, ; €3e4001d2" 30N464T4af 2r 1 DESCRI PTI ON ARTI FI Cl AL KI DNEY HAVI NG FUNCTI ON OF
METABOLI ZI NG PROTEI N AND METHOD OF CONSTRUCTI NG THE SAME 5
The present invention relates to an artificial kidney havinMWﬁMMlmmmmmu
met abol i zi ng protein which conprises, as constituent elenents nge
sheet with an angi ogenesis 10 pronoting growth factor-conta
injected therein as well as cells with negalin expressed onmmmummﬁgﬁ
and to a method of constructing the sane. BACKGROUND ART 15 In t
treatnment of termnal renal insufficiency consists mainly in henn |aIyS|s
t herapy, since the nunber of donorsDﬁ%ﬁRf% hePNt ranspl antation is snall.
However, the henodi al ysi stherapy, too, cannotfully conpensate theorlglnal

renal funct ications are caused, 20 inpairing the
Guai tty o MRFERTCE il Ha S yROERNET IO POR et g ERohREANEP
of henodi al ysis therapy tMEIHOD CRNOONSTRUPENS@!BHE heAMEt abolic function
for proteins filtrated by glomerular that proxinmal tubular cells have.
Therefore, 25 | ow nol ecul ar proteins to be orlglnally nmet abol i zed by those
cells are accumul ated in the henoBRGHNECAL pEiikht' s body and act as uremc
toxin proteins, mlg@eyﬁﬂ%é}@ﬁmg%fa@@yd&élmsarmly&&la'kl le

thereof is dlaIyS|s rel ated anyl ol dosi s, . whi due to the accunu i on

of (32 30 n*il%vb@?c?oJMnﬁt(l@@zoﬁ)mesﬁ}aOHZélaa‘usl%%o%ltre&élrlmr 6pBPRY S8R/ »%
organ fail ugensturtdet r@r@nem@she@wlp@zhgél§h@@tlﬁﬂt§ ah\Gaty i e gds Bs e

nmodi fi proteins.resulti tion, are also.accunu resul ting
Tt i boRTERBEHAS Y s e g e e oTe Ly 6hs BCtEHet e RN
henodi al ysi as merilr asesedhd W3bthermfd lin akipee sisechahgties shenfadegeandnps oved
and B2-m o) . hav e into practical use. However,
t hese have ?helr ? % 8%%%{H€§§%£$O?%Q ggm%as been desired that an
artificial kidney capableof continuously andsatisfactorily conpensati ng
thefunction of metabolizing proteigaaerdrng egad. 5 To nmeet such demand,
systens utilizing cells have been devel oped for caonpensating the function
of proXial tubulH J@8ds. ther tekakpeRt thkesninglerenpl tNGLLEECBEREECH.

17, 451-453c¢A998}3 mepory eich aeraydiflivediad th Wil eCORRBI hE§RBed of
heanllter i,n_conbinat i rﬁ%h a hgll€m1f|ber ig mg}h 10 i rta!ized
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i nsi de surfhemoandlyﬂlmhhehmﬁﬂﬂtw@dcbhnodﬁuﬂkycnmpahsdtehﬂnughighEalunen
t 44t h
cont ai ni ng Eﬁhét‘rﬁ‘}n@{% om e% Px?é@rxf]&?]%és 8&?5&;3?9&59 (i@%9§? e Cladl d(

Nbetln% of e Japanese SIS repor ed a
1mpa1r1ng the quall y of llfe {QOL) and v1tal progn051s of

patients.

It is a weak point of hemodialysis therapy that it cannot
compensate the metabolic function for proteins filtrated by
glomerular that proximal tubular cells have. Therefore,

25 low-molecular proteins to be originally metabolized by those
cells are accumulated in the hemodialysis patient’s body and
act as uremic toxin proteins, causing various pathogenic
conditions. A typical example thereof is dialysis related
amyloidosis, which is due to the accumulation of B2

30 microglobulin (B2-m), and it causes osteocarthropathy and/or
organ failure. Furthermore, in hemodialysis patients, AGEs,
which are modified proteins resulting from glycation, are also
accumulated, resulting in arteriosclerosis and/or organ
damaging. In recent vears, the hemodialysis membranes and

35  hemofiltration techniques have been improved and B2-m



.15 simlar artificial kidney (tubules) in which distal tubular cells were
used. However, these are all extra-corporeal devices, hence cannot overcone
the weak points of extra-corporeal circulation therapy consisting of
intermttent blood treatnment. 20 SUMVARY OF THE | NVENTI ON The present
invention provides an intra-corporeal artificial kidney having the function
of nmetabolizing protein as well as a nethod of constructing the sane in
order to solve 25 the probl ens di scussed herei nabove. The invention further

provides an_artifjcial kidney, having the function of netabolizing protein
by utilizi nﬁg?ﬂﬁpkh%ﬁoéﬂrg“‘b%/hﬁ?!&a? SN tchnto practical use. However,

[ nﬂ)r pgr aheshésmmmzleethéar-l\maiiﬁﬁt aﬂdﬁttﬂjerlsafdw,mﬂeﬁésaﬁéeﬁ@léslrﬂéa tnhe
cell s by bindi . r.et,o,. 30 Thus e present invention relates, to, an
intra-corpo?ggﬁqéﬁp% %&?%}§$?%5393929ﬁﬁ CPH§1P888F§XHHH£SﬁEf3 BFFOFhGY
pr ot ei n whi chmpenpat seg thast worsion odnte Bdlenein g arspengébsteet lopéd. an
angi ogengsi s pro i r - I ni ; r L .ipLected
thereinqﬁs wel | gggce .gfﬁﬁ%ﬂcﬁgggﬁﬁn%%%ﬁ%ﬂg %Q}§§Fg%§n8§§égc§%géi§een
receptor pl @§Va§CRCEchPF aForpeRsrhivtGetPeofenat ierapbl Prongmalinttbohaof

proxi mal tubslas. ceédrs,emgemr aameds o her sair f age afrd e geldis. 1Fhe

i nvention al relates to a net hod of constructing an intra-corporeal
artificial ﬁ?ﬁaé% thﬁs’rfgd  FEPOFIES 8R FtHEL abdt i%%@fsbw&léﬂlncampéhses
conpri ses usi hgmafspoageisheshbhibian a’nghogenesiswpropeti NEAFL @Whth

fact or -,cont aj ni | _.nj.ected therein, as.well cells with alin
expreségg on hgggg¥g%§%&° HkﬁT?ﬁéﬁ F?PlFﬁgiﬁﬁgéﬁ?fg%cﬁgﬁﬁge ?gﬂgﬁ%
above net hodnbéd tdenkot Levifidpeaninsidéissirdiadd dndyinvkhhhdoniprdreesbl bedst ep
of injectin ; ' ' ' 0 -C i,0l.Rg l'into
aspongeshee??a?%égg%igggﬁﬁgﬁﬁgg?gﬁg%ggwgﬁ}ﬁ%ﬁgﬁgﬁgagtEg&ggg%gepgﬁgéﬁgfand
the 15 steptBPuiﬁfeE?f%arc@ﬁ@ssﬁﬁiﬁrnﬁﬁaraneéxﬁiesgéétbnMﬁﬁélﬁﬁr©§cbhento

the inpl ant gdpspesgessbesty FortbeslPses therkpyenibon)jelabgstta a
15 similar artificial kidney (tubules) in which distal tubular
cells were used. However, these are all extra-corporeal
devices, hence cannot overcome the weak points of
eXtra-corporeal circulation therapy consisting of
intermittent blood treatment.
20
SUMMARY OF THE INVENTION
The present invention provides an intra-corporeal
artificial kidney having the function of metabolizing protein
as well as a method of constructing the same in order to solve
25 the problems discussed hereinabove. The invention further
provides an artificial kidney having the function of
metabolizing protein by utilizing the functions of megalin
which incorporates low-molecular-weight proteins, hormones
and so forth into cells by binding thereto.
30 Thus, the present invention relates to
an intra-corporeal artificial kidney having the function
of metabolizing protein
which comprises, as constituent elements, a sponge sheet
with an angiogenesis promoting growth factor-containing

