28 COctober 2005 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 SAWE cRicbeFbbl{CAL FI ELD
The present invention relates to an artificial kidney having a function of
. metaboli.zing protein which conprises, as constituent elenents, a sponge
sheet with an angi ogenesis 10 pronoting growth factor-containing hydr ogel
injected therein as well as cells with negalin expressed on the surface,
~and to a method of constructing the sanme. BACKGROUND ART 15 In Japan, the
treatnment of termnal renal insufficiency consists mainly in henodialysis
t herapy, since the nunber of domoscripetifgnal transplantation. is small
However, the henodialysis therapy, too, cannot fully conpensate the
original renal functions, so that various conplications are caused, 20
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BACKGROUND ART
15 In Japan, the treatment of terminal renal insufficiency
‘consists mainly in hemodialysis therapy, since the number of
. donors for renal transplantation.is small.- However, the
hemodialysistherapy,too,cannotfullycompensatetheoriginal
renal functions, so that various complications are caused,
20 impairing the quality of life (QOL) and vital prognosis 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 texin proteins, causing various pathogenic
conditionsf A typical example therebf is dialysis related
‘anyloidosis, which is due to the accumulation of B2
30 microglobulin (B2-m), and it causes osteoarthropathy and/or
organ failure. Furthermore, in hemodialysis patients, AGEs,
which are modified proteins resultlng fronlglycatlon, are also
accumulated, resulting in arteriosclerosis and/or organ
damaging. In recent years, the hemodialysis membranes and

35 hemofiltration techniques have been improved and $2-m




28 Cctober 2005 2 adsor ption colums have been put into practical use.
However, these have their limts and, therefore, it hasghmemnedesss ed t hat
an artificial kidney capable of continuously and satisfactorily

. . conpensating the function of nmetabolizing protein be devel oped. 5 To neet

“such demand, systens utilizing cells have been devel oped for conpensating
the function of proximl tubular cellss. For exanple, Hunes, HD et al.

- (Nature Biotech. 17, 451-453 (1999)) reported an artificial kidney which
conprises ~ a henofilter in conbination with a hollow fiber module with 10
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ubular cells, and Saito, BAkira et al. {44th Meeting of the
Japanese Society for Dialysis Therapy {1999}) reported 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 provideés 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 herelnabove- The invention further
prov1des an artificial kldney having the function of
metabolizing protein by utilizing the functions of megalin
which lncorporates Jow-molecular~weight proteins, hormones
and so forth into cells by binding thereto.
- 30 " Thus, the present invention relates to
an intra- corporeal artificial kldneyrhav1ng‘the functlon
of metabollzlng protein
which comprlses, as constltuent elements, a sponge sheet
with an anglogene81s promoting. growth factor- contalnlng

35 hydrogel_lnjected,thereln as well as cells with megalin, which




wi th an angi ogenesis pronoting growh factor-containing 35 hydrogel
injected therein as well as cells with negalin, which 2830:dRero@d05 i s ‘an
endocytosis receptor playing a central role in the protein netabolizing
function of proximal tubular cells, as expressed on the surface of the
cells. The invention also relates to 5 a nethod of constructing an
intra-corporeal artificial Kkidney haw ng the function of netabolizing
protein which conprises using a sponge sheet with an angi ogenesi s

pronoting growth factor-containing hydrogel injected therein as well as
cel | s-wi £R HeGRAPRYEQFAEsReE TPt hé ayiniee eerd( sHurd herinbtiee pihde dimvent i on

rel ates nettbeabovg ritbofbRlo £ RRvIEN RALAN M LLT| 61 ol K dney. whi ch
conpri ses tgﬁ step of injecting an angi ogenesrs  promdtity GOV
f act or - cBht &Pfi AYTAFAP0gEl thAt 62418ponge sheet, the step of subcutaneously

i mpl anting t heTspongeesteeh, abssdl +8ea&Bsstgp of injecting cells with

megald n expressed on the surface .into the inplanted sponge sheet.
Furt cher nor e, t%gm?%\l/%%ﬁfoﬁor[ﬁ U @A 16w carBomedilabrkiidaeyadnd t he

net hod okideewshauétngnghehfunsaien 20 wherBoblihagapgbeagnesi s pronoting
growm h factor |;s; .G st.growh factor (bFGF);, the bFG- is a
hunan bFGF produgg%ngﬁégﬁgﬁﬁ%gg%gﬁhgg?Pﬁa:ﬂygﬁﬁﬂﬁﬁgé§3a%ﬁé°ﬂ§8?§@él is a
gel ati n REPLODENg HErgetatfias tget-dan traiming donbused dhjacgedatherspaci es

havi ng assiweEl egsrt€1 P9I iR mdy2110 éxé'egggdSBRHQR sDegk,Lg made of
colh%genﬁ tqﬁ cells with pmegalin” express 5 on the surtace are- human
prosiomal TR LR EPOED t Haf i Wi VeREiQn ahalakesukan proxi mal tubular 30

epi thelial celtise validvaregaltidy expressedrdét endi &0 JeVEE: BYaeaNge Of gene
transfer; and/vﬂ[iéﬁ]eco?n)gar[iessess! Qir}leOfstrIae[;gaA% nirlljsegtirgg? uallrtl a()r];ggoe;(aegéscis
_ promotinggrowthfactor—containinghydrogelinmaaspongesheet,
the step of subcutaneously'implanting'the sponge sheet, and the
15 step of injecting cells with megalin expressed on the surface
.into the implanted sponge -sheet.
Furthermore, the invention relates to
the above artificial kidney and the method of
constructing the same, N
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}

s

25 . the gelatin.gel is mainly composed of é gelatin species
having an iéoelect;ic poiht'of 4.5 to 5.5;
the sponge sheet is made of collagen;
| the cells with megalin expressed on fhe surface are human
proximaltubularepithelialcellsand/orhumanproximaltubular
30 epithelial cells withmegalin 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




mani pul ati on. 35 DETAI LED. DI SCLOSURE OF THE | NVENTI ON 28 Cctober 2005 4 In

'the followi ng, the present invention is described in deg@acobelB6os

intra-corporeal artificial kidney having the function of netabolizing
protein, according to the invention, 5 conprises, as constituent el enents,
a sponge sheet with an angi ogenesis pronoting growth factor-containing

‘hydrogel injected therein as . well as cells with negalin expressed on the

surface. As the angi ogenesis pronoting4growh factor to be used 10 in the
practice of the invention, there nmay be nentioned, anong others basi c
fibroblast growgh t éﬁg% |c fibrobl ast.growh fact aFGr)
epi der nal growth fEa%%o?ﬁJ( . t'Eﬁirllr‘:—:a SEOFM bniﬁ?%éd’%nfja%tdcﬁ'scif i),
vascul ar 9e&adédt-he"li al. gromﬂh factor (VEGF), platelet derived growh
factor-BB 15 (PRRE- BBk raa8d-pepahecyle:@iauth Laghay AEGTL, Lhethe practice
of the inyention, the above-nentioned angiog ene5|s pronD an gromﬁh factor
may conpr iF-SBCERENSP At akaldd i @rot edanbrAsereanefia tlaudavieny iof,

speci €. Eumphesseleas tbnbslahéﬁtpéiémﬁbﬁstOaCQﬁBh?SdEMeE§ew§EHtQﬁr
20 Fromthe vie nor e ent growh activity

bi oacti ve nt. o
-exh|b|t|onkggé%ﬁn §ha-PDEEMBBI dn8hY gbhé?§t°5rQOBEéFQFPthﬁﬁﬁﬁQGlthe gr owt h
factors ménfrohed. thebovien aBuwe heramre ]l 1BRECH afegaluhi 6%pye decknawkrdge as

an angl oggfieshscpromoting factor has been accunulated, is one of the
grow h factors used nore 25 preferably.. The bFGF mhlch is to be used in
t he practice ofAﬁh%he|%ﬂﬂﬂﬂ93ﬂﬁﬁkﬂﬂnnnnptimgspﬁnﬁésfextnactedbéruseduch

or gans or inttissyes cas ckher u n , and
“placenta, lEone 5 ?IXC Qhk iﬁaé%ﬁgé?hd? %%@h@_ , %ﬁ?% ro%ﬁgsts,
the speci® ﬁ?%d 2L by gﬁﬁ%bb%ﬁétgéoﬂﬁélﬁééFPﬁg bF@Ehnlaqéél@s gene

~ reconbi nafioneb hesit kireatthofsc ofr t(hes®,) ,a0sidermal growth factor (EGF),

‘transforming growth factor-a (TGF-«), vascular 5enmﬂhdml,
growth factor (VEGF), platelet-derived groﬁth factor—-BB

15 - (PDGF-BB), and hepatocyte growth factor (HGF)

In the practice of the 1nventlon, the above-mentioned
angiogenesis promoting growth factor may comprise one single
species or a combination of a plurality of species. Furthermore,

| it is also possible to combinedly use anothe.r bioactive factor.

