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
_ metabolizing 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
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adsorption colums have been put into practical use. Howe\®koher b@se have
their limts and, therefore, it has been desired that an artificial kidney

. . capabl e of continuously and satisfactorily conpensating the function of

“metabolizing protein be devel oped. 5 To neet such demand, systens utilizing
cell s have been devel oped for conpensgating the function of proximal
~tubular cells. For exanple, Hunes, HD et al. (Nature Biotech. 17, 451-453
(1999)) reported an artificial ki dney whi ch conprises a henofilter in
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tubular cells, and Saito, Akira 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




of netabolizing protein which conprises, as constituent elenents, a sponge

sheet with an angi ogenesis pronoting growth factor-cont ag@cihesdodydr ogel’
injected therein as well as cells with nmegalin, which 28 Cctober 2005 is 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 3 a nethod of constructing an
intra-corporeal artificial kidney having the function of netabolizing
protein which conprises using a sponge sheet with an angi ogenesi s

pronot i n@Sg'%rb\%ﬁof:éfépéﬁscm%n&ﬂmgllaydmg@Icenqreﬂt edlther ehd prasawel | as
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relates to %Ee above nmet hod of constructing an ar ich
conpr i se8%t hBSstBpLBFrei AfetbEngedhsangi ogenesis pronmoting growt h
factor-contai nT]mg hzydé@gedmlmgoarépgﬁgg sheet, the step of subcutaneously

i npl tlngthe o 3{ the 15 step of injecting cells with
rregal in expresse SCH NG ahd BhRSre® regdnga tifdeial

Furt her nbit@HEthavmenthenfuntaies b6 mbeadbaveiagt pikbekah ki dney and the
met hod of co 20 _wherei.n the. angi ogenesi s pronoting
growt h factorr\?lgi&qtdggl |rtélg |Sb$%£$%s gﬁ?B%hSIf%%tf B’r‘“%g‘tﬁit%?glf’ﬂénﬁﬁéﬁ is a
human bFEFOPR? bHE e Wt Iy eivettior eyl trisigri g hytdeohyilguegecttee bydregal is a
gel atin Q§|we25 49ecel St Melohed 2 IR BLyrEQURASEA Oho2-GRLaLLT Shec oo

havi 139 an oel ectrlc 0| nt of onge sheel 'S nmade of
col I age CTRPY S wh %@%ﬂ?ﬂf”éxﬁ?b@%@ﬁ bA the surface are human
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which comprises the step of injecting an angiogenesis
_ 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
constructlng 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}

s

25 . the gelatin.gel is mainly composed of a 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 with megalin expressed at a hlqh level by means
of gene transfer; and/or
the expression of megalin is a result of geﬁetic
manipulation. '

35 DETAILED DISCLOSURE OF THE INVENTION




30 epithelial cells wth negalin expressed at a high |l evel by nmeans of

‘gene transfer; and/or the expression of nmegalin is a resgldcdpkr 865t i C

mani pul ation. 35 DETAI LED. DI SCLOSURE OF THE | NVENTI ON 28 Cctober 2005 4 In
the follow ng, the present invention is described in detail. The
intra-corporeal artificial kidney having the function of netabolizing

protein, according to the invention, 5 conprises, as constituent elenents,

a sponge sheet with an angi ogenesis prdnoting growth factor-containing
hydrogel injected therein as . mell as cells with negalin expressed on the

surface. As thergn ge n h fac or to use Q in the
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exhi bi ti og,,~BEEE_ and PDG--BB, anong others, are preferred anong the growth
factors mentioned. above. Furthernore, bFGF of whi ch wi de know edge as
an angl ogenesi sA%r@h%tﬂﬂﬁglqutﬁl&aerIbﬁem%msmﬂfmfe@ttqrs tonbeofisttie
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“the practlge of the . inyention Includes fes extracted’from such

hers, basic fibroblast growth factor (bEGF), acidic
fibroblast growth factor (aFGF), epidermal growth factor (EGE‘) ‘
‘transforming growth factor-a (TGF-«a), vascular . endothellal
growth factor (VEGF), platelet-derived grov}th factor—-BB
15 - (PDGF-BB), and hepatocyte growth factor (HGE‘)