35 hydrogel injected therein as well as cells with megalin, which



, the above artificial kidney and the nethod of constructing the sanme, 20
wherein the angi ogenesis pronoting growh factor is a basic fibrobl ast
grow h factor (bFGF); the bFGF is a human bFGF produced by genetic
engi neering techniques; the hydrogel is a gelatin gel; 25 the gelatin gel
is mainly conposed of a gelatin species having an isoelectric point of 4.5
to 5.5; the sponge sheet is nmade of collagen; the cells with nmegalin
expressed on the surface are human proxi mal t ubul arepithelial cellsand/or
human proxi mal tubul ar 30 epithelial cells with nmegalin expressed at a high
| evel by nehf$lofngRAEles hnsrsertardpbryihe sesprbtal v l6f Indda Protein

result of geeeibhel MBih@uhaldtoibn 3F R RED Bhs LSURE 1 EH%&M@M&&J\I 4
In the f0||om‘€ﬁ% theﬁg%ese t inven Lon is described in detail
r

i ntra-corpoP® PRFTRFal Oki HheyCHEYFng the function of netaboI|2|ng
protein, accordlngh&cuﬁ&&ntinnwﬁlswlréﬂ@@@@rt@es as constituent elenents,

a sponge sheet w I I ronDtln row h facto optainin
hydroge% inLecte e%?g?ﬁQgg%%Q%%ruc 69 § PgrﬁeaaFPﬁrSQEr%EQéﬁ 8ha?he
surface. Askideednghviedctie @u@cnbwmgo@rmmbcbbumgtprcbéeused 10 in the

practice of the i t e 0
fi brobl ast gromﬂﬁmrggﬁg?ﬁ 5&%% euﬂ%%%?%s$8Hé%g#§%?:ﬁ?ggﬁII%HQ ?eggé%é) ,

epi der mal g%%%t%%%t%?ovmai)actqrrmf&lrﬁw @w@mowerlaépaﬁcaeelmrea?m

vascul ar engetheri aés gEeM 8 | aeh ohe §YEST) explabst8t ofethyegdugr vt h
factor-%ﬁ 1ﬁ ég % nd hepat ocyt e owh factor (HGF). In the practice
of the i%hveht %er?ﬂﬁ abb % HeheR bhed E%é?Bﬁénégls promoting growt h factor

may conprise one Bhémﬂhbwﬁmmnthowroﬁ.@@M@tﬁ@étﬂ@goénaaﬁ&ﬂfﬂiiéy lofdis@gci es

Furthernore, it ﬁ?c@1883%9§§ to conblfedl use. another bi oactive

factor. 20 From the Vi ewpoi rmer e* e CtiVi TYIESHT BT T 1D,

bFGF and PI:GJOIBBtla@ﬁrir@w(tﬁlhfea@toJa-rteolpt@i@m@@ydmg@ltiretcgacmdnqeaehees,
ment i oned abﬁaeste@atfwm&n&fﬁy Qtnp\mﬁah%hn\yéﬁre%@wg%dgﬁe@é Ahd the

anglogeqﬁ5|s (gptlng fgctor has been accunulated, i s one
fact or s-usedl® 35 5L A% ERY L STHE CBFREIfhi B [EXRE Q55950 O@Séae. ﬁu¥ ace
practice ofihbe th¥enupDantsgl sPesgéhehepeci es extracted from such organs

or tissues as the_pituitary gland,, brain, kidn adrenal gl and, placenta,
bone matrix, cartTH AL RN HaFS 1 PREREAon et ates to

the above artificial kidney and the method of
constructing the same,
20 wherein the angiogenesis promoting growth factor is a
basic fibroblast growth factor (bFGF);
the bFGF is a human bFGF produced by genetic engineering
techniques;
the hydrogel is a gelatin gel;
25 the gelatin gel is mainly composed of a gelatin species
having an isoelectric point of 4.5 to 5.5;
the sponge sheet is made of collagen;
the cells with megalin expressed on the surface are human
proximal tubular epithelial cells and/or human proximal tubular
30 epithelial cellswithmegalin expressed at a high level by means
of gene transfer; and/or
the expression of megalin is a result of genetic
manipulation.

35 DETAILED DISCLOSURE OF THE INVENTION



30 fibroblasts, the species produced by such genetic engineering techniques
as gene reconbi nation, nodifications of these, and other species acting as
fibroblast gromh factors . Anong them human bFG- speci es produced by
genetic engi neering techniques are particularly preferred fromthe quality
and stable supply 35 viewpoint. The nodifications nentioned above incl ude,
anong 1 5 others, derivatives of bFG- gpeci es obtained by extraction or
genetic engineering techniques as derived by addition of an am no acid

resi due or residuesﬁég t he_am no acid sequence of the bFGF, substitution of
an amno acid resi® foldsrdngs Fof Bresent dnstanti0n 46 desaribsfdies of
t hat sequendetadr. del etion of one to sone am no acid residues of that
sequence. In the practice of the invention, jt 035|ble to yse these
bEGF speci es si ngﬁ'i/eolr FrRABAFR 3t h Jp"i‘Jac]erC@'ee%f FHNY R%iti on, the
hydr ogel isfwneuldﬁ)dﬁ)meambbaum1h@epaage®gena@c@&dfn@ ﬁﬁ:theelﬂﬁgh@g@ﬂﬁsis

t t d t dual | t hat
Pactor it o TEPLEEF o her PoRE L REP el " FhieRlara shrade of "ERE WOEF BRI i
the practi cangiogeres hyapronating| guesthafeogoot bensaipohyshgdhagétes such
as 15 Ce'|Uiﬂf@ctQ@ﬁﬂﬁéﬂélﬁﬁ’@%ﬂﬁﬁ.aQu&ePi Qujﬁ%ﬁ%§?51HX£4¢¥éE%&d%§JQh

alginic acid, chitin and chitosan, and pol ysacc e derivatives such as
hydroxyethy?%%ﬁ?%?ose and carboxynethylcellulose pol yam no aci ds such as

pol yaspartl c acr hs pley Gindgiayy et eaii f pashdiaing )g&loﬂi%h rfebxaepr:bdes. S4ER as
20 gelqr hetic mers havin

hydr ophidl i ¢ % la@ﬁﬁFﬁfé?nﬁggﬁndhglgéegﬁBfQﬁ#ﬁfiméV h entﬁ@@fﬁb %m%%gde,

ponV|nyIpymtbérdphbaspolﬁiﬁr@&ﬂasﬁy@rhwthnE&bB@rkaF@F),p@by&i@yl met hyl

et her, poné?t%égyéggg&%@Egp%a Oly%%b¥l'%a i%%lCg§§W§$Q%ﬁ¥&SP?EHPIefIC

acid), 25 po acr pro an
polyacrylox?p@@@é@é@um@o@r@wehlﬂacp@ryM|m?GEu@fonvesanldr endotherial

I th | | | gi
and DO N LG ABL Ty N (Ban ek o1 b3 et ﬂrgg St R i

armoni Jm i nf BPAETB %grt§n %HaEQﬁY %tGEoﬁghyﬁéF O%ih @Fharn chai n |tself is

hydr ophi | i c, Sucl'[[rastlrp@p’ﬁ@tyi@é‘l%ﬂ'ﬁ/t@@'1n@éﬂlﬂﬂ¢1@%0&1@é\&a@é‘@e ~mentioned
polyethylenelnlne (ggggtlce of the invention, these material s may be

used srngly,n%rogﬁn%% ?d%? IR i AL P OanﬁyUFﬁppfﬁsSfogg ?ﬁ@ﬂrﬁay be
used or theypﬁayebemusedmbtnetlbunﬂhemhuxhHnmﬁmfe@ec1&mmtEuanbehmbre,

conmpound. Appng, Mgoéﬁ%us’lﬁ%leé 'tﬁl acfr&hﬁQ&l h%r °9§+t£'89tro'1%% % "%}%hl‘gcté%'c“

pol ysaccharides as ¢ uroni c i Al C aci rn~and
chitosa&? such polxcifi e a‘él%i@taenipdbﬁrds?)la@tp@tﬁﬁmqﬂowml@gtmatm’c acid

and pol yl yskggipapdos Heirdolypedidries aﬁ&ﬁ&%ﬂﬂ%ﬁ%ké%@&&%d Qﬁlbﬁlg

anong ot her are bj oagsorbable hence are preferred I'n partlcu ar,
gelatinis ﬁ?%f%?%% b TRSECFF GRS R RECYERWABPRE - of PP TR UHT 1 125,
mai nt enancewbich heidé daciwMdge ofs tdhe agigdwide nfeadisoproaptangedactor has

been accumulated, is one of the growth factors used more
25 preferably.

