF-B1
following the onset of proteinuria up until end stage renal failure. Activation of
mRNAs encoding fibronectin, COL4A1 and COL4A2 and entactm are observed
¢ . 20 at about the sarre time. Thcrefore methods for dlmlmshmg the level of TGF-p1

‘is another mechanism for treating renal cpndxtxons such as glomerulonephntls
and/or fibrosis, The effects of inhibiting TGF-B1 activity can be measured bjf '
determining the time point of appearance (the onset) and rate of increase of
| albumin in urine and/or appearance of myofibroblasts (in the tubulointerstitium)
- 25 and/or accumulation of extracellular matrix molecules in the GBM and
tubulointerstitium, '
In another embodiment, through the use of TGF-B1 inhibitors in Alport
mice deficient in o1 integrin, the invention is directed to the synergism of 2
combination freatment of al"Bl 'inté'grin inhibitors and TGF-P1 inhibitors at

30 slowmg the onset and progression of glomerulonephntls and/or preventzng i
. fibrosis. ) |



conbination treatnment of alp 1 integrin inhibitors and TG-=(31 inhibitors
at 30 slowing the onset and progression of glomerul onephritis, and/or
preventing fibrosis. 19 Mouse Mdel An inportant aspect of managi ng
patients with Al port syndrone and other diseases associated with
progressive glomerul ar damage associated with thickening, thinni ng, -
'splitting irregulariti-es in the GMand culmnating in 5 the comon pathvvay
of tubulointerstitial fibrosis as charadferized by the . appearance of
~myofibroblasts and the accumul ation of matrix (including collagen type I,
~fibronectin, MoiseiMedelnd col |l agne type IV) in the tubulointerstitiumis
determ ni:ng -t he cause and/ or .nechani sm of the di sease progression. For
“exanpl e, while wtdmmnMasmteﬁmmwmﬁhwvaﬂwpowsyggmmul t in .10

t | f f d t af 5(1
oSO SRR i M Sl AR i uc B Rl (1
*thensel ves doma&hmgcaﬁg?lﬁn\%@ ft%??iﬁ@ufaﬁﬁéémﬁﬁbﬁ!ﬂﬁanﬂ%&hﬁﬁdﬁngﬁﬁ absence

a a

of collagen a3(1V) V) appears to result in the persistence
of the enbfyoHieconmen RRW rmbulgr@tprmha fibrogis(as gharaeferiged by theol. | agen

obout the t i SHBYRRL 67 %i'&*?‘% %ﬁ%dﬁt%%#ﬁﬁg&(%ﬁﬁ@ﬂﬁéﬁ%%ﬁﬂ‘ﬁlﬁg ol (0o
in the nouse f?dgl , fibrorevtiy &iminiaf &ﬁﬂcdlb,gﬁe typs®V) ficthe eutiulyiamisitionkis GBM does-
u ,

not appear to nction effectively.. For exanple, in one_patient with
Al port - syndr ofteternyningfBe w&q anddor meqhanism offthe discasppregression. \ioxr ol d

| E’ééh;?étﬁt“ XL, PRt Mool 3 B o ftaerl SIEV) SSLA R BRGSO e
48, )r owveautoédﬁ%al %M&fﬁﬁﬁé 61*1&?6&%3,9&:0&1&6@%&&%& fthelo3gvoat ed

advanced Al port gl omerul onephriti nAl port syndrone the basenent
menbr ane in hgmrrssulisméﬂeé{-lm]ddyfonnafﬁ'@ldlma,Ithdsemm&mﬂsnhﬁm@ilmtden years

of age when_.the ] oss, of basenent rane.in r|t n be i tored by
o or ot easl v endtCRER BroOBRSr LR e, Py teabsios ot poBikaR ol o
confirmed thaf I 8l
pre- prote| nur i c@?por?ﬁ{}zﬁp@%gp&%%wag% gﬁsﬁraf"%ﬁmﬁﬂesease (?%M
. comprised of the a1(IV) and-a2(IV) collagen chains. This embryonic-like GBM

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

P

aboirt the first three weeks in the mouse model). However, after this time the .
c_mbrydnic-like GBM does not appear to function efiectively. For example, in
one patient with Alport syndrome, ultrastructural studies of the GBM of a 9—ycér
old patient with Alport syndrome revealed a relatively normal ultrastructure
( 20 (Cangiotti et al., Nephrol. Dial. Transplant., 11:1829-1 834, 1996). Atage 18,
 “however, the GBM ultrastructure of the same patiént indicated advanced Alport
‘glon_leruione'phxitis,- '
In Alport syndrome the basement mémbrane 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 increasﬁ in al_bumin 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.¢., small numbers of

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



evi denced by an irregular thickening and thinning of the GBM Splitting of
the nenbrane is thought to account for mcrohematuria (i.e., small nunbers
of 30 erythrocytes detectable in the urine) observed along with :
proteinuria. 20 Little is known regarding the mechani smof Al port renal

di sease onset and progression; however, it has been specul ated that the
accunul ati on of. GBM conponents and rar e&bcat ion of the GBM m ght be due to
i ncreased susceptibility of the nenbrané to proteolysis, and/or increased

synthesis of 5 matri.x. nolecules dye to alterations in the normal regulatory -
pat hways. Thus, t-héf‘é‘eﬂﬁg“%@éwgﬁ’qﬂ% erprchanisypdiAlpert rogabdisease gt one

because of hﬁdb&dﬁr&s@foh?lﬁwé{é?ﬁfﬁ&tbekﬂgé&%lﬁédﬂ&ft%ﬁe TRRGECRN).  Humans

display a range of severity in the progression of the disease, presumably -
_due to differ cpmponenthaykmesficatitrackihe GBManightbelngodhcrsdsedli es t hat addr ess

. the nol ecul ar t uke..of di sease .onset and pr,ogression are |ogistically
inpossible in Sﬁ%ﬁé@%h&)’h BHe ra’ﬁ’r?BBF(gg%ly?‘ﬁr Lo increaspdsynghesisode resear ch.
A nmouse nodel maRfix fidlarRedl: ; e t ar get ed
e £ ARIAtichY M IR Sﬁ?ﬁé“é‘%ﬁé*ﬁ??‘%

nmut agenesi s of- t he.- gene encoding the type IV c chain

(Cosgrove et al., Ghngshdehes beenhiicadEor 2090261 dOAMort shaGroai¥ boBsusaedel 15
devel oped a proglr eg{r}ve. | onerul onephritis. Utrastructural changes in the
GBM wer e . obsef Oélﬁf"ﬂ&?r%.%% sthdyiof dumag specimpes. Hignwes displerfierred to

herein as thepanpeRPSdveri 8!1%?‘% S fo target ed '
mut agenesi s of the_ggggmgﬁg% I Tfg f‘ﬁ@"gm“.‘ﬁ?e\eﬁg'%ipgé“?g%g&dé‘_?)‘%ﬁﬁ?g‘f’%°“( Gar dner
et al., Dev. Biginelic badkeraddds. RRadingful $RQf)s that hddrebdthe giolutd Batiid off Or N5 a

het er odi wi;fh the integrin (31 supunit to formthe biologically active
(GF (31" nt K6 1 isFash BFss AnEPlosfisbidn ateoERbgaly iomposniblodi rmens, basmednenyi o

celI's in the pRpass R_gﬁ 'ﬁ%ﬁbq:d-‘gggetggga"ﬁ?{' in al (31 receptor is the only
I ntegrin r'-ece%tor_ found.in thelsmesangi al "matrix, where it is exclusively
local i zed. Aside fAonvakunedetifaduesbaal Afpoki HhaRYIETad flodlchidgen 25

matrices, the knockout nouse has no obvious phenotype. It devel ops
normal |y, is WE§SSH@utagengsisiof & geng eneading thedypepBhcolligen a3(l¥) phzin enal

L1 4 ey o eREE Py 15561585, oRP S htSRTRE™ 1 07 ©
15 developed a progressive glomerulonephritis. Ultrastructural changes inthe
GBM were observed as early as one week of agé. “This mouse is referred fo
herein as the “Alport” mouse. | _
Also, a mouse was produced By targeted mutagenesis of the gene
| encoding the al integn'ﬁ_ receptor subunit (Ga}dncr et al., Dev. Biol., 175: 301-
(. | 20 3 13, 1996). This intégrin subunit forms éhetérodimer with the integrin BI
) ' subunit to form the biologically active o 1p1 integrin heterodimer, which is
found on thg surface of mesgngial cells in the rénal glomerulus. The integrin . .
al p1 receptor is the only integrin receptor found in the mesangial ﬁmtrix, where
itis .exclusively-localized.. Aside from aliered adhesion of fibrocytes to collagen
25 matn'_ccs, the knockout mouse has no obvious phenotype. It develops normally,
is fertile, and lives a normal life span. There is no renal ihsufﬁciency, and no
apparent differences in molecular composition or ultrastructure of the glomerulus
in these mice. Because the a1B1 heterodimeric integrin receptor is the only
integrin receptor identified on the sufface of mesangial celis in the renal

30 glomerulus, it was surprising that the absence of this receptor had no affect on




in these mce. Because the al G31 heterodineric integrin.receptor is the
only integrin receptor identified on the surface of nesangial cells in the
renal 30 glonerulus, it was surprising that the absence of this receptor
had no affect on 21 normal renal devel opment 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 nutant) nouse mbdel. This was devel oped by crossing-
the al knockout nouse 5 strain with the collagen.a3(IV), knockout strain
(Al'port nousepgrhfal i%hﬁmwaoﬁmbﬁrﬁlélodﬁﬁmhbnvﬁ‘hlsrsuwsﬁ it ispitbgrngl o 1

receptor subunit gene and _the col] agen ene he absence of
.the alp i i ntregnired, orthapredundantpmh Wlﬁﬂmggnsﬁ gg%n?%l e in nornal

renal devel opment gnd fun IIO beca Jdotibles the site

of synthesis for tH&REFERY &rﬂ‘ggsaémdo I nes t “Such as TGF-(il

and the early.§ Ez@ B5HoRb nfdlaep ?mmv@k@a@ btdsmaglﬂwal keockvssmoyscal cel |
proliferation o expansi on of the nmesangial matrix, i s bel | eved that

the al Dl it egpiRwithaRpéclagen @IV imoekantsyrain (fMport moels@rto

pat hogenesis. I ndeed, studies of the integrin colla 3 oubl e
knockout are pmtantscddfmﬂwlnhﬂthﬂ@la‘ﬁm%é?%mrs“ tﬁﬂe%z‘j\antﬁec(’oél\%cﬂsm on

the. present 1 H9ND ek ngteh I Brareh o e intRlp SHERF Fegf‘i“??to?"t‘ﬁi °

renal Tilter gesgfo?ﬁﬁy'a%lb% nblnd renat dveRipRRANER] fbction,decess s ser um-
) protelns in the uri

lustrated in. Figure 1, the Ondg o5 -
(proteinuria |me%:hgnﬂmduﬁ)e:slthﬂmwmﬂsymb@ﬁ@é}yéﬂe%voﬁptql@égﬁan ﬂ@gﬁ and
peaked at -about vveek bou S ks to 20 about
6.5 weeks19n F‘llqhtaérr%ﬁ &‘F@gaﬁsm%%p?% én‘i&? % ng tﬁﬁﬁcol | agen -
a3(1V) gene, npeggngqaﬁe B lwaﬁﬁﬁﬁ'exﬁﬂisﬁﬂ{dﬂlhéﬁi@swgiaigﬂmi it Etheliovedet and
rate of increase ternuria (i.e., the presence of serumal bumn in

the urine) isgmt Mﬂlﬁ'ﬁﬁgmﬂ mcépmr wight bave mg:epiﬁ@ relefinaenal PARCECTFISt he

et hods of the présent invention. The seru $ rp%n IeX(ngm_gan be measured
by either by MGCQIS@&IMW@%H%&@S% qQuibly kot nrng (running

Lot e, oty phih i@l TR o RSBt ipueantlt B ok
weeks in Akpoige éﬁaﬁe@tdt@@@raimmmtc ludoekdie mavise otheipseseat wvetion.
. A good overall assessment of the integrity of the renal filter is protemuxia
(i.e., the presence of an excess of serum proteins in the urine). As illustrated in
Flgure 1, the onset of proteinuria in the double knockout was delayed by at least
aweek, and peaked at about 9 weeks to about 9. 5 weeks versus about 6 weeks to
( B o 20 . about 6.5 weeks in littermates that were Alport (1 e., lacking the collagen a3(1V)
| gcnc, but contammg the o1 integrin subunit gcne) The onset and rate of '
increase of protemuna (i.e., the presence of serum albumm in the urine)is a good
measure for evaluating the effectiveness of the methods of the present invention.
The serum albumin levels can be measured by either by gel electrophoresis and
25 coomassie blue staining (running the equlvalent of 1 microliter of urme) or
commerclally available stick tests. The mean age of death due to renal failure is
* about 8 to about 9 weeks in Alport mice regardless of whether thgsc mice are of
the 129 Sv/J or 129 Sv backgrounds (at least ten mice were z}llowed to progress
to end stagé for each genétiv background to establish this l'p‘oint). The double
0 -~ knockouts live to'an average of about 15 weeks ff:_o about 16.5 weeks of age. -




the 129 Sv/J or 129 Sv backgrounds (at |least ten mce were allowed to
-progress to end stage for each genetiv background to establish this
point). The double .30 knockouts live to an average of about 15 weeks to
about 16.5 weeks of age. . 22 Therefore, renoving the al f 31 integrin
receptor had a marked affect on Al port renal disease onset andprogression.
Further, mce without the al (31 receptoryhad inproved glorerular function

as conpared to the other mice tested. 1iT animals that did not express the
a3(1V) gene and-vyerer het.er ofz%ﬁous Lor he 5 ;al knockout -nutation, there
was an internedi at e ST EREIRVNE the P RE fteasin repoptonthadie markedinfes on

rogression il L1 : i pteqri ad a:. dos dependent effect
oS Pt Rl Ynbbnd o A Bl it SEIRYY

on Al port: renal "di sease progress

expr essi on by " feakftophalintedvel glombRlid bctRhia8 ebm t&ﬁleidihéi‘%i\ﬁ?fégteﬁ he -
Al port nouse Zﬂ?d t.he doubl e knockout). This intefnediate protective effect
in 10 Al port ath¥malsikatdidagteaneess Bie a3 )gehe and vegs hieterozyigds (ot the
iIlustrates th‘?igﬁ&gﬁtﬂhﬁl léﬁi i ntpli biting.the a 10 1 integrin receptor
provi des useful benetrit - rRP<"FLe s A gigrmediata improvemee inglomerafapl i es to

t her api es i nvolumbtish adititiakd : k31, jnateqrin receptar when used
“in humans. Transmssitlrt ia%éf %g%%&%ﬂgr@gé%ﬁhéi@'ﬁ&ﬁ)}g{éﬂ/g@?ﬁgﬁ%r nmed on
ki dneys 15 f rdspendenteffectbd mpmrémismgsr@gsgﬁh (D@r{mbciﬁ%tﬂ%% al |l el es.

€

(control), null at, collagen aB‘(jf\/)_and nonlral. at al -integrin (Al port), or
nul | at bot h CBfeRHBEXPressiqn by halfiproyidedatpoofective(effiecbihat i Hiobbtoet theThi s ti me
poi nt was chosgges! t, m.ce at thjs age are approachi ng end
stage. The pane.g C os%hﬁtft(%lre%ﬁﬁg{? ockpug) -W%l&t%e%ﬁ%&ﬂrv@c Ye effect mast 5 :
di'f ferent 191 onpott anintdlehelrozyous thUst b tifded i e Qlfyrer ul ar
capillary loop of the nornal Zfrr%)use (Figure %?Hﬁuga&ﬁg%sﬁa%gﬁn sement
menbrane wi t hIlHbitiag ihia ¢l fldméspsinamet prorqubvideshzeful batelteSBIgs if4 he f oot
processes in el s. are denoted by arrows). The capillary |oop

{l.three pan
bt “the A por t IeBificant Eediie & B aprliedodirraniesihyavingakibision of GentBine. i t h
focal thi ckenhﬂggrﬂmcgmémﬁ&gus(eglﬁtﬁmi stic of advanced 25 di sease). The
I ng

- foot processes  were swol | en, "appear used, a property believed to
collagen a3(IV) and _-nof.iﬁél. at ol integrin (Alport), or null at both collagen -
a3(IV) and al in’te.grin‘ (double knockout). This time point was chosen since the
Alport mice at thi; age are approaching end stage. The panels chosen for Figure

2 are représentative of at least 5 different glomerular fields. As illustrated in
[/ o 20 Figure 2, the glomerular ‘capillary loop ef the normal mouse (Figure -fZA) had 2
trilaminar basément membrane with uniform thickriess and regﬁlar foot
processes (the foot proce_éses in all three panels are denoted by én“ows). The
capillary loop of the Alport mouse (Figure 2B) showed rarefied basement
membrane with focal thickening and thinning (characteristic of advanced
25 Ifiisease). The foot processes were swollen, appearing fused, a property believed
to affect renal filtration efficiency. In the double knockout (Figure 2C), the
basement membrane was markedly less affected than that of the Alport mouse
‘(Figure 2B). While the basement membrane was thinner than that of the control,
it was much Iess rarefied, and the foot processes of the podocytes appeared
30 largely normial. In the Alport mouse, about 40% of the glomeruli wére fibrotic,
while only 5% were fibrotic in the double mutant. |



(Figure 2B). While the basenent nenbrane was thinner than that of the
control, it was nuch less rarefied, and the foot processes of the
podocytes appeared 30 largely nornmal. In the Al port nouse, about 40% of the
glomeruli were fibrotic, while only 5% were fibrotic in the double nutant.
- 23 - I mmunof | uorescence analysis was perforned using frozen renal cortex
taken fromthe sane animals used i.n Figy.e 2. The tissue was reacted with
anti‘bodi es specific for proteins known t% accunulate in the GBM as a
function of Al port renal disease progression. The results in Figure 3
illustrate that thdoBmiodueiesrenpoanalysiscwasiparformabusingdrozan rensliconexi 4A2

az2(1V)) chai bat.h,.t he | oner-ul d that of
the doubl o mutdsdtorh B o Wit wti e 1) RS el SO pinliBoBl 211
panda of Fi guratiBodiys spetieFor proRidskBowieSaRGnalatei the CBM a8 afdsdtiohV e
(Figure 3B, Q Lamnin-1 showed marked accunulation in. the GBM of the

Al por t mouse c&ﬁpﬁp%rwlQIW@SQ:MWLOT!Q@@%W@MQ@MHMﬂw:thcgure 3E),

mor kel y ot o EoR TP RlHen COPHAT v aff A3 feRmBlopins TR "oy '

Fi bronecti n nghaiBlfdsbotiphelAlgas %férﬂﬁéé&ﬁitﬁatldrtﬁ@&ouuwm&&tatnmrlx but it
was found to.localize to the CﬁMas wel the mesangial matrix in the . -

Al port mce (Fpgpartae gqml)lary Suaps (degiotedlin ;111 paneﬂsh@f Kiguas! ?ebﬁ&rms)amd the :
-accunul ation gf_fi onect n t.he S .| ot ed (Figure

31). This res a:%él frer%‘fﬂtbv&f&gﬁfeeiﬁlcﬁ c]g"ﬁg’rné‘%ﬁ gg‘f’g? for heparin
sulfate prot QB@ilﬂtﬂ@tibrﬁh%!@GBM beibp AlgsH mbadeYonspakddl tTohEe s®mgangl al matrix of
(3he doubl e . nutant (Figure 3L) when conpared to either the control (Figure

J) or thdOAl fEpmpasdigee @Dm@h@gawﬁ‘ﬁmmm mthedowle antand (FiguiedFhe GBM

was observed i WI 'h no
di scerni bl e di erenceoqbtlélﬁ PWa%gﬁ{q%gﬂp#_{%aﬁ?t@'}eiﬁiveﬁ§%$ I ned,
these data il flsherali (FipireGR). thbadneamhhormﬂlyM@ﬂzmnaxbh@n@gumltﬁe ‘mut ant
results in slowing Al port repal djisease:progressign. This is clear at both

the physi ol ogfesiueial maii, sk K vasdowndde docalizd te the GBMwe weH asitifur e 1) and 25

Figure 2)" | oval e AR SN AR QTR e ety AGRERAIET S 1

il lustrat&s mutant accumulatlon of fibronectin in the caplllary loops is not observed (Figure

3I). This result was hlghly reproduc:lble In contrast, stalmng for heparm sulfate
proteoglycan showed attenuated staining _m the mesang_lal matrix of the double
mutant (Figure 3L) when compared 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, w1th no dlscermble deferencc between
the two (Figures 3N and 30).

TN

Co'mbined, these data illustrate that the o1 nuli mutation in the double
mutant resul'ts in sloWiné Alpoit rena! diééase progression. 'f‘his is'clear at boﬁl
the physmlogw (delayed onset of protemuna as shown in Figure 1) and

25  ultrastructural (reduccd GBM damage and foot process effacement as shown in
: Figure 2) levels. The immunofluorescence studies provided in Flgure 3 illustrate
that _eliminaition of the o1 B1 integrin receptor results in specific changes in the
abcmnulaﬁon of extracellular matrix cdmponcnts in both the GBM and the
mcsanglal matrix. Thus, the present mventlon involves treatment methods
30 ‘ wherem the o1f1 integrin rcceptor bmdmg Slte on the surface of a kldney cell is
o blockcd Such treatment mcthods are descnbed i greater detaﬂ below. ‘



~that elimnation of the al Pl integrin receptor. results in specific changes
in the accunulation of extracellular matrix conponents in both the GBM and
the nmesangial matrix. Thus, the. present invention involves treatnent
met hods 30 wherein the a 1(31 integrin receptor binding site on the surface
of a kidney cell is blocked. Such treatnment nethods are described in
greater detail below 24 Furthernore, @gnwe 9 shows that, while the
cytokine TGF-01 is induced in the Al port nDuse it is not induced in Al port
m ce that, harbor the al |nt§%r|n mut ati-on aswell. Thus, in the absence of

al (31-integrin, T&uthermare, W@ﬁhpﬂsm%wm%@%@ﬂnﬁﬂ%ﬁbwﬁﬁw for a
d ' t f t.h l,a t b

and thus, ?ﬁéﬁ\”“ff*‘a bfidse (e ﬁﬂ'ﬂ%ﬂéﬂ?&?@g B R LS ccnce -
progresses. fil'fuft?tdﬂﬁﬁé(ll s m?tﬂe rb%égmgt@aﬁl HEGER- ﬁung%ht%gsﬁ jd n greater

detail in the OWI ng section. 10T erein
clearly est ablnmsd)hservtcﬂavhiﬁsﬁedoﬂﬁtmf&ad&maeﬂmmmnslpﬁombfmattgd inrthe ul ar cel |

T 1 51 mRRA. ESRER PR BRGDRABCN . S ENHE SRR BO TE 4 ho ot rix
mol ecul es knoyg;dy %@9@&%{% Pfo%rés@& mfc%fﬁ‘qlfb?};iﬁg‘“rpﬁa(l gﬁ%&?”e as a

function of progressive g onephriti's 1n'the 5 | am ni n,
fibronectin, discwstdin graster deygibinlthe fdloWagedertiodzur t her nor e, the data herein’

shows t hat TGF-(3I is induced in human Al port renal cortex. This supports
the validity. of the animal nopdel in its ability to mimc what is happening
- in the human fNpoidp&ipdey. To. denonstrate the role.of TGF-p 1, total RNA
was isol ated g‘mn—m%s 20 of Al port aninmals and probed wth- o
~adi ol abehed. pr obeghs gaa hbictn él@érlfeésidb%hés et TEK-pMis inBuckd(ih Yspéaifit agen
chains, entactin, the lamnin (3 32 chain, fibronectin, or TG~ (3 1.