In the practice of the 1nventlon, the above-mentioned

organs or

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, bFGF and PDGF-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 genétic 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 wviewpoint. The modifica-tions mentioned above include, ainong




tissues as the pituitary gland, brain, kidney, adrenal gland, placenta,
bone matrix, cartilage, endothelial cells, and 30 fi brofd gshser 403§ SPeCi es
produced by such genetic engi neering technlques as gene reconbination,
-nodi fications of these, and other species acting as fibroblast growth
factors. Anong them - human bFG- speci es produced by genetic engi neering
techniques are particularly preferregd fromthe quality and stable supply
35 viewpoint. The nodifications nentioned above include, anong 28 Cctober
2005 5 others, derivatives of bFG- speci es obtained by extraction or ;
genegi c Ceﬁigimerdetxgvae:dlvrmisquésbasm.@ééaﬁéis bgbtaﬁdiéfd o @E:B@Bctﬂa"nggr acid
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sequenceshd RFLRe SM%R&&&% otthn'aQﬁ’ﬁfﬁ 2@y kési@u&%sékgtsﬁghgs“ e these

bFG-. speci es si ng %m in adm xture he practice o rAvention, the
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-factor Q. undi ngs .thereof. The raw material of fhe yrogel in

the pr aé)t ice lg:f %Ienvlé’n el ddelsS RABhd 16t Het SIS ditipsge dHT des such
as 15 @@IGQMG@S@IP@@M roexnlra@:hruse;uml | ul an, starch, ‘hyal uronic acid,

al gi nic acid, ghifLn Lt and_po sacc ari de der vatives. such as
hydr oxyet hyl cell ul (l?)s Elﬂ%a(? aghe y DJC P ohré }b%‘?%?ﬁ dSH% such as
pol ¥Aspdiorfpeinkeiny thﬁo@wwwﬁi@ Gﬁoﬁed:taﬂd bgkﬂ yhgsogenepms)mfmtdtdeﬁ; such as

20 gel aTgIrla;wt%mf'a@ﬁ%&; ctgh%lﬁe%ﬁ%r@rlétﬁﬂ a{ﬁ TP eﬁ]%%r PG

hydr oph side chain groups, such as p yV| yacryl am de;y
pol yvi nflaS?rPFollP&&Eheng%E?HW&P@ﬁy frret hacryl ate), poI yvi nyl net hyl

ether, poly(NTibnyh@aed eet i) of ptq{e/a@rdﬁdg@1a@hdth@%y£é§9@éﬂaff &N mal efic
acid), invention includes, among others, polysaccharides such as -
_ 15_ cellulose,dextran,agarose,pullulan,starch,hyalurdnicacid,
- 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

i

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

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

| poly(N,N—dlmethyl"N—( —methacryloyloxyethyl) -N- (3-sul foprop
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
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pol y( net hacryl oyl oxyet hyl - quat er ni zed ammoni um chl ori de),
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pol y( N, N-di met hyl - N- ( 2- net hacryl oyl oxyet hyl )-N-(3-sul foprop 30 yl)
ammoni um i nternal salt); and syntheti% pol yners whose main chain itself is

hydrophilic, such as pol yethylene glycol, polydi oxol ane and
~pol yethyleneimne. In the practice of the invention, these materials may be

used singliyh @hoBRepphRPHLAEE conbination of a plurality of 35 them may
be used or the% ma% e used after further npdification 28 October 2005 6

with anot her S AR t et 3 by Hatsei Aydregel meemlyirmrdl2beest i oned
- above, such polysaccharides as celluloese, hyahurenie aeiid, ahgiRie acid,
chitin agd;ghi , +phaol yam no. aci.ds as pol yaspartic 5 acid,
“pol ygl ut gg‘ll‘g' ggﬁ?&n%n%%%glt%ﬁ%é} SURR psoulé’f?nb]tﬂ(gﬁé% ' pogé’ aFeREti R,
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| n partisyl gé1a08h ALEGL1SqeRr ShET APLY;HSCOnbRGMLERE I cupQi Nt Of easy
processg@lll%g, of . _mmi ntenance of ihe bioact V|ty'of’tﬁe growt h factor
cont ai nedeApEarkpRke i haficfoa He BRI tebn Aateathiadbar, rat esien a6 t he
growt h preferabl@elaid Traaythe ebbaboedt byr WHY LelRG:dda1iNg v, og '