'20 - From the viewpoint of more potent growth activity

' exhlbltlon,bFGFandPDGF BB, among others, are preferred among
the growth factors mentioned above. Furthermore, bFGF, of
which wide knowledge as an angiogenesis promoting factor 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 geﬁetic engineering
teghniqﬂes 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 particulafly preferred from the quality and stable supply

35 viewpoint. The modifications mentioned above include, among




ot her species acting as fibroblast growh factors. Among them  human bFGF
speci es produced by genetic engineering techniques arsg; gabbdcifodr!y
preferred fromthe quality and stable supply 35 viewpoint. The
~-nodi fications nenti oned above include, anong 28 Cctober 2005 5 others,
derivatives of bFGF species obtained by extraction or genetic engineering
techni ques as derived by addition of an amno acid residue or residues to
the ami no acid sequence. of the bFG-, substitution of an ami no acid
residue or residues for 5 one to sone am no acid residues of that sequence,
or del et¢@rersf dons viag iswwe odnbROFasp et €5idhiesi rifd thakxseguenss. oi-n the
practic he 1.nventl i i ossible to use these bFG- species singly
or.in a ﬁ?%‘%éﬁl%éeﬁg} c‘{?é(:rgn%?u?%ea? n‘%%’ﬁ{‘f%%,b¥ I"Féd‘%yﬁlr%ecfgi%nused 10
t o' mai Nt B 1gh giesdeliec ogf frestidufest e ahgi egenesisigr saghémge @Ff ow h
factor aam srged $iesei fubYodr Iy deheasy Lpkito the
sur rgundi ng% tﬁgreOf. . The r%@v%ggr%%ﬁﬁ%fa?%?epﬁ?/%@%%é# ?%Egﬁgeﬁr%@fi ce of
the i nf8Ht i"OnSPREI BB g Sthlies qloltyedcehankdes, sor Heaket ildn |
cel | ul osef cexttcaBomaganese, apukl vbanduskabehtnhyakugaphecacid, @lginic

as

-acid, Cgﬁf#{kiﬂ]d it osan,. and pol ysacchari de derivatives suc
hydr oxyet iyl cell José arld vy ymet iyl RIS tholsmiirseadiBEF such as

pol yasp@rtedd esaciiag poloyglint sdnci sanik and pol yl ysi ne; -pol ypepti des such as
20 gel atin, cel|l n LhE ] d._gluten; nt het.i c .pol ymers havi ng.

hydr ophi lic s?geegﬁa%)ﬁgsg%g%sgﬁsﬁg %Igv%% %@?hy‘fh%l&cﬁ%??e pol V&Y 1 ani de,
pol 31 nyoprt et il e poigeenidedifestthgE threthatoybaes)s mpainotimg  net hyl
ether, el \iaebacebariadela Upel; | ¢,aG0 01 RPN SQAYLY ! gne- nal ef i ¢
acid), ° ol 85 acryl am éllo- 2- m%ﬁ%?gn%ﬁﬁ%rﬁl e%l(f)sd%qq@/ CHAE
pol yacr fj;lsa(‘f%?ﬁ)r/ PhRedbitr GHFEORSOd R g50lAREAATSUI f oni ¢ aci d, e
po: y(met hacr yThy| oxy eiidiyd r TRIBLEF HHE 0 yAPERIRIUANCHhONp H8dtice of the

pol yvin

pol (N EBHREERYT 1R vemac namryostasyernpopeeshminsg gych a5
_ _ e,dextran,agarose,pullulan,starch,hyaluronlca01d,
- alginic acid, chitin and chitosan, and polysaccharide
- derivatives such as hydroxyethylcellulose and
carboxymethylcellulose; polyamino acids such as polyaspartic
acid, polyglutamic acid and polylysine; polypeptides sﬁch as
20 _gelatin,collagen,fibrinznuigluten;syntheticpolymershaving
hydrophilic side chain groups, such as polyvinyl alcohol,
polyacrylamide, polyvinylpyrrolidone, poly (2-hydroxyethyl
methacrylate),polyvinylmethylether,poly(N—vinylacetamide)t

polyaérylic acid, poly(isobutylene—maleic-acid),

i

25 poly{2-acrylamido~2-methylpropanesulfonic acidj,
polyacryloxypropanesulfonic acid, polyvinylsulfonic acid,
poly (methacryloyloxyethyl-quaternized ammonium chloride),
polyvinylpyridine and , ' |

| poly(N,N—dimethyl"N—(Z—methacryloyloxyethyl)—N—(B—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'plurélity of

35  them may be used or they may ble used after further modification




30 yl) ammoniuminternal salt); and synthetic polyners whose main chain
itself is hydrophilic, such as polyethylene glycol, pobyei-@xelae and

pol yet hyleneimne. In the practice of the invention, these materials may be
~used singly, ‘or an appropriate conbination of a plurality of 35 them may
be used or they may be used after further nodification 28 COctober 2005 6

w t h anot her conpound. Anobng the ram/?aterials of the hydrogel nentioned
above, such polysaccharides as cellulose, hyaluronic acid, alginic acid,
~chitin and chitosan,. such pol yam no acids as polyaspartic 5 acid,

pol ygl ut aith aﬁbdh@ﬂdc@ﬂbyhﬁgine and such pol ypeptides as gelatin,
col | agen and f!br among ot hers, are_bioabsorbable, hence are preferred.

In particular, S F? Pt etabt Pusse RYSRPene NaEivied a@p‘f@asy

. processabhthtgolpéacohaﬂieeanae oéliheobeoabl/hViukry¥net Gheqgr aWghinfiact or
cont ai ne 0 f i co iti.on rate radual rel ease of t he
“growt h g%%o(?ﬂqagﬁa¥&ﬁ¥ﬁhy ?1 %ﬁgﬁﬁé&dﬁvmgﬁbﬁggpﬁﬁﬁspp VYRGPartic

ok gani sr@@lé‘ﬁt el el U ageie @@@pndm@hybyﬂleer emtdrentchipbh yaep tadied - o
al kal i, éD§Eﬁﬁceco§PQgéﬁe§n&Offﬁ&iﬁCt5ﬁ9mﬁnEQh%%she%%lng using warm

wat er . In t actjce of "the invention any “t hose gr ades of
gel atin Qe s l%a epe hance apganefinredn Ba p3etiaki Aoutgamt paisi cul ar

i nit at i prefésabbyatsed Feos TAY vbﬂed@ﬁ@ih@"@ﬁl eaﬁéﬂab'roge%%tamlg_%yat b having
aci d-treated gelatin havi'ng 20 an

an isoelectric point nd

i soel ecterbigclll%%rllan C%tOfBQE‘SA@O&F%FlYJn‘—ﬁ Srickhe|reuh L agidecoBEainpd, used as

t he 1&ngi og@rdési s viromxcagpd Bict on raglek oy radigated galabirn i Fhoath :
i soel ect i o poj Nt of 4, 5to 55 is preferably used fromthe bFG-
retention VIE%@H_ since bFG- has an isoelectric point- of about 9 and
is positively a?rtg‘éﬁﬂ@w it r@éimarlalechquecméommm@nblvﬂmgt hernore, not

- only Onealstjaﬂglsﬁn cﬂﬁh&léd‘c%ﬁ@%'g%% Eataﬁ&é&p% asc[%e%f%u%fgﬁ“ ng in
_ ori gl n Or JJ‘ cp aslkaall,prfOprerfr;setsarlscué:, aarfd Sghenltlzétgitracgfgna{u!ﬁl J ht
15 heating using warm water. In the practice of the invention,

however, any of those grades of gelatin which are generally
available can be used without any particular limitation. As
such, there may be mentioned alkali-treated gelatin having an
isoelectricpointof4.5t0 5.5, and acid-treated gelatinhaving
20 an isoelectric point of 8 to 9, for instance. In cases where
DFGF is used as the angiogenesis promoting factor,
alkali-treated gelatin with an isoelectric p01nt of 4.5 to 5.5
.ispreferably used from the bFGF retention viewpoint, since bFGF
. has an iscelectric point of about 9 ahd is positively charged
25 . inneuntral 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 isoeleétric point may be used in admiﬁi:ure. Furthermore,
~ gelatin may contain another additive; for example, a polyanion
30 ‘compound may be added for prdviding'gradual release of bFGF,
- as disclosed in Japanese Kokai Publication Hei-08-325160.
When bFGF is used as the 4ngiogenesis promoting féctor-and
another hydrogel other than gelatin, such -as mentioned above,
is used, the hydrogel preferably Has a low :Lsoelectrlc po.m.t
35 from the bFGF retention viewpoint.