The resul ts i glomeguaecell typs (IhQPmﬁanthmouﬂﬁm@dﬂséémw%fmmese
proteins wth.the.ex l.am nin uc fol | owi ng..t he onset
01 prot ei nur IR GRo I i ASE sttt 53,F ruiphdhe Sonse PR e 22
timecourse VeR mdtae nRﬂéJuiHs’I&QwﬁQé adAfuMOirtthe gioﬁigriﬂhf‘bz(séﬁweni amnin yl,
heparin sulfate proteoglycan core protein, the collagen a4(1V), and

a 5( | \/) C hal ns membrane as a function of progressive glomerulonephnus in the model (e.g.,
. _15 * laminin, fibronectin, entact:m and type IV collagen). Furthermore, the data

herein shows that TGF-B1 is induced in human Alport renal cortex. This
* supports the validity of the animal model in its abiliiy to mimic what is
happening iﬁ the human Alport kidney. - | '
To demonstrate the role'of TGE-BL, total RNA was isolated from kidneys

o 20  of Alport animals and iJrobed with radiolabeled prbbes specific for eithér th.e.;

o l(IV) or 2(IV) collagen chaing, entactin, the laminin plorp2 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 fimecourse were also performed for laminin o1, laminin [32 lammm yl hcparm

_ sulfate proteoglycan core protein, and the collagen 04(IV), and ocS(IV) chains.
No significant differences in mRNA levels for these other basement membrane
proteins were apparent when cbmpaﬁng tﬁe control to the mutant. |
o The results of the northem analyses were analyzed to dlrcctly quantlfy
30 the relative changes i in speclﬁc mRNA expression during the tamecourse Figure
5 illustrates that mductlon of the specific mRNA levels is first apparent at six



No significant differences in nRNA levels for these other basenent menbr ane

proteins were apparent when conparing the control to the nutant. The
results of the northern analyses were analyzed to directly quantify 30 the
rel ati ve changes in specific nRNA expression during the timecourse. Figure

S illustrates that induction of the specific nRNA levels is first apparent
at six 25 weeks of age. By 8 weeks, A | evel s peak, with the nmRNAs
. encoding TG~ pi and fi brone(':ti n i nduced 6.6- and 9.4-fold over that of.

and entact  n WEPE ep BESteold Rl oy Boek oy My 60 maORT oo

- si gni fi'cant cmraa&ﬁbtoﬁec‘i:nnﬂaﬁéede@%o%@wfﬁﬁdv%fruﬁwfé&itrmﬁcw chains, as

determ ned by 'these same total RNA northern blots, were, observed at any
point in renaMﬂeﬁwe&eThpud@ﬁﬁseﬁewfora&hgahamW aszmmnd&ataaﬁhweﬁe smal |

- percentage of the tatal gf the kidney. Indjvidual cell types.within’

the gl omerul i aualwﬁsfel Y}“Ie§1§§elﬂ?c@1tﬁ§%§@ﬁt@gﬁcamm‘é% bl ots of
total kidngy %Af?ﬁ &Elgfﬂ'?f{lgm

that i ght be b th ph S8 S Bh Ableopb 6 bRy ool |

type. To exan’tdwM‘M‘hbﬂlﬁerﬁBﬁw%oﬁﬂﬁ@dh%yﬁgfnﬂlﬁ%nﬂﬁhdeﬁéé di fferent
basement nenbrane conponents were induced in a particular glonmerular cell

type, in situPlgEsHgR.zati on was performed using di goxygenl n 15 | abel ed

anti sense probes s 0 uI t Fi gure

6. In normal m ce, ﬁ’@ﬁ%ﬂ; f%%ufrl\ls({gﬁ ?@egﬁy‘s&‘;@ C.Le%?a g‘ﬁ f%)n?ﬂnogﬁlgnectl n
(Figure 6G akidnéyrindivitua) dell(tfpegwlﬂn@Me glesalulizenthtive ddieveh Yeséep t he
(Gmasangl al -~ cells, while | n the AI&tqrt m ce, these sane transcripts (Figure

E, H, ah \percgniagse North @mﬁot&% 1 kidngy RINA és therafere q%éllsew@éet@ethe ring

.-.;)

- of |
'n this g oneraPanapesiecal BEadhs fitotals plimet®l bPlo WS 071 1) 7 <

al so_evi dent glem&ﬁﬂﬁreelﬂ)gm a“o&ic&nmt\bheﬂfai\)che xﬁRNH@éﬂd@ﬁu@ngmm§oﬁmeodl ng
matrix pr otel ns [ n [ onerul ar, podocytes could result in changes in GBM

conposi ti-on. FSCHPMRIMPIARG ComnReseHts sers Idiershiar pRATHEWET det ect i on
using 25 ang%]Qﬂlg{’u?zﬁ' ceit E&J'ef InSsedh ﬂﬂrbﬁclﬁﬁat?o%twba\fsepe'rﬁ%% Wil &E&y‘éé{ﬁxﬂk' he

corroberate
15 labeled antisense probes spec;lﬁc for the mRNAs. The results are shown in
| ‘Figure 6. In normal mlce, the transcnpts for TGF-p1 (F1gure 6D), ﬁbronectm
(Figure 6G) and lammm 1 (Figure 6M) localize exclusively to the mesangial
cells, while in the Alport mice, these same trﬁnscripts (Figure 6 E, H, and N,
respectively) clearly localize to the podocytes (the ring of cells on t-hé outside of
- 20 the glomerulus) illustrating gene activation in this glomerular cell type.
Podocyte activation of collagen o 1(TV) is aiso evident (compare F1gure 6B w1th
_ 6A) Actlvatlon of genes encodmg matrix protems in glomerular podocytes _
.could result in changes in GBM composmon
TGF-B1 protein data based on 1mmunopcrox1dase detectlon usmg
25 antlbodles specific for the actlve isoform of the cytokine corroberate data
obtained by in situ hybridization analysis for TGF-B1 messenger RNA. The 7
data shown int Figure 7 illustrates that elevated expression of TGF-B1 messenger
RNA in the podocytes translates into elevated protein.
R . Since the data for TGF;BI was acqﬁired 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 Alpdft versus control patients.



obtained by in situ hybridization analysis for TG (31 nessenger RNA. The
data shown in Figure 7 illustrates that el evated expression of TG-- (31
nmessenger RNA in the podocytes translates into el evated protein. Since the
data for TG (31 was acquired using a nouse nodel RNase 30 protection
anal'ysis was performed to determine if nmRNA |evels for the cytokine . are
‘al so elevated in human renal cortex from Al port versus control patients. 26
Data in Figure 8 illustrate a 3-4 fold el2vation of TG (31 messenger RNA
~.in human Al port renal cortex relative to control. This proves that the
 cytokine s amw& Wrm&amdew Afalbélevition of TARIPE#RsschPetRNAMI bi ti ng

the activity of provi des a reasonable treatnent protocol for

Al port Syndr. onbum@n édmxt mmahmrsnxrdntlwwﬂonhgl Thisipoves Gakibe pyleking is

preventing, . cu gl nin,.th i gure 9
Phows that . wniieg SHRESHER RS Rlphl agporfiofiRts. At RikERETnd Rty of,

i nduced. i n dOUtI’GF Fgfdﬁmgsa%&%néﬁl@&eﬁﬁfeﬁ protods] Bk Al s‘bd}ESﬁidr&anUt at|on as
.well. Thus, in the absence of 3l7integrin, TG (31 10 i nduction is not
observed, i cpartlauladurfo&lumtmgammhm&a@éy ewnaamngmﬁnx@ccum:ﬂmomnu n the
gl onmer ul ar baswyfenbrane and thus, a significant decrease in the rate
at which the r sease progresses. Significantly, blocking (or.

ot her wi se. i nact i vat i3Qhscagield b, P8O0 i whilg TRRL. pl iiudclth et | 0

TGF- (31 is synergistic In attenuating renal di $ease 15 (particularl y Al port

- renal di sease) Adptinousy, tgs assinduved dndouble kmbkbﬁahiccﬂhutharb@yﬂmr@ stic
effect is denonstrated using, as exanples, tw different agents that bl ock
JGF-[31 activi mtegnnmma@engsw& Shes, imthe abswoe ofiel Bl Bregringd GEBhssure t hat

he resul ts, wer e foj i bitin t|V|t .Irat he si de
T ees ot o lithiSh il B0 Dt abedile S utirbabe i AR o' Do
Fuj i sawa Phar NBREH inahé gﬁﬂzerulat&déemeﬂﬁﬁ&ﬂbraﬂ@@ﬁﬂthdsei ﬁgﬁﬂﬁaﬁmeaﬁeagaﬁr ol i mus
or FKSO6. This drug is conmonly used as an. mrrunosupressant to prevent

rej ection foll mmm@aéwémhthﬁmmlwamwssw works by inhibiting a
critical subunit of §£%’§%‘{3§ ellhglﬂcgé:goe1 EPFIFF‘%%%%EdPY"%&%w&H%&m%nC&BIS a

serine threonlne ph
- receptor and inhibiting TGF-B1 is synergistic in attenuating renal disease

15 (parttcularly Alport renal disease) onset, progression, and/or reversal. This *-
synergistic effect is demonstratcd_ﬁsing, as examples, two different agents_tliax‘
block TGF-BI activity in three different ways. Both were studied to assure that

- the results were due to inhibiting TGF-B1 activity, rather than a side effect of
drug treatment. | |

20 The first example is a drug produced by Fujisawa Pharmaceutical Co.,
Ltd., Osaka, Japan, referred to as tacrolimus or FK506. This drug is commonly
used as an immunosupressant to prevént rejection following organ
transplantation. It works by inhibiting a critical subunit of the T-cell receptor
called calcineurin, which is a serine threonine phosphatase, and a critical part of

25 T-cell recéptor signal transduction. As reviewed recently (Crabtree, Cell,
96:611-614, 1999), calcineurin is a subunit of a variety of receptors. Oﬁe of
these recéptors was recently reported to be that for TGF-$1 (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 :

736 Il receptor signal transduction. E '



.chinmeric TG (3RITI

25. T-cell receptor signal transduction. As reviewed recently (Crabtree,
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
TG-- (3l (Wang et al., Cell, 86:435-444, 1996). The drug FK506 was tested
as a TG--pl inhibitor. Thus, treating mce with the appropriate dose of
FK506 will inhibit TG (31 type 1/type 'é@ Il receptor signal transduction.
27. Since FK506 has other biological effé&cts besides .inhibiting TG Di
(potent immunosupression via T-cell receptor inhibitjon_being:the nost

not abl e),” - a secondSmGFFRRSA6 hastvthsribielogissl affeats bgsides inhibitings BeBAY i nhi bi t or

i o arbe. 1 JoRBmbbRe et s S BRI s R ROASE .

active cyt oki UscBing POFIMAGhIbS: WAL LPIFaté® RS Rcofi@Miifitoriddnl S a sol uble

gd@" nurine fusion protein (see, International
Publ i cati on \Wexp&fmsialidrug indatdevelbpmentbycBiogemhe., Gambsslge MidbiThisr wer e

“injected into mce through the. tail .vein .tw ce weekly. in the described
b tig pcftug o

experi ment s. SIS AOnReHE Q}F"ré’é %W?F‘%S""rki’l%g% aig PIBe#Y ect s of
obser vati ons. HAJ Y Solbile secthudr SoEE T B oRRE R T ERAIBOY ¢ witn
bot h dr ugs -ar enwimcfusida grdteint{sce, Hitembibonal Peblicatiodh WO &8/48024)CFEvRtact i vity;
Ih DIESuP). oeceermae o v e BT R SR £
ef fects of Tgmgﬁa%i%%%éa&gﬁp%j )Ip%ﬁh{entSSecond, bot h agents were tested

i.n the double mouse nodel “to exam ne the biol ogical effects

of al (31 inpegrin iSihéethe mmde obattivioandthepdiaitiadbsideiefocts of FKA06 amd the |

cases, the data presented . herein was repeated | east, three ti.mes wWith a

-y ) at
hi gh degree ofokiglesTGFdHaphibiiar of Biogpp arede ditferentsobservaiontpade.usipgtha heor ¢

nouse nodel ; £ LGl f.d: : LB ke She

pr overent  oftifaa e S ENE: cohduied vl AR cRMBI Bbe | oy
process ef f.acewens thednkibition o TGR-Bedctivilhus, TG (31 can i nprove GBM
nor phol ogy by reducing the rate of matrix accymulation, but it has no
significant affect TO¥ DIES pbewsAMSRES wirapenfgrmed. Hodh 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 c1fi1 integrin
inhibition combined with TGF-B1 inhibition. In all cases, the data presented
herein wés repeated at least three times with a high degree of consistency.

20 - When TGF-p1 is-‘inhibited in the Alport mouse model, there are some

. beneficial e'ffects. There is overall improvement of basement membrane
morphology, however, §ignificant foot process effacemient is still observed. -
Thus; TGF-p1 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-P1 inhibitors given alpne, 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 . w1th any of the TGF-B1 inhibitoré used starting at 4 weeks of age, and harvest
tissues at 10 weeks of age, about 30% of .glomen;li are ultrastructurally B

| PR




25 process effacenent. This nmeans that TG (31 inhibitors given al one,
al t hough provide inprovenent, are not likely to succeed in inproving all
characteristics of A port Syndrone or other such disorders. In double

knockout m ce,

by 10 weeks of age, nost of the foot processes | ook normal,

however there is significant matrix accunulation in the GBM |f you treat
these sane aninmals 30 with any of the TG~ (3l inhibitors used starting at 4

weeks of age,
gl onerul i

m ce. Thus;,
herein can,:be achi eved us TG (31 i.nhi bi to | on, with. al (31
integrin recept"oﬁ’at"ill PP ‘Efﬂgde%\’@@mnﬁme% %ﬁﬁi i om

and harvest tissues at 10 4feeks of age, about 30% of

are ultrastructurally 28 indistinguishable fromthose of normal
si gmdistioguishablefram dwseof normal micea fires) Bigmiﬁnanthhprodemcnﬁ ibed

~ ki dneys -t aken f Ie knockouts treated with
[ ' L@%Ltor}‘evht%é %ﬁg&%ﬁég@eﬁ@&%@% at there are distinct

ei ther of the
: differences between Keuheh bivedatd GhrspeificaRNAG frdnX kilndys faRé:e Sohieiktitpc kout

nmut ation affects expression of these nessages that encode either matri X

‘ol ecul es t ffat Alpotimaicaoedduble knocksits tradied witheither ofthedF GE-f1 inhibitors,

met al | opr ot.ei nages: éﬂFﬁ‘%ﬁ}e ”?{Sﬁééﬁé{grlwlﬁo rote| ase r?’%Fgﬁ%orl ?and | -

their correspo
bel i eved to no
GBM are also

% @} St KRG Ehp bR is HordR ps%y%hgg% iSkagOmmS | S¢ the

knockout mi ce etnw@etamcmhmxanblhaﬂcmaﬂdaauﬁﬁe(nﬁﬂwlmmmrmaonﬁREmcIflCal ly,
Ti np-3, which is expressed at. ver h h levels in norpal mce. is

suppr essed |n tw%gmemlﬁmeqm incl mamfﬂ@fa’éq’lﬁ"#@ﬁ@éﬁgﬂf@Eﬂ)eat ment

it h doubl ¢
CTIMVP-3,

contr ol

laminin a2 is taeals

D! exokNEiie Bl it tinch M YIRS oD TYGIBL 8y, oiay essi on of

fice (Fbegeweel tah)odumtc)thg rataeﬁmnmmaoﬂmmiemleé that conipris? tha@B3dsi on i s
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?hf aﬂxze Iqﬂet*q‘ﬁ

pdinMBert EHcesEsus deHble MCeoci ation
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menbr ane thlckenlng I'S |rst

position

.of doubl e knoc kaptessadce véry hmgltleo&isarnmﬂalmmem supprésseddii shobothgdpofi gure 18,
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Adm nistration of TG--|

31
“mice and double knockouts. J Treatment with double knockout mice wnth TGF-$1
!nhlbltOI'S prevents-suppression of TIMP-3, restoring the mRNA to. levels

- comparable to those observed in control mice (Figure 21).

' Along these same lines, laminin 02 expression is normally tightly
restricted to the mesangial matrix. The deposition of lamxmn a2 is the earliest
molecular change identified in association with Alport GBM disease onset,
showing up at the same time as basement membrane thickening is first detected.

Deposition of laminin a2 in the GBM of double knockout mice is not observed

even at 7 weeks of age (Figure 18, Group 1D). Administration of TGF-B1
" inhibitors to the SV/J Alporf mice does not inhibit deposition of laminin o2

(Figure 18, Group 1C). This underscores another difference in how a1p1
integrin versus TGF-B1 functions in slowing disease progression, substantiating
with hard evidence why a combination treatment provides synergistic benefits.

© Ttisbelieved that the failure of TGE-B1 to inhibit effacement of the

podocyte foot processes is directly linked to the observations regarding laminin

o2, The laminins foirfn heterotrimers consisting of an alpha, beta, and gamma .



inhibitors to the SV/J Al port mce does not inhibit deposition of lamnin
a2 25 (Figure 18, G oup 1C). This underscores another difference in how a |
$31 integrin versus TG (31 functions in slow ng di sease progression,
substantiating wth hard evidence why a conbination treatnent provides
synergistic benefits. It is believed that the failure of TG--3 1 to-inhibit
ef facenent of the podocyte foot processes is directly linked to the
observations regarding laninin 30 a2. T lanminins formheterotriners
consi sting of ‘an al pha, -beta, and gamma 29 chain. In the basenent

menbr ane, -t heychaino Ia itha baswhernt nyemebrans thegrerasslidlowith ane afether toifkan a
superstructure.that is an integral part of the_hasenent merrb‘? The

. | anurins“ar e kihedriikesupsrsiapciare thy thqaqlﬁﬁeg&\l‘pﬂ'tp.g %%‘?"%erﬁﬁﬁ‘mﬁrtg@e'imortant
roles in dif fy #{ &Ewgwﬁ%@wg,ﬁ@?ﬂ%gﬁ?;e&bﬁ%&éElea?girnggmﬂt%ggr mal

mce, the GBM 5 contalrns predom nant nin-11, a trinmer of a5, .
" (32, and yl cHaidiferentiafioh and arimémnosofdissuefunction. nth nomial miigh) thé GBM ty to
the integrin a3 P_1 receptor_on _the surface,_ of p%%o tes ny believe

that thi s iSnt evontainsamedsmipantly lemjnip-dil ca heterofimenaf; E?é%ffﬁe Lsex

t oskel et al hj t ect thal -0k M.t
haterotr i mor s THBlEa R RO Tl 84 Fluynilh 18Rl B @S 50385 o 3piRBren .
0 not bind to @dsirkke oPpsiiciits. Mg belicverhat ki eteabtismplayan Reyitole # chain in-

the GBM might result in the observed foot process effacement by inhibiting
t he bindi ng ofmaiptanin@tie tompiexgytoskelotal arshifesture thak fsmsthe oot PEITESSER- | 1) .

_As nmentioned, .in the, double nockout . }he.deposition.of |amin a2 is
(.hi bi ted, whi'd %%&fﬁmrwrmqiﬁ‘{‘ H"etq#e‘t}}?&? ﬁ[gf‘“érﬁgém gf aﬁ’%%?“gbé;cesses in
this mousegstral Bind!téoéﬂfkﬁtb 52| TRRIRS #ﬁ%&én@é‘éfﬂa%'lﬁﬁﬁﬁﬂ-ﬁ chb@ hesdesN
-interstitial fibrosis. "Interstitial fibrosis occurs late in Alport

syndr one - pr ograipht @il inl the bbidneed a6t {Bodeds efdqiorent bpinbibiting dic bihding be

fibrosis is observed prior to 7 weeks, wiih a, n age of death at 8
weeks. In the th@%ﬁb‘ﬂt%ktﬁd‘cs,mﬁémwt%wﬁfi‘%g’é‘gmém? ”é'ttﬂg to 9
weeks, and progr es unti L O~ =1y - ] the 20
doubl e knocko “5@353‘8"‘8’;‘}?:&1‘? é%%sﬁ@ﬁ&f %&[%&2%@%% hﬁ?‘g%lg@%ﬁ%r eis a
-.significant caoifisghe MaikteRds of fdob pideesseointhis thidige kpaih. mouse, and this can

be | argel revented by using TG--p_.1 inhibitors. 25 Treatnent Methods
J ,i)g p— ’ 'Additigna] -.obse%vations 1%1ate to the ?ssue ots interstitial %%rorg%. '

Interstitial fibrosis occurs late in Alpor{'syﬁdréme progression.” Ta the 129 Sv/J
Alport mouse model, little ﬁbfosis is observed prior to 7 weeks, with a mean age
‘of death at 8 weeks. In the double knockout, however, onset of fibrosis is at 8 to
§ weeks, and progresses until the mean age of death at 15 weeks. Thus, the
(" 20 - double knockout is an éxcellent model for the study of fibrosis. There is 2
| _significant course of fibrosis in the double lmockpu.t'mouse, and this can be

- largely prevented by using TGF-p1 inhibitors. ' : o

25 Treatment Methods |
' " Inomne 'as-pect, the invention relates to the use of inhibitors (e.g., blocking
agents) to block or otherwise inactivate the function of the a1p1 integrin
receptor as a method for delaying the onset (as measured by the aﬁpcaraﬁce of
detectable levels of serum albumin in the urine, using either a commercially
30 available stick test or gel electrophoresis and gel staining procedure) slowing the
- pfogrcssion of (as determined by measunng the rate at which albumin levels™

increase in the urine as a function of time, as measured above), or even reversing



- TG $31, . fi bror{e-ctr-i n, lamnin chains, etc.; by t

In one aspect, the invention relates to the use of inhibitors (e'._g.,

"~ blocking agents) to block or otherw se inactivate the function of the al p

| integrin receptor as a nethod for delaying the onset (as neasured by the
appearance of detectable levels of serumalbumin in the urine, using
either a coomercially 30 available stick test or gel electrophoresis- and
gel staining procedure) slow ng the proqﬁfssion of (as determ ned by
measuring the rate at which al bumn | evel increase in the urine as a

or even reversing 30 gl onerul ar

function of ti a asured above), € ,
_(il_ihsease, ‘|;)a(r:I ti %@?%?%%W@%W@@mmmwglmwwepm fO_l_'fﬂH?dSSh%ﬂ sb |
ese include, 3 : i.e a MBI pept rom.prateins that bin

to the al j31'-i-%{fégeri_ieigg¥°g’c‘?’e‘%%‘8ﬂre’, g‘?%‘"’éﬁgiﬂ‘?f'l’ﬁﬁ?&%%’mPmt?'@ﬂthabbmﬂaqﬁhﬁi n,
type N-col ] agealfl mtmﬂmf@smﬁ'ds,%i%ﬂﬁﬁteﬁ@mg@ﬂ'ﬁs g%gndi ng within
can bercreat

the recept o.rllhgand 5 site of the al (31 receptor red _eBased on
pr ot ei n/ al $31i HYEYFGHH. fdeaiacsn. Smalidhelsculéahindingiveithin ik recdptdtfiiiund r agnent s

t hat speci fd cal; ' o.the binding 'site of the ai j31 integrin receptor
" can be usecfI i ﬁél{%f?hélg%rﬂe{‘%’ﬁ?m?ﬂ 3 e&%%%pm&m/gﬂbiwmmmts o

i ncl ude pol yclstniiés. ARtbRaies B3d antfiddy 4] Wk derjved. . humani zed
and chineric antibodies. .:. :m'1 105(&13%}5%&% g??t%lﬁ?%{yawmﬁ *ogtgﬁmn t _
bl ocks t he “bi ridfeed theakflfinlegtineecefitor tan bavised in this RREREG. TR8: ARmERY i n the -
nmet hods of th%f%égiﬂgd}t I nvent.i (in. Exanpl es. of such agents include, but are -
not linted to, - fragmen ABcdsde pelpelpnalmpnodenal, autisidintype, aminfal-agnent , or

the |ike. - Sucllefigenhamasi®edfld @Vt Qb signal transduction through
(;he receptor.- Effecti veness of sugﬂég?&eﬂgtﬁﬁcéhts can be 15 determ ned by

val uat i g0t he dowdat ageat(astifioi] tigaad) m@%&&m@ﬁﬂgﬁgg% for'td ig,l%fxggg‘r-,g’es i n

the gl omerul at® o fgRbe asubin thetethodbyf thepresentieméntion. Hxampis orer ul ar
seive as evidgp : ' he rate of onset and progression of
proteinuria. . g‘%ﬁ{%“‘gﬁﬁéﬁ@éﬁﬁgﬁﬂlm p-ARcutyatizngantibogy, pemtidsct i on as

i s provided i prof¢udytiefiagmungsor teerlikd, Buch ageiteark®belibveBl i PLE t O :

il{ustrate th%t a..S0l U!He ﬁg{ant capabl e of 'bl ocking the Int®raction of a
101 integrin Wla? u??{‘gl oY&h thefseanior. Effcghveness of such treatments can be