The bFGF which is to be used in the practice of the
invention includes the species extracted from such organs or
tissues as the pituitary gland, brain, kidney, adrenal gland,
placenta, bone matrix, cartilage, endothelial cells, and

30 fibroblasts, the species produced by such genetic engineering
techniques as gene recombination, modifications of these, and
other species acting as fibroblast growth factors. Among them,
human bFGF species produced by genetic engineering techniques
are particularly preferred from the quality and stable supply

35 viewpoint. The modifications mentioned above include, among



. 10 and of in viVO deconposition rate (gradual release of the growh factor)
Cel atin may be obtained by subjecting living organi smderived collagen to
appropriate pretreatment with an acid or alkali, for instance, and then to
extraction with 15 heating using warmwater. In the practice of the
i nvention, however, any of those grades of gelatin which are generally
avail abl e can be used without any particelar limtation. As such, there may
be nentioned al kali-treated gelatin having an isoelectric point of 4 . 5 to
5. 5 and aC|d treated gelatin having 20 an isoelectric point of 8 to 9,
for instanceth ?Wcé%%’sl‘(ﬂ%érvésopélsz@Fu%@Ch%St%@ﬁm%@ém%%aﬁﬁeﬂﬁt@hg

factor, al kgdheticadeghi Bedaing védin AfudSOLL 8L+ 1 Fe@bPla@iitiSntPFSard IS
preferably used fror’gthe bA:GF retention vi e g\l nt, ;since, hFGF has an

i soel ect ri cAPpHiRtATr HBUHAY HTd Hes I5heis itoefPec AR §ad255d fedaeRFa of
aqueous soltl‘rne GFSF, Feubhei ot £on rot anl ymdme asamgkesgahatdmreeeauee beit al so -

two or [ or| L.n_or ysi cal properties such as
sol ubi |'i t %?@c%ﬁéﬂ% %/ienl?[Fl QC}LQ ?‘é%? g c%r{htseﬁﬁ?ngg’uge eBHM xt ure
. Further rm@% Olg%lt"ﬂ i SoIreR Ao amcemetsheiueaaddxft ithe;t serquexarpl eIn athe

pol yani on b @(g,g@ or; pr

as di scl osgéj’rilgn Jap anese KoJﬁn ﬁ?écat?oﬁykgég%hgggdﬁgouég\h %?:?ipl S used
as the angi PRRFHERS ssﬁ?%hbt(i’hglrf *4BEXEnEe anot her hydr ogel ~ ot her t han

gelatin, such as Irferﬁne)@ﬁ%catm\éeoﬂ %hu.seﬂvehl&eohydtﬁgehyafeéeiai?é,yu£@& a
retention viewpoint. The duration

|OWIS lectric, |nt a}%fromt ebFC{

of the ngi oY gﬁé §‘lBr BPAGC8EReCt e iR he v*é}i‘?é‘@gl}?g\%lteﬁlﬁgp%”%oung

bi odegr adabgtowtyh afk vt ecorttatead e tdin hydr ggedud DL Per ebedls iy orhdhe

Vi ewpoi nt o e S h enesis 5 pronoting growh factor,
t he water c£on e&? ﬁi‘té &ﬁ% %uggg%é 8;? @?Nelf?otug in water is preferably not
| ower than 80% ridre Iwem@rtab“llyalSSftbheglwdmgdel inorteppehertalbleyodOthe 98%

The water conb&mtidh ofndNgadydrogshycambes, ds P é%@&@awdéé‘ shoh | owi ng

manner.. 10 Wien fhe hydrogel is in % granul ar he water content is

cal cul ded G&LHelo%%s dextion, agpose ( Prllnkgn, /Wwaﬂér & yd urentigea ¢ ume
of the hydr@g@inmt@dsldiyomitizzaam@ncm@loé@@plmd(;pd)ziyw@cﬁ@el@adrogel ina

nmeasuring cylinder.and givin hys ca | us 1o, the neasuring

cyl i nder toé{%ﬂ\é"ilhl‘é?%s%“‘%}éc% #by%’f WL?%%L‘IT;‘O%%&% is the vol une of

t he hydr oged:azatbdueymemmmﬁlmosmelpolr;gamzmmeerdsatsu&ﬁ &s pol yoswesrbyc
tappi ng. Thg gt i V] ri,s anp

repeating t B %@&@e % géoa{;;%dn%nt%ﬂg’ #:gl?%;l?ln %gﬁykgét%&re(%ms‘ish ahei ght
of abodt® 5 %ﬁ@wx eadilagenhel Ryt e ndiaEli terer @yn‘shablmoé-ymm@eavnng

vol une. As f@drdpmiihe QI@@D&IE‘QHDV_&Q&QH;EE g@@ﬁl@@%ﬁp@yﬁyi Sy &peai ed about

10 ti mes and, . when her&als no npre in vol ume after 30 m nutes of

standing, tRelYRFLHERTE et%‘?WYﬁe‘&lerR/Y?’é%h’r‘h%n?t e?ll!(h%*%%%%xye‘fwé sone
time may 25méehaenylaed) f eolyhd npdiogel] tahset,t bel iy INVal gyl adbeant de) ,

hy(il(r)ggel M@P%‘?{f%aécléh éﬂf‘y?lsgk%‘tt:?fen'es Cfécul at egl as fol lows: w [ %A
25 poly(2-acrylamido-2-methylpropanesul fonic acid),
polyacryloxypropanesulfonic acid, polyvinylsulfonic acid,
poly(methacryloyloxyethyl-quaternized ammonium chloride),
polyvinylpyridine and
poly(N,N-dimethyl-N- (2-methacryloyloxyethyl)-N- (3-sulfoprop
30  yl)ammonium internal salt); and synthetic polymers whose main
chain itself is hydrophilic, such as polyethylene glycol,
polydioxolane and polyethyleneimine.
In the practice of the invention, these materials may be
used singly, or an appropriate combination of a plurality of
35 them may be used or they may be used after further modification



-~ where Wv is the weight (wet weight) of the hydrogel after 24 30 hours of
swelling in water at 37C, followed by renoval of that portion of water
adhering to the hydrogel and that interstitial water portion which occurs
anong hydrogel particles by suction filtration, centrifugation or the |iKke,
and W is the weight (dry weight) of the hydrogel after the subsequent
drying until 35 there is found no nore céange in weight. 8 As a specific
nmet hod of determining the wet weight, there nay be nentioned, for exanple,
the nethod co r|S|n pl aci ng the hydrogel on a glass filter, suctioning

t he hydroget'* %ﬁe%s%@mEﬁ%ﬁ -constructing a wei ght decrease curve

showing the 5 relzamrog\weprmtmmitm %lfCt:h@fh)ﬁdﬁ'&_;@_nﬂlehﬁ@o%kigﬁﬁovémd
measuring the melgg aftﬁr t he Iag gi ﬁ suctjon. ti1nme, when % rad|ent of
the curve bedSHEROEYFYRTEaEHASFet hode bt RST ngh Y31 Ee R bar #F b ap Fginic
restricted pcddj abéldmhnaanadmms)tsamt m&:lglpiolq/@mnbm atias redpo byssphet het hod
conpri signg n er at ower 05C. unde
atnosphé}|c9%¥%sgj gﬁéﬁﬁgﬁl{%cﬁoyeégl %§P$ i?e anépgggé Ci%%?péi?%%ut
requiring aay @%l@tt@la@ohb@@¢@t@@d fhbcasesamh@geOHh@Dﬁposre|on or other
phenonena nﬁyoggswg%fg ey h P ﬂteﬁéﬁl’éc@ t%%&f‘%i‘é@lafh% 1%%*1@1' aye of

drying under reduced pressure at.a | ower 15 tenperature,

| yophi | i zat PHRICEARL ¥ E D *ofplLbFetieThei Ry R hgasy BrB€e§§é81|lﬁtt{he°f

practice ofmahﬁtelﬁlam@éld:mthé mbémmf:@htby JreRHerdrevtiheaakorecornhinagd raw
e in crosslln hat, material is so]uble

i al |
o ot o ! I8Ra Y Falh e ‘FC%TP aSI PiRp e e P te | B AL E S FraTFB et

or gamma rafactoandiation, reaction mnth a curing agent may be utilized

according to the i t terial. The
curing agent is ré% f# df % 6§€% ICS%% {ﬁkjégﬁéﬁgg%?&% , for
i nst ance, |@rqg@asmsd@heve.«}mqﬂglagermfc@r dEPrOPTiate s udestrsuth wiltdr gani ¢

conpounds aéci?é'é? gpyaamm f&ralﬁgta{f{ééengnaeménlea énga@&aHewgt m num
or ferric ion; es such as g ut ar al de hyde and formal i n, carbodiim des

such ag3l- e?ﬂ?Fl%g(%gﬂ?%EW%®mdﬁ?ﬂ%ﬁroﬂﬁlF@&rﬁééplﬁF&eoﬁyahéchpﬁ?FHEO%nd 30
1- cycl ohexyhede¢&r noaphod £ nokd By @zaﬁ@@dof nyd®a 9eh hoh Pch oéﬁ@ngéuéf@naye

hl d b di.al d
Eocyanat et VFhEHEF, &% dfK, TR PbAfY 285 BrRa e Lyt arties A
ot her or ganseckonpomelmay3beAsefnibionhéd éhkadrﬁtié&té@dwﬁgﬁhjthabenqsed in
the praCt'C?soekgf9£1&%%1nQW§Pﬁ'@quaghg hydf 99¢h- Ry Q&fdbf%6§§N|nf%%nce

sheet-li ke, dis cal’ far, or anmorp fform
In viewbf @ﬁel%%@%trmjp@aﬁ of Bnte Qhef@polr@%t@‘rre@{ Inoweges, waere

spherical, Brenularu9edager pheUSHEP6gehesPEebebh8ding Ao, the size of
t he hydrogel ver rticle size thereof is referably 10 to_200
~Zm nore p?%FﬁréB€§e§€g$dﬁﬁ thwlfhea§ﬁ6ﬁ§§%ﬁﬁ%& PoiBE afett 3 ot he®
practice of ishpereferably used from the bFGF retention viewpoint, since bFGF
has an iscelectric point of about 9 and is positively charged
25 inneutral aqueous solutions. Furthermore, not only one single
gelatin species but also two or more species differing in origin
or in physical properties such as solubility, molecular weight
and isoelectric point may be used in admixture. Furthermore,
gelatin may contain another additive; for example, a polyanion
30 compound may be added for providing gradual release of bFGF,
as disclosed in Japanese Kokai Publication Hei-08-325160.
When bFGF is used as the angiogenesis promoting factor and
another hydrogel other than gelatin, such as mentioned above,
is used, the hydrogel preferably has a low isoelectric point
35 from the bFGF retention viewpoint.