~and isoelectric point may be used in adm xture. Furthernore, gelatin-my -

~contain another additive; for exanple, a polyanion 30 -sggmeepafdmy be
added for providing' gradual rel ease of bFGF, as disclosed in Japanese

'Kokai Publication -Hei--08-325160. Wen bFGF is used as the angi ogenesis
pronoti ng factor and another hydrogel other than gelatin, such as
nmentioned above, is used, the hydroggl preferably has a | ow isoelectric
point 35. fromthe bFG- retention. viewpoint. 28 Cctober 2005 7 The
duration of the angi ogenesis pronoting effect can be varied by varying the
bi odegr adabi | iThye simd aweioer oﬁomeeratngci_fogté}%sfyg;rr@g@ltlhg @@félé@%afia%m t he

Factr JHe APV aLy L B R Lot A AR 1 TRERhT ekl PG PREwh Shel s
pref er aﬂbefjmel overbe hape®0% nore prefer ably 85 to 99% still nore |
P et ol Lo e O ST E e £ 21 d e B iR o L BBePep Sy the

hefollovmn.manner |S|nagr
vvate cAhBMLLn gE&WE@%ﬁ%@%\sth@Mw cwn[t@ptzaﬂonemmtbgel YEXREVW wher e

VD is theveidline iof wdeehyos ogebraf 481y ¥ophibizat tHQnaﬁg {;ang (pl acing
t he hydr eéera Sé,ll‘l cyl i nder and giving sical stinulus to
t he measpurl g eyt noertq o’ At o it d%%r%aER?ﬁ@rélPlt’h%th@I@@%L) and W is

the vol une of Thieewhyerogehteaf tvelo 24hkohya rotesWehh ig del cWali 8kqat n37C

foll oweqjgy f&&%ﬂ% Temen thod of neasuring VD and Vw conprises, for
ocedure of dropping the neasuring cyli nder from

exanpl e, Tepeating Msfn
20 &9hei ght omWh@l@oUBeﬁl cged Leddi pgytdm Vet foemphelne tiaeke ¢6nbent Nor e

change il woliB.aths fof ﬁé/ild‘,&p. droppi ng procedure nentioned above is
repeated about ][ Q.tinmes and, when there is no nore change in volune after
t

30 ninutes of “st'&ddiT ndOGtFFe (Wel o} /% deternined by reading it on the
scal e, sihere ¥pie thaevdRn@D HehbaguirSde f rrddie 1hydheggkat9oneifhe in

wat er. tapplng (placing the hydrogel in a measuring cylinder and glVll’lg
15 a phy51cal stimulus to the measurlng cylinder to attain close
packing of the hydrogel) and Vy is the volume of the hydrogel
after 24 hours of swelling inwater at 37°C, followed by tapping.
The method of measuring V, and Vy comprises, for example,
repeating the procedure of dropping the measuring cylinder from
20 a height of about 5 cm and reading the volume when there is no
- more change in volume. As for Vg, the dropplng procedure
mentioned above is repeated about 10 times and, when there is
. nomore change in volume after 30 minutes of standing, the volume
is determined by reading it on the scale, since some time may | o
25 be required for the hydrogé‘l to settle in water.
When the hydrogel is not granular, the water Content is
calculated as follows:
W (%] = 100 % (Wy — Wp) /Wy
where Wy is the weight (wet weight) of the hydrogel after 24
30 hours of swelling in water at 37°C, followed by removal of that
portion of water adhering to the hydrogel and that interstitial
“water portion which occurs among hydrogel particles by suction
flltratlon,‘ centrlfugatlon or the like, and Wy is the welght
{(dry weight) of the hydrogel after the subsequent drying untll
35 there is found no more change in weight.




When the hydrogel is not granular, the water content is calculated as
follows: w[ a] =100 x (WV- W) /WNVwhere Wv is the wepghiodobpgrei ght)
of the hydrogel after. 24 30 hours of swelling in water at 37C, ?ollome

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 Qr the like, and WE) i s the wei ght
(dry weight) of the hydrogel after the subsequent drying until 35 there is
found no nore change in weight. 28 COctober 2005 8 As a specific nmethod of

det er mi ni ng thEsWBEp@@igb&Jmﬁﬂﬁﬂ?ofmﬁyt@Emﬂﬁ@ﬁ?qgﬁgweEQwaﬁﬁﬁgpl%eﬂé
nmet hod con§r|S|Q%h | aci t he hydrogel on a ass filter,” suctioning the
~ hydr ogel @€ 2EpT %NQR S rrc tihy Be thad roriedisd #ige PA@Oiadshowi ng

the 5 retheumm@ebetmeeglhbe suctépn iuﬁel@ﬂﬂngkﬂlwm angsipgasuring

t he we suct i on ent of the
curve Ibg%%rigsﬁ eﬁfaécﬂﬁ @El%%rﬁg%gggg? w;er]yq rfT%%&fer?&e ﬁ'éFYigcﬁT%[Hr&/g &t ri ct ed
provﬁdedr?hail@néthtbﬂtW&enghhecanctbenatuwenadd bhe theghet haskdconpri si ng
dryi ng a&eésuﬁﬂﬂﬁﬁﬁky&@1§9t0$ffgg'ﬂ aﬁ%@@@f%?égc%ﬁggrt herhp

pressure can. be in a sinple easy manner wi fequtring any
particul %Fa%b‘f)‘éFé%ﬁjé:hel RUERS 2eGpRe @ Sdekﬂih’bosﬁheomebhodtmférdryph@mmna may

‘be i nducedlt py rdriyiuig raty selshr 8ctEARIAI L thAe a E@ﬁgﬂhﬁﬁ%éﬁgﬂf ¥LAg under
such _as |yophilization, can

reduced pr ur.e a o) eratyre,

al so be %%ﬁﬁ%&ed“x£T§3Eh€@?3ﬁgﬁCI c8396§€ﬂjﬁhdfﬁéngﬁﬂéﬁlE@mB?fﬁﬁér?nventlon
is aBt amémdafy l@p@ertmtmmwmmnatmneﬂhéamcnptessake tasobebl e in

wat er by I.S._SO in water. Such a

et hod. d? cros |ng § h éﬁ?rea ?nnﬁﬁ uﬁ#gg UFof edUbF BdnfiBYray

i rradi atfi’%tl%%lir‘léa?émao?ﬂw?m dncopiseg wagent dempmbesitibnzed atberding to
the ori %th@ﬁ&&?ﬁﬂdﬁ%eaﬁl%%edtl@f &%\%ﬁn&faé%éfptae'i:bﬁ)tberyegtr%urkﬂg agent

i's not ptartlcular C}/ restricted
ique of drying under reduced pressure at a lower

15 temperature, such as lyophilization, can also be employed.
The hydroggl to be used in the practice of the invention
is obtained by rendering the above-mentioned raw material
insolublejjlwaterkn/crosslinkinqvﬂmﬂlthatmaterialjj;soluble
in water. Such a method of crossllnklng as heat treatment,
20 ultrav1olet Or gamma ray irradiation, or reaction with a curing
' agent may be utilized according to the origin, properties and/or
the like of the material.
| The curing agent is not particularly restricted but, ‘when
- gelatin, for instance, is used as tﬁe hydrogel materiél,'it
25 includes such inorganic compounds as salts -containing a
polyvalent metal ion such as the aluminum or ferric ion;‘ﬁ
aldehydes such as glutaraldehyde and formalin, carbodiimides
such as l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochlorlde and |
‘30 1~ cyclohexyl -3 (2—morphollnoethyl)carbodllmlde
'metho p-toluenesulfonate, epoxy compounds such as
lepichlorohydrin.andlmltanediol.diglycidyi ether, isocyanates,
- typ1cally hexamethylene diisocyanate, acid anhydrides and
other organic compounds.