N 1S determined by evaluating the downstream effects on gene expression (;f, 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 . Anantibody that neutralizes ol Bl integrin function as is provided in the
- examples and in Figure 10. As an example to illustrate that a‘soluﬁle agent
capable ofblockjng the interéction of 1Bl integrin with its ligand would-
produce the same effects on renal disease pathogenesis as the ol gene knockout
* mutation, the antibody described in Fabbr et al., Tissue Antigens, 48:47-51,
25 1996 was obtained. This antibody was injected (400 ng/injection, three times
weekly, intraperitonealy), and shiown to inhibit glomerular basement damage in

the Alport mouse model, in much the same manner as was observed in the
double mutant. |

1

| In another aspect, the invention relates to the use of agents that decredse
30 the level of TGF-B1 as a method for slowing the accumulation of matrix in thc'

. progression of glomerular disease, particularly progressive glomerulonephritis.



produce the sane effects on renal disease pathogenesis as the al gene
knockout nutation, the anti body described in Fabbri et al., Tissue
Antigens, 48:47-51, 25 1996 was obtained. This antibody was injected (400
ng/injection, three tines weekly, intraperitonealy), and shown to inhibit

gl onerul ar basenment damage in the Al port nouse nodel, in nuch the sane
~manner as was observed in the double nmutant. In another aspect, the -
invention relates to the use aof agents tidt decrease . 30 the level of

TGF-j 31 as a nethod for slowi ng the accunulation of matrix in the
progressi on of Tispsmhugents dis basged tp aehi Alpoasyndrome pagéefts gl patients

gl omerul onephrifjs. 31 Thus, such agents can be used to treat Al port
'syndronme pat i eVl mepbn fependgatdiabgtasimelib sswalkasatersnsulfirngdras el | it us,

as vel |l as otherg 'hlqags- [t r LOGS BSSiVE s . '
gl .omer ul onephrltl?sl,ﬁmjﬁg)_y 518%_% soPhWéﬁg#‘?&?é‘?@fﬁ%&d%vhg?ﬁ%ﬁg?%n of the
‘mesangi al ' mat rbysexppngion 6fthatmesangial tieis mohfegitioh of el ificsangiabsedisf i on of . -
matrix in the IomeruIB?r'. basenment. menbrane resulting in thickening,

t hi nni ng, spl i4PPHfon mé‘%ﬂiﬁ%ﬂ@ﬂﬁf@gﬂbﬂ&ﬁm@@t,mmbmwﬁnsm the .
podocyt-es foot, e qgﬁ,w ﬂm%; - DAL GO ltadityee ' d

mani f estat i onstfﬂegﬁnﬁ%f‘ | s;ilﬁ‘ﬁ%,ﬁogt el %&%}ﬁgc@gﬁﬁﬁhc%%%#\%ﬁ%ﬁgenal -
fibrosis .(theodoextenfoboprobessesybr stme bembinatiomefithosbavedisedy of (x 1(11 _
integrin inhibitors, A o, an G--(31.inhjbjtors is particularly effective).
To this end, i iesatons ﬁ@PgWLé%‘,‘? i'&yméwéhq W%P%tﬁwaxpfr,‘en 188S used to

Dl ock expr e5Si(a ypbvehi f i e dolhind O d1SE0ASRlogh Byl 121 OL

-0of agents, syn Lc or natural, can be used. lizes the

abi | ity ofioTGand IGRP1 attitieors & fai@iiads effbctive). Mothisep@Phitfsei8thdifpisssed in
t he nmethods of the ‘Ere_sent ‘invention. Exanples of 15 such agents include,
but are not | iasidessbedin the agycandic used do block bxpuigssioa of AIGEH-Beor ctfl nhi bi t or
(i.e.; mcrali.de).such as those,disc|losed in U S. .Patent No. 5,26Q,301
(Nakani shi et "AFE fe’&?l&?fpli?%’%%‘fa“?bc?%gﬁ%ﬁa “%P?'EP&'P@E%F‘F at ed
conmpounds), - a sol ublg,Jef e )| R L (31
receptor di-sclosed |n%ﬁn%ﬁ%ﬁ%ﬁ%ﬁg%tﬁ%ﬁ%@@aﬂ%@%cg@%gé%ﬁ%togen Inc.)
(e.g., 20 a sdtswdzeptoc bamie used Tkhe(:xBBRhbAS gfGhe presénd tnventibiei Bxamplepedt i de
fragment Qf the. recept rd r some, such fragnent, {hat ,hag the ability to

irreversi fy elbqha@pgtm ude, but are not t-edto, a-neutrahzmg.antlbo y,acalcmemm_

| . inhibitor (i.e;; microlide) such as those disclosed in U.S. Patent No. 5,260,301

- (Nakanishi et al.) (e.g., FK506.or tacrolimus and structurally related

compounds), a soluble receptor such as the soluble recombinant TGE-p1
receptor disclosed in Intcmaﬁbﬁal Publication WO 98/48024 (Biogen Inc.) (e.g.,
( .: 20 a soluble chimeric TGFfﬂRH/IgGI- fusion protein}, a peptide ﬁag@ent of the
receptor, or some such fragment that has the ability to irreversibly (or stably)
bind with the cytokine and inhibit its ability to bind with its receptor. In =~
addition, an agent that inhibits the ability of TGF-B1 to transduce signals to the
nucIcps_ can be used. Effectiveness of such treatments can be determined by
- 25 - évaluating the downstream effects on gene expression of, for example,
fibronectin, laminin chains, efc., 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.
| In one example, FK506 or cyclosporin A can be used to inhibit the
30 calcineurin portion of the TGF-B1 receptor, inhibiting signal‘transduction o
 through the receptor complex, as has been disclosed for some other kidney



bind with the cytokine and inhibit its ability to bind with its receptor.
In addition, an agent that inhibits the ability of TG-- (31 to transduce
signals to the nucleus can be used. Effectiveness of such treatnments can
be determ ned by 25 evaluating the downstream effects on gene expression
of, for exanple, fibronectin, lamnin chains, etc., by the norphonetric
changes in the glonerular basenent nenbrgnes, and/or by inprovenent in the
gl omerul ar seive as evidenced by a decredase in the rate of onset and

progression of proteipyria. |n_ane exanple, FK506 or cyclosporin A can be
used to inhi bi (SFRRES @gﬂ%ﬁe}-’r@%ﬂ%ﬁ%m,dﬁ%mémler@tal(-,ﬁn etieph or |
I nhi biting. si gRaloskl ' ‘ : : I s been
(i scl osed 1 or oanesarmer ey hABS wihie JELiE (HEG R R ok fih bgpfilsnlys PN
i ?ﬁ 433- 444,h_1§_96}mrseti\dﬂljrﬂeirr:a;ia,abhﬁs&bﬂcdesdﬂrl?eﬂfOrtBééfﬁ@kiaﬁégA?iséa?@), and
" there i nhi bi rQugh ap unkpown nechani s e onset of . : '
pr ot ei %u.ri a, agbﬂ%g’t?ge%e‘g‘@? .FIE}@algrQsHQ-H&héa??a- Qﬂ@b@ﬁ%@@gﬁoml lis et
al . Pediats.  Naph§cth made iM0ndd &yud OE) diatRes sl S UPEAALI 0 o2V S

been nmade for Al port syndrone, etes nellrtus or T | Seases associ at ed
© with an increasthian igoreasa debttusceliulammatiix ii thetkidnelyigayruli] prigrtbithe prior to
. the present invention. .tln particular, the present invention illustrates
the effect” of BEYWSFYFAIPHN therapy of inhibiting the, al (31 integrin

receptor and TG~ (3 ' istic .10 effect at event.i both the .
gl onerul ar di sease ;nﬁ _ﬂgg‘f ﬁlgi%%:é{sl&ﬁ%‘ggpél}‘gw ﬁﬁeﬁeﬁb&tag% 2t

woul d fol | ow t thetapgiof dihikliineaeee 1 Talectin YREME: HICTGR PRV a Shefdific :
Tesangi al matrix, the proliferation of nesangial cells, progréssive
'ggsemsnt- nithbr efifet atpravantiag bagihe slomemylandissasomdithe SbufsisaBrodidted withi ng, .

t hi nni ng, spliitd C n th odocyte fopt .bracegses, or any 15
conbi na? i onpo'f hﬁ?@‘%@‘fﬁ’é%w Wm%lfigéﬂ%%ﬁ@ﬁ"?’% , w?ﬁﬁgtlg}(@g{?ﬁﬁﬁxmwon Y
addi tion, we ofthestesaigtal i ilepioliRARGDf PleshipPal COIRiphadrb&fvel r at nent in

preventing fibrosis of the tubulointerstitiumin Al port Syndrorme.
"Fibrosis is a¥ememepbmaedamagsas magifbs by one pomoymoEEBM thickeninged to be
i dentical for. @linig A i ' I.s..pecaones invol ved. The
ef fectiveness of tfﬁ?&%‘?ﬁg?ﬁ%‘?ﬁ%?ﬁ#@ﬁ%ﬁg’Z’%El?f?’ea sf’sﬁé’rﬁ’ rosis,

¢ theref or e, 15 hoembingioamfithecabolewiid asd berdesit fonnhisteaaherdt i addition, we

illustrate the effectiveness of the ombination treatment in preventing fibrosis of

the tqbul—ointerstitium in Alport syndrome. Fibrosisisa donuno_n 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 forins of renal fibrosis,
regardless of the underlying cause that initiatéd the pathway leading to fibrosis.
The agents used in the methods of the present invention can be ~
administered in combination with a phannaceﬁtically 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 2 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 sﬁbcutaneoﬁs, intramuscular,
intraperitoneal, and intravenous) administration or other methods that allow for
30  stability of the‘agent.ls. | |



regardl ess of the underlying cause that initiated the pathway | eading to
fibrosis. The agents used in the nethods of the present invention can be
-adm nistered in conbination with a pharmaceutically acceptable carrier. The
agents of the present invention are fornulated in pharnmaceuti cal _
conpositions 25 (i.e., formulations) and then, in accordance with the
met hod of the invention, admnistered to_a manmal ,- such as a human patient,
in a variety.of fornms adapted to the chdden route of administration. The
formil ati ons typically include those suitable for parental (i nfliudi_ ng
subcut aneous, i ntr aguisyK plﬁmmabeﬁibﬂbexcbemxhéatarﬁaﬁ&amhﬁﬁh%rf@%?
adm ni stration or other nmethods that allow for..30 stabil it A agents.
33 Suitabl'e pliguidacemisoligs.|fipely %mlwﬁmmg%gg%ﬁgfgo?nﬁ?ﬂ ti)b(rfmm of
l i qui ds, semisol. f.i bhaSdaR00 | ; SUihprivetd faslebheconsf . _
Formul ati ons §ﬂ@§%ﬁ°§¥%§}r‘%ﬁaﬁ;%ﬂr}. er aﬁ&%gﬁnﬁrﬁ?ﬁt}g“ on conveni ent| onpri se
"a sterile aquegttparafios phthatazent, mfdjsﬁefsiag@tﬁstpdbmom@mﬁﬁéﬂﬁﬁcéé ile
powders conprising the agent, 5 which _ar [ [,SQL-QOi-C W L b e
bl ood of thé radi @ﬁpxefffr@‘&b’dmf?,mwétﬁﬂ? ‘ﬁﬂ%{ & tﬁ%ﬁe%béeéthg%f’ﬁ%ﬁ a’#llﬂét ‘}i%ﬁ i qui d
preparation ing fi‘n%ﬂﬁgaﬁlthgtﬁfqm?%pafﬂgnsmu@rghgﬁhjlﬁf_fi‘silg.anﬂ;@bdiuinons of the -
€ opt

agent can ‘be p I'n wat er, 'onal 'y mxed with a ngnt Qxi@f .. ‘
surfactant. Di ghltide.o8slutibng dfthasgent candre prepapadap avae, Mlqnéil&n}lx Withol . a

| yol h |y | A | |, 1jiqui 10 4l | s,
1 Lo A s 101
ul'ti mate dosa i . o figuid poljietliyiams - 0

fanuf act ur-e. gﬁgjagﬁbr?g%ﬂ %&gﬁ %e%gs?}ry Pﬁai SI y Jé:;m 'lb_g achtigeve

. , -
Xampl e, - bylouSighypols, pbiho ike), vigeiabkps by Elygero e p PR BARHFE DCHCTE si ze i n
e o . ol ate St o siine Bt SHALAGR M Sondiitht b ARhBAURT 2

i qui d preparathh conveni ent net hod t hat

preserves the gbgggotrégrg tmeqlfecésgﬁy gﬁmity,caﬁ)bei@ﬁah&yfobyxamplbIWQsmg

- sterilization: eferred nethods for prepari r_ngl.p,ovvders i_nclg&e \% § um
drying and fr edipesaeings, hy emplaying tbe epproprigtopatiele 5126 R P EFOH .slé"‘u% eguent

" mcrobial contam nation can . beqhr-ayed S Saf Mel afhietattyal
agents, for ex Vé‘,smgé;f’f#fcl%ﬁ'&tf‘e %%gﬁ%%ghg?eﬁﬁgﬁaq’éﬁg aﬁﬁl funge?l %éﬁnt}g
i ncl udi ng pgra ?%oneéﬂiaﬁ alttodnit prervehtinbioacidbbotihaegent, pEferENBEYI | and

he 1i ke.- ' f -th L . )
] the 1ike -:A,bsoréitér 2{2:ri?izat}on? P?gfgrnrg(% mgt\ﬂgcrls %r preparing powders mcludg vacuum

- drying and freeze drying of the sterile injectible solutions. Subsequent microbigl

contamination can be prevented using various antimicrobial agents, for example,
antibacferial, antiviral and antifungal agents including parabens, chlorobutanol,
20 phenol, sorbic acid, thimerosa, and the like. Absorptibn of the agents overa
prolonged period can be achieved by including agents for delaying, for c_axampie,_—
aluminum monostearate and gelatin. ' |
‘ In addit_ion to the aforementioned ingredients, the formulations of this
invention may further include one or more accessory ingredients including
25 - diluents, buﬁ'ers, binders, disintegrants, surface active agents, thickeners,
lubricants, preservatives (including antioxidants) and the like. The
) form;xlatibns ﬁlay be conveniently presented in unit dosage form and may be
. prepared by any of the methods well known in the art of pharmacy.
_ Useful dosages (i.e., effective amounts that provide a desired effect)'of
B 30 ‘the agents described herein can be determined by comparing their in vitro

activity and the in vivo activity in animal models. Methods for extrapolation of
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prol onged period can be achieved by including agents for del aying, for
exanpl e, alum num nonostearate and gelatin: In addition to the

af orenenti oned ingredients, the formulations of this invention nmay further
i ncl ude one or nore accessory ingredients including 25 diluents, buffers,

‘bi nders, di sintegrants, surface active agents, thickeners, lubricants,

preservatives (including antioxidants) and the |ike. The formulations may
be conveniently presented in unit dosage Brm and nay be prepared by any
of the methods well known in the art of pharmacy. Useful dosages (i.e.,
effective aneurﬁfﬁ'?ChYﬁadOSpgﬂwndaceaadéstheeaiuﬂfalseﬂiﬁurﬁéns aBOkhdon FABL RS, For

d bed -h b h
and e ivi ve AP, AR B Dl mphec ket wsnd aa meper ketwisodiityobn of 34
ef fective dosag P&ntlfﬂriﬁhﬁﬁenoﬁé‘ﬁ &hbﬁfgﬁ&w@héseﬁE&?QEcﬂﬁ sfté‘g@ gnogwn in the -

art. For exanple, doses of about 15 per kg
twi ce daily: of geﬁgélnthoﬁﬁ)whidltaraadﬁamt tnlyrmhice ardcsﬁ?&ﬂ 4fest suelpgasy to be

adm ni stere at neral ., .those vvh are sufficient to produce a
desired effect El?dudu%ag‘imb%}’s g ﬁ} age gisKRIepsien, @aothenf phase R

enzyne expressbmactaﬁsmm%begtherl stic described herein. EXAMPLES .10 .
In, the exanples a descrlptlon of two different aninmal nodels is provi ded .

The first is an "Al port" nouse nodel which does not express collagen a3(W

and is nornmal for al integrin and is described in Cosgrove et al., Genes
Dev, -.10:2981-2992, 1996, and the second, which is referred to as the
"doubl e knockout" npuse, which was m crossing the Al port nouse

ith 157 th Th
Qc/iv: ffe?ences EZteweeﬁfntt#e% plgsrég%ﬁ ‘i%?r}cf“ﬁfhﬁg@&bﬁgwimﬁgseﬁr%ﬁ%er ve to.
i1l ustrate t heTkd fitseiay “Aipord! B6kdeRBodl %dh%%ggbpe’nget cbﬁggﬂﬁlhe i wing -

gl onerul ar. di sease. These effects are describe al port
mouse i.s in a aggs Bl feral iptegeiniand haddsgribed io, Cageoviels al. 20edewhl.e knockout

oot 5 b B L i R Eh b s el o heroople "
o knockout” mouse, whlch was derived by crossmg the Alport mouse w1th a
15 mouse that was null for the o] integrin gene. There are dlfferences between the
‘ Aiport mouse and the double knockout that serve to illustrate the efficacy of .
blockmg alfl lntegrm ﬁmctlon on slowing glomerular disease, Thesé effects
are descnbed in dctall
The Alport mouse is in a 129 Sv/J pure genetic. background, and the
20 double knockout mouse is in a 97.5% pure 129 Sv background An exception
for thls are the animals that were used to generate Flgures 4,5, and 6. These
ey_(penments were perfonned early in the history of the Alport mouse model, and |
thus were generated by crossing the chimeric males with C57 Bl/6 ferﬁales and
then crossmg 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 (Cosgrovc et al., Genes
Devel., 10:2981-2992, 1996). ‘This is customary for carly gene knockout studies,
since it speeds identification of the knockout phcnotype The results obtained
from thesc F2’s, with respect to Schlﬁc mRNA mductmn, are consistent with
30 results obtained for the pure 129 Sv/J knockout. It should be notcd that all of the
- expcnments that provide comparative analysis of Alport mice versus double

knockout mice were perfonned on the inbred strains.



experinments were perforned early in the history of the Al port nouse nodel
and thus were generated by crossing the chineric males with C57 BI/6

femal es, and then crossing the resulting heterozygotes to generate
honozygote Al port mce 25 that would be the F2 generation. This is the sane
generation of .animals used in the original description of the Al port npuse
model (Cosgrove et al., Genes bevel., 10:2981-2992, 1996). This is
customary for early gene knockout studiegs since it speeds identification
of the knockout phenotype. The results obtained fromthese F2's, with '

respect to specific; i tdon, areconsi s oW LRy, ts obtained
for the pure 129 Svﬂgggcﬁggg'gﬁﬁﬁf?ﬁg%gﬁq%éb%gfééﬁo%ﬁnégﬁ%ﬁs%?ﬂ% he:

experi ment s t hgkydibd:A 61 FOBRTAbbikcnanal tisdels wis dtapdnéd. Midewsedanedydoubl e
knockout m ce were ‘perfornmed on the inbred strains. 35 The role of TG (i

1 on renal di segeninprgigoatifferent inhibitaed of TEF-Bh thatavoske veyasp SRS a3 br osi s

ditorent | nhi BIiE o RereR UBPOAFRAD 54 R VPG THHT PLFamPOHITer e i ng

Lo i1 er et Lonkl 461 o S0 A0 G P ol Bl RRRRE) ot s S

e "to A I'on rather than a side ‘ )
effect of the a%&ﬁ%&ed!%ﬁéﬁi@ﬂﬁet&k&p@ﬁidih&feﬁﬁﬁypi@ésﬁveﬁba:lsisrrgiatcﬂ@@ressi ve
fibrosis related to -overexpression of TG--01. In the course -of anal yzing
the different awmérespressimedfSIGlifildrug treatnments described, there is a -
specific course of evagluation.that .hag r | ned. i : hr oughout .
Three different ar ei’ét B“S?ﬁﬂﬁ%ﬁgaﬁ‘f@?&%‘g?ﬂ?ﬁ%gﬁ‘gdr@“ s exani ned,
whi ch provi des janassahsimrl, @breqy alspédifi Shee dfteyaluhtibithat gisoemainbdir
filter. This was done by exam ning the urinary output of seru al,bum n.
Seeond, thaotst comstant groughoy rThxyegiffqrﬁéatqagwee@{al‘H&% Hirsh menak BciP et r on

m croscopi ¢ | evel o uas oxam ned, ;BALR ARSI SEbARRAeAAABRARD ol ect ron 15

. m croscopi ¢ ,prGg € -procedures wer esigned to

determine the degh&eiapfiltee s WastaRthelantying debarinanecutpuli dfsement

conditions. Finally, nol-ecular analysis; ex

i'ment s; | dt
exam ne what @HamjasSeosrd, ihe seectnrl Byeasty ng’r@gge@g’ "’Zl‘?ﬂ '_rlfﬁlgglr“{:%%%?pogdi ng

| ngtk,eggs o ﬁerngg}eé%%%icgfev&%@?e%%.eﬂhm%@}nﬁéswﬁsanﬂbﬁﬁﬁzg@é&@xam ned by

15 -microscopic procedures were used. These procedures were des'i_gng'd. to
- ‘determine tht::~ degree éf renal }ﬁstopathology un'dc-l_' these different conditions.
Fiﬁally, moleﬁular analysis experinients were performe& to examine what
cﬁéng‘es take place in specific genes and there correspoi;ding proteins as a result
of these different condiﬁon‘s_. These were gxamiﬂcd by looking at the specific
(o 20 . RNAs using northern blots, in situ hybridization, and RNase protection, and by
ﬁsing immunohistochemical de,téctio_n_ for speciﬁp p_r_otéins. As the specific '
ﬁrbcedu:es are fepeated for the analysis' of different amma.l models and different
d:ug treatments in different animal models, for the sake of avoiding redundancy
it is now stated that the pfoccdures were performed identically (as nearly as can,
25 e expected in day to day practice) in all-cases, and are thus desc_;ribed_oncq and
~_ then referred to in latter Speciﬁc examples:
~ There are a variety of alternative téchniql_les and procedures available to
those of skill in the art, which would similariy permit one to successfully
perfomi the intended invention. Al reagents were obtained from Sigma
N 30 Chemical Co., St. Louis, MO, unless otherwise speciﬁed; PBS used in ail of the

studies described h_erein was purchésed in tablet form, each tablet reconstituted



20 RNAs using northern blots, in situ hybridization, and RNase protection,
and by using i mmunohi stochem cal detection for specific proteins. As the
specific procedures are repeated for the analysis of different  aninal
nodel s and different thug treatnents in different animal nodels, 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 descrgbed once and then referred to
in latter specific exanples. There are a variety of alternative techniques
and procedures 200 mbbPwier tolA&HIPT 438 Lesthe art .. whic uld
simlarly,per mé one to successful Irfl)f]4?3%%?%%@%%¢%@3@%35m%n. Al
reagent s- wer e itiedpct pemb@IRyAAI 6 Chemical- Co., St. Louis, MO, unl ess
otherwi se specified. PBS .used in all of the studies described herein was’
purchased in tablet form each tablet reconstituted 36 in 200 nl of water
to make pH 7.4 PBS, from.Sigma Chenmical Cq, St. Louis MO Product nunber
P-4417. Methods. . 5 |. Renal Function™ét odsa  .prot ei'n Anal ysis: Initial
measur emrent'’$ ofl. RénMdFunptioh ein were carri.ed out using Al bustix (Mles
Laboratories, Elkhart, IN, and reading the relative amunts=fromthe
col or chart provi ded*wPrefeimdnalysis: Injtialnpeaswoplens ofRfifargProtemiige at weel dy

~interval sand : Il d .. el.ectrophoresis through 10%

" denaturing acr%I:Z]r%h elig%ng@%@@%&Lﬁ%ﬁf@%mﬂ%%m¢mﬂmgmw th

coomassi e bl ue mﬁvqmﬂbms&@m%eoﬁbeﬂaﬂ%}?%m%r%p was used as a
ntegrity 1

mol ecul ar wei ght. standard.- | L Structural “A. Transm ssion
El'ectron Mcr oscopy_UWéﬁWpl@ﬁmmmﬂecmﬂatweﬂcﬂﬂ'ﬁ%ewﬁﬁ%n@bﬁ%ﬁ%ﬂmﬁ%d

par af or mal gghy g d.to fix for 2 hours, . and stored at '50C In PBS (pH
7.4). The.t ?ssgg B%%#%ﬁ%%%@ﬂ?%%%g genylanifle gels.0The proteis in thach at