~invention is a porous sheet for inmmobilizing the angi ogenesis 10 pronoting
growt hf act or - cont ai ni ng hydrogel andf or hol dingthe cells with negalin
expressed on the surface. The raw naterial of the sponge sheet includes
those raw nmateri als of the hydrogel nentioned above and, further,

pol yesters such as polyglycolic acid, polylactic acid, 15 pol ycaprol actone,
pol ydi oxanone, pol yhydroxyacetic acid and pol yhydroxyval eri c aci d,

pol ytri net hyl ene carbonate pol y(a-cyanoacryl ate) and |i ke bi oabsorbabl e
materi al s, and polyurethanes, anong others. In the practice of the present

i nvention, these ?&‘ﬁré‘i td AR g T e @1 89 LOaRNaF 16 PACBPHL AL ¢ §f 90t sRnt hem may
be used in caﬂbedaiy oaryohgtitey bieyiebe adsed 1attesnd watdker coReéht ¢at ERE Wi th
anot her conH @ngng t he sponge sheet nmaterials nmentioned above,

col | agen, g??% Q7RG %ol yl actic acid and the like are preferred in
vi ew of the practFoah theevidepedit af yradoapatd ldas26f matecahglsgeneshe art.

I n partigul 0 e r rabl ed sjnce .li cells
wel | adhor e FRAIET ST URARCEREE SRR PUERRERES TR o1 hESINES ofFefic

i nventi on haweilpodois w&tactusepreﬁeanMyonotheowasetbanpea%trmbren of new
bl ood Vesse%x@e@@?al%b? §§5‘§00§9§UDE{:¥19fm f¥gﬁ9e§gréﬂg nyprignhgsto the

cells injec it preferably has a conplete open re structure in which
pores are inter condtMai@edortse tnemt Meehyﬁfegeﬂe%equ slefeamdingtsl §n60 to
400 um norehpr ebeloWi g 7RahRe#50 um 35 Megalin is an endocytosis receptor
playin central_rol rotein_netabaol i Z|n functlon 0

pr oxi rrg]@t ubul ar GaF} gha?nlayéfi{&\e&l g 953?85) ‘éé’%artlﬂﬁ §°HL8@t| n
rats and thésfahlectdaged psi fatyowsruct ure was analyzed by Saito et al . |,
who are the presept ven S¢ ((fFrac . Acad. Sci . USA 91, pp . 5
9725-9729 (1994)?9 &hgrea#§%r V ﬁezﬁrln/gpSSO was cloned and the

full -1engt hWbﬁrﬁa\fwléttth:NQﬁémﬁh@f é@fe wadragallyz e byl vidpdlin zett ign an&ur .

J. Biochem tgﬁﬁin?gplja@njg:ﬂhé iﬁ%@og)el 1#%@%:%@ Egi%n@é&'rﬂ?& ggvﬁﬂ

conprise 4655-as [ no] ecul ar. wei 19, 636 nown

of an N er fii PRgsozl Shimulys éEﬁ’ shermeasuning ¢ekingey 4vogtiain glose
Erzggsrre;mrapacdmtml dﬂf(tﬂ‘fﬁe ag)d:egtk 19 @-riceh IV ?glthé\txfoﬁiﬁﬂdé lélfaﬂ:h'é]?ﬁ%/ﬁﬂogetl

aa on_has cyst ei regi on ree es,
bnd the iegdr FiE geniSar sHehEhl e TRoeSYEE Bt ot CorBTRaRFRY FBgRITH 1S
pol yf unct i ok mﬁdbg§to§|meaeuepngrva5nneaarmaMnﬁﬂmemdld@rt@x&mmﬂeenzynes
and enzyme opLbi 10y S iasoPALedu-BYr deBo0khnase: vBALLLi LB, PEOINOEEDRS®

Ilpoproteln I|pase an rotinin, suc oteins as vitamn

D bi ndi4fy protelsramf ﬁ@ﬁuﬁoﬁ %‘Frﬁﬂdlg?e@dd{néi ﬁhesu@hwapcwhmﬁmr@ AS Bne

apol i popr ot ﬁbaeBcaaﬁgathl pepﬁaéel &, £ SHOR,, 2%@%&@%@%&%@%&5
anlnoglyc03| and and such | ow nol ecul ar wei g roteins and

hor nones as ﬁﬁfaPﬂﬁgd%ﬂxﬁ%ﬂﬁbﬁ@bqaﬁ§ﬁiPﬁouéséonFl%%?dﬁFﬁaP”ﬁ¥b §reaéfor,
pL ol acti nh hysrmﬂ}e‘rehangleQﬁ@@h\nmmfﬁ:erlasmlﬁgnﬁttlé%réf slttgnhaiigbetlﬁ[e esuaﬁbi shed
that, in hugan alin_is expressed not on n the
surface of E? o(?(iena Jflll‘g Cﬁ%eqnﬁa S %%%)I%n S IR inrlf“z?cglaéff

par at hyt%i d Fpaﬁaﬂhyﬁdl@OQIahﬁ)hyérbgeleppthettab aelwatayers in placental
intervillous spacgSen Qﬂi@'k@ﬂ%geﬁp'ﬂshﬁbta&rgﬁlﬁiér,

epi theli al ceIIs manmar zlthe I al yroid 30 51and vesi cul ar
cells, ocul & EPFFE?? 66d§° pPY¥B&lial cells, and so forth. Thus, these
cells may be mentwoped aslmegﬂl(whexpneawhng cells. Anobng the cells

ment i oned a ve rOXI t uhul ar e i.t hel,i QEI g cted fr
patient's ow gﬁﬁ? e&ﬂ%ﬁe 3 489€hed %ﬁﬁalgﬂ
30 hours of swelllng in water at 37°C, followed by removal of that
portion of water adhering to the hydrogel and that interstitial

osed

Wt Y:%ﬂ't%’ht is

water portion which occurs among hydrogel particles by suction

filtration, centrifugation or the like, and Wp is the weight

(dry weight) of the hydrogel after the subsequent drying until
35 there is found no more change in weight.



- 35 expressing cells. 11 As the cells with negalin expressed on the
surface thereof, which are to be used in the practice of the present
invention, there may be nentioned, in addition to the above-nentioned
megal in expressing cells fromthe patient or sone other person, 5 cells
capabl e of high | evel expression of negalin as derived fromnegalin
expressing cells fromthe patient or song other person by gene transfer,
cell s capabl e of nmegalin expression as derived from non-negalin expressing
cells fromthe patient or sonme other person by gene transfer and,
furthernore, megads @ IPeekpteswithpdel|de ttermieithd thm \eerbweamhct,ce}lése stem
cell's or thgalike lynt Mehicd N Tfehgntd, attlh%nmeltl%%@ Oﬁﬁ gggv\gef)ggglgé gene

S|cal chem cal or biol ogical are” known

t f t

.La{] ﬁee;r ? g gb\rcg“g } ﬁeﬂhaaSoﬁlhﬁ:ﬂer%&ﬁ%ﬂW.trkm;étfﬁéﬁgg.leusmg
exgrr}[al e, t h&rﬁmzj‘nmhtlﬂ ,CeBpkitsuag iadda trmela;tmb Hée&teﬁbeaémm Islrmm' thteh
sSupst an I SI N cocu vatl on w (0] er ce e