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




gelatin, for instance, is used as the hydrogel material, it 25 includes

such i norgani c conpounds as salts containing a pol yval epg gmbal 20090 such -as
the aluminumor ferric ion; aldehydes such as gl utaral dehyde and
forma.lin, carbodi.imdes such as

1- et hyl - 3- (3-di net hyl am nopropyl ) car bodi i m de hydrochl oride. and 30

1-cycl ohexyl - 3- (2- mor phol i noet hyl ) carhodi i m de et ho- p-t ol uenesul f onat e,
epoxy conpounds such as epichl orohydfin and butanedi ol diglycidyl ether,

i socyahates, ,typically hexanethyl ene diisocyanate, acid anhydrides and

ot her organihe mﬁ@@um 32 ﬁ?df@%eﬁ%;j BEMm oL éf&[ﬂy%f ogel, ettolli‘i USEd in

t he prac(tll ﬁ %8 Cbtog 2005 of the invention, rog el may bE’in a
col umar$*Eheet ¥F1 RBRerdre JI?R%nuéﬁﬁeloirc%lmorlglﬂfa‘ﬁﬁlf@rfmf f)@r anoitphoes form
for instBmodew ¢f thicewaoé dhengase ioh imt8atHoBpbALe éﬂ‘@ets pﬁegevégeet
however , %ng éfajg %# g}ar or annéghoug formis preferre for the
si ze of th ogel , T the aver 3he*PRFPRCIE SpEm thBFégﬁrF§dprefer ably 10
to 280 pm noﬂés§@éﬂéﬁabnye2@ft@eﬂﬁﬁdfhge$pdﬂQEasheageQthgxwggglb@ t he
practi ceiedrddie i J BRI 1 R LBO5OHS,NES re% APLLhee

angi ogenesi s 10 pronoting growth tactor cbn
hol di ng H%re cells with megalin expressed on the surface. The raw materi al

of the spongemeestpdn@rfel e d hop & aubedmher il %Al ct e NYE ogel entf oned

_ above an q: esters suc as polyglycolic acid, tic acid,
oncapré}aé?bﬁg ad%?%%?%%ﬁﬁﬁ%@ L9301 LyHpd ﬁy@ééktéeaénelaﬁﬂn651s
poI gﬂydrgzqﬂtﬁm );erg gragti, fapnﬂqct—rddgﬂietml&nfhs}a&lag@&taﬁhd f@@llﬁé(l‘%htnh g the
cyanoacr orba erials, and polyurethanes, anong
P ek 1) BRI R i

others. In the practlce 0 r'es S€these materials may be,
used singly offhg ﬁﬁwr%ﬁteylalOOBftm¢meangelmheﬂﬁednbﬂu@@ﬁbtﬁabbOﬁawor t hey

Ty be usedaliie Juihbeh MRAJdCHULAN MAD ANNDELLGOTPOUL.  ATONG. L he

sponge sheet terials nentione ove agen, pong? S 1 c aci d,
onIactpO VEStE TEndUche 35| @ @il ycolic acid, polylactic acid,

polycapreolactone, polydioxanone, polyhydroxyacetic acid and

polyhydroxyvalerlc acid, polytrimethylene carbonate,

poly(a—éyanoacrylate) and like bicabsorbable materials, and

polyurethanes, among others. 1In the practice of the present

invention, these matefials-may be used singly or a plurality
20 of them may be used in combinétion, or they may be used after
- further modification with another compound.

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 N
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
1ntercommunlcated.

The mean pore size thereof is preferably 60 to 400 pm,
more preferably 70 to 150 pm.

_ _35 Megallnlseﬂlendocyt051sreceptorplayingzicentralrble




preferred in. view of the practical use thereof as bioconpatible .25.
materials in the art. In particular, collagen sponge shegbsionaf sogar ef erably
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 bl ood vessels and the ease of supply of oxygen 30
and nutrients to the cells injected, .it preferably has a conpletely open
pore-structure in which pores are irterconmuni cated. The nean pore size
thereof is preferably 60 to.400 pm nore preferably 70 to-150 pm 35

Megal in i @ BRIPEYRON S oes FEERLAY R f 8r 0L M 211628, QR ober 2005

10 in the proteln nmet abol 1 zi n unction o X|na and cDNA
cl oni ng ¥R ﬁé@néﬂﬁc%§%¥%¢fyﬁﬁhéécﬁﬁsﬁévélaw@a@ﬁéllt@tﬁ fedAdte pri mary

- struct ureuvbs] angtly ed rhy ySat £ Oc Bhrdlvas 3\4@91 ALE b}ﬁ@a@ﬁ@%%”hl' @Y or's
(Proc. Natl. .Acad. Sci 9725-9 9 Thef eaf ter,

USA 91 .
human negat Hﬂrbﬁgfﬁeﬂésl@Vﬁﬂgatsagﬁr?ﬁe]¥%ﬁ*-lﬁﬁﬂﬂl1sﬁﬁlnH?§ UrRRure
{hor Gof 95 #iE2920%6y ) _H mhafeertal, HoBun ndsa Fiothemo 338 c Rined 32- 137

(1996)) gal S ed, 1o, cor Lise 55- aa ar wei ght
519, 6363m&||%§é ks %ey‘}t&‘ p?g‘t“%gﬁpo'g%ft‘%r S ﬁﬁsa‘i“‘%go &DY 10 an
extraceﬁﬁﬁ%ﬁFGﬁﬁgabn(@EGQSIaQFOCQGmrdﬁﬁhenprdﬁﬁkddﬁhlh99628 adjurand a

C- term ngdgd nid ace!d i afa 1 &1 1 cﬁc%&%lasaé 4és@aae><&ﬁ[c?1¢e%d1télzar d ﬁit‘)“ has
cysteln rlch %éplons of three types, a ene be gs to the

LDL recept e fEnt § fRowReghf iie F@ma%@qi;ﬂrﬁmm Bﬁémléﬁaoh%ft‘@sﬁs recept or
15 aeporamo&%mmmam mn;:ﬂmenmmaam @msma&&r s:io@fsaerAl -

DA BB PR b MV SR LRSS0 YPTSE 1

retinol Gtﬂ&whcrfgllpﬂtﬂwmglsuchaap@hip@mﬂrtmmxeaﬁoamoblfpapr@é eﬂyp&,and

SO ESPHAL BB o2 ML OB B, R SILOESINEES 00

' paratherId Megalin is a polyfunctlonal endocytosis receptor

15  reportedly binding to such enzymes and enzyme inhibitors as
PAI-1, PAI-1 urokinase, PAI-1-tPA, prourokinase, lipoprotein
lipase and aprotinin, such vitamin binding proteins as vitamin
D binding protein and retinol binding protein, such
apolipoproteins as apolipoprotein B and apolipoprotein E, such

20 basic polypeptides as aminoglycosides and polymyxin B, and such

' low-molecular-weight proteins and hormones as parathyroid
hormone, insulin, Bz—m; epidermal growth factor, prolactin,
lysozyme and cytochrome ¢, among others. -

It has been established that, in humans, for instance;

: 25 megalin is expressed not only on the surface of p‘roximai_ tubular
epithelial.cells but also on the surface of parathyroid
(parathyroidglahd)cells,epithelialcelllayersjixplacental
intervilqus spécés, epididymal epithelial cells, type II
alveolar epithelial cells, mammary epithelial cells, thyroid

30 gland vesicular cells, ocular ciliary body epithelial cells,
and so fOrth.r Thus, these cells may be mentioned as megalin
expressing cells. Among the cells mentioned above, proximal
tubular epithelial cells collected from thé patient’s own |
remaining kidney are most preferably used as the megalin