or gani S%Q}?ﬂ&é’r?dn col Ifagﬁn to a 1{)ro riate Er etreatment with an “aci’'d or

al kali, Tor thstance, and ‘%%{5 XY PR8I £59tedt FRETaINAE, war m
wat é0. land bd pr ativioode ofnpdiei t e rkiten (grHQURY alal e 6F dhogecgrades of
gelatin phied-are generally available can be used without any particular
limtation. As such, there may be nentioned al kali-treated gel atin having
an isoel ect ri@igdiint w5ty s ahdBred dnd auwdikatrioay et gibhat i n havi ng 20 an

- isoel ectdidaritimiddd i Fed @odiab@h tHSIANSSor] M &FHaS WA Eon 05Ty SaUsed as
.the anguﬁgﬁy%%!%ﬂﬂé%g¥lg§¥ffg§égﬁce, and then to extraction with
15  Theating using warm water. In the practice of thé 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
isoelectricpointof4.513)5.5,andacid—treatedgelatinhaving
20 an isqelectric point of 8 to 9, for instance. In cases where
bFGF is used as the angiogenesis promoting factor,
alkali-treated gelatin with an isoelectric point of 4.5 to 5.5
_ispmeferablyusedfromthebFGFretentionviewpoint,sincebFGF
. has an iscelectric point of about 9 ahd is positively charged
25 .inneutralaqueoussolutions. Enrthérmore,notonlyonesingle
gelatinspeCiesbutalsotwocﬁ:morespeciesdifferingincuigin
or in physical properties such as solubility, molecular weight
and isoeleétriclpoint may be used in admiﬁture. 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 isoelectric point
35 from the bFGF retention viewpoint. 7 '




“alkali-treated gelatin with an isoelectric point of 4. 5to 5.5 is

preferably used fromthe bFGF retention viewpoint, sincggbfder ffH an

i soelectric point- of about 9 and is positively charged 25 in neutral
~aqueous sol utions.- Furthernore, not only one single gelatin species but
also two or nore species differing in origin or in physical properties such
as solubility, nolecular weight and Lsoelectric point may be used in '
adm xture. Furthernmore, gelatin may contain another additive; for exanple,
a pol yani on. 30 -conmpound nay be added for providing gradual release of
bFGF, as di sclosedriat ibapafestee @i@@odﬂiﬁslcﬁbr@&olﬁ@hg— ngégé% paWhen

bFGF f act d th d |
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effegt can be . varied varyi ng egra
the ~hydtdyeting BEOW§E‘clfaCF‘%Qﬁn Re Walspernteoft of stedlydmigdsefobért he

angi ogermmﬁllxﬁg pirormatw]g Qé%‘ﬁ@féﬁ&ﬂ)w,n&ﬂel&@é?rtﬁgﬂt §6£ of,oLhe hydrogel
after gﬁg |£¥§ﬂ ¥?t é% prefe not | ower than 80% nore” preferably
85 to 99% Yo el fant @@ﬁefﬂéa%feﬁoc%t%ﬁ% w of the
hydrogel can B@mdﬁﬁéem1oedtent\&hﬂfthblﬁmﬁﬂgg@mnﬁﬁﬁ&xﬂ@e@h%ﬁlhﬁa hydr ogel

is in a@anyidod ter content is calculated as follows: w([o] =
100 x (V1 -- 6!i) J%b?k%ere is the volune of the hydrogel ‘after

I yob@n lizatio Fl’dth@zmpiﬁ@e(lpua@lrng giwenhyalr ggetn, i tha waRasucongesy! i nder

and gi viiRg cah2a ausiLalrstidpd us to the neasuring cylinder to attain
cl ose packi ng of Hhe hydrogeﬁ) and VWw is the volume of the hydrogel after
] W