4C) with O 1 MeSowassnited it RnakSObR ! [, was.made by combi ni ng
100 m of 200 mM npnobasic sodi'qméghgg%ﬁngoﬁ%L%%w%s%%ﬂﬂ

di basi ¢ sodi unBhB¥eitarangleeularsodghtistanfiardat er, and adj usted to pH 7. 4),

IL- Structural Inteprity
15 o A. Transmission Electron Microscopy: Fresh external renal cortex
was minced in 4% .jahrafonnaldehyde, 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
B | combining 100 m! of 200 mM monobasic sodium phosphate and 400 ml of 200
(- | 29 mM dibasic sodium phosphate with 500 ml of water, and adjusted to pH 7.4),
* and postfixed in 1% osmium tetroxide in Sorenson’s buffer for .1 hour. The
‘tissue was then dehydrated in graded ethariol (70%, then 80%, then 90%, tilen'
100% for ten minutes each), and finally in propylene oxide and embedded in
. " Poly/Bed 812 epoxy resin (Polyscieﬁces, Inc., W‘a:ﬁngfon,‘ PA) following the
25 procedures described by the mamifacturér. In s}iort, 42 ml of polybé(i 812 wés
mixed with 26 ml of dodecylsuccinic anhydride (DDSA, Polysciences, Ingc.) and
24 ml of nadic methy! anhydride (Polysciences Inc.). One and 2 half mls of
2,4,6 tri(dimethly aminomethy!) phenol was added as 2 catalyst, and the
o activated resin frozen in 10 ml aliquots until needed for embeddjng. specimen.
" 30 Glomeruli were identified in 1 pum (micron) seétions stained-\hrjﬂi toluidine blue,

" and thin sections were cut at 70 nm (nanometer) thiékﬁeSs itsing a Réichert Jung |



and postfixed in 1% osmumtetroxide in Sorenson's buffer for 1 hour. The
tissue was then dehydrated in graded ethanol (70% then' 80% then 90%
then' 100% for ten mnutes each), and finally in propyl ene oxide and
enbedded in Poly/Bed 812 epoxy resin (Polysciences, Inc., Warrington, PA)
followng the 25 procedures described by the manufacturer. In short, 42 nil
of polybed 812 was mxed with 26 nml of ecyl succi nic anhydri de (.DDSA,
Pol ysci ences, Inc.) and 24 nil of nadic t hyl anhydri de (Pol ysciences
I'nc.). One and_a half ms of 2,4,6 tri(dinethly am noniethyl) phenol was

added as a cat Bliyacut Ealeamiceotome (Cymbrdee lasirement £, Vienmag Ausiak| i quot s

until needed farL;: | | : Al ' | hilgd in 1 m
(mi-cron) sectig%%tﬁj;ﬁ?g‘%g%%gvuﬁﬁ%%%}dg%%%ﬁgﬁ{égwma%%ﬁflﬁﬁc%agérygpi%aﬁs wer e cut
at 70 inn (naneinati @ing well Rieves prossdres. SGiRtindbatdd sduiighs Were bkdntiaediandE

(ultramcrotone (Canbridge Instrument Co, Vienna, Austria). Sections were-
nmount ed ont o gphefegranbedysingwBhiflins{-Mi f lectron BYGIPEOREd | ead citrate usi ng

wel | known procedures. Gid-nount ed sections were examined and

phot ographed using a Phillips CMLO el ectron mcr oscope. 5 B. Scanning

~El ectron M croscopyB, Sahhing Eleeon MiRFR¥OPR! SimaliBaes ¢ im@felj2@iey
cortex were fixed in 3% phosphat e buffered glutaral dehyde, then_postfixed

" in 1% phosphat euttsa) ¢fdkidupysonter werefixeskindds pBphate dufiered plwfaraldelyde drated in

.graded ethanol and.critigal ypoint .dried in. car I QX1 0 cubes
Sere then cr acisn BRREEEA i 7B ale e deimBREROE SlthEep IR tal)

bl ade, and mougdBdratéd i Ghasd SHnd1ss hnsth&ritival Poiht Gricl ia@kbdn Hidsfides €THeaci ng

Upward. The surface was sputter coated wt} %ol d/ pal | adi um using wel |
chown _pr oéeduphss aee Pies gerckedin pigoen by sessingithg atiticihe sAen9ici83ope. 15 C.

enbeddod ki anegeis sRaR Rl a8 La% A ol e ki eRbitbtc Mbimdfibdtl 0. |
Thin is in: pl@hé hafreeddputer ebattd sithgoldipallatiiphi usihg weldapwn Educati onal

Products Division, .Arerican Society.of Cinical Pafhol ogists, Chicago, IL,
pp. 24- 25, 1981Proggrures and visualized with a scanning electron microscope.

_13 ~ C. Jones Silver Meﬂienamine Stain: J. ones stain was performed on
) paraffin ¢iﬁbeddcﬂ kidneys using the method described by Burns and
Bretschschneider, Thin is.in: plastic embedding of tissue Jor light microscopy,
Educaﬁonal_ Products Division, Américan Society of Clinical Pathologists,
Chicago, L, pp. 24-35, 1981. . o
20
© I '_Molechlai Analysis | o L
o A, -‘ | No’rth:em Blot Analysis:' I_{idncys were removed and snap |
frozen in liquid nitrogeﬁ and groun& toa pow'der in liq:uidlnitrogen Mus'ing a
mortar and pestle. The powder was sdlubilizgd in TRIZOL reagent
25 (GibeIBRL', Grand Island, NY) using 5 ml of reagent per kidney. Total cellular
| RNA was extracted according to the manufactﬂi‘c;r’s instructions. Twenty
. micrbgréms (20 ng) of RNA was fractionated on a 1.0%
agarose/formaldelyde/MOPS (3-(N-morpholino)propanesulfonic acid) gel by
.electrophoresis at 80V for 4 hours. ‘Gels were soaked in water. for 45 minuteé,
30  and transferred to Hybond N (uncharged nyl.pn, New England Nuclear, Inci.,‘h__
-Bésfqn, MA) by f;apilléry blot ovcrniéht using 750 mM amimonium acetate (m



B

H . Mol ecular Analysis . A Northern Blot Analysis: Kidneys were renoved:
and snap frozen in liquid nitrogen and ground to a powder in liquid
nitrogen using a nortar and pestle. The powder was solubilized in TRl ZCL
reagent 25 (G bCoBRL, Grand Island, NY) using 5 ml of reagent per Kkidney.
Total .cellular RNA was extracted according to the manufacturer's

I nstruct.ions. Twenty mcrograns (20 g) of RNA was fractionated on a 1. 0%
agarose/fornaldehyde/NCPS_(3-(N—norpho|inbﬂpropanesulfonic acid) gel by

el ectrophoresis at 80V for 4 hours. Cels were. soaked in water. for 45

mi nutes, 30 andwauee)mfammﬁrbuﬁddyﬁhamwmmmt@ﬁheﬁ%%s@ﬁ@lta”d

Nucl ear, Imc. l’:ﬂ( , .MA). by capillary blot overnight using /50 nM
ammoni um acet at%uat't‘ “‘W’é?h)mcas["doﬂ% f Blots Wereprehyrédiedinwas UV

crosslinked to gomwgl&h ﬁrﬁﬁﬁ@i { 1l agene LaJol | a,
CA). Blots were prehybr| % ina $o ufﬂﬁﬁb&"éﬁ%‘? o ﬂ’éégﬁf‘gt’rmm de,

©OX Denhardt” s SOpiMUTEC), I}ﬂi\ﬂiﬂl%m&rm(ﬁp[%ﬁlsoﬂ&tgd fyd defiSpy_and 200
i em ca

g/m sonl cat ed .apd denatured . sal non sperm St.
Loui s, 1y spepn DhhA (Sigmadiigmienl Goe St. rIaglmsa M@) Bvebes (F’H#iebeletl by

random r| m n usi.ng, a random n DNAl
| abel'i ng kit ?éﬁg\g‘? gerﬁ%ﬂeﬁ{s Q’gl‘eq%%e&%@gy%@ﬁdrgpnm t"lﬁ‘é‘fWS‘th"df L og and
hybri di zat'l on H6f-émnirpaniig Slasdbod priftin (SSC)
5X benhardt's sol ution, 73195% sodi Bm 1&%@9&2&1 %t‘%%?"a‘ﬁ‘%%'go

g/ m soni cat ed %@%H&t%eﬁrebﬁbrrﬁbwmpandhymtﬁmbtuﬁt:s mlete@behxbrl dl zed
for at | east 5 verr]l usi_n m11ion DPM
“di sintigrati onél per m nuﬁﬂ%%dlﬁéb %Sg@ %Peﬂhaféts yta%@é/aﬁtqttwnsm ution.

e filter 30 wededdcybsulAas(Sns)AindHont skl é&%@ﬁ@%ﬁ@%ﬁﬁ% pes ™M NUt es

each at 65C in_a_solution conprised of 300
citrate, and OWSEdFW%Mbnwm&tat feast Sidioars) andrtherehybaideddt o X-ray

wes assessed by anis bl FRPURRTAM B ilE Aty eermienienat pehnberrgl eho 168
2 ;gt . m288 r i bohybridizdf9A sbhics. Thé ﬁﬂe@w@?fi théﬁ%ﬂcd%@ﬁ%h@hﬂlgteﬂéy (&Bg' ng
times for 30 minutes each at 65°C in a solution comprised of 300 nM NaCl, 30
“15  mM sodium citrate, and 0.2% sodium dodecyl sulfate in water) and exposed to
X-ray film. The quality of the RNA preparations and the conmstency of loading
' was assessed by staining gels with ethidium bromide and scannmg the 18S and
- 288 ribosomal RNA bahds'usittg a Gel Imager 2000 digital imaging system
instrument and software package (Applied Imaging, Sdnta Clara, CA).

I ~20. . Appropriate ratios of ribosomal bands confirmed that the RNA preparations were.

_of ltigh and consistent quality. Quantitative densitometric scanning confirmed
1o inore than a 10% variance in sample loading. ‘These tools were used rather
than a control probe bécause of concerns that changes in cell physiology |
concomitant v_trithj:rbgfcssive fibrosis makes such control probes unreliable.
25 Quantitative differences in expression were assessed by phosphorimage analysis
using a2 BioRad GS-525 phosphorimager (Bio Rad Inc.,Hercules, CA), and
“subtracted for background hybridization, A
‘Probes were isolated from a murine kidney 5” stretch cDNA iibrary )
| (Clonetech) by PCR amplification using pubhshed sequencc for the different
:?0 " basement membfane collagen cDNAs and those for-the associated proteins.:For

the basement membrane collagen probes, sequence encoding the conserved NC1



instrument an d software package (Applied Imaging, Santa Clara, CA). 20.
Appropriate ratios of ribosomal bands confirned that the RNA preparations
were of high and consistent quality. Quantitative densitonmetric scanning
confirmed no nore than a 10% vari ance in sanple |oading. These tools were
used rather than a control probe because of concerns that changes in cell
physi ol ogy concomtant w th progressi qu fibrosis nmakes such-control probes
unreliable, 25 Quantitative differences’n expression were assessed by _
phosphori nage analysis . U$I ng .a Bi oRad GS-525 phosphorinager (Bio Rad, -

Inc. ,Hercu' |esd°n@as}waaﬁ*ap iheryt Pheqrianers nd aoaditignsused Wigrsidanticaktp dhpse Probes -

were i sol at ed t ﬁ:‘@S‘ tech) by
"PCR anpl i fii catﬁ}c g&ﬂ&ggé}igﬁlgﬁgog ?%?ﬁ by @rgarer?{%senent
menbr ane col | d@ﬁMAq%pmndrstmsmﬁmmmlﬁma@SMQUaBﬁﬂ (Hieni. S264s63160r  t he
basenent nenbr ne col | agenpgrobes 8uence encodi n the conserved NCI 39

"domai n vvas a 3175 E989)prseny TR IRl GRACCATHGCHRE3 HeMNO:)dentical to

th 7 94. F
co?lsggen %%Tpéhﬁ%ﬂejqpr?negs@e%‘&?m% %Eén et aﬁ %0?%‘“#8 Chemor
264: 6310- 631T0N949)the piémes webe (Sal{AGEACERICREAGR6463E8-G3R 1989%) ; 5 |
i rors vere TTCTCA&%QF“%@%& e Zheﬁéfa&?ﬁisa%;gg) Seense,
5' GSCTACCT CCT G A4S éE@rg \ O CTTGGCAG'
(SEQ | DNO: 4) . "Bot h %4A1 an @%@A}SEQ& |TB°%5& undﬂ e sane

condi tions. VG(DW freroanilfied wader tdsame c@nﬂuuens e‘dlﬁansfﬁéxdyoé)he&eof PCR

sing a hot: st 10_m nutes_at 95C), then 95C , for 30_seconds, 55C for '
ge secondd? aﬁBJ‘? FM5WH§SH§B%EW%§WIQW%%%@),f&tﬁu %% ified by

" DNA sequence P, rrenb Eane ciated proteins
wer e anplifi’ eg&aéqrom h%ﬁet‘;ﬁﬁlégq)gebrar ygnzaid:ﬁtxﬁggf) ng‘??%g%ﬁ'gr ol | agens.
"Priners: meresﬁb&imdaﬁﬁvéﬁmﬁymmseqms id-or- the HSPG core protein,

the pri mers were (Noonan et al., J. Biol. em, 263:16379-16387, 1988): :

sense, 5' CGGGCCACA‘PT@DBSI@B‘ the BEQIED @ hie assodiated peoteins were amplified
© ., -from the same library as the basement membrane collagens ‘Primers were taken

15  from the 3’ sequence. For the HSPG core protem, the primers were (Noonan et
o al.,J. Biol. Chem., 263:16379-16387, 1988): sense, .
+ -5’CGGGCCACATTCTCC3’ (SEQ ID NO:5);-antisense, _
5’GGAGTGGCCGTTGCATT3 (SEQ ID NO:6). For laminin B2, the primers
. were (Sasaki and Yamada, J. Biol. Chem., 262:17111-1711 7,' 1987): sense
20 5’ACCAGTACCAAGGCGGA3’ (SEQ ID NO:7); antisense, |
S’TCATTGAGCTTGTTCAGG3’ (SEQ ID NO:8). For laminin B1, the primers
were (Sasaki et al., Proc, Natl. Acad. Sci. USA, 84:935-939, 1987): sense '
S’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 NO: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’ACACACTCCAAGCCCACAAAAGCAAGS (SEQID N0:13);'aptisense .
30 5’GAGGGAAGACTCCTTGTAGGTCAA3’ (SEQ ID NO:14). For S-laminin,
the primers were (Hunter et ,al.? Nature, 338:229-234, 1989);sense,




5' GCGAGIGGCCGITGCATT3" (SEQ ID NO.6). For larninin B2, the prinmers were
(Sasaki and Yamada, J. Biol. Chem, 262:17111-17117, 1987): sense .20

5' ACCAGTACCAAGGCGGA3' (SEQ ID NO 7); antisense, 5 TCATTGAGCTTGITCAGE!
(SEQID NO8). For lamnin Bl, the priners were (Sasaki et al., Proc.
Nat|. Acad. Sci. USA, 84:935-939, 1987): sense S TA(3AGGTTATTTTGCAGCAGA3'
(SEQ ID NGO 9); antisense 5 . TTGGATATCCTCATCAGCTTG3' (SEQ ID NO 10). For
entactin, the prinmers 25 were (Mann et at40 EMBO Journal , 8:65-72, 1989):
sense 5 ' GIGGTTTACTGGACAGACATC3' (SEQ I1) NGO 11), antlsense

5" CCAATCTGTCCASTRRASAGCGSIGCACGRAGCS’ (SEQ ID NO:d5)) agtisched n, the primers

-were (Duetzran o: nse

5 ACA(CACTCCAACQC@QM@ C‘ﬁ@%ﬁ#ﬁ&%& I‘Iﬁ?ﬁ)s 3’& cafpitions were

S' GAGGGAAGACT CGIaHETAGGTEAS Bsed fSEMe! édia§ef s 4RI N, the priners
were (Hunter. et al., Nature, 338:229-234 989): 'sense, 40

5' GCAGAGOGGGCACGGAGE e pratRofariAMD:- 2,531;11;@;1 amcs'ﬁm;a wéie TSIACCIEE ftaACTCTCCT CB
Dot B85 Ao RIGE b it
Ip?lmrrg ege'ltjsi‘ (r)\? ﬁbsagsl?ﬁ?ﬁ%ﬁéaﬁzglﬁbﬁ%ﬁsw m themngl&a%éggﬁen et .
al., 'J. Biol. 2@“8&56'73?&19%58ﬂﬁamdedM)eamMerrﬁCﬂwmﬂﬂT AGA pri ner
216 T TCT A EBCATNET NG 4ol b s SRS L BRI BT
‘iﬁ' |2];9|1e§9'2 15%12G %“ﬁﬁ“’?‘hﬁ?ﬁ%ﬁ%‘?ﬁ%ﬁ% m}@ f’ﬁéﬁgce,& A%@%@R@CTG AAC

CEAC A3T (SEty  prdONEP fupmentnf fesmBNA (Shimiziat b, Gave, mmzmma%)sm\ca

he " mrna (apt e pBE R peie, SRIAC AT ARIRGO (GG PAGEAT 4ok BB 1y "

i ncl uded 15 up®ED mwmummw hér SATA GTAT %@@A%A%@(Sﬁ@EQ ID
NG 21) and dowfl%ﬁ e% rsn %e%en&ei sépfér %Hp—%ﬁlp%g a337 gga?;mznt from the
o ‘mRNA (Apte et al., Developmental Dynamics, 200:177-197, 1994), and included
215 upstream primer 5°GGT CTA CAC TAT TAA GCA GAT GAA G3’ (SEQID
- NO:21) and dowqg_treaui primer 5’AAA ATT GGA GAG CAT GTC GGT (SEQ
D NO;22). For all three probes, one microgram of total RNA was reverse
transcribed using GibCo Superscript plus reverse transcriptase and the
downstream prime-r,,according to the protocols described-by the manufacturer.
.20 One tenth of the reaction was subj ecte& to 40 cycles of hot-start PCR using PF U
polymerase (Stratagene, Inc.).
_ TGF-p1 pro’bga was a glﬁ from H.L. Moses (Miller et al., Mol
Endocrinol., 3:1926-1934, 1989), except for RNAse protection which requireda
K human probe. For this probe, a 24 base pair fragment .of TGF-p1 was amplified
25 byPCR from a human kidney cDNA library (Clonetech, Palo Alto, CA).. The
- primer sets nsed were GCA GAA GTT GGC ATG GTA G (SEQ ID NO:23)
(fower) and GGA CAT CAA CGG GTT CAC TA (SEQ ID NO:24) (upper).
The fragment was reamplified with PFU polymerase (Stratagene) and blunt-eud
- ligated into the pBluescnpt SK-+ plasmid.
L300



I D NO 22). For all three probes, one mcrogramof total RNA was reverse
transcri bed using G bCo Superscript plus reverse transcriptase and the
‘downstream primer, according to the protocols described by the

manuf acturer. .20 One tenth of the reaction was subjected to, 40 cycl es of
hot-start PCR using PFU pol ymerase (Stratagene, Inc.). TGF-01 probe was a
gift fromH L. Mses (Mller et al., Mt Endocrinol., 3:1926-1934, 1989),
except for RNAse protection which requi r8Y a human probe. For this probe,
a 24 base pair fragment of TGF-(31 was anplified 25 by PCR froma hunman

ki dney cDNA |i brar yB(ﬂzsitnehgbhdnzﬁabm: Klidieys @)e initially fixadrigrslewt s used were

-CaC TA (SEQ %@E&gﬁl’é (bl % PrARBAISEAES 1Y TP S Kbty

pol ymer ase (Stga w&%y dngﬁ%ﬂlﬂ@&% rbﬂ{ogﬂ;aﬂﬁ ARigescri pt - SK+

pl asm d. 30 41 B ation neys were initially fixed by
‘sl ow transcar cEMnmdr(ﬂmstmaﬂkﬁs;“@) APk qhestahvityrsiad epyntd, awd P88 halhe

?glrzralzs welr§e r;%!@[é}t detg%ﬁaﬁn ?ﬁltlzqeflg» uswl%ﬁ rtin ne@@lftom%w ] '
tribro Q‘FRJ‘IH furg E‘G@F%’é‘ chest
cavity was opengthf rﬁlsﬁt!éaus&@ﬁ&mﬁex‘&ﬁﬁnﬂ@@ebéhﬂeﬁﬁd%ﬂbb- %&' e by

puncturing with a tuburculin needle to allow exit of the perfisate

second tuberc&mMmagpbﬁumhmmsweae@mmmexmg@cleﬁrwatrlﬁlm@q%rf usion

Pt ve was Sk EE b bR E SR bR e G T L B s pod | o
mlliliters. p%mhﬂafktlﬁmi?ﬁﬁeepfdﬁeﬁymedkidﬂaﬁs»ﬁew:ﬁliﬂdmdmmmm a marbl ed

{10 appear ance. Followi ng perfusion; the renal capsule was removed with iris .
forceps, . klodn@ppeamemc@ diollomngwﬁlslonﬁ@ﬁ:w@l eapsile was sovedyithids pel vi s,

dul | d t | t 4 d | h
The fixed  hal GE&5% R RE T bRy e ﬁsﬁelvz‘snﬁﬂﬁdbgﬁiferfza |
onto ' SUPERFRGRERLHS ) hsd d,ﬂg&sanﬁ fixkiifes 40€ifoh A additi6md hbinG THeFexed Pittsburg,

PA). B Slides were bake n a-slide warner at 60C-for 20 minutes, and’
stored at 4C halwes wensenbddled deparafii, clsteltﬁlpni,candmmlsfunsdmnmeeks) Ki dneys

from control  aR%rRFROST PLUS microscope slides (Fisher Soientific; Inc., Pittsburg, PA).
15 Slides were baked on & slide warmer at 60°C for 20 mimutes, and stored at 4°C
' until used (shdes are useful for up to six weeks) Kldncys from control and
Alport littermates were embedded side by side to control for subtle differénces
that might be mcu;rred during the hybridization procedure.
‘Slides were bakcd in a vacuum oven at 60°C for 1 hour, then dewaxed by
._ ‘2-0 '3 successive 2-minute washes in xylenes. The tissue was dehydrated in ethanol,
| -deproteinated by ilicubatingin 0.2N HCl for l15 minufes washed with PBS and
digested with 3 ug/ml protemase K (Boehlmger Mannhexm, Indianapolis, IN) for
10 mmutes at 37°C The d1gcst10n was stopped by washing in 2 mg/ml 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
| pr.ehy.bridizéd,‘ hybridized, and washed according to the pfotocols described with
the Genius in situ Hybtidization Kit (Boehringer Mannheim, Indianapolis, IN)
~with the following modifications. In both prehybridization and hybridization
solutions, 10 mg/ml phcnol/chlorofonn—extracted bakers ycast tRNA was
:3l') -inciuded. This step significantly reduced non—spcéif_'ic 51gna1 Following the
hybﬁdization, the tissue ‘was 'washed t“rice iﬁ 2X'SSC at 50°C,thcn digested



Alport littermates were enbedded side by side to control for subtle
differences that m ght be incurred during the hybridization procedure.
Slides were baked in a vacuum oven at 60C for 1 hour, then dewaxed by 20 3
successive 2-m nute washes in xylenes. The tissue was dehydrated in
ethanol, deproteinated by incubating in 0.2N HJ for 15 minutes, washed
wth PBS and digested with 3 Itg/m protei nase K (Boel ui nger Nhnnhelm

| ndi anapol'is, IN for 10 minutes at' 37C. 4Zhe digestion was stopped by
washing in 2 ng/g%éaﬂyC|ne in PBS. Follow ng dehydration of the-tissue in

graded et hanol A forGominatss SOUmMABUPerARSYo THY apdinlbIRNGSe KAk at

room t enperat urg étemilﬂ ?I ssye V\€ hybr| di zed, hybri di zed, and-washed

according ‘to th 0¢0 Eag’s%? %@6‘{5% 29Geg/mb i Bipghm). sNbgaﬂ#pb:lbnﬁlmlzat i on
Kit (Boehringer Mggﬁh@l h the follow ng

“nodi fications. ¥R bot hugf'e e;r}%gil%g %enfoéﬁ%‘:t?%b gfgafg’ts#déﬁp OERSOmYCEhs, 10
mg/ M phénol chmlmpmmeferasacm@rmweﬁe %ﬁm&%dﬁﬁse@%ﬁ gﬂ%ﬁd‘fd This |

step:significa d n-specific signal 'ow ng

hybri di zat i %Pk’ythF S@éﬁ%‘ gl%%’m@@ﬁ‘b\(%@tagmﬁm@%mma 800, aidien di gest ed
42 with RNase think&ibed he ampunt of. RNase A
was deter.nined for ea(:(ﬁﬁprogi§n %%@q%&&t{?%@e L@Terﬁn %@PBWW?T%gatlve

cont rol probeﬁlbmmmmmngcﬁﬁwﬁﬂpg phfvehget erial f 3-gal actosidase . .