35  expressing cells., ' '




hormone, insulin, 02-m epidermal growh factor, prolactin, |ysozyne and
cytochrone c, anong others. It has been establlshed t habg Oibbtogas, for -
instance, 25 negalin is expressed not only on the surface of proximal
tubular epithelial. cells but also on the surface of parathyroid
(parathyroid gland) cells, epithelial cell layers in placental
intervillous spaces, epididymal epithglial cells, type 11 alveolar
epithelial cells, mammary epithelial cells, thyroid 30 gl and vesi cul ar
cells, ocular ciliary body epithelial cells, and so forth.- Thus, these .
cells may be Mthemmwmgaﬂégalﬁxpkﬁﬁ@isagmﬁ:l Iit&e Aiﬁrf)f@cé Igg]gggblfsh
mention \ ro r ithelial cells collecte romthe
patlenteghg€ﬁzﬁﬁ%ﬁhlﬁFgﬁg %P%h% C%ﬁcﬁrgkeqh RF &8t 48VERELRBgal i n 35
expr essi Agetelnay ba Q%@Ekmﬂe@005n14d¢$tmhe CQIthemabbv&egahtmoemﬁressed on

the sur ftﬂ@@alﬂ@%&%fr,ess‘&*?ﬂgc@eﬁ[§ ﬁr%rp%hgsﬁg‘tl@n{ e Q{Sﬂgtd@eroi)e&g% present.

i nve t|on there may be nentioned, in addition to oves nentléned

magal i n exbles@RRP LI5S idbmlere L seinaias sgrors erfe megrdrinpessdarigedel | s

capabl e dfohighyd EMele:@HRS5iPROf 1 Mg tas pdeiced o f LeRMBEaLLN
expr essi g%§ells fQ9n1 he pati ent nsSone t. her erson by gene transfer,
cells cég qyﬁ%égilﬁ BRI &S s %28 WP Fe 8 It MEAPAGR- REGERRFALERPr essi ng

cel | s framdard vysat |f@mn non segelohhexp pessbdng bye yefef didmanskepatndnt

further I Lye m enbryonic cells, stem
cellLs O?QE?ﬁg@%%ﬁf ﬁgﬁ%ﬂgFgggﬁ%FétH3% q%k i h@eﬁ§§ﬁ8d of
. gend t rafTeTs ;e CteHd§e d}?ﬂf}é/e@alfm@h@mbcraflormc viedllegi sakm melhedsrwhi ch

are knowhd rllucl&ebg:lrinddésl%@ aﬁffetr*&%tfif‘att*l% of sgbflfeerégfgﬂéﬂ‘h PRogRction
are, for exaq$ ;he netho 15 conprising adding a erentiation i3
S

i nduci ng? ¥t S e oy RISApYG3t ngcledical var i biopghcat her cell's
and t he metgtduzd whonpr issiengnvamy iing tHec R renvi yeapeat ak FRst QESHA8 of

oo st e BiRISH i BARLLAN) OSI £, PreoTul P, ATRDILLIE,
15 comprising adding a differentiation 1nduc1ng substance, the
method comprising cocultivation with other cells, and the
nethod comprising varying such environmental factors as
temperature, pressﬁre, pH or/and osmotic pressure.
Among the above-mentioned cells with'megalin expressed
20 on the surface, the patient’s own cells are-preferred from the
viewpointoftheexcludabilitycﬂfcellsimplantedintothebody.
Furthermore, they are preferably human proximal tubular
epithelialcellsand/orhumanproximaltubularepithelialcells

with megalin expressed at a high level as'a result of gene

S

25 transfer.

As for the non-megalin expressing cells, highly
'phagocyticmacrophage—likeceilsderivedfromthegmtient’sown
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 1ntra corporeal
art1f1c1al kldney having the function of metabollzlng protein
according to the invention is described.

35 . - The intra-corporeal artificial kidney according to the




20 on the surface, the patient' s own cells are preferred fromthe

vi ewpoi nt of the excludability of cells inplanted into b8eRedy2005
Furthernore, they are preferably human proxi mal tubular epithelial cells
and/ or human-proxi.-mal tubular epithelial cells wth negalin expressed at a
high level as a result of gene 25 transfer. As for the non-negalin
expressing cells, highly phagocytic crophage-like cells derived fromthe
patient's own peripheral blood are 622ferred fromthe easy technical skil

~ viewpoint. 30 The expression of negalin is preferably caused by gene

mani pul atr@in e Now, i 4 heombhed- &f «onsd raicib iy ansi &L ¢ a; £9y Roy eal

artificial Ki dneg/ having the function of netabolizing protein according to

the i nveltI oI TR Hes A BRE 1h e it Faceor ;fé%taarlramq fiegdzeawl dney
accor di nipfectdt (A8 red hobewel105s h@llﬁwart&i ﬁ@ghﬁlﬁ%@ﬂéﬁe@oﬂstm a
sponge sheet wit ngiogen rmtl n owt act or - cant ai ni ng
hydr ogel |nf%%fgggﬂﬁé$e|%r§§e Fﬁ qﬁﬁ?% ﬁgﬁgpﬁﬁ éd on the
surf &ce &m@&laprbﬁ@%blqomnmermtﬂm&j ﬂemm@trmam(ﬁm& artificial

ki dney copprds&sed SJ [ ng.growt h
.factor-cont aini l@p?%glgt%ﬁt&&gﬁég%‘rﬁé%%&%ﬁ 8 89esu rgt‘?aneousl y
“i npl ant %@P?ﬂgesggﬁﬁe thpséep ahgubkhtanepustlyi m@bammgl@éhr—:ssmnqe megal i n

expressethedt) el sHEf €€ idnt Qntjf&ﬂ arnbad ﬁ@@ﬁ%&@fﬁﬁ eﬁ& Jdie Jiydrogel

nown N he art, wt hout any

ggpt Pgulogf&?’eeggsr"rb’}c/fta}%cﬁ\; e Q&%mt leasm't%rsé)qw b&4fdnt i oned the met hod
whi 88 utili ze§‘htehhyﬁhegemacfmn beobrepysieciabyi A 010 LRE Uhar haggriagaii on
L proush Y4280, bopfingul A P RONTR SO0 1081 LOORon iy Sl oL hoe
met hod Wit @au@m@néssnedkﬁh@m@ymmm@h utddiigteisohhe Prenomirthad of
“hydr ogels f9h gk D8a { Fi0MH8 I olc$1120t a&&fébgﬁkéﬁlﬁﬁrough hydrogen bonds,
ionic bonds, coordination bonds, etc., the method which causes
15 chemical crosslinking using a crosslinking agent, and the
method which causes crosslinking by light or radiation. The
method of hydrogel molding (forming) is not particularly
restricted but, for example, the emulsion method, molding
method, or spray drying method can be utilized for preparlnq
20 granular hydrogels. '
' For causing the angiogenesis promoting growth factor to
be contained in the hydrogel, any method can be used without
any particular restriction provided‘thét.the biclogical
- activityof the angiogenesis promoting growth factor is not much
25 impaired. For example, theremay be mentioned the method which
comprises drying the hydrogel after preparation thereof and
impregnating the same with a solution containing the qrowth
factor, or the method which comprises impregnating the hydrogel
as prepared with a growth factor—containing'éolution without
30 drying the hydrogel or, further, the method which comprises
' caUSLng‘the growth factor to occur in the startlng'solutlon for
preparlng the hydrogel
The angiogenesis promoting growth factor-containing
hydrogel can be injected into the sponge sheet using a syrlnge,

35 for instance.




restricted but, for exanple, the enulsion nmethod, nolding nethod, or ‘spray
drying nmethod can be utilized for preparing 20 granulaggﬁxgﬁ@ggﬁ For
causi ng the angi ogenesis pronmoting growh factor to be contained in the
hydr ogel , any nmethod can be used without any particular restriction

provi ded that the biological activity of the angi ogenesis pronoting growh
factor is not nuch 25 inpaired. For.ﬁganple, there may be nentioned the
met hod which conprises drying the hydrogel after preparation thereof and

i npregnating the same with a solution containing the growth factor, or the
met hod whi ch cmuprimimag@atm@gan@eo@yﬂwgglpr@ﬁo@ﬁﬁ@a@;egw\ﬂhth a growth

f - I th th d) I furth
the. ot notl ot cn esbft acR Pt kER A pio P F PRS BB BPo: BoQLEuPLER the