T rod ot BER RTS8 PRLuRRRILER N LYSE | Bt ARaLRST wEFant: 2R
pressure, pME@sﬂandgdﬁnnWeagpmeaEUeBtjﬁmmagsbhefabeuetﬁent&nme@h@&ltﬁemnth
megal i n expgfaa%n%g?@%htehsué%gk?%@?méQ%OJT%; et Tlhz ﬁ%&g' 'éd%ytlﬁ rggg;fed

fromthe vi m€0|nt the exclu hEd
Fur t her nor eRo ﬁ@%hﬂquﬂ%ﬁkrabtylhbﬁqumVdemthanbutansEQntheMgﬂtcan

cel | sand/ OerUe[@chH{éB(' 'PS%ltt bRyt epid %%!mb%%q' 'gdgy&ﬂ?@@%' t&ggéP{aEﬁ?Sd at

a high | evel _as a L of gene 25 transfer. he non-
expreséﬁhg gl ret ?ﬁﬁFthﬁ%gée§t?cuﬁﬁﬁFoﬁﬁ@@éph?RéCcEFP§SHé?|QéH PEom t he

patient' s emplpgedpheral sbhpodd ane Qé@i]eﬂhéﬁdefﬁrQﬂthbﬁteﬁé&{uiﬁghﬁl galy skill

f I f bl
i pul at i che Ko Fhes AT ORI | COnSTTRS G n EPROCOEAOPe L GFEPF ci a

ki dney haV|ngenhmemanmaydnaoﬁmhnﬁmbbyidrygngrmtennﬂaecmempngaturéhethe
nvent fon i godfneahoeds dpyINg LALES- £ORROEEAL,BLELELCLR! AKighey according

to the 12 invention Is c% ?ructed usi ng E onge sheet
anguogéﬁ%su§eﬂpeﬁétvﬁgrgﬁ@ﬁbhaﬁaéVQphééhzathpng ﬁ§ar@géo baj espédyeder ei n

as well as cells mémymarjdin t%XBéeL%@dj lqnth@episa&{ﬁé@ &:h%%OEanﬁ%Esﬁabl Y,
t he nmet hod of cgpstru an artifjcial ki nprises the steg
| into

t
i nj ecting an®afgrdyen s$¥ B?Bﬂﬁfiﬂg 5?8mfﬁ°?%c?8¥t&8ﬂ?glH?Hgmﬁ§8Fb@
a sponge shéebsoltibie Shepa bér dybert sanbtnisl iyg wilehatidthgatbeispangsostivet, and

the step of.jn ng S. Wt “lin ex ssed on th sur f ce |nto t he
i npl anted s %ngggé%eetﬁ% %h%eﬂ@oggﬁlc%oa%sgleﬁﬁr%%aarse atrﬁ/eao

met hod§Q<nowhtrﬁV1L<héeérCtr gambotay amy agaetiionl, aor mestatiion '@nth %ocuexagpl e,
there may bg gﬁ@hb@ﬂ@ﬁukH%1@E&f55£8%wfﬁb%&ﬂéﬂé% Ehﬁ &h@ﬂ%%ﬁg&ﬂsgﬁdpé¥s'ca

|nternDIecuIar aggregation through_hydrogen bon
coor di nat i ohRBohd¥e efcthetRmatasiadd which causes 15 chemi cal crosslinking

:JSI Rg a cr ozsl i nkTing cage iy, a@éhdttlfbenﬁﬁtﬂm;d:Mﬂfﬂl@kl%ﬁk@@@ﬂ?é@éé'ﬂdﬂ“ #18eRy
I ght or radi

partlcularlgeigéfPlcggﬁ bﬁ?pggS$feQ drogglﬁﬁe g ﬂgégﬁégl?ﬂéagﬁﬁgﬁdiﬁﬁ

met hod,2%r $pcayddsysnghnmehbodanan bempbuhdzedsfsalpsepanta@n?ﬁggaanular

hydr, ogel s. ﬁ59gvs§g§tnae#9f @Bﬂlgggﬂeggstﬂgog9hh fuflf QM Bl BEEOE L0 De
contained i roge od can be use any particul ar
restrlctlonabﬂébV@@l %¢@@ Q$ughﬂﬁﬂnﬁﬁd§ﬁYQﬁnanﬁ ﬁpr@ﬁlﬂhe aagbodénmiidss

promoting geawhhakagt@tny$-80%30UERethylaminopropyl) carbodiimide
hydrochloride and
30 1l-cyclohexyl-3-(2-morpholinoethyl)carbodiimide
metho-p-toluenesulfonate, epoxy compounds such as
epichlorohydrin and butanediol diglycidyl ether, isocyanates,
typically hexamethylene diisocyanate, acid anhydrides and
other organic'compounds.

35 As for the form of the hydrogel to be used in the practice



- 25 inpaired. For exanple, there may be mentioned the nethod which conprises
drying the hydrogel after preparation thereof and inpregnating the sane
with a solution containing the gromh factor, or the nmethod which conprises
i npregnating the hydrogel as prepared with a grow h factor-containing
solution w thout 30 drying the hydrogel or, further, the nmethod which
conprises causing the growh factor to ogcur in the starting solution for
preparing the hydrogel. The angi ogenesis pronoting growth factor-containing
hydrogel can _be injected into the sponge sheet using a syringe, 35 for
i nstance. OffherbRrvenkbon! ithienhydhegahgiaageadsi 8 qurlomtamgsheet hike,
fact or-cont gi 8k2gi hydr, |y~ f ing .t i j essed
ai Bkny;i Ry s%%rl%%‘i, Qfartﬁ:j’ig* Qr %ﬁ?lﬁ@%&zs \[ﬁ’lbaﬁhg'?cgﬁao%ggtgﬁgé.

on the surface,, the_sponge sheet i s inplante
subcut aneousTy 16 SbidERER &f d8IpstionuiRTe Lhe spoRge b6t Thewever,

i npl ant ati oa sphéhecsbppngeashest SRYakerpREGsatben i8] pebeop, of. the

angi ogenesi s pronptin row.h fagtor-containing hydrogel thereinto, or the
sponge sheet as s %ﬁo%%%glizﬁp? r’f?@d?yﬁQBPgS:’I\e%h(%aVﬁ BEEIRAT tdrclimaize
hydrogel théthereod.id prineiaitly-ldotporeal pay timdt€imte fd iy ofo the1s0

i nvention caﬂ.be constructed by inj ecting the cells with negalin expressed

on the surface into the sponge sheet inplanted into a living body wth the
angi ogenesi s pronbt¢ ngPr@t Phéekt be -kontaedi hy Yed Prietiee ehetkén. 15

The cells wihbeAB98h 15 %?‘Bb?%%%dsH@eEhPOJ?Lﬁfnﬁﬁﬁﬁltirh%._rrfqm(th%ag?§§obghggﬁgd
into tg'eonspon e sheet using_ a syringe or a mcrocapillary, r rnstance.
The timi‘hg BFCPABLRASEOMENL 3F L HeceRl 2 5ning hysegdelmns prefddigy the
surface is aen1paw1t§um?géyiﬁe?fpkéégddb@h,FRQ karrseeuring tﬂe adhfsion
and propagation of, the |live cell.s wi negal i n expressed on t surface, it
i s desirable that{ﬂrtl%era%jnﬁgtelr&?lop\g hgecéﬁ?gg%es%r%%re%ﬁ etsnégpéﬁsEan a
necessary nuaberialsdafstherhpdigoggéneshsiahedr abopkaahdii sardohethe sponge

P e e T e e R S M R L L L A
hydr ogél® i nP8lyferspbageortecpol Hpianardnen ndighgdrofkiecattessaig audber

of daysfor gBOyRYENER|SaEPERdS 08, t PE10RYIAGERESLRP ' rowt h factor
enpl oyed ang 8% tghe girlggert' es 8 8 9drog I.9V\!ﬁ§ﬁ gggggéi}?g%ﬁt ai ni ng, 30
S

al kal i - t r eaPB4Y 8T G¥FROGEFY %tﬁéfeﬂ;,[lgséﬂﬁngf-%ﬁ%%?r%’ﬂglﬁu%%?réﬁlﬁayén
general |y 3pbbdy8reBrhires DESGEH T e £F. THR DRAVONGSthice. of tBeapgeaphtc

| soveral thistesofly B PEREEH LR re mS RSS2 =1 RTERE 1 Fiur o
the foldlw 0§ Eysmolay dree useedint cambphati&xanpt ethepniay bEonpadasfyer
Exanpl e; T: thienspl A0hefi CRLL R IBL knobh¥fr eofpolifi@g: H heart: S

skel etal muscl e.

Among the sponge sheet materials mentioned above,
collagen, polyglycolic acid, polylactic acid and the like are
preferred in view of the practical use thereof as biocompatible

25 materials in the art. In particular, collagen sponge sheets
are preferably used since live cells well adhere thereto.

The sponge sheet to be used in the practice of the
invention has a porous structure. In view of the ease of
penetration of new blood vessels and the ease of supply of oxygen

30 and nutrients to the cells injected, it preferably has a
completely open pore structure in which pores are
intercommunicated.

The mean pore size thereof is preferably 60 to 400 pjm,

more preferably 70 to 150 pm.