- or neonycin - phosphotransferase. All probes wer e approxi mately 200 bases in
| ength, cloned. 5 into the Sac! site of - BlueScript SK+ (Stratagene, Inc.

LaJol'la, CA), an d QrBN@eﬂ-'PMeht(oafAssay.l Eﬂﬁs’ﬁnﬂ%d\r&@hﬁfeﬁ@gﬂf&ggg si de. The
&nly exceptl Eﬁgﬁ‘[{ whi ch 974 bases and cl one a pnir '
vector. Nase” Pr o ‘W @s%}“‘ﬁ% Hewing theprotasalsiprevideditvithsherg a 10.
RPAI I ki t (AnbknnF F 86rob rot o¢ provi ded with
the kit For ‘a prgbeﬁroac%%b%g% pal r&bé@wgﬁ"g@“ﬂg‘?ds%g%l i fied

by PCR from a e |Hb ! C The

y T rabrrhinikidpeyodDBAA bR a(@ oﬁ&b&%?h%&l gzi)o ﬂ@}%ﬁﬁso

nd " CoA GAT d&%ﬁ%%&“‘éﬁ?%gi‘i‘&w%@%ew 2SJigoviargrent 15 ves

reanplified wi GGAFEHTD@MW@IT&@TAQEE@W&Z%W ppesnc.jl"hl i %;neeg into the

. .: 15 was reamphﬁed with PFU polymerase (Stratagene) and blunt-end ligated into the

‘pBluescript SK+ plasmld (Stratagene). The antisense probe was generated from’
the T7 promoter.

. D. Immunoﬂuorescence Analysis: Fresh kldney was rernoved cut into
20 3-mm thick cross sectlons embedded in Tissue Tek QCT aqueous compound

: (product number 45 83 Miles Laboratones, Elkhart, lN) and frozen by placmg in . |

o

- a-150°C freezer. Sectlons were cut at 3 microns usmg a Microm type HM505N
| (Zeiss, Inc. » Walldorf, Germany) cryostat, and thawed onto poly—blysme—coated
o slides. Shdes were fixed for 15 minutes by soaking either in cold (-20°C) 95%
25 ethanol, if to be used for staining with the basement membrane collagen—specﬁc ’
antibodies, or with cold (20°C) acetone for staining w1th ant:bodles specific for
:the basement membrane assoclated protems Slides were allowed to air dry

o ovenught and stored desxccated at -80°C until used.

Samples were allowed to reach ambient temperature, then washed three
_ 30 _ xtlmes in PBS (pH 7. 4) at room temperature For staining with the antibodies
y agmnst the type IV collagens the tissue was pretreated with 0. IM glycme and
" '6M urea (pH 3.5) to denature the protein and expose the antigenic sites. The



pBl uescri pt SK+ plasm d (Stratagene). The anti sense probe was generated
from Yhe T7 pronoter..' D. |Inmunofl uorescence Anal ysis: Fresh kidney was
renoved, cut into 20 3-mmthick cross sections, enbedded in Tissue Tek OCT
aqueous conpound { (product nunber 4583; M| es Laboratories, Elkhart, IN),
and frozen by placing in a -150C freezer. Sections were cut at 3 m-crons
using a M cromtype HWbO5N (Zeiss, Inc., . Valldorf, Germany) cryostat, and
t hawed onto poly-L-lysine-coated sli des®3Slides were fixed for 15 ninutes
by soaking-either in cold (- ZOC) 95% 25 ethanol, if to be_used for staining
with the basensppropsiatydilntions ¢dateryinedsesapirically) ofitheprisary antibadiegivese c ol d

onbr ane ascocraRled B wiels sndied Reisact S it 51 in ARGABRET g1
and stored desjge akﬁﬂbﬁéxes WG aibd ntd 3 S6huti S EPSA holAk Bl W HBEGpReach

anbi-ent tenperature, en was times in"PBS (pH 7.4) at room
‘tenperature. F@mM)sThenseaf mmfahdnyhmllasubsbmdalbsredmﬂrbackgm@d Fegooce.

col | agens, thet|s ue was t ed ea (pH
08y e erht uSEmBRS wrOvaes b tuies st e R 7D R B bach SYoblS

appropriate di Hxﬁﬁe?ﬂﬁr&t@%n%ﬁ@tﬁ@ﬂnﬁ%‘ahhﬁ@dﬂ ‘Ynid kn tWRtcAWitRghg ant i bodi es
were applied tothe sanple and allowed to'react for 3 hours at 5Cin a

humi di fied bosppropiats FIN@sonjugasedccondady rens@taAH@pmndew TSRS WeIRf at dry
mlk in PBS (pH .7.4) ] se of fat reduced
background 1 uﬁ@?&édc’éﬂ@ Eﬁrfrb‘f’ ﬁﬁgﬁ M%ﬁgghilﬁén@s (pH 7. 4)

for "10-ni nut esg @&%ﬁaﬁtrei %w&@m@tte&@acmra%ﬁlww@ Whé BRdes wadaé | body,
-_nd then reacted the  appropri-ate FITC-conjugated secondary reagent.

: ks econdsg y theagmshTzi foer tmewwithi calid BBSL(pEUDA ) ollawied hy Iﬂlusamycﬂ%nrﬂfnf at f dry
PBS 2
nour's. At 40 TrES TR e BHOL e EROR G oo BRI TN SoBERS|

. 7.4) foll owed %réé&ﬁleﬁﬁﬁhér%%k%&Ehpﬁﬂﬂr%fo?&?nﬁpymdhn%medwaw( Vect or
Laboratories, Inc Bur | wer e"seal ed under gl ass cover

~ slips using:cl phﬂomphcckﬁﬁ |18 msgmﬂe@thne rJélleS;?H(ﬁ@fd'gﬂbw&ﬁam‘Xas

‘magni fication. - cJones sjlyer nami ne. st ai ni_.ng was per f or med on
pl astic enbedd f(':f ?‘Wg}.ﬂsﬁc Gmggfﬁéswewg

15 Goat antisera against the COL4A1 and COL4A2 chaitis was purchased
e fmm.Southem Biotechnology, Inc., Birmingham, AL. This anubody.was tested
for cross feactivity by the manufacturer, and produced a staining pattern in the
glomerulus that is consistent with that observed for other antibody preparations
against these chains (Miner and Sanes, J. Cell. Biol., 127:879-891, 1994). Anti-
20 heparin sulfate proteoglycan (HSPG) antibddj-/ is a rat monoclonal raised against |

the HSPG core prot'ein purified from EHS mouse tumor. The antibody was -

—_
; n

tested for cross-reactivity with laminin, céliagen type IV, fibronectin, and '
entactin by western blot and dot blot immimoas'sz‘iy by the manufacturer
(Chemicon International, Temecula, CA) and as described elsewhere (Horiguchi

25 etal,J Histochem. Cytochem., 37:961-970, 1989). Anti-laminin-1 antibodies
are a rabbit antisera. The immunogen was purified from EHS basement
membrane and purchase& from Sigma Iﬁniunochemicals (St. Louis, MO). Dot
blbt immunoassay, performed by the manufacturer (Sigma), confirmed the

' “absence of cross-reactmty fo collagen IV, ﬁbronectm, vitronectin, and _
30 chondroitin sulfate types A B, and C. Anti-fibronectin is a rabbit antisera ra1sed
- . against fibronectin purified from human plasma. It was tested by the



~ fluorescence ‘njcroscope_jnterface

15 Goat antisera against the COL4A1 and COL4A2 chai ns was purchased from
Sout hern Bi ot echnol ogy, Inc., Birm ngham AL. This antibody was tested for
cross reactivity by the manufacturer, and produced a staining pattern in
the glonerulus that is consistent with that observed for other antibody

- preparations against these chains (Mner and Sanes, J. Cell. Biol.,

127:879-891, 1994).. Anti 20 heparin sulfate proteoglycan (HSPG antibody is
a rat nonocl onal rai sed against the HSP&-core protein purified from EHS
nmouse tunor. The antlbod was tested for.cross-reactivity with | am nin,
col | agen type mgpufagiyy 3 hnmunerheminals) egaingt grosegeastivitito collapgndv; bl ot

e Goacr bbt o B BR 48 bpor SRR Ea%s??t"“a'«?ﬁ@eﬁﬂ'him o and

' 37:961- 970;- 1%&&:::@@& - AftFeiabtinl s Yai MOAbASnal Stfhody Rbiide gselg The
ro

| Mmunogen was rified from EHS basenent nenbrane- and purchas m Si gma
| mmunochem cal Eienmlﬁlmwﬂg@otmweégenimnwbmﬂﬁqmrUmMed by t he

ol ngen' 19 (bAERlo SAREEAL e PRSE IS Alarih R0 B eliene Oy pes a

B, and C. Ant .mmm:aaammsmnasmbhmﬁ&é@ﬁfrassr@a&ﬁﬁky@ﬁﬁbﬂe%n{ajd;rOnect'n -
purlfled from hurran Eﬁasma It was tested by the 44 "manufacturer” (S gma .

| munocheni calbé§ @@P&%@P@&bwwwemé’l@@lﬂﬂ]a@érﬂdwmw&ﬁﬂmlfrp
vitronectin, }fé@mﬂ@'f?ﬁﬂb ggh&ate A, B, and C using dot blot .

i munoassay. Anti-entactin is a rat monocl onal ant i body produced usi ng EHS-

derived entactin asmhﬁmwm@d&enc%%méﬁe%%%ed\m ?ﬁHUPState >
3i-ot echnol ogy Incorporat ed, Lake Placid, NY, ang was tested or. appropriate

I imunor ead®i vipragesssd wping araelmuaﬂféz B-Eiénﬂmrﬁcemmmmmape interfacedi t h ot her
maj or - baserre 0 stern bl.ot. anal ysi.s ubi mov et

al ., @%@Wpﬁf{ggﬁ%‘& vi 4 H75H aRaLYds @ésé iépﬁ‘(ﬁi Jones _
11, mgeSeapng e g rac e SO TR T

Utra i mage: ame9§¥‘§ef§y§b%'{ﬂwwgqudhﬁ@|uﬁglg the systermsaffssrandine capt ur ed
usi ng. & NG bRsablHg B0l ;wem&%cvos&;%&%qemame okl ver e

nodi fied usin
15 observed directly on the mlcrosoope

E. Immunoperoxidase Detection: The immurnioperoxidase detection
iz
method was used in immunostaining for TGF-B1 in glomeruli as well as

20  fibronectin and collagen type I in tubunointerstitium. The ¢oliagen type I

" - antibody is rabbit anti-mouse, and was purchased from Biogenesis, Inc.

. (Sandown, NH). The antisera was used at a 1:100 ditution for
imimunoperoxidase staining. The fibronectin antibody used was the same as for
| .immunfluorescence staining (a rabbit anti-human fibronectin antisera from
25  Sigma Chemical Company, St. Lonis, MO), and was used at a 1:100 dilution.
' Secondary ;eagents were biotinylaied anti-rabbit antibodies purchased from
- Vector laboratories (Burlingame, CA) and used at a dilution of 1 :1'00. The tissue
was embedded in paraffin (using the same procedure as descrif)cd for in situ.
hybridization) and sectioned at 3 microns. Deparaffinized sections \dcre
30 pretreated with 5 pg of proteinase K (Bochringer Mannheiin, Indianapolis, IN) in
© " 100mM Tris-HCI (pH 7.4) to expose epltopes The protemase dlgestlon was
stopped by incubating in 2 mg/ml glycinei in PBS for 30 seconds. Dewaxed



‘processing the i mages, care was taken to cl osely approxi mate the
fluorescence 15 observed directly on the mcroscope. E. | munoper oxi dase
Det ecti on: The i mrunoper oxi dase detection method was used in

i mmunostaining for TG-01 in gloneruli as well as 20 fibronectin and

col l agen type | .in_tubunointerstitium The collagen type'l antibody is
rabbit anti-nouse, and was purchased fr.om Bi ogenesis, Inc. (Sandown, NH)-.
The antisera was used at a 1:100 dilutio# for ininmunoperoxidase staining.
The fibronectin antibody used was the same as for inmunfluorescence '
staining (a rahbleinasdKitreatetaisie wasonashtd threntimsewithRHmubregitohwittheni cal
Conpany, St. Louis, M), and was. used at a 1:100 dilutign. ry
‘reagent s wer e the primasy aafibedsafor il hoypat oo {emBeaiuLe Wﬁﬁ‘%g%sf%a We

ctor

| aboratori s (BH I bOgATRN TRl S8 ndiry ndidiyibPD hBlr & 1308, The i ssue

was enbedded iN pa sanme procedlre as described for in situ
hybridi zat | On)w&g%mtmmmmyim&(ﬁmﬁi slides 3 i ons were 30
pretreated with g of proteinase K (Boehri nggars %nn ej q} h)ndi anapolis, IN)
in 100nM Bri sinpwbiatedprittysteeptavidie hoxss sadigh Resgradase &8%% &°Ase di gestion
was st opped I ncubat L ngai.n : ' ' ?%, lthre@ v Rt -
Dewaxed 45 pr bgfaﬁ%%i f?fg ngpétgg?{l?gggﬂeég?@ﬁmgéﬂg thffﬂgeﬂ“t%ig mes with PBS and .
reacted with pphe Ribémbinding waedivdleediwitiohe ARC sumiratesyserefVecwr washed 3 -
times with PBS then reacted with a biotiny]ated secgndaré/ tidh ¥ for 1
hour at room ABRSE-420f; ¥ cctar Laboratosiss)igliewingdhe prosedyies ff slgga%d( L 4),
s|lides were 5 tinnclg.bcgﬂgrg wi th streptavidin horse radi sh peroxidase. (3

}(tg/ m, Vect or™*4EH ories). for .30. mnutes at roomtenperature. Follow ng
three washgs wi'th f&&emﬂl;lm@gﬁnﬁmmﬁh@dm chhiodden e uman FGEHEL AEC
substrate system (Vector AEC

/ K-4200, Vector Lahoratories) f owi ng the
“procedur es des@&D&ystoms,Minneapaliss M Dwmsed att"’é)liﬂ:éaﬁ?@r-‘ HJ,’ ?‘,’t‘g‘?@"%}rhar y

anti body was chi,ck 4 - . _ NERRGkisallodRl tused at
a 1:15 dilut IOwﬁmegggﬁgw@ﬁgaﬁ?%m#%f@ﬁ%ﬁb%%ﬂ was _usedoas di | uent
for all antibogh@$drat This3 Hags al loonewniperatirediite secondery hetiiody Waigur s at

roomtenperature. The secondary anti.body: was a . . :
' ™ : biotinylated goat anti- h%/cken for TG%I—BI (Vectior 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). -

. Example1 - .
( : T20 f. _ Production of an Alpert/al Integrin Double Mutant - |
A mouse model for the autosomal form of Alport syndrome was created
" by targéted mutagenesis of i:hé COL4A3 proboliagcn gene as described :
previously' (Cdsg'ro{f.c et al., Genes Dev., 10:2981-2992, 1996). This is referred ‘
to herein as the “Alport mouse” and is available from Jackson Laboratoriés at
25  Bar Harbor, Maine under Accession No. 2908, This a:3(IV) kmockout mouse,
which is in a 129 Sv/J background; was crossed (ﬁve' successive backcrosses
' wifﬂpure 129 Sv, then with the integrin ol nuil moﬁse, ?vhiéh is pure 129 8v),
to prod;icc a “ciouﬁie knockout” mouse, which is over 97.5% pure 129 Sv. The
| l(;cl knoigk{.)ut mouse was provided by Huﬁlphrey Gardner of the Scripps Institute
| 3_(3 | m La_]'olla, CA and is described in Gardner et al., Dev. Bir._vl._, 175:301-313, 1996 o




bi oti nyl ated goat anti-chicken for TG~ (31 (Vector Laboratories Burlingane,
15 CA) was applied at a 1:100 dilution and allowed to react for at least 1 -
hour. Followi ng three washes, | munoperoxi dase detection was perforned
using. an AEC kit (Vector Laboratories, Burlingane, CA). Exanple 1 ~.c 20
Production' of an Alport/al Integrin Double. Miutant A nouse nodel for the
autosomal form of Al port syndrone was created . by targeted nutagenesis of
t he CO AA3 procol | agen gene as descri bed «£reviously (Cosgrove et al.

Genes Dev., 10:2981-2992, 1996). This is ferred to herein as the "Al port
mouse" and is available from Jackson Laboratories at 25 Bar Harbor, Mine
under Accession No. 2908. This a3(IV) knockout nouse, whichis in a .129
Sv/J background, was crossed (five suggcessive backcrosses with pure 129
Sv, then with the integrin al null no mplg2ch i s pure\129 Sv), to

produce a "doubl e Astessumist of h |s ver 97.5% pure 129 Sv. The al
bya ﬁ‘ﬁ@ ’S@sre J@Brestion g edfeddlnsti t ute 30

knockout : nbuse was prOV|ded

in LaJolla, CA and The nlirectidieDinith; Bi.ql
175: 301- 313, 1996. .46 . Exanpl e 211As§“§§5sIfl ';‘d%lAIBP&Qe“ﬁEMYh‘Eﬁ%a@e

Progressi ony i - REEEE0 W&%P@(IWHBCI meammﬂahﬁrad iht8giil (V282 Rbf JaBGLKded
Al t m | 3 d f |
“ntogri m (aval T oara e O Ban HERE MiRingl aad q?tﬂégkéqc\l?sat? (s dumible M ne) . and

doubl e knockoumztar(ts), echichcidiye @x &}E&m{% not express_col | agen
a3(IV) or integrin al, The doubl %é'{“%éf da Ihedoghle 2. 59 Sv/ J

backgr ounds. t3Ks Wate VoF%d 2 &t dndl A05% IS9/)THa Gﬁ%@ﬁndéleem y interval s?and
protein 1o analys carried out as described in the Methods Section.

Asdshovvn ;; rm;; af?ur E’S"Pe"\"’&rco ?ﬁt%ﬁgmthemlmmim?lmﬂilﬁe&ﬁnqqﬁb@gpg a3(1Vv)
andwere n e r or rena | Ssease
s wad cdrﬂécf&ﬁtaggeéc@l u%f% h?\‘%agéfﬁﬁgfu Ay shdven imnset of

onset (basedon a study of 6 I VI

Feachi ng. Li‘ak:fﬁrfﬁ f“ﬁ:?%ﬁnd‘waﬂ&m?ksffﬁ‘n‘ﬁ"l%h%“%ﬁ‘m’i BN ER R Bhe Tean

age of "deat h YuE¢&h EirdneamageforAipmst mﬁlw&eﬁse&m&%&ed ‘on a study of 6
| 1nd1v1duals) as measured by the onset of protemuna, was 3.5 Weks to 4 weeks.
: Protemuna progressed rapidly, reachmg peak. levels at between 6 Weeks and 6.5

15 ‘weeks of age. The mean age of death due to renaI fallure was® b‘etween 8 weéks

and 9 weeks of age No animal of this genotype (9 Were tested) hved beyond 9

weeks of age. Blood urea nitrogen Tevels (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 dtfferent sets of animals (normal controls, animais 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 techmques

G Transmxssnon electron nucroscopy was perfonned to assess basement

30 membrane mtegnty At 4 weeks of age (data not shown), the Alport llttermatcs



and 9 weeks of age. No animal of this genotype (9 were tested) |ived beyond
9 weeks of age. Blood urea nitrogen | evels (BUN) becane el evated at 7
weeks to 7.5 weeks of age. In the double mutants (four were tested for

t hese neasurenents), onset of proteinuria was between 5 weeks and 5.5 weeks
of age, 20 and progressed nore slowy, reaching peak |levels at 9 weeks to
9.5 weeks. The nean age of death due to renal failure was between 15 weeks
and 16.5 weeks. Aninals devel oped el evayed BUN at between 10 weeks and | |
weeks of age. Exanple 3 25 Characterization of Doubl e Knockout Mouse Mdel

Three differen (NO J nimals n expressi ng
the a3(1V) gen%a ﬁﬁﬁ%ﬁﬁ%ﬁ eﬁté‘ h rlpﬁﬂéﬁloﬁ*‘?g Eﬁlarcﬂlﬁjlaﬂf BPse
mitants) wer eThoddublestutintsshowed foregbmefilard@Serkit a&nﬁar&ég@wf di fferent
t echni ques. Transm ssi on gl ectron mcroscopy was. performed to assess

basenent 30 Alon (e diregular thickening, diirning, andsp maghhnwcvegnbm) t he

DO | eI NS AEL) B A50TR BRERLA ST g of

basenment nenbranen(sEGRMved naagiare@d bhtheht mémbrané FAEHda86n bHAIE KEPOIGY
t hi nni ng, and ‘?foé{'llttl ng)., . h wever it was_ infrequent and rarely extensive.

About 20% of tHdagBl ¢ Alparbmigs abthis tonerpeinhwsresithsokiel vhdledyrar ent
basenent nenbr. in the

Al port mce at@\?ﬁlné tﬁ%&%&@%@l%g@d#%@@@ﬁe l%\ﬁ?nﬂm%rﬁlere ﬁ%@'neﬂ no fibrotic
gl onerul i f ouritlustratésithe degred ef gMmeasemnmbﬁsrmEIdmaage éharddidristibbat es the

degr ee of gI ogﬁruldz% basenent nenbrape Sbtd e characteristic_of these
different nic & e XSSchd‘éfé s o a8 pi %Plcglglﬁﬁ'ﬁﬁ!%fr"%&'w]lo@y | oop
10 is illyst rqgﬁﬁlstr{tgg ThéER ,Q%Tc,ﬂ m ce at
this devel opmental tinepol nt Elb &g E mage |l%1w\?e|‘lrX Eﬁt}ﬁchla ﬁﬁg‘gl onmeruli.
Evident in F|dgmlepm31tabtugcmst is bacﬁg diuaageﬂlmn ukma[lngllgttﬂnérhhn Bvidgnt iand
extensive eff ene E gtu te foo processes. In thtgf doubl e
knockout, ho ? 1§§’F°§S ¥/ @nglag tigping And fxignsiyg effacement of

ul tr ast r uct ur akd podee§@abat phbddssdsnen ﬁé%ﬁ’&b Eﬁbc%uﬁ hb& et IR
irregularities, and the foot processes of podocyt es I nt al n a nor mal
archi tecture @%@ar@r%@mpmmMcmnamm With thdmxcaptionedf abwse i n

Figure ~ys

‘small irregularities, and the foot processes of the podocytes mal_ntam a normal

- architecture (compare i'egions denotéd by arrows for the normal mouse in Figure
2A with the double knockout mouse in Figure 2C). At this timcpoinf 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 clecﬁdn microscopy. of the 7;week old mice (data not shown)
mdlcated that the Alport mice showed significant swelling of the foot processes
of the podocytes, destroymg the normally elegant and complex structure of thcse
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

swellmg 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.