~starti ng‘“‘%@fﬁhﬂl(mipfr(ﬁsse;ﬂ@pdrhmgutﬁadwdtbgedponﬂmshagl:ngﬁ&@llSnpléﬂrmt| ng

grow h fﬁgﬁ@racpp@%@@@d hg%g@ggnggaagﬁoggj §§%§5 gggortsh% sgénge sheet

_u5|ng rlnge for 1nstance i'lizing the
angi gen‘é Feiss WI%W hThrateptapbat dpniafy thydspoete aftedtomalyol di ng

the cel lise widde amgal iihieqMiRSed emdt Ia%.q%‘é)rgfeﬁ%%ast B%&B%&% g?sgkh' S
i npl ante into_ a alfﬂfgg ody subcut aneous|y or sone ot her Si

utlllzalfaﬁl?ﬂe?%%? Eﬂﬁ%ﬁl?ﬂ?%ﬁ1Q%%réﬁbﬁ@@ §ﬁ9&9ﬂm§@eeﬁeaﬁade
af ter ingwechimay dfe tivg lamgieale rfesi 1H>yEd Mt iihg egtawinh o ff @Bk0hya@esaini ng
hydrogel fhergigy 0, or the sponge sheet as such may be inplanted,

~foll med y injection of the hydrogel thereinto. 10 The intra-corporeal
artFP|C|aI k|6HéyhﬂtHﬂﬂ?qmwwﬂﬁﬂo@rﬁxﬁldxahansmmucbédtb¢ i.njyeatiiog t he
cell's widdn BEAR)idLaXUREE0dn AL iy BHEIACR 4 0 Pn bl ﬁ&%g§8§Q§§%?

i npl ant ed Hﬁ{o a I|V|ng body 'wi th the angi ogenesi s pronotin
f act or - Bht iy Lag8 1ngPebbed sPregel sheet TRelaetrd whth ﬁegawnq

express&ﬂxﬁnwﬁhﬁ shefang dhet@dfs 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 orla
microcapillary, for instance.

The timing of the injection of the cells wifh 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:
numbercxfdaysforanglogeneSLSafterlmplantatloncnfthesponge

sheet with the angiogenesis promoting growth factor— contalnlng

RN

25 hydrogel injected therelnlor after injection of the growth
factor-containing hydrogel into the sponge sheet implanted in
‘advance. Thenecessarynumbertnfdaysforéhgiogenesisdepends
on the angiocgenesis 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




can be injected into the sponge sheet using a syringe or a- mcrocapillary,
for instance. The timng of the injection of the cells WsldhdREhdN
expressed on the surface is not particularly restricted but, 20 for
securing the-adhesion and propagation of the live '"cells with nmegalin
expressed on the surface, it is desirable that the injection of the cells
~be nmade after the | apse of a necessary, nunber of days for angi ogenesis af
ter inplantation of the sponge sheet With the angi ogenesis pronoting
grow h factor- containing 25 hydrogel injected therein or after injection
of the gandttvomdaacitdrecBREADDENG hydniegel gupk) tHe rPRARIA N6k, MR ant ed
in advapge. Jhe necessary, number. of da f for _angi ogenesi s 'depends on the
_angi ogenesi s promot] hg g owt KPRt %ﬂ% oy ed°HRArd lYﬁeEX%PBg%ftTés of the
hydr ogel Erameml an thFGReebhttiymang, 1. 301 av&al i Pt r bahed gel aéhnrged: i s used,
for instapCeatihguper of days is generally 3 to 8. BRIEF DESCRI PTI O\- OF
THE DRAWNGS Fig. 1 1s a graphic representation of the data concerning 35
the dptake of FiZh13 difeldedysmantiat suveral the ssemsl s dkanpl e 28 Oct ober
2008 14 swst fompanati s d Al G 1d o tasnb UL aADEyLpLI G ng symbol s are
anpl e; T:

used: trna = | e;. cont.: Conparative EX . transplanted cel
phynma; L: mfﬁfeq?lqsfggﬁﬁg%n‘?ﬁ?r%"a@f?dS:Ht%RéPEFEFaﬁ‘B@@I@HSS Fign thés a
‘present atiomaf thieelnaesl dse ofesHllS pebyaciod aedecgebwehgCiipphosetic

anal ysi g, 125bs| ahel ed Jnincorporated into transplanted cells. In the
figure, the I%a'nes_qulga%regse&gézim\%l‘ﬁﬁ?cgrfqlflelqg?%%hﬁo% les: Lane 1:

' 25LOW @sBrigd s3atharsed for intraperitoneal 10 administration. Lane 2:

- Honogenats b : arduansh anted; geld VTR r r.  testing. Lane 3:

. Bl ood coizlésetc;,[tne(]d froma cell trar?snglgalnt ecfra‘rar%ggg Ia& ertr%tcggtelgﬁg.a&er

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

15 Fig. 3 is a graphic representation of the results of
radioisotope counting 6f trichloroacetic acid (TCA)-caused
blood precipitates in Example and Comparative Example. 1In the
figure, the following terms are used:
control group. for Comparative Example;

20 transplanted group for Example.

BEST MODES FOR CARRYING OUT 7HE 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 nL of a 10
weight % agueous 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 & agqueous éolu-t’ion
35 of glutaraldehyde, and the mixture was added dropwisé'to 375



15 Fig. 3 is a graphic representation of the results of radioisotope:
counting of trichloroacetic acid (TCA)-caused blood pregioRidhat&sod N
Exanpl e and Conparative Exanple. In the figure,. the followng terns are
used: control group for Conparative Exanpl e; 20 transpl anted group for
Exanpl e. BEST MODES FOR CARRYI NG ClJT THE | NVENTI ON The fol |l ow ng exanpl es
illustrate the present invention re specifically. These exanples are,
however, by no neans 25 limtative &T the scope of the invention.

. (Exanple) (1) Preparation of bFG-containing gelatin gel -particles

bFGF- Corimi g gl 16l a,tlunageao@@mml &% VB 6 PEPab e, 49&( té%t[%ean@wod Of
, et al J. Biomateri Edn.

-Tabat a et (gTabaJé'l
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al kﬁl i - tma;ummg?my nrbssaehgctme nglQiﬂ’hIln 5f @he(zrgn;@d‘ugé aQ%}iéﬂ tha gl atin),
pr eheat wgs . adni xe of . a wei oaq eous

sol uti ongf %@e 137 a méﬁﬁgtﬁgrm‘i%ﬁ?e‘”%‘% "g‘i‘iii% p‘Wse to 375
28 Obt obe¢n12101)81615tmn 00‘4°d1,| \BeoeihOI rpt, 46Gainihrbe s) iad wgsabd425tir@é&to form
a wo & r th tinued at (25C for .24 hours to
cheni caleﬁlggrlyL:?rnggéL N %‘éﬁbh ! ?gte }eﬁﬁeThg?%g%%waﬂs} Addedt o0 wr?f%l&g et one, and
t he resd‘l‘ﬂfh‘@aﬁbﬁfilbme]sf’%ﬂe @bl & ekt @dyagueens r g ygate oo {uiG.08, 000 r pm

5 m nut Qﬁdn@éﬂhﬂﬁéf@eq 5e§.bﬁ%5/ dqym@@w pbugatden EBra]_C%BQﬁeto focPl@”' cles
after vvashl%ﬂ}v\ere mai nte?éepgd in 100 nL of a 100 nM aqueous gl ycine

sol ut i or SR ARG o<t AEhyssr 9 TR %gétltsv@lfi@hyqie Wlfto bl ock
r em@&ioni r@ejmre&c{cﬁmtaaimhy@&)gﬁmm&@fgglytﬁrﬁ ab Sehyelre O d. waldh Jhe

hus- ob | at { b |
contr1 fugiio RS SERFETERRQRTRR: LF PR ST st e Bres ahepRh or i 13 i th.
et hyl ene"irbiaﬁlfeerglalsweﬂdtvelrtméletttquk@le)foxmldyamg it twat @4 abudECo 1t he :
gel ati n Gel) Pald ii6l Garshoueds fec WALl e Rh §E% i ThesPaLlehe, Sizes

(di ameters) were _ ]
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 bFGF
with an isoelectric 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) o
25 was stirred at 1,800 to 2,000 rpm for 60 minutes using a | ‘
refrigerated homogenizer. The foamed selution 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% agqueous ethanol-
solution. The molding was rapidly frozen at -135°C, then-
lyophlllzed.(48 hours), and sterilized with ethylene oxide gas o

35 to give a collagen sponge sheet.
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15 neasured under an optical mcroscope and found to be 60 to 130 um A 10
ng/ nL aqueous solution (10 jL) of reconbi nant bFGF W t#g &BicbsORjpgCtric
point of 9.6 (product of Kaken Pharmaceutical Co.) was added dropw se onto
a 2-ng portion of . the dry gelatin gel particles obtained in the above
manner, and 20 the whole was allowed to stand at 25C for 1 hour to give
bFG-- cont aining gelatin gel particles. (2) Preparation of a gel sponge
sheet A 0. 3% at herocol |.agen hydrochl 18ric acid sol ution (pH 3.0) 25 was
stirred at 1,800 to 2,000 rpmfor 60 minutes using a refrigerated

hormgeni zer The foarred solution was cast into a nold, rapidly frozen at
-40C, h| lized for 48 hours, and further dried at 105C under reduced
pr essur e SAb AR o UThBRaN &P b3 7 hken g Tieegahin eadreas ihy ce L%