24 hours of sWellfilng i'P%at dVvar 37X/ Vif ol | owed by tapping. The method of”
measur i mrevie @nd sVsheonpruse st tRE BYBEEL after lyophilization and

tapplng (placing the hydrogel in ameasuring cylinder and giving
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.




repeating the procedure of dropping the neasuring cylinder from 20 a hei ght
of about 5 cmand reading the volume when there is no BRIRtGHRABES | N

vol une. As for Vw, the dropping procedure nentioned above Is repeated
about 10 tinmes and, when there is no nore change in volunme after 30

m nutes of standing, the volune is determned by reading it on the scale,
"since sone time may 25 be required for, the hydrogel to settle in water.
When the hydrogel is not granular, the water content is calculated as
follows: w[ a] = 100 x (VW - W) /WNwhere Wv is the weight (wet meight)

of the hydr Og&i&sﬁéﬁé012ﬂc N bs @étéﬂﬂhiﬂ ik W@E%eﬁﬁh?7 |1 oved
by renoval Olf) t hat ion of water adherl n o t he hydr oge &t at

i nterstiPRAIPE BTETEODH 1 i T ISP oo drhe hyeregdis insapdiagliay by
suction thelhydtdgel orcengllafssgﬁilﬁérprsﬁbelbhkﬂg el h\QEl)rdgﬁalt he iwei ght

d t f h f. th b t d 357th
found o m o AR i hSe BT SR e EbE iawing Henod of
det erni nFﬁbth@n&mPV\b@gﬂ@ent hlee esughyobe timet hadedhef aeignanphed the
met hod crapeistAg tHaGkRgnct be- by dneoel, R 8rd %ﬁ%t oh! Elme SHEL PRENT Lhe

hydr ogel usi n%é an_aspirator, construct decrease ¢ veSshowi ng
the 5 rePaefbfhiqf Sé‘ﬁmﬁ‘éﬁv?ﬁéecé?}@ﬁ (ﬁiitghﬁe aﬁ‘@et h@theﬁghﬁ draridg measuri ng

the wei ginzbt@fatr@ﬁcﬁ;h&rll@zpﬁ@s@flété& cﬁfldéd@h\é‘ﬂ%c&ﬁ&aﬁf:%ﬁ;fﬁ Lt he
not parti cul y restrlcted

curve b t me do IS
provi de?‘?m;ttstaamceg]‘isPﬁﬁt e'??\% “lﬁl}g‘oéiaﬁomﬁ’él ﬁééflnBLﬁ‘t fhEeReeR8duEENDTri si ng
dryil@g aef ancniEnmcat urtear 01 ©f ° @ otndewnes tibaphi0DE ppdesuatmesphBEi C

Pressur oAby AP Yl 10 Al JpLs and,eaoy, TRONET M OU requiring any

-particul ar apparatus. ITn cases where conposi dmena may
be i ndud®df by ukas mprar sueh alrerpeeat where decomeokinicue of diyieng under

reduced pRERSMIE: @lay2bOVRAULEA! BYREF P MG Ca t SRlh 8 cb¥BRRLEZRLT PR, Can
al'so be e@%ﬁ?ﬁue 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




The hydrogel to be used in the practice of the invention is obtained-by
rendering the above-nentioned raw nmaterial insoluble ipgRiBEr 05
crosslinking when that material is soluble in water. Such a nethod of
crosslinking-as heat treatnent, 20 ultraviolet or ganma ray irradiation, or
reaction with a curing agent may be utilized according to the origin,
properties and/or the like of the material. The euring agent is not
particularly restricted but, when gefatin, for instance, is used as the
hydrogel naterial, it 25 includes such inorganic conpounds as salts

cont ai n'@gt&hepﬂﬂl‘y&@ﬂ:ﬂfﬁ Rleath yEPHgaY t rgyglc};gor hLghrh G, ion;
al dehyde Sucﬂ}‘ﬁ% %9 t ar al ehyde andq%ofﬁg il}?ﬁaéééieﬂ# I lng}J{ Eh as
t