. 430 Paraffin embedded mounts of whole ladncys from the 7~week old mice

were stamed using Jones’ Method and the total number of fibrotic glomeruh



2A with the doubl e knockout nouse in Figure 2C). At this tinmepoint between
30% and 50% of the gloneruli in the Al port nouse were fibrotic, while | ess
than 5% were fibrotic in the double nmutants. 20 Scanni ng el ectron

m croscopy of the 7-week old mce (data not shown) indicated that the

Al port mce showed significant swelling of the foot processes of the
podocytes, destroying the normally el egant and conplex structure of these
cells. This foot process effacenment has bgen described for Al port '

gl onerul onephritis. In the double mutants, while the architecture was not

o cn The. " svel (el Sdda FO RGOV el RGNS Blombetl framshe Apart Brioaki ng. t he
gl onerul ar fil tvere affaded adme degridé EM gt shU%H%&ﬁ?‘ruié??lzﬁé&&ﬂh{,}ﬂXi @H doubl
rul ar on e doubl e

signi ficant vvith%les?arc}tothe_irrprpved glo ctl
mut ant rel at i vEPESRLLRTBesanginl matsixrandshouss it wedeifibretih eldRatastunt s of

whol e ki dneys f Y/ mce were stained using Jones' Method
and the total r%ﬂ%lgﬁxggﬁh W?A&@E‘g&%ww}%ww@&Fﬁm@%wﬁlm% Fown) .
Virtual |y abl afesakgialghairiennd éellaaeiy.t hBoﬁdZ%%&id%Sﬁ evitine & &%&Eﬂ%ﬁ%lt 0 Some

degree. Mbst, sh d.gl onerul ar hypercellularity an expansion o he

nmesangi al matr FS% P&%@ﬁ%ﬂn&%mqr@ﬁm. fTihb enalyses weare cepetited oh, twot he -

gl orer ul i-; f r omdifh@erf QLB bEmiB: L, ce ywere Largely normal with respect to 5
Al vt S s

mesangi al matfix and cellulari thi d show evi dence of nesangi al

cel | prol i‘f er at i ons Iamin&eor&tshck bBAIOkL Sv AR V“‘S"X%nr [ Led on two
different set s@gf g\ ce With very si m9llar arsggkg?ts Trrunot 38?%%% e
anal ysi s-was pEFPEHABGhERsis#HYe aritialsn Trertissucwad reacted afrntibodics Beasficane

animals. The t{3$HRe ted with.anti | es specgific 10 for proteins
known to accu ot BRE lﬁ%@‘ﬁ@%ﬁf%‘ﬂﬁgﬂﬂ E‘E“t aﬁﬂr} Bra gd“ﬁB?‘i‘ of Alpartgnakase
progr essi on. - Tdieswse prograssienl Thdk Ridhided (hRRid ) (%_Hxﬁ- e 2@;9) di lution),
col l'agen al (1V),, and _a2(1V) chains (COL 4Al, 2) usgg (g%edgdtjf:li di lution),
fibronectin (FfiByopycatiassh od (V) 200 c@(IM)tchain} (COBENT,2) (asdd &tz :1§r ot eogl ycan
(HSP) (used atgifitibnl iLLutian). and entactin (ent) (used at a 1:200 15 .
dilution). Al ant P%S%F@s?&\%{e@r)éﬁe@t"g&i-W‘Wﬁb#ﬁW@faﬁﬁ Ik in PBS. The
| | pmteoglycan (HSP) (used at a 1:100 dilution), and entactin (ent) (used at a 1:200
L1 Qiiution). All antibodies were diluted into 7% nonfat dry milk in PBS. The
r‘es—.ults are shown in Figure 3. At seven weeks of hge, all of these components
were significantly elevated in the GBM of the ‘Klport mice relative to controls.
In the fibrotic glome@i, all of these components were abundant. In the double
~ mutant, immunostaining for collagen at1(IV) and a2(IV) chains was comparable
.20 to that for the Alport mous_é in non-fibrotic glomeruli. This is-expected, 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 ol(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 miutants
- (Figure 31), which is abundant in the GBM of the Alport mice (Figure 3H).
Immunostaining in the mesangial matrix for these proteins was comparable
bet\neen double mutant and Alport mice, however, for heparin sulfate
30  proteoglycan, mesangial staining was reduced in the double mutants (Figuré’fa"L)

relative to either normal controls (Figure 37J) or Alport mice (F igure 3K).



results are shown in Figure 3. At seven weeks of age, all of these
conponents were significantly elevated in the GBMof the | Alport mce
relative to controls. In the fibrotic glonenli, all of these conponents
were abundant. In the double nutant, imunostaining for collagen al (1V)
and a2(1V) chains was conparable 20 to that for the Al port nouse i.n

non-fibrotic glonmeruli.. This is, expected, since the type IV collagen
conposi‘tion of the GBMin the double nmutd4ht is the sane as that in the
Al port nouse (i.e., conprised entirely of collagen al(IV) and . a2(1V)

chains). Staini'ng figrHealbIot %Wagﬁ%hhg%ﬁ%&%um go%gf%%%lmr e

significantly reduced in the of t'he do tants relative to Al port
m ce 25 (conpdpeal Epgex &osmownalhARert, amdiddiitdemetBt mitd 4t TFveeksof agc.

respectively) .and .there was parent stainin or fibronectin in the

GV of the dolhTathmicigiats PEsach RNB Bsmplg wes fiacliongled g1 an 80P ZELGEM of ¢ he

Al port mice (Efaﬂbﬂe&e@t&ny!oﬂWbmt,%diﬂ}bﬁﬁ&eﬁ%gﬁfﬂiﬁhbé@&%ﬂoﬁﬁf or these
p :

proteins was.conparabl e between doubl'e nutant and Al port mc owever,
for hepari @ sw@pfrasponding o apodighyd fhe moess FEF-BI cBMNA nFoljowss aeedecafd i n t he
doubl e mut ant s. (,Fi.qur &3L relative to either normal coptrols (Figure 3J)
or Al port ni CZ“ tfilagegc%ig)aghea © FRSPbRET 45 FPosed dp F"’é’&é@ Bigifest med usi ng
RNA i sol at ed fhe0s thaP bile IRHRR1 £ : Alports o | e,

mut ant m ce at ‘S7 vveekg of f:a'ge.b me%%dfﬁ%“c}gog gﬁrrgl!l% eéﬁ%‘hﬁﬁggggr‘pqﬁg was
fractionated d&ft compuyet with sepehd lankefrons fherleg dvliioh fyd eshth), ¢Eipinbd ary. bl ot ,

and hybridized 1o a radiol gbel ed probe 5 corresponding to a portion of the
mouse TGF- (31 . mP@P-PB\mlﬁﬁﬂ'at‘bﬁébwébe g integrm maationddauhle knatkosts) t he

menbr ane S - I ' L gur.e shows .t hat. whi,le TG (31 is
duced i 1% hCHRTER fid e poplied il defond 13 BOR, e o i Bt i ¢
second | ane f cantrdihidt ik efis datwhtia€ fedi the MvesiHatddt o spetula Witither theleEtof N
Al port m.cet hatharbor the al integrin mutation (double knockouts) 10-.

(third | ane f Pdinkibitors aaghtbsmediaed by the suppression ofiBGFrfokyi Thus the TGF- whi ch i s
1. Rt .iS.4his data, d the investi |
whet nor the” ePl il eRndtihi BB GIEW watF caied Sub R BAS b RREC L bt essi on

of TG--D 1. Thus.the TG 01.inhibitor experinments that-follow were carried
out to clarifynthis issue. 15 Exanple 4 _ _ _ :
15 ‘ B Example 4 ' o ' '

'Role of TGF-B1 in Posé-Proteinuric Alport Renal Disezse Prijgi'es;JEOn
 Tissues were harvested from F-2 backcrosses of 129 Sv/¥ founder
animals onto the C57 BI/6 background (see above). Experiments were
performed at least twice (on specimen from two different sets of animals).
20 Results for data presented herein were clear and consistent,
Thesc'expeﬁmeht;s were performed to illustrate two pbin‘ts. First, is there _ :
a temporal correlation between induction of TGF-$1 mRNA and the mRNAs
encoding matrix protcins' that accumulate as-a function of Alport renal disease
progression, and second, are these mMRNAs actually induced in the glomeruli?
25 (Since only 5% of the wet weight of the kidney is glomeruli, induction of
specific mRNAs in total renal cortex relates more to the issue of progressive
fibrosis that glomerulonephritis.) | '
‘Total RNA was 1solated ﬁ'bm kidneys-of Alport animals and control
littermates at two week intervals starting at 6 weeks and ending at 12 weeks of
30 age. P;oteinmia in the F2 mice used in this study begins when the mice are -

. approximately 5.5 to 6 weeks of age (data not shown). The RNA was-



Role of TGF (31 in Post-Proteinuric Al port Renal Di sease Progression

Ti ssues were harvested from F-2 backcrosses of 129 Sv/r founder animals
onto the C57 BI/6 background (see above). Experinents were performnmed at

| east twice (on specinmen fromtw different sets of animals). 20 Results
for data presented herein were clear and consistent. These experinments were
performed to illustrate two points. First, is there a tenporal correlation
between induction of TG--f 31 nRNAand thesyRNAs encoding matrix proteins

t hat accunul ate as -a function of Al port renal disease progression, and

second, are thgeRHHRNAP Ly in the"qglonmeruli? 25 (Since onl
506 of the wet weight b off bty é}&?dsjsggfq’%htﬁnﬁ“eﬁegitﬁﬂﬂePiSBPP%ﬁs"(“§lpecific Y
nRNAs in total pr@wd|widomﬂho1awé@p@5e§@@@iﬁk%rtehﬁeﬂtﬁéuﬁqg§@ PPABRGSS! ve

0 rcC

fibrosis that %Ig merul onephritis.) Total RNA was 1S m’ki-dneys of

Al port animals ep Sheing, entadting thederninin fi ot FOChARE KibronREMArSTGEPLL i Ng at 6
Proteinuria in the F2 mce used in

weeks and endi - Weeks of 0, age.

this study beg?ﬁg%ﬁéﬁ‘ﬁ@“}:ﬁ %S“&%@t?éﬁqsrﬂéﬁalméafgr gl of theseprateiisswitt age
(data not showihe ext&ftionRMAaBiSin | n denat uri ar gsegel s,
transferred to nyl of\kﬁsupports, ggfé%?g{#gmﬁgheﬁ%ﬁ rg@ﬂw%g%gw
specific for eiAtlleéTmDh_%ﬂlangI) or a2(1V) = collagen chains, entactin, the
lamnin (31 or (32 %n‘%kgg‘ fligrfon ctin, or TG-(il. The-results in Figure 4
i[lustrate that the NHERES §18(s for thissemerauccowse werarlsaperforsied fer leminipt | on of

aninin (S5 arat, gl it 190 006}l RS LS sl 201

mouse nodel . Norut hern blots for I's ' sarne
for lamnin atollapembAfIV),(Bid oS @V) eHathsYHata AGRRLHR) SNb i8R Ok; an core
protein, apd the .. gl a%eg a4(1Vv ‘anqlan(IV) ch_a?'ns g%‘%&%g{ﬁ?@%&%%)
No' si gni fi cant™ lskels fon theserptherbasdnesng insmibometpheteinsavdre apaaei TeNt
menbr ane pr ot eyRG; dek "When comnparing. the control to the nutant.
The results of the nc} rtﬁ Bﬁégﬁ%tf(}%&é@eﬁlﬁﬁnq‘gnal yzed -using a phosphori mger
to directly quanti fThetreenltscdfithé viertidta BERseE %&%ﬁiizk&-u@iﬁ%‘% expr essi on
during the ti 'B?,COH{ se. Fi pou(E_e 5 illustrates that 1"nduction of the.
osphonimager 1rectly quantify the relative changes in specific mRNA
| expression during the timecourse. Figure 5 illustrates that induetion of the .
15 specific mRNA levels is first apparent at six weekh of age, orabout 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-B1 and fibronectin induced 6.6- and 9.4
fold over that of control mice, respectively. The mRNA levels-for collagen

20 al(V), 02(IV), and entactin were all about 3-fold induced by-week 8. In

N contrast, no Signiﬁcaﬁt'changes in mRNAs encoding the laminin B1 and 2
* chains, as determined by these same total RNA 'noxthém 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 sity 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%
parafqnnaldehyde 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 a1(IV), TGF-B1, Fibronectin, entactin, o;r the lamini-ﬁ Bl- :



115 specific nRNA levels is first apparent at six weeks of age, or-about
the time, 'when protein in the urinary space reaches the maxinumlevels in
the F2 mce (Cosgrove et al., Cenes Dev.,  10:2981-2992, 1996). By 8 weeks,
MRNA | evel s peak, with the nRNAs encodi ng TG~ 3l and fi bronectin induced
6.6- and 9.4 fold over that of control mce, respectively. The nmRNA

| evel s- for collagen 20 al (W, a2(W, and entactin were all about 3-fold

i nduced by-week 8. In contrast; no signidti cant changes in nRNAs encodi ng
the lamnin (31 and 02 chains, as determ ned by these sane total RNA

northern bl ot schaier A mbbetpeécific Tor baateriaDBigilbctofidiRdds 1@kS 84S COnRLP €SS ON.
To exam ne whet her the nRNAs encodi ng -(31, or the different 25

basenent nemrbr BHESRESHIFMBHNG (aregative contel), asthis prabe didumobhyhyidinedo tetal cel |

type, in situ | b ' ' erfor using di go eni n; | apel ed

anti sense pr o%égéés%gé% i| ifc”?%ﬁ%‘ﬁ?%ﬁﬁ&i&%?ﬂﬁé?g’n\?\kfggwmgawﬁ om 10
week ol d F2.  Ahyiwidized «t thewashetinie® eab BicciHc Probd, ahdatasd with ddang heart
perfusion with 4% parafaqrmal dehyde in PBS, "and processed for in situ

hybri di zat i‘on @RaPEFton0f RiNase Acfellpwing thnhytidization paecedarst Rdfase Ant i sense
probes were s LL NC1 maj f | (] CTGE- (11,

Fi bronecti n, en%lg{r:lk ll%n%l%(’)crah? &Y %%)%Hg*"ﬂ fgﬁaf@kﬁﬁ?p'ﬂ?pé‘gﬁw%ﬁggﬁ ic for
bacterial (3- gldag BYE/ARER @SN 36dllaRinid qP%&Q&suitthéRQ{%n%Pﬁfg'ufé& bi ndi ng
(a negative control), as this probe did not hybridize to tota nouse

ki dney RNA on nor t hEherestltstia Figlae & ithotratetivasnior all specificimPRNApexahinadas
hybridi zed at the sane .time,as each specjfic probe, and treated with the
same .5 concentt” i a‘ﬁﬁ%\?ayﬂ%ﬁ?fw‘g%%wﬁﬁgalﬁyﬁh?l&?f 5 BpdosyisErefur .

RNase A - tmeatth®glonV&8lus #f tht COTUMA 3 ﬂocﬁmﬁ%g% gﬁlpt)ﬁrm%lé)(_ LAk the Tlinkerl. and

fibronectin, and at 3 g/m for entactinan m ni n The resurts are
shown in Fi gured(8) dtiaén, expression ofthe-imRINA ibthielconsolria bbservattin bbtr thel |

sceral epl  MeRaReLailsand BB DH5 kst coksoffhe efncghlok was b isco ag
The mRNA [t ke e il ke (3l BRC REBRST Btk L LB * e T he
endot hel i.al camtantoexpressiogl iv feg mkesrgiaFinguixangyps elatated, s svidemedibyt ent wi t h
where thi§molgeyl (Farf(é%%%Lulmzlge s?vhieﬁl é(tnplgarg(? fothé II.? nzlmrg%zlﬂ 'ceil gta%nqgg in the control
o ‘sample, however the most obvious differencé'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. gxpressing significant levels of fibronectin mRNA (Figme :
- .6E). Expression of TGF-B1 is very weak in the gioﬁlerﬁli offﬁe control animals,
however, some specific staining is observed in the mesangiai.cells of the coﬁtrol
animals (Figure 6G). In the mutant, TGF-B1 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 unexpécted since this protein localizes specifically to the GBM.
. Unexpectedly, some mesangial cell-speciﬁc staining is observed in the control
animgl. 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



mut ant, expression in the nesangial matrix may be el evated, as evi denced by
15 much darker staining when conpared to the nesangial cell staining in the
control sanple, however the nost obvious difference between the control
and the nutant is the ring of stained cells lining the outer circunference
of the glonerulus, corresponding to the podocytes (Figure 6B). Fibronectin
expression. in the control glornerulus is observed primarily in the
mesangi al cells (Figure 6D). 20 While stdi2ning in the nesangial cells. is
al so observed in the nutant, the podocytes are clearly. expressing

si gni fi cant | ePgiveceaths qoptrohandtthemuaeis(thb Sukie o ﬁ&eﬁﬁéﬁé@gﬁi QP of TG (31
is very weak i %%H&&I&ﬁﬁlgtl of the control animals, 0 vé’r, sone

speci fic. staini I's ob d-in the mesangial cells of the control

ani mal s (-Fi gure 6G Notthetn - eyvel s are, significantly 25
el evated .in the mesangi al h)goel | S, ﬂtg%gl%’hzg’le Itj%é\ell%‘}mlﬁhﬂlﬁ pivern t he
podocytes ( Fi Haghan, mtﬁﬂonanlmidqfﬂleﬁﬂ&nﬂﬁ?&:é[hﬁﬁ?ﬁlﬁﬁ%cé{g t@e .$§docyt es
of the contgol_h lﬁﬂa@% islnot unexpected sincethis profe-? t % e s
speci fical l'y DR frenalyiis o dis smey messogeiliustsatad thel cxpedtbd fiRSigldl C

stai ning i s obstirspreific | nip.mal . jJ.e the staining in the

vi sceral epithel i%ﬁe ceﬁ%ﬁ%ﬁgﬁgg%}egﬂf hgg’ecﬁe‘\{%thgeeﬁr@@m eMyl Bvtieed

expressi on, t h¥eMeRlifgem mudad nticd, howweerpms mgqgcﬁeg,gy g{edﬂ:% ﬁ}@% ?éorrpar .

bet ween the c the ant is-too-small ‘to

Figures 6J w mé%%l?%}?ﬂ‘?pﬁ PHESN)eveal ed that nRNA. | evel s for
thel aminin Rl chai rTivse gamplesHa ' ¢ _coptrol versus fhe mutant

t hroughout, the ti ngl:our_se.. rg'll n sﬁ?ﬁfbgk%%%a?@gﬁ% eyandanabzed bys same
message i [[Pust¥ Sebybriization veing thesesangprobes, GielstRg _ipfajt&nliﬁﬁi’ael jzation in
gl onmerul § fro@&ﬁ&ﬁ%&ﬂﬂ@?{& Fj % re 6M. In the glonmeruli F¥om nut ant _
m ce, however, the 'S Cren iimg@éepﬁnqmlhﬂbmsa(ﬂatapidthel i al

cel I s (Fi gur esigiyn). Thissugesatmat &% d 3 and 5 weeks of age,
and anal yzed Bfé 10 in sifu_hybri g?%‘f?%ﬁé%g%}r}%'Pﬁh%@"@“&%@sﬁf’?}!{éﬁerrhe
stai ni ng pat t BFPOs¢t of pedeinuga. oner ul i wer e i ndi stingui shabl e from those of

normal Littermatesysto t - .shown). This suggest that activation of these
genes in thepodocyt €s O@gﬁ%&ng&g@e& onummunoperoxidase detection using ‘

. .‘w.!’ 15 antibodies specific for the active isoform of the cytokine corroborate data

.obtained by in situ hybridization analysis for TGF;BI messenger RNA (compare
“Immunostaining of Figure 7B with Fi gure 7A). This illustrates that elevated
expression of TGF-B1- messenger RNA in the podocytes translates into elevated
" protein. ‘ o ' |
2'0 o | RNase protet;tion'analysis-was performed to determine if mRNA levels
' for fhe cytokine are also elevated in human renal cortek from Alport versus
control paticnts.. 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 glonier;:li fibrotic. The speciman was
25 immediately removed and snap frozen in liquid nitrogen. Nonnél human kidney _
RNA was purchased from Clonetech (Palo Alto, CA) and was a pooled éample :
from a coliection of normal human, sources.- RNA from the Alport specimen was
isolated using the same procedure that was used for mouse kidneys. The RNA
- Wwas e.xamined for its integrity by fractionating 10 micrograms on an agaxﬁse 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



the onset of proteinuria. TGF-031 protein data based on i mmunoper oxi dase
detection using 15 antibodies specific for the active isoformof the
cytoki ne corroborate data obtained by in situ hybridization analysis for
TGF- P1 nmessenger RNA (conpare i nnnunostaining of Figure 7B with Figure 7A).
This illustrates that elevated expression of TGF- (31 nessenger RNA in the
podocytes translates into el evated protg%n. 20 RNase protection analysis
was performed-to determne if nRNA | evel for the cytokine are al so
cortex from Al port versus control patients. Hunman

el evated in h r .

Al port renal %ﬁ&“?@ﬁ@%ﬂmm The fase ppvtectidposxpetimentwes anspl ant
surgery. The. sResedER rate ke .of . scarifjcation,. wth about
50% of the gl oneruli ﬁ'&%{&%{ﬁﬁ@? ﬂ%ﬁ%@%@c%ﬁ“k@“ﬁ@“‘"ﬁh@&@i‘@ﬁ?‘% enoved and

snap frozen i relevationdf ﬁﬂﬁ-pgﬂi&ssehﬁérmzﬂib'Hﬁﬁaxkkfﬂgﬁ)f?nﬁ%@?ﬁl@i&c&gas ed from

Cl onetech (Palo A|LO .CA) and was a pool ed sanp roma co on of
nor mal human s9BFe sTh%FQRWVW@#Wlh@YMWSal&memsmmhm&)dnusi ng the
sane proce@ur:qda&s,g‘ : . e kidneys, The RNA ~was exam ned for
its integrity by fr a??'lﬁodr%gﬂes:aﬁzgtgﬁt@q?ﬁﬁ? 8§Qeﬁﬁjgg%ﬂlabﬂlsé§g{ﬁi9§%gygﬂ?f,(w% Bnd
stai ni ng the demanst h ethi di um brom de (10 mcrograns per ml in water):

Both the normal and Al port sanples were intact based on the relative
quantity -of 53 28S and 18S ri bosomal RNA bands.. The .RNase protection

experiment was carried out accordi n%‘i‘g tgll%es met hods. Data in Figure 8
illustrate a 3-4 fold elevation of 'f‘ messenger RNA in human Al port

renal . cortex relativeUseof ﬁmht&lizinEMEtin?}tS%I&Jka&lsﬂﬂgﬁxtﬁ%ﬁﬂki ne is also
overexpreiﬁed in-human Al port 5 kidneys. This data substantiates the
expect ati Oh t hat t%@&f‘é&ﬁﬁ@l-t@gl}umatq. gicr seluble agentnmpsble 6f btqgrkingihdse of a

Neutral izi ng Al k l.ock .all,L Integrin 10 As an exanple to
illustrate-t hig{ié‘lja soi%ftb@ﬁalgéeﬁ?n@ﬂ&dfﬁ ‘&%&WPK’%{!{P%@E&@MW@O&%Won of al
(31 integrin -Mﬁdﬁféjﬂd{ﬁ@% L dsid _. . Al port
renal di sease pathogenesis_ asﬂ{%he: -la?ﬂgﬁg%g ?ﬁ%‘g%gg&t%&gﬁ%n@gt he ‘
- 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 . intraperi;onealy) 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
' "_membrancs in these treated animals were largely régdlar, having the normal
~trilaminar appearance. Endothelial cell swelling was observed due to ir?nnune
20.. tesponse to the antibody. These results iltustrate that a soluble agent that blocks
the integrin o 1B1 receptor will slow Alport GBM disease progression inmuch

the same way as is observed in the double knockout mouse line.