- fjutara ooy i hﬁ?iﬁdﬁ*ﬁdﬁmﬁ‘@%ﬁ%@%lac‘*ﬁp‘%ty%lfe% %gftéiﬁléfﬁfnea?ﬂss)
(pH.7. 4)Cp":"ascg[J‘V}\!’aIEd ngge ‘r‘nn%e’is(& aHEéSu%u%[f ﬁ%& 1ngBi §eitn O TTRRS it ng was
I‘taﬁl Iﬁll y tfha)zelﬁpazmsm%@astmmectey@pi"n&cb a8k @:é&lla@ﬁhsé;poggéoﬁ@ét I (I%SSSV\Altéh
e en a ee oher

yl eng oxi de 985 340 arg%cy%s d&g L#gen Span Bpéggl L?Q) L5iRg 2 a

(3) Subcut aneous transp ation o negaln )57
bFGF- cot¥difigfy (GHltdy ian 2§81 npedilied| esTbibt@p@Me ashelets ord hedoplovieedunder (1)

vere suspandled-iiad-a ol PRRacAthsd (HAERIUSRRIIAN vREalsghed | Nt

t he coll a en spon%iS sheet tai ned as above
under (2% Mons';'/P?r‘ré)%”ﬁ\}t%da? ?%eﬁeéﬂﬁéyhe%é kypsHgdhsHeet was
i npl@ant @cthelmtlmml&mmk ol d femal e nude nouse (BALB/cA Jcl-nu; CLEA Japan)

subcut aneousl ¥ & th sal Wﬁl de under aneségfelﬁll{tj‘?,g gllg%%x%wéé%saéger ‘

~ pathol o@amql;@qamﬁhlmednfﬂrmédnw G5 mLedl b cidpeaspens poe patept r day
suspendixRg sk el Ingdq:r |ev%@lflr ﬁ')g?t fcycfj(f%gns%%te@otﬁcels'a%l oS HRES"; iqell (L2
cells) cultivated in becco' s
| cancer cell (L2 cells) cultivated in Dulbecco s Modified Eagle
i5 medium (LIFE TECHNOLOGIES, GIBCO BRI, Rockwville, MD, USA)
supplemented with 10% (vol/vol) neonatal bovine serum and now
carrying megalin expressed on the surface thereof in PBS (1 x
10’ cells/mlL) was injected into the sponge sheet using a l-ml
syringe (with a 23G needle) under anesthesia of thelnouée. 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 Comparatlve Example
35 were subjected to the follow1ng tests.




15 nmedi um (LI FE TECHNOLOG ES, G BCO BRL, Rockville, MD, USA) suppl enented
with 10% (vol /vol) neonatal bovine serum and now carrybaefBepbdds
expressed on the surface thereof in PBS (1 x 107 cells/nlL) was injected
into the sponge sheet using a |-nmL syringe (with a 23G needl e) under

anest hesi a of the nouse. Two 20 weeks after cell injection, when the cell
phynma had a | ongest diameter of not shorter than 2 cm both ki dneys of the
nouse were surgically excised from the dorsal side under anesthesia to
bring about a renal insufficiency state in the nouse. No netastasis of the

L2 Ce'|S(UﬂansptaMi@ﬂo@ﬁéb@P§§rYﬁgodgét(§? aLiye Qgﬁ ?% The same
procedurezsil B ghg above_exa e was excep? t?’ue gal |
suspensi onwag "fiof%i%jExt &d BgENP%r%ﬂi%‘éOfvﬁéerﬁ?bet &thé npdinkéionol | agen

sponge s{geee Bnspheisiagect3yit30oiEnet he1abavey BX@pt&re{ ] eStyxanpl €) The
mce in @ske Lney te as qbtained in_ the manner described.
above in Egaﬁr;% 3i§(r§|uéd£ égrrparajlsj\ﬂaat q'b Py cppteindmdeOr 64 bevine - -
f ol | owi ngerest 8lbpBinc{BdRr LOOS d:dn(:éblti?atli/bﬁrogl obuhipuf,pr ogiuct of -
oriental 12¥eashp £p 5 ed; usjn roduct of Pierce)
o0 PE e RO RE o] UR Y6 PO P RE S st ei . The

The i odi n@’@l on gave a speC| actrv tein.
1219 | - | P8I RESEred hgsearh Qtfel-:l5\¥ﬁltqq3 PB$hﬁ)nBaah|1m@L(fﬁ%mMneta6eserum

al buni n. méBSAHNE@ SOEOACHR J afépne@h&étﬂﬂépbhemfcé?ﬁ £§§e£€9 P2-m (2.8
pg/ 250 pL‘l)i was |ntra]5qr|toneal admnistered to mce in the
renal i nsatfieied Yt @ TS FEREd SaBEvE 1aR4E, bﬁ’ogeéeﬁﬂbapenéwi\@nm ce for

t he 10t ermltminymrrebbqnectmmélm@eawex,e 6a6ri14 h&edsbyr@egneral perfusion
os T R P T S Rl | phyma, heart. 1ung. 1 fver and
skel etal mnuscle were coll ect ed from each nouse after sacrifice, )
{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 gamnia 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°I count per
' unit tissue weight. The '¥°T 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, theé 2°I counts in the o
25 heart, lung, liver and skeletal muscle fai-l,ed to show any o
significant difference between Example and Comparative Example,
irrespective of the time of measurement. These results
indicate that 1257 }abeled B2-m had been efflc1ently
1nc0rporated into the transplanted cells.
30
(3) Furti;ermore, the transplanted cell phyma was homogenized
in Laemmli sample buffer supplemented with 2% p-mercaptoethanol
using ULTRA TURRAX (IKA LARORTECHNIK, Staufen, Germany), and
the homogenate was subjected to SDS-polyacrylamide gel

35 electrophoretic analysis. The results thus obtained are shown




.1-5 and the tissues/organs were wei ghed and subjected to gamma ray
~counting.in' Eppendorf tubes. The results thus obtained agectbBeydnsi N Fig.

1. Fig. I'is a graphic representation of the data concerning the uptake of
1251 | abeled 02-min the tissues in Exanple and 20 Conparative Exanple.
The ordi nate denotes the 125, count pe r unit tissue weight. The ... |
counts in the transplanted cells werg always significantly (*: p < 0.05)

hi gher than those in the heart, lung, |liver and skel etal nuscle,
irrespective of the tine of neasurenent. On the other hand, the 125, _
counts innthAeg252heart, lung, liver and skeletal nuscle failed to show any

significant di rence_bet ween nmpar at j ve Exanpl e,

i rre5pective ‘ft ?h?tl o‘fr%%rgg‘?agﬁ%rhtopﬁ%er?%‘é $$<°Lindicate that 1253
| abel ed $RSnphhdabeeharidecgeht &éyect nophpoetiedahalgsibectranspl ant ed _
Caermi i sarml & burvey” stpol oche SaCa AbEoriE. hePudplobivaner osi ng.
ULTRR TURFRDET IR0 L'AB @RT%E}II\FKSUStauf@n “Cer halhg)ed ap2-mt heediofimgenat e was

bi t egnt r r Le e
i iRt e er i on o Sainepiaelis gragian O

present at? FoR ts BTlatS‘E)}se‘E)ofF%a'Eﬂ?‘P%%% @’éqi hﬂi%ct rophoret| c

anal ysi sdetond®@silt i abelredu@2sm i oaaobahed ]:hemd), tlhetﬂé anspliasimsh €el l's. 5
1 251-1 abel e for intraperitoneal

Co h f

s see B "L UE FEReh Pt B R e PR St RarTe coRe et it

125 10| apetreiro2d m oottt t dond §¢ sthaedomposd s i bhompredudist s OB2-he ot her
hand, i neddies ibods sqm! %gef rgﬂbanegl&héw}?%@%%hgglgﬁew LS oS