35 Megalin is an endocytosis receptor playing a central role



. 5 Fig. 2 is a presentation of the results of SDS-pol yacryl am de gel

el ectr.ophoretic analysis of i2sl _|abeled ~i2-mincorporated into
transplanted cells. In the figure, the | anes are respectively for the

foll owi ng sanpl es: Lane 1: 125]-|abeled (32-mused for intraperitoneal 10
adm ni stration. Lane 2: Honpbgenate of a transplanted cell phyma recovered
after testing. Lane 3: Blood collected fropoma cell transplanted nouse after
testing. 15 Fig. 3 is a graphic representation of the results of
radi oi sotope counting of trichloroacetic acid (TCA)-caused bl ood

preci pi t at esN it ERERPRAENAMRE Todrpbs g iaIrB gyl ef proximal itybudart bells

fol | owi ng t grATCIMNE U$ednCOR i
Lo onL el AL STRLAR LT Eeriing, o

t ranspl ant eﬁ 9Lo§ for npl e

The fol | owi hgtex %%‘FE]% Hrlllnli’er SEEUERBIBreseatal HeeAt v R afbree s pdoirf veal | y.
These exanphes ’ﬁt@,pﬂ%&ﬂnvbﬁt@@s@@?@glzzg\l:étm tRtdye it @%Asgqpepgf t he
i nventi qn. reparation contai nin t|n

particl ceés bé@gcn% (&jg)r?é del aﬂ%ﬁ rgaf ﬁlér tf}%aékmﬁg?gla?gggb é@n?%e
met hod of Taltndtidleatﬂdll leTattdt priMaryestalictude BharedLrias S&lalyB@HyHyr

Edn., 10: 9) imdk .0 of 10 wej ght tion of
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preheat ed tBeAd®CinwhS adihliRetedi th eomprise 4625-ari ghtlecabarousigtution

35 of glut asﬁb;ieﬁwe P?d“@stﬂf‘oviﬂ th‘ﬂrfs %ﬁlp%@%%dofi %PIWt%erﬂl 3 P25- %%) m. of

at 40C wth stirring mto forma w o enulsion.

olive
stirri grgo m@ntﬁ’éﬁr%‘éﬁ%fﬂh@a ﬁ?g%@ f6?9§21aﬁbur§ EBRRPRATRERNG @PBREN| nk t he
gel ati n. Thezamawasnadaie@l-ﬂ@ﬁnmabfmﬁea@@muaﬁlﬁl t@@wﬁsub@gngaparﬁhél es

were coll ec r atl Qn (4C, 3 washed 5

times by ce%\ ?%%g ng'g%%lfn rfgr?g YRESHEF lrllcC,F1 %%Wré? %gﬁrﬁﬁ gé?%s'

mai nt ai ned iilhdltme megsfl in Q@@enNEéqugsu‘sogitIyealm selcspitor gen’eafamngyo. 1

wei ght s of Twee ted

al dghyde groups 2@&?%}{ a:rg‘laﬁiEI %d%y%g?&l&?ig %#f()%ﬁ%f%t al hed %rcossl i nked
gel at i &%ar%?%@é%es\gmbméh@@ toi sechyeneynesf agdt ¢onyie thksibitedswaser,

Chen | yophi bized, @m-ﬁt&rdldllr?a%fé me—thAengr%&El?uﬁ%e,Aiiﬁéf)??étQQHfS of

swel |'i ng |nlwater at . 37C, gel atin gel i cl es showed a er content
of 950. The'pBFFf AR §P58§1(1&Pan%‘f%1i’§’)l Jen PEnABRY RS G 2 Sanl bpiRal
m croscope Bndifidimg poobeiwlahed +rS80inol AiAQing/ prodguepususrl ution (10

uL) of reco t oeI egt I’IC Qi nt _of roduct of Kaken
Phar mceutlﬁ?fggpgg%g{\%&% %ﬁar se onto &% %%Olb???’écgt%lfn SUry
gel at i #0yel bpai ¢ irollawp epitisgieseals |amutri®@1azb;mﬁadeemwed PodnuhyXi it Be antiosechas

al l oned to stangdoat f % i el
particles. éZ%IBP(I?ep%%g%o‘?]éB%hb%foggbgﬁggng%rﬁgﬂég. % nlgaggtﬁ%%(g%) | agen

hydr ochl or i ?Heso+%§?%hn(p@+23ml }dQBmMS%@WF]FeQa‘éFOIL 8ppotachinn0 rpm
for 60 m nul?§oﬂ§mégaﬁdl‘@f/fd}@l@f@ﬁ\@dchogﬁgﬁ?l d€herdhe foaned sol ution was

RSB R e e Nl

crossl i2%i ngegadigdrs égpressed mod 6n29’oogi tharalrdeltedef proximal tubular
epithelial cells but also on the surface of parathyroid
(parathyroid gland) cells, epithelial cell layers in placental
intervillous spaces, epididymal epithelial cells, type II
alveolar epithelial cells, mammary epithelial cells, thyroid

30 gland vesicular cells, ocular ciliary body epithelial cells,

and so forth. Thus, these cells may be mentioned as megalin
expressing cells. Among the cells mentioned above, proximal
tubular epithelial cells collected from the patient’s own
remaining kidney are most preferably used as the megalin

35 expressing cells.



-~ 30 'solution in 0.05 Macetic acid at 4C for 24 hours, and the nol ding was
washed wi th phosphat e-buffered physiological saline (PBS) (pH 7.4) and
imrersed in a 15% aqueous et hanol solution. The nolding was rapidly frozen
at- -135C, then lyophilized (48 hours) , and sterilized with ethyl ene oxide
gas 35 to give a collagen sponge sheet. 16 (3)

Subcut aneoust ranspl antati on of negal i nexparessing cells The bFG-- cont ai ni ng
gelatin gel particles obtained as descri bed above under ( 1) were
suspended in 0 .15 nL of PBS, and 5 the suspension was inj ected into the
col | agen sponge dheEhe(cealls wikhmeyadiyn epparpegd £3 Hes srirfag cabrrechder

(2) using aydidh S itBgBe (Wddn i3 286 pegdt ede e nePeRE8chReBlivd@Sion,
i npl anted i 5-week-ol d fermal e nude npuse (BALB/ cA Jcl-nu; CLEA Japan)

to a f
subcut aneoust§* O AP UIPLRF L QR LR IdhesPhek? athg HUPRY FiyreA QRS
i nhal at i on. m&nel ive elxplratsarinowbehl anyicagehepstient be spongehshestryas,
pat hol ogi c onf.i D f | | pensjon_ptepared b
suspendi%ngazlf jé/l%e IH(Jgeﬁrasig.voe% qlsgglmrﬂﬁéﬁ%ly%lx%%gggiégﬁ E%J“Fg?géﬁn%%r %%?Ye? L2
cel l's) cul t fyem dtedal Dl dross sinvbdiefli ke fZagl ¢heSpatdenth Okl FEme other

TECHNOLOG E&rgﬁﬁ%e ReGIGAd €, d&@,lsUéébaﬁq%pbﬁnﬁggsﬁiW &tbf@sasion

(vol/vol) neonatal bovine serum and now carrying nmegal rn expressed on the
surface thef@dteqivesBSromngnipedadipserpyeaainy ekted Hom sheneatpenge
sheet usingoA sbrd osM&k e oM b Ferk8Eriasde)atdet ratesihles, andfat e

nmouse. . Two 20 weeks after. ce|ll 1njection, en the cell phyma had. a | ongest
i aner db"or SRet EEhin e @ ST1E e 1R Thsial e Re it Cend S abnvpeple o2

surgi cal |l y exeilsidde byohmdheitgraia £ exiedet itdern angsktbéei as tthdmengoadbefit a
renal insufficie e_ ] : me I L2.¢cells

transpl ant e%éﬁgsgg%%%?%dé f%é%&%iﬁ%@ Exé?r%f‘g?éfrh% s%?r(gl% %)%ae%ur e as
in the aboveethedp|whiph dus |lovevn eicddte tardt. t Heabékl asushense bhodest not

injected buyi PRS-ahongt ¥6S iﬂ&@&ﬁfgnigig,tbsrc&mgf@, SPROGR. EhEgt I n the
30 in the above, Exanple. (Test Exanple) The mce in a renal

stage (3) : . EX¢ ; ;
nout f ' enyRE 4E ERAsA OB AT nRadt AT RN himheP dedeRThRY aBRYEANES EXERDI €
and Conpar ahévko&Exesmp £i Sbnyet@caubi est ent 0itheof bl opéNUs | eshd. the 17 (1)
~i 2-M croglobﬁllg %groduct of _Oriental Yeast Cb.% maé £z?IFgabeled usi ng
| ODOGEN ( pri8atide of OBP et 139 VAR P8 dPHER | BHY GO el §pecf FFECREL Vi ty of 6
X 103 cpnl ngeppetature TherégShré abel edr AaRd nosast tic| ptedswréh PBS
containing 0.50 i f al ] t .Gon i
ng/ uL. The IzSI_Ia‘%ﬁ£J§E§§¥%$%EF§5ud?ﬁ%g§§%§J%bgl%ﬁtﬁggé??bo%g%?%iééd
adni ni t%r eenttdiesen folcer5the aeat Fentes cemakeil hsud ¢ dxafer mdtaomehine oned
above and, ff@é»éﬁ&@ﬂutl%tﬂﬂgefeﬁ%l%%%ifl@t the ckheas; ypndlnedn belew pdafi ce
wer e sacrlfkce b¥ genera% gerfu3|on 10 with ph%5|olo ical saline at" 3, 6
or 14 hour s”3F FRFTHARE ni SPRYL #6R BYefShpPL YpRPRAR PBORImal tubular
epithelial cells and/or human proximal tubular epithelial cells
with megalin expressed at a high level as a result of gene
25 transfer.

As for the non-megalin expressing cells, highly
phagocytic macrophage-like cells derived from the patient’s own
peripheral blood are preferred from the easy technical skill
viewpoint.