: | Example 6
25 . Effects of TGF-B1 Inhibition Alone in the Alport (129 'SvlJ)-Mouse Model
The experimental protocol was to inject with either FK506 (2 pg/g bbdy
'+ weight, injected intraperitoneaily, 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 aée.
30 " Kidneys were harvested at 7 wecks of age and subjécted to the describéd -

“+ analyses.’ 7



anti body described in Fabbri et al., Tissue Antigens, 48:47-51, 1996 was
obtai ned.. This antibody was injected (400 ngfinjection, three tines
weekly, 15 intraperitonealy) into Al port mce starting at 2 weeks of age.
Animals were collected at six weeks of age and the basenent nenbranes
anal yzed by. transm ssion electron mcroscopy. As evident in Figure 10,
t he basenent 'nenbranes in these treated animals were |argely regular,
having the normal trilam nar- appearances4Endot helial cell swelling was
observed due to inmune 20.. response to the antibody. These results i
illustrate that a s@ranemissiaeddctrbh atict 'afﬁﬁﬁ' ol in 31 receptor
will slow, Al post: GBM disease .p_r.ogreslgi&%ﬁi&isd# cf#f%%gésg%?ﬁgﬂé?%%gi s
‘observed in t hEdSHAOe MRdengtiousrandisions isdllusarnlindFigurdd 1. FEd8e1A Of

TG (31 1 nhi bigj ' 3 Al por 129 Sv/J) Mouse Mde The
exper i nent al prﬁgcﬁl&&g@%ggﬂg‘ﬁﬂﬁ%ﬁ?‘%a&w unirestyd anpmaly /Noto ey  wei ght |
i nj ected intr axsenlat foobpracyssedatid thewRarthar %&?Hﬁt’ £ b%e,starliil'ij_g%\,/g%%ls(fi,

I'nj ect | y

Japan), or spluhle TGE-B 1 receptor (25 gg I on,

t hrough t he tf;'ﬁal%‘fsrﬁcaﬁ#@émp from 2 typicel 7 wgek old)29 S/F Alvseldoysest ar ti ng

at 3 weeks of M@ thexwdf har vest ed . { weeks of age and

subjected to the descri gggw}ﬁ%%%%?}dgﬂss%Fﬁﬁéﬁ?&@%‘ﬂgﬁf@%@&rﬁ’mr oscopi ¢
anal ysi s* of tHéodﬂymammbrapﬂlawmb?%ﬁ#@ﬂ%%k‘dfﬂjﬁi OtPEiBUPLE {);Fi tions
S i”US”ate%hﬁI:ﬁ% r.@}ﬁ%l, Fi %u,re 1 1A. shows a lonerular g caag | ary

| oop from a nor e r e¥T e Robgus lack oEbastment mgmibsanefthivkegingcesses and

the trilaninasu &I%ﬂhﬁtﬂﬁ&&ﬂ{ L aj.n Figure 5 11B shows a capillary

| oop froma ty %g?; week olggf@%%g@ve%@%f% fesulation ig the,&BMol | en f oot

pr ocesses 18ndTheeds howeutr, a Nigoifenitnlgnt ofh&elﬁ/k% ﬁfﬁf’ﬁt’rf’é%sf%aw‘% -sth r gt( gg 6a

typi cal capil I oma 7 week old Al

T%gr eis ag ob@%‘&slgﬁ?‘g’éj@%tfpf%%%%mec%ﬁbmgeamhbbm&@ is nsadg@egiideng t hat
the drug redu tdd\Rith 8 - ' ation.in the GBM 10 There is,
however, a si hﬁ% i cairtlllti ﬁéﬁ%@%‘gqg?fug%eﬁcﬁﬁoﬁ ’ﬁ“’f%ﬂuf?)o G5¢ daladlustrateni th a
not abl e | ack et Tobt Ipnhibéiers cat phiveaGHEEAar GBI il L BRELYEL On 1S made

in mce.

o ‘prevent changes in foot process architecture associated with advanced Alport
% 15 - GBM disease.

Some of the kidney specimen was processed for scam‘ﬁng électron
microscopy. Glomeruli were exposed by freeze fracture of renal cortex, which
removes the Bowman’s capgulé, exposing the outer layer of podocytes as they

_cover the capillary loops of the glomerulus. A ndnnal glomerulus is illustrated
: 29 ~ in Figure 12A, where the complex architecture of the podocytes is very evident
as 'the branching foot processes wrap around the capiﬁary loops. Ina typicai 7
week old Alport mouse, the suﬁace of the podocytes in the glomeruli are notably
lacking in the fine filamentous branches, which have beeﬁ obliterated by i
| swelling (Figure 12B). In the Alport animal treated with either FK506 or the
25  soluble receptor for TGF-B1, the surface of the gloinefulus looks mu;:h the same
as that in the untreated Alport mouse (Figure 12C). This figure clearly
demonstrates tha§ blocking TGF~-BI‘ 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 ‘ Iyophilized urine collected at weekly time pointsvduring the coursc of drug .

 reatment. As previously mentioned, the presence and abundance of albuminin



injected with the TGF- (31 soluble receptor (Figure 11D). These data
illustrate that TG--01 inhibitors can prevent irregul arGM thickening, but
cannot prevent changes in foot process architecture associated with
advanced Al port 15 GBM di sease. Sone of the kidney speci nen was processed
for scanning el ectron mcroscopy. doneruli were exposed.by freeze.
fracture of renal cortex, which renoves the Bowran's capsul e, exposing the
outer layer of podocytes as they cover §she capillary | oops of the

gl onerulus. ‘A normal glonerulus is illustrated 20 in Figure 12A, where the
conpl ex ar chi ttkehriieprovide CcdiRSiBRASRE abststiiny oﬂﬂeqﬁﬂ%%ntaﬁéftf@glo | ng
foot processes wap around the capillary | oops old

Al port nouse, filiss Eignfedddliustratdsehaioehileyhesdministiation bD TSFB 1 nﬂlﬁﬂtdi’d)t ably

| acking in thgl% filamentous branches, which have been obliterated by
swel | ing (Fi gif& %ﬂs“"l Frefetnarin, prograssionde highdsvels ofplbymin imihe urirg 06 or

the 25 sol ubl gchies &%k(?ﬂ%ﬁi f l.Q | us | ooks
much the sane as t@ﬁg%%ufrl]l?t e ur?trea én%?% Lﬁn ﬁlapélgt’@édrlgﬁwﬂﬁs Thi s
figure clearl Whedae@ﬁﬁoneadeaomh@tmlelmgloﬂﬁnﬁﬁ:ﬁl@& aitheigh §R9AeRQthdr Ot ect
agai nst the chan e i n, foot process architecture associated with advanced

A port gl oner QPSS ofpreteinuiia. ghés propaityi is Likely torbe direetly xejatedtothe inablity wi de gel
LT oPhor esbethbl inidithi 6 Brevird Aot b O ol B! 118 hod MR deslrid®® PO M S

during the course of drug . prévio
presence and dmyndaddhlsbﬁtedixbﬂrgluesllmaﬁolzthe urine provides a conprehensive
glomerular filter, Figure 13

assessnent- of the of, . th

illustrates that V\Pi f‘%ﬂ?hﬁxﬁtﬁﬂfwg{%ﬂﬁﬁsw tioncip nopmal hﬂtﬁrmai%rrgsultg@ ay the
onset of thﬁﬂmwc%nnlﬂb‘aﬁ'ﬁﬁ&ﬁ:' GzhEn? St V bn the urine
occurs very rapidly (1 week e ese ?esﬂ#?&s%l‘ﬁhﬁ t' Z‘IB# IF&'F R1

i nhi bitors, 5 when used al one do not |rrprove the gl onerul ar filter

al t hough they del ay the onset of pr te| n ta This property is likely to
be directly related to the inability™“*¥PPlhese inhibitors to prevent foot

process ef { acenemirests of eI i’?ﬁﬂiﬁ)ﬁ%{@ﬁ?ﬁ{] &g}lem RoPficd) fideat ed 1 n

Figures | 1 and 12. |t shoud be no mn| ion"to nor nal
littermates resul tM_d:e (DKQ micecarelhsit foriott medblﬂig%h%tm aﬂaeimes‘gﬁﬁmr ed to
uni nj ect éd nogeggls!) wngre mjected with TGF-B1 inhibitors FK 506 (2 pg/gram body welght,
" twice weekly, mtrapentoneal injections) or Blogen 5 TGF-BI soluble receptor
(25 ug per inj ectxon, twice weekly, mtravenous inj ectxons) startmg at four weeks
of age. The kldneys were taken at10 weeks of ; age and analyzed The 10 week
time pomt was chosen since, in the double knockouts the chsease typ1cally
20 progresses to the pomt where 31gmﬁcant 1rregular thlckenmg of the GBM is
' observed aud the anirnals are begmmng to pro gress towards end stage renal
fazlure Thus, if the TGF—BI mhlbltors are to prov1de additional protectwe _
beneﬁts those benefits should be ev1dent at this stage in GBMdisease
progressxon Transmlssmn electron mlcroscopxc analysis showed vexy clear and
25 consistent differences between mice inj jected with the mhlbltors and untreated
. double knockout mice. A typical example of these differences is illustrated in
Figure 14. Figure 14B illustrates the typical profile of a glonierular capillary
' '. loop in the double knockout mouse at 10 weeks of age. Notable are the
- s1gn1ﬁcant pockets of basément membrane tiuckemng characteristic of
30 progressmg Alport glomerulonephntls. The foot | processes of the podocytes :
| possess a high degree of regular architecture with well developed slit diaphragms



Exanple 7 Effects of TG--431 Inhibitors on the Doubl e Knockout (DKO M ce
Mce (DKO mce are null for both the collagen a3(1V) and integrin al = 15
genes) were injected with TG (31 inhibitors FK506 (2 g/grarn body weight,
twi ce weekly, intraperitoneal injections) or Biogen's TG~ (31 soluble
receptor (25 jig per injection, twi ce weekly, intravenous injections)
starting at four weeks of age. The kidneys were taken at 10 weeks of age
and anal yzed. The 10 week tinme point was 56hosen since, in the double
knockouts, the disease typically 20 progresses to the point where

si gni fi cant i r revgulimthetadvaricing digeagéd sthe. j Hﬁfdr d the aninals
are begi nni-ng trg. Er‘@%res t gwar ds end st.%gdrhﬁerﬁg a‘lyﬁedé’rugﬁ:’rkﬂ‘? ?utif t he
TG (i1 i nhi bi t"01°€ P&t aﬁﬂ%%@wmm{@mpmfmmsseb%&fﬁbéﬁ t hose
benefits shoul Cbhbﬁnqul;‘fé%&tlﬁ _this stage in GBMli sease progression.
Transm ssi on el ectron m croscopi ¢ anal ysis showed very clear and 25 .

consi st ent :di f f er enc¥betbédubkecithodk6st itk WerEFeaid Ui | ght bit.ors and
unt r eat ed oubl e knockout ‘mce. A fypi_% ex%‘?léﬁgﬁﬁﬁgggu%ﬁ?’ég%ﬁces i's
i 11 ustrated’i n V¥iJHree @“@W@O@@MGBM&M@&@BME&?%&S@ ofile of a

gl oner ul ar capiefthadny: iR~the doubl e, cout npuse at 10 weeks of age.

Not abl e afe the si gcr%t W@gﬁtlagoc%e?%a%éifWﬁé@%@“ﬂfﬁ%ﬁéh@msmwdng

char act er i $t i c with tBOsqlnlsleg TGFSS Nk t 7 ritjs. The foot
PLSotpio) hi ngé){ggdﬁﬁ% -(fséétﬂmﬁmléﬁﬁﬁf’ft ecture

processes of the podocytes possess d gree O
with: well” deve&f'GFom ?tﬁlﬁ'nenaﬁhﬂugpmwﬁﬁe(mmemdbﬁee@Qmikgégamseased
state. Thi.s ch 1RRdnE 4] doubl.e knockout mice was not shared by

t he. Al port ni c? ( con%{alslghl%olgb)’pﬁoﬁ%@? I%G@F‘P&”@ﬁbﬁ;@mﬁh&%vobhewaGBM 12B).
Wien doubl ¥ knibédkening appeensin fiokt SRR dab; inhibjtors, there 5
was a marked redugtion, of both fo%lgl éﬁ%ﬁ%‘%&;ﬁg’ﬁ#%’gmﬁ% tdr°B¥’]8(:ess

ef facement (Fi la]?lc ouf pingals(ag i Eigaide B atids G6vel apnibnidlgtips, LfHbhoi@ssd;r eat ed

with the sol uldend &o; : eptor).. Wile the GBM of nost gl onem | do not
have conpletely nogrégfeﬂﬁ'l ‘{xr%é’é’%‘ﬁ&tbﬁsé”"tynEﬁg'ﬂﬂ@%@r&st@r@%mﬂuﬂyuI arity
appar ent - i n. Fiwjnastrotti) to acdapRlealIRirY a6k -Rge significant pockets of
GBM . 10 t hi ck%ﬂi'n‘% appar.ent |n° nost gl‘o%e%?rgéﬁga RE {}“ﬂg&}lﬁggble oBht r eat ed
doubl e thoseof notmal 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 stageA
renal failure in the unmanipuiated Alport animal model, this is truly a vnique and
remarkable finding. '

P_roteinuﬁa was examined in these same mice collected weekly during the
| 20 course of freatment. Samples (equivalent fo approximateiy one half ofone. .
' _microlitt_er) were analyzed by electrophoresis on polyacrylamide gels. Albumin

wgs visualized by staining with coomassie blue. The results in Figure 16
itlustrate that both treatment with either FK506 (Figure 16D) or the soluble
receptor for TGF-B1 (Figure 16B) markedly imf)roved 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
normat and the DKO (Figure 16D) mice treated with FK506. This is always
observed in mice treated with the drug, _aﬁd probably related 'to‘ the nep_hrotoxic'

30  effects reporfed in some paﬁents treate_d} wit_h the drug folldﬁiné transplant

oo (Solez etal, Iy ransplantatio;z, 66:'1_736-1‘740, 1998)-.. o |



knockout animals (as in Figure 14B) at this devel opnental stage. |In about
25% of the glomemi examned in this way, TG~ (il inhibitors restored
glonerular ultrastructure to a degree where the DKO gl onemi were

i ndi stingui shable from those of normal mce (Figure 15A shows the GBM of a
ten week old normal X15 nouse; Figure 15B shows the GBM of a 10 week ol d
doubl e ‘knockout treated w th FK506). Considering that this is 2 weeks past
t he nean age of end stage renal failure T the unmani pul ated Al port  ani nmal
model , this i.s truly a unique and renarkable finding. Proteinuria was
exam ned in these sane nice collected weekly during the 20 -course of
treatnent. Sanples (equivalent to appﬁ§?inqtgly.one hal f of one

mcroliter) were anal yzed by el ectrop TR Con pol yacryl ani de gel s.

Al bumi n  was viMebania foy th§S_ﬁdtﬂ'kEﬁc Wﬁﬂs%%ﬁ&gﬁn@ﬁ&er?f&?drﬁﬂftls in

Figure 16. illustrate that both treatnment with el ther FK506 (Figure 16D) or

the sol ubl e rdadhitgrsinSlordpg Onset 2l Brogressind) of dphetiGlonierplonepliritine

per f or mance; of .t he -Gk ar..filt el atjve.to.untreated double
knockout mite (Fi guﬁgta%g%lfa& '&?dg'éreiggléhﬁﬁtsi"t‘??geﬁﬂ‘{ FUBSpLabatithe £ or &
normal nouse t feasded RitddHinB{66&ss iSid i g Perdis ands
evident at every ti mepo'ié?]!t I n botﬁ@éﬁéﬁﬁg{ﬁg@{ %fgﬁlﬁ{%fs?ﬁlﬁ’tgtgég?mm
nice treated winhibifae@sulisiniimpraved ipadycyte fobSproves aichitedt@e whiRaf@E-py t h t he

drug, and probably.rel at §d to, the nephrotoxic 30 effects rerf)_orted in some
patients treat henresilts 1prefyced mag; depositsdn dhn GRM. Kigareck

isproyided
Transpl.ant at i og, f,Afe sl . | 8 . Mechani.sns for the
Synergi stic Effect sero;‘ﬁ%[mtfa%% @8%&%%5%0 tgg@ gﬁgﬂc‘%ﬁ%’?fowflﬁ °(d8f’3§ei n

f f
Sl owi ng Onket fantipiecesy mechitbciare fR eNap@ex @ao edRPLnkd Wiy asthaPat a
il lustrated in Fi ug(ﬁ;rﬂ,l, ?12, and 14 col | egﬁp\é}el y sug es?ythat t he reason
al integrin bllblBﬁ‘%r‘_ Higwgldr é*‘il@irﬁé?wl@wwmm- lomesmtluhemt he al
i nhi bi tion. res ek Bld dBmA 0 itectur ile
TGF-ail inhibition ol ng t?@ﬁ“@ﬁﬁ@éﬁ%@?‘?‘.‘sﬁ%@%ﬁ@%ﬁﬁ’gf’i"ﬁ%a?ﬂ?ﬁeﬂg gure
17 is pr ovi-rdemlduﬁpdmmm.-mammsmpedm dreflifecifc éle torifRBémentprockers in
' ' th t : . '
' iproving the o gc%%%m%esses. Figure 17C illustrates the surface of a glomerulus from a 7

- 15 weck 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 mic‘roscopy shownr'in Figﬁre 14B, where foot

: pfoccsses have excellent morphology in the double knockout mouse.

20. . - Example 9
The o1 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 examiﬁing 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 uﬁing a dual fluorescence labeling protocol.



10 foot process architecture. Renal cortex was prepared the sane way as
that illustrated in Figure 12. Figure 17A illustrates the surface of a
glonem us from a 7 week old normal nouse. -Figure 17B illustrates a
gionmemus froma 7 week old Al port nouse. Note the | oss of podocyte
architecture due to effacenent-of the foot processes. Figure 17C -

i llustrates the surface of a glonmerulus froma 7 15 week ol d doubl e
knockout nmouse. Note the near total rest®8ation of normal foot process
architecture. These data are consistent with the cross sectional view
provi ded by. transniidpafueteseoneceanatysis; festorepalsocten wias efiibgide ih4Bssuwher e

foot processe ‘ nat nor phol ogy i.n the doubl e knockout nouse. 20.
O Banpt o 6 ThachdfeofikERbedile AL, Worse. sadt fgniaope 208 bl o
mechani sm# or  tiyostap IBildesweRIposthed iPea18 (0o 95, r%%i&y Hated. Since it

"o ]
I's known that the primary Tamnin found in t(?e gl onenlar basenent nenbrane

is.lamnin 11 {0 then agdrigd overgightoaTissuBivads rehyilRiedby @fic7Qashes AOPBS fot Was
bel i eved t hat iR n ..a new lamnin jn the part.  GBM m ght
contribute to F@ss o'?se%g%o?@? é@ﬁyggﬁmﬁps W@Qt‘*‘l‘g‘te@%%"ﬂl?fdﬁgé? nonrfn

exani ni ng t he dharnhirﬂt-(BioRamosﬁiﬁMerﬂicﬁﬁ'aﬁﬁﬁéd@ﬂenﬁ&ﬁﬂnﬁgﬁ'ﬁsmai n,
which normal Iy, | ocalizes_exclusively to the nesangial matrix -1 n normnal
mce, wastf o P maTker fepglosrerplenbasempntoremiptageiate: difitionlof 46208t &Ehea seri es

of panel s of o] lJ. 1 ngst,ai ned usi.ng ual - fl uorescence

| abel i ng “pr ot ocoi@gggm%{'ggﬁéﬁguﬁ%rd&@é 5’??%? 5&&’5‘2@#‘&%@&%@9"%”%

was enbedded iWoEdliauﬂoJMédﬁﬁUS&iéﬁl,?igiaﬁgg}%ﬁq\uﬁoqﬂggﬁg@iﬁam ozen, and cut
n co

at 4 mcrons on a- cryostat., Slides were post i xed -200) 100%
acet one fd® 1G0fbedt ©5 the laminin trdichain wad illetratededn Ghehg et i, ISBRL\WEen.,

rehydr at ed by 4hr o, PRS f .~ 10 minutes each. The primary

ant i bodi e$§ wer.zfa? 3?? %ﬁmé%eﬁ‘q W%BQE%B’HS sgd atarcgnqemrkthwﬁhg@,) . An
anti - ent acti n Feimdrdagih ' Syof 3 wn r,ker. for

gl oner ul ar base_rredrll-%3 m%ﬁgﬁ?{g?ﬁbj %ﬁfﬂﬁﬁﬁ?ﬁv@%ﬂt %&0@ l?ﬁg&“?’g{ﬁ% (50, 2

chai n- speci f.i-Slides Wosdyashedtheeegirhés for bimiiutesReick in X610 PBIGen (fekart  Wod

Johnson Medi cgl. hool . . Pi-scat avay, ). The specificity of this 10
anti body for t ‘tel‘gﬁﬁﬁ?cﬁPmén@‘P@'%m&iW%lﬁ? added tpgetlprefigcendagy . . J. Biol .

Chem, .- 15  antibodies were a Texas red-conjugated anti-rabbit for laminin «2, 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
'hqu1:s at 4°C. Slides were washed 3 times for ten minutes each with PBS, and a
- drop of Vectashield anti?fade mounting media (Vector Laboratories, Burlingame,
;‘ip CA) applied before seéﬁn'g under glass coverstips. Images for each antibody
were digitally overlayed using a BH—2 epifluorescence microscope interfaced
with a Cytovision Ultra image analysis syétem (Applied Imaging, Inc.).
A glomerular basement membrane specific antigen (entactin) is in greéﬁ,
while the laminin o2 chain is inred. In places where the entactin and laminin o2
25 co-localize staining is yellow. In Figure 18 group I, panel A represents
o immuuostaining of a glomemius from a 7 week old normal mouse. Here Iaminin
2 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 a2 |
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



272: 31525-31532, 1997. The anti body was used at a concentration of 1:10.
Primary anti bodies were allowed to react overnight at 4Cin a humdified
dish. Slides were washed three tines for 10 minutes each in cold PBS then
reacted wth the secondary antibodies, which were al so added toget her.
Secondary 15 anti bodies were a Texas red-conjugated anti-rabbit for |amnin
a2, and an FITGC conjugated anti-rat for entactin, both used at a 1:100°
dilution (Vector - Laboratories, Burlinggne, CA). Secondary reagents were
allowed to react for 4 hours at 4C. Slides were washed 3 tinmes for ten

m nut es each w th, PBS, a . drop qf \Vectashield anti-fade pounting nedia
( Vect or LaborEF%}P‘F&tﬁ%@Si(ﬁ‘&wﬁéﬁ%@%‘mﬁiﬁ“ﬁ%P’él"-‘é’é%"r‘%‘%g. under gl ass
coverslips. | gBgfbed Moveandrpistitedin Fighies 1 0l 1, aad 1%). oNare] apeafl it 60 a BH-2
epi fl uorescence mcroscope interfaced wth a Cytovision Utra i mge

anal ysi s syst émgldpetutar dapiltanyiloaps areyellow, indidatimgrtbatanhibiioard RGHBhbr ane
specific antigen (entactin) is_ in green,. while the | amai n aﬁé.ﬁ)hai nisin
red. In pl acedctiiddocs pet pEpientibe Acqalation ofilamipin ogdn the GBM of Alpod 4 nj ng

is yellow I n_Figuyre 18 gr I nel repr ' of a
gl oner ul us’ f rB}'ﬁeth? av\% ﬁ&o(fq(gﬁﬁ%b}%%%c%gﬁs ‘.m%bl?%g%??ﬁ tﬁ?ﬂﬁ@ﬁ%iﬁ%@iﬁ”@% es

excl usi vel y t fninfifostAMBGh e gRithérhtr cAFINEY 16bps| (Pusdl Ditagows). 2T ng in a 7
‘week old Alport littermate. Indicated by the arrows, the capill arly | oops
stain predonpredominant integsin|resgptor loh st susfareof thiepodpeytesis intpgrin 30

,larninip a2 30, acali t th-the ial ' d.th
O onerul o bALASHA S A o Ll AR 4N TR e
gl onerul us frpryidelAR1ievddto Pl key oI $€ pSddcytd AicRAiei foih&SBAS afdOr t ex was

taken from ani'mal s"used in experiments .deScribed above and represented in
Figures 119 Imainterand@yf nossllootratess architectare- (Smpyentushidundelr J ¢l | | ary.

delyJ
| I I Dot h i nhi bi.ti. f TG=-0.3l: ity d
orevent. tho: alemapd PRy Rek ih e bt if W esiy v Rt ke “°1% 07
week ol d doubpg KRR o IBS QesultBIBY@mpltE b RterftidH of RIALOL fiiod

i munostaining in the glonmerular capillary. I-oops gPaneI_ D, arrows). The
predom nant i proeepsiarchitectopst Bmeidbergiebals dvelopmeniz, 1 82:3p3U3647.d996k i ntegrin