; there were 10 observed, tron to the deconposi
concat engteS§ nt 33 et %ﬁﬂ%d‘?ﬁ ss3¥ante nlltnqiwb:fﬂ?%m@m%n’fﬂw lé@ﬂcslsotme&e

resul ts eambearsaid teanRglcatied kah ihartadbel 89E0PS impurities in
the blood but due to decomposition of B2-m incorporated into
15 the transplanted cells. '

a

(4} Furthermore, blood was collected from each mouse after
sacrifice; a lO-—LiL portion of the blood sample was mixed with
415 pL of PBS containing 1% BSA, the mixture was then mixed with

20 715 quof 100% trichlorocacetic acid (heréinafter, TCA) to

' precipitate the undecomposed protein. The precipitate protein
was collected by centrifugation and countéd using a gamma
counter, and the level of undecomposed ***I-1abeled 2-m in blood
was thereby evaluated. The results thus obtained are shown in

25 Fig. 3.

Fig. 3 is 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 B2-m was decomposed in larger
amounts in Example as compared with Cémparative Example, namely
- that the transplanted cells were produc¢ing the function of

- 35 metabolizing protein.




count in the transplanted cells are not due to inpurities in the blood but
due to deconposition of 132-mincorporated into 15 thesgrpselagdsed cel |- s.
(4) Furthernore, blood was collected fromeach nouse after sacrifice, a

~ 10-pL portion of the blood sanple was mixed with 415 }.tL of PBS
containing 1% BSA, the m xture was then mxed with 20 75 1 of 100%
trichloroacetic acid (hereinafter, T to precipitate the undeconposed
protein. The precipitate protein was collected by centrifugation and
counted using a gamma counter, and the | evel of undeconposed 125I-Iabe|ed
(32-min blood was thereby eval uated. The results thus obtai ned are shown

in 25 Fig. 3. Fig. 3is entatlon of the results of
radi oi sot ope counting of $€§ﬁ%§ﬁ§§g’§&3§&: %ates in Exanpl e and
Conmpar ative EXﬁMpmgtuﬁldiadn&lﬂéehohasla§1&quduﬁm¢n$ﬁ?ﬁét@BoDiz1ng
125|-Ia i 0 nts in 30 the JCA precipitates from
bl ood decr eased g%é&%li claﬂttl% Rtk Egvgggbo%) CRN A 44 &S ﬁ%a‘?‘e with
Conpar att¥ &' 3sddhpli& lfFﬁP@‘lelﬁdlib@tle%nEthaltnSIJZfEl-dl@be:he@a(c:%@nm wagOoHeconposed
in larger anmounts in Exanple as conpared with Conparative Exanple, nanely
.that the transplanted cells were producing the function of 35

nmet abol i zi ng protein. 28 October 2005 19 | NDUSTRI AL APPLI CABI LI TY The
artificial kidney having a function of metabolizing protein, according to

the invention, can function in vivo and is useful in inproving the renal
|nsuff|0|ency patlent s QL. 10 15 20 25 30 35 28 Cct ober 2005
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20 CLAIMS 1. An intra-corporeal artificial kidney having a function of
met abol i zing protein 5 which conprises, as constituent eheRdespods Sponge
sheet with an angi ogenesis pronoting growth factor-containing hydrogel
injected therein as well as cells with negalin expressed on the surface.
10 2. The artificial kidney according to Claim1, wherein the angi ogenesis
pronmoting growh factor is a basic fibroblast growh factor (bFGF). 3. The
artificial kidney according to Caim? 15 wherein the bFGF i s hunman bFGF
produced by genetic engineering techniques. 4. The artificial kidney
according to Caim1, wherein the npgel is a gelatin gel. 20 5. The
artificial kidney according to Claim4, wherein the gelatin gel is mainly
conposed of a gelatin species having an isoelectric point of 4.5 to 5.5. 25
6. The artificial kixghen@eCoAiRg d0 A iMilaial VLR P Hhe mpange sheet
IS nmade ff collage&A 7. The artificial, kidney according to Calml,

wher ei n THETEPT Chi Rt THERTRSeEY on the surface 30 are hunan
proximal t ubulwiridpicbhelriiaks¢edd soand/iatudiimanempheXi nlspbrdw sheepi t hel i al
cells w | J ed on the. surface at_a high |level.by nmeans of
gene trgislg§%?§%9¥ﬁ§%%¥§2§i|Eﬁmﬁﬁ%ﬁ%ygg%%§9d%%ﬁt?ﬁgﬁf%Fﬁ%ﬂ?n 5 wher ei n

t he expriestiesebfinieprled timereiresus twoll ganec@Bl Ocwbblermn@§obiR 1 '

mani pul at o s Sad Adretod of rQnstructing an intra-corporeal artificial

ki dney having the function of metabolizing protein 5 which conprises using
a sponge sheet with an angi ogenesi s - ‘

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 te 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




pronoting grow h factor--containing hydrogel injected therein as well as
cells with megalin expressed on the surface. 10. The nepfegipbr sqst ructi-ng
an artificial kidney 10 according to Claim9, which conprises the step of
~injecting an-angi ogenesis pronoting growh factor-containing hydrogel into
a sponge sheet, the step of subcutaneously inplanting the sponge sheet,
and the step of injecting cells wthymegalin expressed on the surface 15
into the inplanted sponge sheet. 11. The method of constructing an
artificial kidney according to Claim9, wherein the angi ogenesis pronot.ing
.growt h Paeipulp§iprGr. 20 12. The nethod of constructing an artificial
kldney according to Claim 11, wherein the bFG- is human bFGF produced by
genetic engineering techniques. 25 13. The nmethod of constructing an
artificial Kkidhey deidiafh Ao @S ENest Wheran nintie hyarpgetal s a gel atin

~gel. 30 44tiTheiaetihnthef neensly HﬁTe' PAnaPightdf 'nfé't%lboli'lqﬁ% gecopding to
d al 13, wherein the. gelatin is mainly conposed of ggfatln speci es
havi ng an i soe"l('alelc'ftl1 C@“‘Bgllﬁfssolfs n% & pPgnge Si?el%""l‘?h@%ﬂﬁéageﬂesm

agnstrucpr@goaanIQIdwtheﬂadﬁdﬁrnodﬁhi%%nﬁxﬂyd%ayé122ng@@Qﬁghgg?£ng]a|n19
erein n of.colla t of -
construc%?ﬁ%ég% %?r?%?g%anﬁgﬁﬁ ai% a%%%?ﬁ?ﬁﬁét%ncpﬁ?n?§rgﬂﬁ%rein the

cells with megalin expressed on the surface are human proxi mal tubular
'rergl t |hE| i al Ce'i@ andiy ofUHIRY oﬂr%Muéﬁ% a, eRidiheldaly Ck%lcinseyw th
gglyin ex gsed on the
ing to Claim 2, 7
which comprises the step of injecting an angiogenesis
promotinggrOwthfactor—containinghydrogelintoalspongesheet,
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.

i1. The method of constructing an artificial kidney
according to Claim 9,
whereintheaﬁgiogenesispromotinqgrowthfactoristGF.
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 gelatiﬁ 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"




surface at a high I evel by nmeans of gene transfer. 10 17. The net hod of
constructing an artificial kidney according to O aim 9zg®eel fodshe

. expression of nmegalin is a result of gene nmanipulation. 15. 20 25 30 .35
28 Cctober 2005 23 ABSTRACT The present invention provides an
intra-corporeal artificial kidney having a function of netabolizing
protein and 5 a nethod of constructiq&zthe sane. The present invention
provi des an antra-corporeal artificidl™ kidney having a function of

met abol i zi ng protein which conprises, as constituent elenents, a sponge
sheet lacebtdiag emotDgenesjs pronoting grow h factor-containing hydrogel
injected therei.n as. well as cells with megalin, which is an endocytosis

h o
receptor playi MR et SRRES | FheRE HF oFRPR ORefabbR¥9Rng function of

proxinmal tubular cells, as expressed on the surface of the cells, and 15 a
Functi on of ot abol I en St BEL A MG ot bt [ g o Sarlgensitet wi ¢ h
an argi oyeresding pkordtahly frowt h fact or- cont ai ni ng hydrogel injected
therein as weldesdsiFehles Wil NREA hOgLXPheSSerk 004 NG fHLf 868,20 25 30
:35 are human proximalrtubular epithetlial cdells 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 kidhey
according to Claim 9,
wherein the expression of megalin is a result of gene
manipulation. '
15
20

30
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