30 The expression of megalin is preferably caused by gene
manipulation.

Now, the method of constructing an intra-corporeal
artificial kidney having the function of metabolizing protein
according to the invention is described.

35 The intra-corporeal artificial kidney according to the
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impregnating the same with a solution containing the growth
factor, or the method which comprises impregnating the hydrogel
as prepared with a growth factor-containing solution without
30 drying the hydrogel or, further, the method which comprises
causing the growth factor to occur in the starting solution for
preparing the hydrogel.
The angiogenesis promoting growth factor-containing
hydrogel can be injected into the sponge sheet using a syringe,
35 for instance.



- 19 1 NDUSTRI AL APPLI CABI LI TY The artificial kidney having a function of

nmet abql i zi ng protein, according to the invention, can function in vivo and
5 is-useful in inproving the renal insufficiency patient's QO.. 10 15 20 25
30 35 20 CLAIM5S 1. An intra-corporeal artificial kidney having a function
of nmetabolizing protein 5 which conprises, as constituent elenents, a
sponge sheet with an angi ogenesi s pronotiang growth factor-containing
hydrogel injected therein as well as cells with nmegalin expressed on the
surface. 10 2. The artificial kidney according to Caim1, wherein the

angi ogenesi s prodBﬁfo%ﬁQW&lﬁ#Qﬂnﬁhe|§ﬂ§ﬁ¢ﬁ§ﬂ@£1$tnrﬁmqﬁin@r@WWWtﬁactor

(bFGF). 3. E@@t@f%éﬁgé%lﬂfgd@ r&s@w&'ﬁagfé? 1% me tie &Qﬂ i pithe bFGF
Fa

i's human bFGF % pduced by genetic engi neering gues. . e artificial

ki dney accolg?hygt &*E5E efi OW%FHrtfﬁé‘rehy’éﬁ%é@Pnl% ahert d-tsl hmeéimt?@

into a living body subcutaneously or some other site for

5 utilization thereof. The implantation of the sponge sheet may
be made after injection of the angiogenesis promoting growth
factor-containing hydrogel thereinto, or the sponge sheet as
such may be implanted, followed by injection of the hydrogel
thereinto.

10 The intra-corporeal artificial kidney of the invention
can be constructedby injecting the cells withmegalin expressed
on the surface into the sponge sheet implanted into a living
body with the angiogenesis promoting growth factor-containing
gel injected therein.

15 The cells with megalin expressed on the surface thereof
can be injected into the sponge sheet using a syringe or a
microcapillary, for instance.

The timing of the injection of the cells with megalin
expressed on the surface is not particularly restricted but,

20  for securing the adhesion and propagation of the live cells with
megalin expressed on the surface, it is desirable that the
injection of the cells be made after the lapse of a necessary
number of days for angiogenesis after implantation of the sponge
sheet with the angiogenesis promoting growth factor-containing

25 hydrogel injected therein or after injection of the growth
factor-containing hydrogel into the sponge sheet implanted in
advance. The necessary number of days for angiogenesis depends
on the angiogenesis promoting growth factor employed and on the
properties of the hydrogel. When a bFGF-containing,

30 alkali-treated gelatin gel is used, for instance, the number

of days is generally 3 to 8.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a graphic representation of the data concerning
35 the uptake of '*°I-labeled B2-m in several tissues in Example



. 5. The artificial kidney according to Claim4, wherein the gelatin gel is
mai nl y conposed of a gelatin species having an isoelectric point of 4.5 to
5.5. 25 6. The artificial kidney according to Claim1l, wherein the sponge
sheet is made of collagen. 7. The artificial kidney according to Claima1,
wherein the cells with nmegalin expressed on the surface 30 are human
proxi mal tubular epithelial cells and/oritshuman proxi mal tubul ar epitheli al
cells with megalin expressed on the surface at a high | evel by neans of
gene transfer. 8. The artificial kidney according to Caim1, 35 wherein
the expressPBA GRAGHTe Exagplesul ¥ndthgdagure2 1thefioduloatinens ymboAs
method of cepstayedt nBranspilt anganpeEakoAtt i T behBhrkt d98VERANpNE; t he
function of netabgll€|agﬁgiﬁteln 5 which conprises u5|ng a sponge sheet
with an angFb@RRBRSPRURAoRABLE nERYPewM h' f ALVBF: cBat APRINgHRYBRBEEF $hj ect ed
therein as wktleaslcmlbkslwith nmegalin expressed on the surface. 10. The
met hod construgting,an_ artificial_kidney_10 according to Claim9, which
conpr i sggs the st e%l%f ?nfect i RhE SRR e Jr%%e%gspge p?%%h%gogrowt h
f act or - cont 8PArpglhigdryganidat ged spengeopheeetithenslgpisfosubcut aneously
i npl anting tdhe_ qﬂgq&- L} echi e it l'in
expressed on_?hgggﬁgggce 151Pg?gp%ﬁgt?§§pg%§ggggggésgqgﬁé%%fl%a.H¥ﬂggﬁethod
of constructifgran &R¢ifanasapr Ik BAEyeaEE¥rdYnECE dhd fiohlovingesamnlene
angi ogenesi sapeonpt 11g-gapwt Bdf petRruksabFGE. 130riger1R6nBRE hOd oOf
const;;ﬁ}ln%g%n artificial kidney according to Claim 11, wherein the bFG-
is hu bFEE™pPOALERHBY - geneti ¢ engi neering techni ques.

Lane 2: Homogenate of a transplanted cell phyma recovered after

testing.
Lane 3: Blood collected from a cell transplanted mouse after
testing.

15 Fig. 3 is a graphic representation of the results of

radioisotope counting of trichlorocacetic acid (TCA)-caused
blood precipitates in Example and Comparative Example. In the
figure, the following terms are used:

control group for Comparative Example;

20 transplanted group for Example.

BEST MODES FOR CARRYING OUT THE INVENTION
The following examples illustrate the present invention
more specifically. These examples are, however, by no means
25 limitative of the scope of the invention.

(Example)
(1) Preparation of bFGF-containing gelatin gel particles
bFGF-Containing gelatin gel particles were prepared by

30 the method of Tabata et al. (Tabata, Y., et al., J. Biomateri.

Sci. Polymer Edn., 10: 957-968, 1999). Thus, 10 mL of a 10

weight % aqueous solution of alkali-treated gelatin

(iscelectric point 5.0) (product of Nitta Gelatin), preheated

to 40°C, was admixed with 25 pL of a 25 weight % aqueous solution
35 of glutaraldehyde, and the mixture was added dropwise to 375



- 25 13. The nmethod of constructing an artificial kidney according to O aim
9, wherein the hydrogel is a gelatin gel. 30 14. The nethod of constructing
an artificial kidney according to Claim 13, wherein the gelatin gel is
mai nl y conposed of a gelatin species having an isoelectric point of 4.5 to
5.5. 35 15. The nethod of constructing an artificial kidney 22 according
to daim9, wherein the sponge sheet isisade of collagen. 16. The net hod of
constructing an artificial kidney 5 according to Claim9, wherein the cells
with negalin expressed on the surface are human proxi mal tubul ar epithelial
cel | s and/ okl tﬁﬂfgéﬂlp’reo?il#aﬁtt%l%m arltdpisthiainialg edl R85winth tredalnmnaewpo essed
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of constructln% an artificial kidney according to Claim9, erein the
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of acetone, and the resulting particles were collected by

5 centrifugation (4°C, 3,000 rpm, 5 minutes) and washed 5 times
by centrifugation in acetone. The particles after washingwere
maintained in 100 mL of a 100 mM aqueous glycine solution
containing 0.1 weight % of Tween 80 at 37°C for 1 hour to block
remaining unreacted aldehyde groups of glutaraldehyde origin.

10 The thus-obtained crosslinked gelatin particles were washed
twice by centrifugation in distilled water, then lyophilized,
and sterilized with ethylene oxide gas. After 24 hours of
swelling in water at 37°C, the gelatin gel particles showed a
water content of 95%. The particle sizes (diameters) were

15 measured under an optical microscope and found to be 60 to 130
pm. A 10 mg/mL aqueous solution (10 pL) of recombinant bLFGF
with an isocelectric point of 9.6 (product of Kaken
Pharmaceutical Co.) was added dropwise onto a 2-mg portion of
the dry gelatin gel particles obtained in the above manner, and

20  the whole was allowed to stand at 25°C for 1 hour to give
bFGF-containing gelatin gel particles.

(2) Preparation of a gel sponge sheet
A 0.3% atherocollagen hydrochloric acid solution (pH 3.0)
25 was stirred at 1,800 to 2,000 rpm for 60 minutes using a
refrigerated homogenizer. The foamed solution was cast into
a mold, rapidly frozen at -40°C, lyophilized for 48 hours, and
further dried at 105°C under reduced pressure for 24 hours.
Then, crosslinking was carried out in a 0.2% glutaraldehyde
30 solution in 0.05 M acetic acid at 4°C for 24 hours, and the
molding was washed with phosphate-buffered physiological
saline (PBS) (pH 7.4) and immersed in a 15% aqueous ethanol
solution. The molding was rapidly frozen at -135°C, then
lyophilized (48 hours), and sterilized with ethylene oxide gas
35 to give a collagen sponge sheet.