3131 (Pat t al., Cell Adhes; d_Conmuni cat’ion, ,2: 159- 167, .1994) .
Tt 1 nt oqr | e g soubleis PR a7 olok By POtk LRGN 8 i ac v

to the GBY andith high affinity to laminin o5 chain containing laminins (like laminin-11
~ whichisa hcte:oﬁimer cor_npriéed of an dS, B2, and 'yl chain), but :n:ot io o2
chain containing laminins (Eble et al., Biochemistry, 37:10945-10955, 1998).
Taken {ogethef Wim this infon:ﬁatibn, the data pretsex‘lted 'hereil_l suppqrt a model
‘where, in the Alport mouise, progfessive de_pdsition of .lénilinin o2 containing
20 laminins in the GBM resu_l_ts in reduced aciﬁesipﬂ Qia' integrin -oc3‘]3 1 _;epeptdrs,‘
resulting in foot process cffaéemeqt. I:;Sk.)clcing‘t.heT integrin'al‘chaiﬁ résﬁlts in
reduced or abser‘xt_depos-ition of the laminin o2 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.
| 0né_ such pocket of GBM thickening is shown in Figure ‘19'13. The GBM and
podocyte foot processes are morphologically normal in unaﬁ'eéted regions of the
‘30 glomeruli at this developmental stage, however, at the. rég'ioi_l's of focal °

thickening, the foot processes are swollen and effaced, much like the more



10 mai ntenance of normal foot process architecture.(Snoyer and Mundel, J.
Mol . Med., 76:172-183,199 8). As an exanple, it was recently shown that
knocking out the integrin a3 gene resulted in conplete obliteration of
podocyte foot process architecture (Kreidberg et al., Devel opnent,
122: 3537-3547, 1996). More recently, a soluble a3(3l integrin receptor was
produced .and shown to bind 15 with high affinity to lamnin a5 chai'n
containing lamnins (like lamnin-11 whigp is a heterotriner conprised of
an (X5, (32, and yl chain), but not to a2 chain containing |lamnins (Eble
et al., Bi'ochengeerajizedThah@esizacd , aken.together with this
i nf or mat i gn, the dat presgnt ed ereil?]t&zﬁlg%%y{&geaﬁﬁﬂfé‘le%mF-eﬁW[aﬁ t he
Al port mouse, }ségg?*\?éﬂﬂ@pﬂsﬂﬂidppoaiﬁodﬁﬁﬁl&iiﬁ 168 o?ﬁ%%ﬂdﬂieﬁgn %%qtl gm ni ns
in the GBM.r es_q{,ih"f‘ﬂ}egmr egﬁceg adhesion via integrin a301 recep &
resulting in foot pr 048y1es foga Rbils off lawkiimg 2tih ehel GBRANwadk @ai n
results in rediperniite show pesi t.ion of .the lamnin a2 chain in the
GBM preven'éi n%l_tg_heH l{f)hss gpsensoe?ﬁ'a Poom '@6§§5%ﬂsémst@t¢dtim€iguf®18 urt her
substantiate t UhBi nthe atrawisonpand]. B B&idie ' .Lon.in.the 2 25 week
old Sv/J Al porb]:ﬁ?;& 2 corl}p%w th a .n_orngéﬁé#?ghﬁ%?gwg@&ﬂﬂéﬁ ed.
this very early's 3 W Semice. s desdanhiest ARERINES ?&}@QJ e
"pocket s" * of %bhh@é%ilﬂ:ﬁwp&%r¥’ di st ri but ﬁd on about harf of the
gl onmeruli ... Oqun‘sgycgbgo%t of  CoRrt FTRasHIoRgWhichg eyl fiom thie gnboen 19B.  The
GBM and podoc§iisti¢ putation cearsiecrd ¢n MY hfe wormal i n upaffected
O A oL S

At

regi ons of- t he.,. . ruli_at. this devel opnent at the.
regi ons of fo?éﬁaé@ﬁ)f@{}gﬁ??ﬁfo deéectabln GBMdamsgs are swol | en and ef f aced,

much |ike ¥he nore 60 generalized changes recognized |ater in GBM di sease
devel opnent. it was surmised that if laminin a2 deposition results in |oss
of focal adhesion.cdntact with the Mﬂqu, focal deposits of lamnin a2

in the GBM of 2 nghel%uﬂ:‘ &oré m ce shoul d be seen. This is indeed the
case as illustrated 1 Hguret $TGRPY dnhibitoFheithroloifegdin BRjeRhesB denot e
focal deposition ofAdidakhited A h Maof 2 week old Alport mce. This
is the earliegt .molecul ar chané%lﬂ?tgt ﬁlgp%ﬁﬁi?té%@tﬁﬁnﬁb@GBManﬂ | agen

T A8 CAMGRE JTEHS e B 1t Soponc eI Rl oot ect e
] 2OT LodiRides aqﬁ% ahd ag?IV) chains-,riibronectin, and entactin. As_iilusﬁ‘ated in

: Figure 20 (first t’wg lanes o_f each gel), the messenger RNAs encodin.g. eacI; t;f :

‘these proteins is induced in the Alport kidney relative tg Inor'mal ¢oﬁt1.;ols.

Injectiog of TGF-B1 inhibitors reduces the degree of induction sul;stantially

| (Figure 20 last two lafies of the gel). This may account for the reduction in

basement membme thick_en_ing observed in the Sv/] Alp;)rt mice treated with

TGF-B1 inhibitors (illustrated in Figure 11). “

T

20

| This similar set of northern blots were performed using RNA from
kidneys from double knockout mice that were either not treated, or injected with
| TGF-B1 inhibitors. These were the same mice used to derive data pr'f.;sented in
25 -Figme 1{1,_thus the drug injection protocol is describéd in Example 7. Itis
evident from the data presented in Figure 21 that. the adniini,stration of TGF-p1
inhibitors does not significantly change the levels of mRNAs encoding mafrix
proteins as compared to non-injected control versus doublé knockout mice.
There is, however, a marked effect on expression of mRNA éﬁqoding the
. metalloproteinase inhibitor Timp-3 will édd to probes (Figure ?.:1, boftdm row).
. As evidenced in lanes 1 and 2, there is a marked rc(i-uctio.ﬁ”in I;I‘in.llp- s

30

3 expression



exactly with the onset of detectable GBM damage. 10 Exanple 10 Synergistic
Effect of TG (31 Inhibitors with al Integrin Blockers As illustrated. in
Figure 3, the matrix that accumulates in the GBMand the interstitiumas a
function of Al port renal disease pathogenesis includes. 15 collagen al (1V)
and a2(lV) chains; fibronectin, and entactin. As illustrated in Figure 20
(first two lanes of each gel), the nessenger RNAs encodi ng each of these
proteins is induced in the Al port kidney flelative to normal controls.
Injection of TG-R | inhibitors reduces the degree of induction
subst anti al-ly i(the fidney 2010 stk blkbudtfard doible Reodkel) micEhkigtivew cageunt for
the reduction in ég bas%liqa 1. menbrane thi ckening observed in the Sv/J

Al port nice trB35da ne 1qnge basad; as phesphorimpgeanalyaivdd This reduption 11) .

This simlar sgiTiafn. n Al .parf ing RNA fr ki dneys
from doubl e kﬁ%f:’% u?gﬁ%giﬁgt“%@?%ﬂ@t’ﬁg{e dﬁ%@%“ﬁ%@é‘%‘f“"cﬁ‘“ﬁﬁ@?&‘ 4 wi th
TGF- R | i nhi bi ¢itires FKBD6 glanese3 end MeortREPGRLEISoBHRAcb&H16Eldnes 5684 8).pr esent ed

in 25 Figure .. thus the drug injection protocol is described in Exanple
7. 1t is evi dbhe sepeRifeqtondimp- expressicacvasobsiryed io SvIT micet(Figuee 20,

d . . . _ . . . . ) . . f . | h h *
evel s of RN RO Hetet Sl il B p T 0%hi Moty b GO O TP Bt o

control ver susmBdlAireAlpoaaiiE s #taalt of THFUS hBibiRARMBItorsratRy e 207 f ect on
expressi on of nRNA encoding the 30 netall oproteinase inhi bitor Tinp-3 will

add to probes resulefrduabinhitidon ofiecd intpgrin Aal BSF-fenced in lanes | and 2,

there is a marked rgduction in Tinp-3 expression 61 in the kidney of 10

week ol d untreated 'ﬁbeﬂ%‘f]%n%? %B‘If%ﬁ? E_@Sé?%équr‘ti_ﬁbéﬁﬁﬂﬂdhefaﬁ@é%/(a _

ni ne-fol d Wi f fEABTR M§&ﬂaﬁ90PHﬁ&lﬁhﬂEﬁ Sted ﬁés{acﬂc?%as NS &ggggg&{d on in
e e m

Tinp-3 expression is not observed int oub nockout Injected with
ei ther FK506 ey playenin renaldyaseimentimbinbidhe lmhaobtasismaddpsof (| anes 5 and

6). 5 This sa .0n Ti NP3 expressi S ¢ LV, | n. Sv/ ) ce
(Fi gure 20, orEauEsth i Bsdor BacheRith G idhey . JB305 Y, Ibormnmefiof e
suppr essi on ofet L, WP Az SeEMWepinPolf) 10962-68111999) A Rah& i ih 11 expedssdA Jenhi bition
i nhi bitors, rather than a .~ _ _ .

_ 1mp-3 metalloproteinase inhibitor will result in a corresponding increase in _

.15 'metalloprotcipgse activity. Suchan increase could cause basement membrane
damage, resulting in the activation of TGF-B1 with concémitant accumulation of
matrix. Breaking this cycle would thus result in the restoration of basement

| membrane homeostasis, which should be fnaﬁifest by restoration of GBM

~ morphology, which is what was observed (Figu_i'es 11, 14, and 15).

£ 20 ‘

_ Example 11 _
Inhibition of Interstitial Fibrosis in Double Knockout Mice
| Treated with TGF-p1 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
o SQ "were analyzed u_éing three markers for interstitial fibrosis and compared diréctly
with 10 week old doubie knockout animals that were not treated with inhibitors.



result of dual inhibition of al integrin and TG (31. The functional

i nportance of this observation is based on the fact that 10 Tinp-3 is a
nodul at or of matrix netall oprotei nases, and has been suggested to be a key
pl ayer in renal basenent nenbrane honeostasis and | oss of honeostasis in

di sease (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 Tinp-3 netalloproteinase inhibitor wk | result in a correspondi ng
increase in 15, netal | oproteinase activity. Such an increase coul d cause

baserren% rrfnbréﬂ’é‘wm m%‘é(ﬁ@gélectﬁéyﬂ?g thﬁg;amaptchocoaaf tﬁo@éh Uﬁ&illt@f eﬁgﬂggelf? L
conconi t ant: ac ri reaking this cycle wou us resu
in the restoration ’%%dpgasgﬁn%rr#m %rﬁn@“ aasl Asisa comtriol PagtldR) fschnbe

mani f est” by - r estireatet idonble knédRbt, PP G Qﬁxﬁblg’ﬁbg%ﬁhgp"‘é‘f}ﬁ@ é’r‘m@ﬁ* e ved

(Figures 11; 14, and_15). 20 Exa le 11 Fi brosis
i n Doubl e Kno&l’é@@ﬂw]%@adpmbhl@ocmtutreaﬁwm theThighl 5p S818bIE R Ecdp TGF- (31

f|br05|s een wel |

i n upregul ati ns and_in renal

est abl i shed (@Tt@é 'Ire“(epg 9@? waeniigation 80X Wéﬁvﬂmeraﬁld’orteww Bor der

and Ruosl ahti F;gureQZJzus"laJdnBQ’ﬁﬁIe Qm,é |n the knockout

mouse, renal inpterstitial fi br(r)lsnleggfls %@gg)m % 6”&@1&5@&?@11%“&@ spr ead

“at about ‘10 WSEWS %ma&gé Itm@bgnammxtmmmmgdn thé Hfers@iRh o ﬁa' lure

at approxwratg{ S{?x %‘-‘ﬁg nimals injected with TG-01 .inhibitors

30 were anal yze u5| ng thre Wéﬁwssl(cqmaa&mewammmmﬂs Thed conpar ed

directly W trenhDeottes ront S th were not treated
mgﬁ%ﬁﬁteﬁ%g@tﬁg f{;‘,ﬁ@ éﬂl?eo"b‘?v&f’d%‘f as those

W th |nh|i tors, 62 _ Aninmals were inj

used to g erg{dés“ﬂg'@‘ﬁhablefmﬂthﬂ@naﬂmmdiéaaifg)ﬁtﬂélte%%raﬁs &3 24, panel

Ais a controjeeqh unt ' eat ed.doubl e knockout, pane is a
doubl e knoc koilljt t@gg ul%nllzfr{g Sﬁ‘f@ m%{'ﬁféF%ﬁhé?Slﬂjnphlda caBagendypetbaidout

treated with fibendEh(Vasaes) & ai. eméQ r., £5:918.997, @g,gie lepge g £ opr esent

| ow magni ficatjion SQX views of the r cor ex: a Jones
silver net hen@ﬂ? tFréespaunosiainingfor solfagen typddr ¢ldrkt 661N RAbe T is

- accumulating in the interstitium of the renal cortex of untreated ammals

-+ (compare panel B to contro} in panel A).. Flgure 23 panels B and C illustratea -

- relative absence of collagen type I accumulation in kidneys from double

knockout mlco treated with FK506 or the soluble receptor, respectively. The

same scenario holds true for fibronectin, which is abundant jn the cortex of

untreated double knockouts (Figure 24B), and much like controls in the renal
20 cortex of mice injected wit the TGF-B1 inhibitors (Figure 24 panels C and D).

. Collectively, these data indicate that TGF-p1 inhibitors in combination with

integrin alpha 1 blockers are affective at preventing (oi' 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 apprec?iated
by those skilled in the art that while the invention has been described above in
connection with particular embodiments and oxamples, the inventioo is not
necessarily so limited and that numerous other embodiments,  examples, uses,

- §0 modifications and departures from the embodiments, examples and uses may be

-made without departing from the inventive scope of this apphcatlon



|
stain for matrix. It is evident that matrix is accunulating in the
interstitiumof the renal cortex in the untreated nouse (conpare panel B
with Panel A). The renal cortex fromaninmals treated with either TG (31
i nhi bitor, however, were 10 indistinguishable fromthe controls, indicating
little to no fibrosis. Comonly used nol ecular markers for renal
interstitial fibrosis include coll ggen type | and fibronectin (Yamanoto et
al., Kidney Int., 45:916-927, 1994)"" Figure 23 illustrates i mmnostai ning
for collagen type |I. Cearly, collagen type | is accunulating in the
interstitiumof the renal cortex of untreated animals 15 (conpare panel B
to control in panel A). Figure 23C¥§HH%I s Band Cillustrate: a relative
absence of collagen type f accumul ation in kidneys from double knockout
mce treated with FK506 or the sol uble receptor, respectively. The sane
scenarl.o hoUsts ¢ff wa fodBl1f iktegive cteceptomhinkibitoss fabutstantrepamatione of ot ex of
untreat ed dqubl e knogkouts (Figqure .24B), and nuch |like controls in the
renal 20' CRFFBICIHOTERPpHfigk RE g k exé@{%& i nhibitors (Figure 24
panels C and D). Collectively, these data indicate that TG--p |I inhibitors
in conbination with integrin alpha | blockers are affective at preventing
(or deRayi nBpe i wseercdt icldiml 1.f ivitheosins said tkidnepl gésordaro gemprisese|rendl5 Al |
ref erences, ,patents t ent | i cat,i gns, and publications cited herein
are expr essglyg/mle é%}es%’ggst’é%}la@&%@rge?rewgé into this disclosure. It will be
appreciated by those skilled in the art that while the invention has been
descri bed above in_connection with particul ar enbodi nents and exanpl es,

the irkent i B nee pbelaim s eghearip| the senal ighmenyloaaphritisaer rrapkfibipsisosher
embodi ment s, SXAIP! Gith KRR sesgl(&ﬁcgggl 6t | %Bﬁﬁ?ﬂdmg%g%g;ﬁrgﬁfek{tﬂr@ the

enbodi nent s, exanpl es y ’be” “nmade W t Rout rng fromthe

i nventive ng@ljnentlﬁn_epht?itﬁs_,am&ln%&md (ﬁp’mli&aatiw@l ag:l@iﬁeru;!onephﬁri]@f cﬁ@c@lti(ﬁll
integrin receptor inhibitor for the preparatjon o armaceuti ca
corrpgsi i ongl‘Plnglquﬁ’P %d@bﬁﬁlﬂw}ﬂmaﬁm géﬁenalznstmetaﬁﬁépoaﬁ- claim1, wherein
sai d kidney disorder conprises renal glonerulonephritis, renal fibrosis,
or both. 3. The use of claim2, wherein the renal glonerul onephritis or
renal 4.i br CBiesuse®f any one of claims 1 to 3, wherein the a1B1 integrin receptor inhibitor

is a blocking agent that binds to the a1p1 integrin receptor binding site on the

surface of a kidney cell.

5. Use of an agent that blocks an a1f1 integrin receptor binding site on the surface
of a kidney cell for the preparation of a pharmaceutical composition for delaying
the onset of and/or slowing the progression of Alport syndrome or kidney

disease in insulin dependent diabetes mellitus.

6. The use of claim 4 or 5, wherein the alp1 integrin receptor blocking agent

comprises a peptide, a neutralizing antibody or a proteolytic fragment.

7. The use of claim 6, wherein the peptide is at least a 9-mer fragment of a protein
selected from the group consisting of laminin, fibronectin, entactin, and collagen -

type 4.



associated with Al port syndrone, |DDM nephritis, mesangial proliferative

gl onerul onephritis, nmenbrano proliferative gl onerul onephritis, crescentic

- glonmerul onephritis, diabetic nephropathy, or renal insterstital fibrosis.
4. The use of any one of clains 1 to 3, wherein the a 1(31 integrin
receptor inhibitor is a blocking agent that binds to the al (31 integrin
receptor binding site on the surface of a kidney cell. 5. Use of an agent
that blocks an al (i 1 integrin receptor binding site on the surface of a
ki dney cell for the preparation of a pharmaceutical conposition for

del ayi g t IThe @88 of aff oAOGf Qlaithé QWo g viigein thg pBEGIa0dutidhl Anssitiodyndr ome or
ki dney disease in insulin dependent diabetes nellitus. 6. The use of claim
4 or 5, mheﬁgﬂwrﬁwléﬁieﬁafqmﬁg@himmreceptor bl ocki ng agent conprises a
peptide, a neutralizing antibody or a proteolytic fragnent. 7. The use of
claim6, wherein the peptide is at least a 9-ner fragnment of a protein

sel ect ed f r e tecofgdanm®B, ediesdits thend -Rif inkegninneseptdr idiribineand the BEF4Hdt i n, and
collagen type . 4. 64 8. The use of any one of clali 1to 7, wherein the
phar maceut | DIt AsdebE admmer s GaEsysler ssaskaBel1 i nhi bl tor. o, The
use of claim8, wherein the al-(31 integrin receptor inhibitor and the

TGF- (31 inhibitor are to be adm ni stered sinultaneously or sequentially.
10. Th&0.useTbé¢ usd clickid Her B whetesn diell G 1 TEEbit@ irreydrsibiyttands torl&uter si bl y

binds to TG;; 01.and. inhibits jts ahility to bind with its receptor. 11.
The use of }aﬁn?jn@“%fs’és,al\%ﬁtgi%ljwatvﬂg“fﬁixﬁafoﬁ'nhi bitor is an agent that

inhibits the ability of TG~ (31 to transduce signals to the nucleus of a
kidney cell. 12. The use of claim 11, wherein the TG--01 inhibitor is

cal ci nélri nThepsoet dpim 83r Susdicrsin the BgEft! inhikitor istanbagest Siatydibits
transducti op t I I I i y cell for the
preparati onﬂlgfa ggﬁgﬁﬁﬁgﬂuté ?xi&g%dﬁ%%?}ig%@lsttc}’ @%%18 %IF%S (81221 @;‘}ﬁéﬁg&? he onset of
and/ or slowi ng the progression of Al port syndrone or Kkidney disease in

i nsul i n_ dependent di abetes ne|litus. e of an irreversible antagoni st

14, Us
or trahsducthewse ofislam:ldys whergin the d GFeR] mbphitos s calgnqupindphipiger. ¢ e

preparation of a pharmaceutical conposition for limting renal

13.  Use of an agent that inhibits signal transduction through an olfl integrin
receptor of a kidney cell for the preparation of a pharmaceutical composition for
delaying the onset of and/or slowing the progression of Alport syndrome or

kidney disease in insulin dependent diabetes mellitus.

14.  Use of an irreversible antagonist or transduction inhibitor that reduces TGF-p1
activity for the preparation of a pharmaceutical composition for limiting renal
' ﬁbroéis, wherein said composition is to be administered to a patient while the

alPfl integrin receptors of the patient's kidney cells are inhibited.
15. The use of claim 14, wherein said antagonist or inhibitor irreversibly binds to
TGF-B1 and inhibits its ability to bind with its receptor or inhibits the ability of

TGF-Bl  to transduce signals to the nucleus of a kidney call

16. Use of a calcincurin inhibitor for the preparation of a pharmaceutical

composition for limiting renal fibrosis.

17.  The use of claim 12 or 16, wherein the calcineurin inhibitor is tacrolimus.



fibrosis, wherein said conposition is to be admnistered to a patient while
the al(31 integrin receptors of the patient's kidney cells are inhjbited.
15. The use of claim 14, wherein said antagoni st or inhibitor irreversibly
binds to TG--01 and inhibits its ability to bind with its receptor or
inhibits the ability of TG--Rl to trmansduce signals to the nucleus of a

ki dney call. 16. Use of a calcineurin inhibitor for the preparation of a
pharmaceutical conposition for limting renal fibrosis. 17. The use of
claim12 or 16, wherein the calcineurin inhibitor is tacrolinmus. 65 18.

Use of _an agent .that reduces TGE-(31 activity for the preparation of a
phar mal:gut i %a? of ghpeset thabreduggs T‘ﬁ}gﬂﬁtli asHvigaforithe arparsipact 8 phpmnacpgical

gl omerul ar bagciRM, f0F ﬁﬁﬁﬁ@maﬁ%@cuﬁh}aﬁggﬁ g%g%ot | ﬁﬂarﬁ!ag%ént%{é}gﬁrgﬁ@' 19.

A nmouse whi ch ‘does not express a norna ype 4 conposition in the
gl onerul ar @a8Mdent nefrbr anea and dméisninot exythess t hilpatt( 31 i Syadmwine.
receptor. 20. The nouse of claim 19, wherein the nouse does not

i ncorporate collagen a3(1V), a4(lV), and a5(IV) chains into its gl omerul ar

basenerd. MeAbmAN&® which AodTBhROEkrNs £GIoBRRI BSllAEn 29684 LOhpsketord M lthdn L1 ng
a kidney disorder, whereby the "agent is to be adninistered to the nouse of

cl ai m 19 orglomerubqr basempeir membranecarld densposi ¢xipoess dbeprl Biintpeen ratapse.
integrin receptor inhibitor and a TG (31 inhibitor. 23. The
pharmaceutical conposition of claim?22, wherein the al 131 integrin

recept2y. Ty hiousd of 8lain oo GKieRgn aﬂ@ﬁiouhélabesbhdtdacér?oﬁa&ec@llngSA d3(hggrin
receptor binding site on_the surface of a kidney cell. 24. The

phar maceut i Y8V omdsi £P@X) of cheingi nims, iftheslamertlee d1asanentnt mgmbraneecept or
bl ocki ng agent conprises a peptide, a neutralizing antibody or a
proteolytic fragnent. 25. The pharmaceutical conposition of claim 24,

wher ei2i.t heA pegihodi forissreahing essdgent fornié id tiagmnt kidnes divodd«e] wheebgeied from
t he group consi_gti n f.lampin, fibronectin and entactin, and coll agen

g i
type 4. 26.289RdS Hhag istsredhio the moyss of Gamokd &P-one of clains 22 to 25,
wherein the TG (31 inhibitor irreversibly binds to TG (3l and inhibits
its ability to bind with its receptor. 66
. 22. A pharmaceutical composition comprising an o181 integrin receptor inhibitor and a

TGF-B1 inhibitor.

23, The pharmaceutical composition of claim 22, wherein the a1l integrin receptor
inhibitor is a blocking agent that binds to the a1pB1 integrin receptor binding site on
the surface of a kidney cell.

24.  The pharmaceutical composition of claim 23, wherein the a1B1 integrin receptor

blocking agent comprises a peptide, a neutralizing antibody or a proteolytic fragment.

25.  The pharmaceutical composition of claim 24, wherein the peptide is at least a 9-mer
fragment of a protein selected from the group consisting of laminin, fibronectin and

entactin, and collagen type 4.

26.  The pharmaceutical composition of any one of claims 22 to 25, wherein the TGF-p1

inhibitor irreversibly binds to TGF-B1 and inhibits its ability to bind with its receptor.



27. The pharmaceutical conposition of any one of clains 22 to 25, wherein
the TG--(31 inhibitor is an agent that inhibits the ability of TGF-01 to
transduce signals to the nucleus of a kidney cell. 28. The pharmaceuti cal
conposition of claim27, wherein the TG~ (31 inhibitor is «calcineurin

i nhibitor. 29. The pharnmaceutical conposition of claim28, wherein the
calcineurin inhibitor is tacrolinus.66

27.  The pharmaceutical composition of any one of claims 22 to 25, 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.

28. = The pharmaceutical composition of claim 27, wherein the TGF-B1 inhibitor is

calcineurin inhibitor.

29.  The pharmaceutical composition of claim 28, wherein the calcineurin inhibitor is

tacrolimus.