. A3?2. AyUR A3R Ay9, . A

AU9, . AA9, . AA" L A AyUL, . Ay9, . Al&e. AU. AAL. AyU . AyUL. A9, . AA9, . AAQe. Ayl9, . Ay&?.
AU&np ? On;

=uB7{vqgl ga\ W ca] caU] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caU] ca] ca] ca]ca] ca]ca]c: a]ca]ca! Y&&&( ((*2-..0033(Ac4566B8: 5;
====>T?BUC"' EbE{ upkf a\ W ca] ca] ca] ca] ca] cald] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca! bEeEGUWNUUY( W X\ \ \ cCdRd;
ffghjj kn9oorrrvwwx}xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! xyy

| | } ~91 0>ADGI3BV] ts@dyewihatadd£akaa Hfahﬁe]aﬁ%ﬁaimkijmﬁ] @Jg@ipﬁica\/]c
C

| @& ~ mh
Jeateston e el el el sl e T e
ca] ca] ca] cajiesa¢ciped|aajvealindkeal I:)ameb@ ygdpemded in 0.15 mL of PBS, and :
~& () - 10 OW

@1((33/& ) b/%%%e]“ %%é%&% ) {1 YR CPPE D SRPTY6#1B8BRe Y ) - M &

y9#10% &' (¥-IVK| §#9. @MIUSbE 3 inve g M sy ﬂEBWE&e@)aH&/ﬁ#@{Mddry#lﬁ)%?s:(r)q AL IORR' () -
2X6(1: 11 C ye 1oo;£@& TN role T 1ol IR Sb vee mabeares.
#10%&() LQFPE51wq§kaﬂdfem udemouse B/cAJCl nu,CLEAJapan
subcutaneously on the dorsal side under anesthesia by diethyl
10 ether inhalation.

One week later, when angiogenesis in the sponge sheet was
pathologically confirmed, 0.15mL of a cell suspension prepared
by suspending the cell derived from rat yolk sac epithelial
cancer cell (L2 cells) cultivated in Dulbecco’s Modified Eagle

15 medium (LIFE TECHNOLOGIES, GIBCO BRL, Rockville, MD, USA)
supplemented with 10% (vol/vol) neonatal bovine serum and now
carrying megalin expressed on the surface thereof in PBS (1 x
107 cells/mL) was injected into the sponge sheet using a 1-mL
syringe (with a 23G needle) under anesthesia of the mouse. Two

20 weeks after cell injection, when the cell phyma had a longest
diameter of not shorter than 2 cm, both kidneys of the mouse
were surgically excised from the dorsal side under anesthesia
to bring about a renal insufficiency state in the mouse. No
metastasis of the L2 cells transplanted was observed.

25
(Comparative Example)

The same procedure as in the above example was followed
except that the cell suspension was not injected but PBS alone
was injected into the collagen sponge sheet in the stage (3)

30 in the above Example.

(Test Example)
The mice in a renal insufficiency state as obtained in
the manner described above in Example and Comparative Example
35 were subjected to the following tests.
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gave a specific activity of 6 x 10° cpm/ng protein. The
'?°I-labeled P2-m was diluted with PBS containing 0.5% bovine
5 serum albumin (BSA) to a concentration of 11 ng/pL. The
'?°1-labeled B2-m (2.8 1g/250 pL) was intraperitoneally
administered to each of 15mice in the renal insufficiency state
mentioned above and, for evaluating the mice for the items
mentioned below, 5 mice were sacrificed by general perfusion
10 with physiological saline at 3, 6 or 14 hours after
administration of !?°I-labeled B2-m.

{2) The transplanted cell phyma, heart, lung, liver and
skeletal muscle were collected from each mouse after sacrifice,

15 and the tissues/organs were weighed and subjected to gamma ray
counting in Eppendorf tubes. The results thus obtained are
shown in Fig. 1.

Fig. 1 is a graphic representation of the data concerning

the uptake of '*°I-labeled B2-m in the tissues in Example and

20 Comparative Example. The ordinate denotes the '2°T count per
unit tissue weight. The '?°I counts in the transplanted cells
were always significantly (*: p < 0.05) higher than those in
the heart, lung, liver and skeletal muscle, irrespective of the
time of measurement. On the other hand, the '*°T counts in the

25 heart, lung, liver and skeletal muscle failed to show any
significant difference between Example and Comparative Example,
irrespective of the time of measurement. These results
indicate that '?°I-labeled B2-m had been efficiently
incorporated into the transplanted cells.

30
{3) Furthermore, the transplanted cell phyma was homogenized
in Laemmli sample buffer supplemented with 2% B-mercaptoethanol
using ULTRA TURRAX (IKA LABORTECHNIK, Staufen, Germany), and
the homogenate was subjected to SDS-polyacrylamide gel

35 electrophoretic analysis. The results thus obtained are shown
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10/ decomp051tlonproducts (hltheot er han ,lethebloodsample
from a cell transplantation recipient mouse, there were
10 observed, in addition to the decompositioh products, f2-m
concatemers in larger amounts than in the transplanted cells.
These results can be said to indicate that the radioisotope
count in the transplanted cells are not due to impurities in
the blood but due to decomposition of P2-m incorporated into
15 the transplanted cells.

(4) Furthermore, blood was collected from each mouse after
sacrifice, a 10-pL portion of the blood sample was mixed with
415 nL of PBS containing 1% BSA, the mixture was then mixed with
20 75 pL of 100% trichlorocacetic acid (hereinafter, TCA) to
precipitate the undecomposed protein. The precipitate protein
was collected by centrifugation and counted using a gamma
counter, and the level of undecomposed '?*I-labeled p2-m in blood
was thereby evaluated. The results thus obtained are shown in
25 Fig. 3.

Fig. 3 1s a graphic representation of the results of
radioisotope counting of TCA-caused blood precipitates in
Example and Comparative Example. At 6 and 14 hours after
administration of **°I-labeled p2-m, the radioisotope counts in

30 the TCA precipitates from blood decreased significantly (*: p
< 0.05) in Example as compared with Comparative Example. This
indicates that '?°I-labeled P2-m was decomposed in larger
amountsinEkampleascxmmaredwithCémparativeExample,namely
that the transplanted cells were producing the function of

35 metabolizing protein.
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1. An intra-corporeal artificial kidney having a
function of metabolizing protein
5 which comprises, as constituent elements, a sponge sheet
with an angiogenesis promoting growth factor-containing
hydrogel injected therein as well as cells with megalin
expressed on the surface.

10 2. The artificial kidney according to Claim 1,
wherein the angiogenesis promoting growth factor is a
basic fibroblast growth factor (bFGF).

3. The artificial kidney according to Claim 2,
15 wherein the bFGF is human bFGF produced by genetic
engineering techniques,

4, The artificial kidney according to Claim 1,
wherein the hydrogel is a gelatin gel.
20
5. The artificial kidney according to Claim 4,
wherein the gelatin gel is mainly composed of a gelatin
species having an isoelectric point of 4.5 to 5.5.

25 6. The artificial kidney according to Claim 1,

wherein the sponge sheet is made of collagen.

7. The artificial kidney according to Claim 1,
wherein the cells with megalin expressed on the surface
30  are human proximal tubular epithelial cells and/or human
proximal tubular epithelial cells withmegalin expressed on the
surface at a high level by means of gene transfer.

8. The artificial kidney according to Claim 1,

35 wherein the expression of megalin is a result of gene
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as well as cells with megalin expressed on the surface.

10. The method of constructing an artificial kidney
10 according to Claim 9,
which comprises the step of injecting an angiogenesis
promoting growth factor-containing hydrogel into a sponge sheet,
the step of subcutaneously implanting the sponge sheet, and the
step of injecting cells with megalin expressed on the surface
15 into the implanted sponge sheet.

11. The method of constructing an artificial kidney
according to Claim 9,

wherein the angiogenesis promoting growth factor is bFGF.
20

12, The method of constructing an artificial kidney
according to Claim 11,
wherein the bFGF is human bFGF produced by genetic
engineering techniques.
25
13. The method of constructing an artificial kidney
according to Claim 9, '

wherein the hydrogel is a gelatin gel.

30 14, The method of constructing an artificial kidney
according to Claim 13,

wherein the gelatin gel is mainly composed of a gelatin

species having an isoelectric point of 4.5 to 5.5.

35 15, The method of constructing an artificial kidney
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wherein the cells with megalin expressed on the surface
are human proximal tubular epithelial cells and/or human
proximal tubular epithelial cells withmegalin expressed on the
surface at a high level by means of gene transfer.

10
17. The method of constructing an artificial kidney
according to Claim 9,
wherein the expression of megalin is a result of gene
manipulation.
15
20
25
30

35