1- et hyI Shi-REpr o5 e AR Bo @iTi W‘éléph(h‘y@irf@@mfoﬁb?densaadcgo

1-cycl Ohﬁxwmﬁéﬁ-ﬁhﬂr phot IdfOEhh}éb):Q@hbﬂdtd) rﬂr@spaﬁég%%é@l HeResulf onat e,
epoxy cofp éélf i chl or oh in ang but anédi ol_ di‘gl yci dyl “et her,
i socyahat e 1ypical 137 exan%fh?’fl 8}1?3 eV 4nafePraérygr&dhydri des and -

ot heP or ganl c Pe&uﬁp@@%deswe & ther hyieofet miafe hherhgérmgejlé& heused in
the practi&e«=8 l(gctpq_lg% K%Q)Q@ qfy ttge2 Vﬁllaltlrgor ;Fheef é/dr Olgfl Lh?ggl n.a
oF dnu

col umar, sheet-1li ke, Cai sk i ke, erical’, s form
for i nst‘%{‘hte In view of the ease of i nj ectl on into the sponge sheet

hovever, ' a S isgalngcOIsMUd It O ATRERNOUS. £08 RS PI Ef SLF Sfh o AS for the

- size of i t he average particl.e size ‘there IS pre?er ably 10
t o 200 pﬁ]lhﬁerlflohér/e %gfgr%ﬁ?/uﬁosﬁ‘ge’i%)frﬁém@&iﬁg}élémebet angeogerdsia t he
pr at@i ce)m‘mqthelg gnvebh ifar ticsr— c&rﬂﬁﬂﬁ&@h?@koﬁ;@& ddAeBr A NG d Pge

angi ogengsiy r h factor- on ta| i ng hydrogel and for
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polyesters such as polyglycolic acid, polylactlc acid,

15 polycaprolactone, polydioxanocne, polyhydroxyacetic acid and
polyhydroxyvaleric acid, polytrimethylene carbonate,
poly(a—eyanoacrylate) 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 combinetion, 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 Megallnlseﬂlendocyt051sreceptorplayingzicentralrele




15 pol ycapr ol act one, pol ydi oxanone, pol yhydroxyacetic acid and

pol yhydroxyval eric acid, polytrimethylene carbonate, pes¥eRber 2005
cyanoacryl ate) and |i ke bi oabsorbable materials, and pol yurethanes, anong
others. In the practice of the present invention, these materials nay be
used singly or a plurality 2.0 of them may be used in conbination, or they
may be used after further nodificatign with another conpound. Anbng the
sponge sheet materials nmentioned abov#€, co. llagen, polyglycolic acid,
polylactic acid and the like are preferred in. view of the practical use
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- _ ’ Megalin is a polyfunctional 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., ' '




extracel lul ar region has cystein-rich regions of three types, and the
megal i n gene belongs to the LDL receptor gene famly. Mpoaiohs 20052

pol yfunctional endocytosis receptor 15 reportedly binding to such enzynes
and enzyne inhibitors as PAI-1, PAl -1 urokinase, PAT-1-tPA, prourokinase,

| i poprotein |ipase and aprotinin, such vitam n binding proteins as vitamn
D binding protein and retinol bindingqprotein, such apolipoproteins as

apol i poprotein B and apolipoprotein E, such 20 basic pol ypeptides as

am nogl ycosi des and pol ynyxin B, and such | ow nol ecul ar-wei ght proteins.
and horrones &5s paeatdlyrowd thhergmis ekpsikised OR thle ﬁﬁﬂ@éé@heﬁb@\@t h

fact "
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vesi cul afrmlm@;amula{pméslar@/ d@l@)ﬁ Qﬁ*dnhetlﬂealpaﬁlérﬁ: ordRena0otakth. Thus,
t hese cg# ¥,.pe frentioned as meg lin gresm ng cells. Anong the cells
nent i on bove P proXt maPtSEGhul gre Fﬁéﬂa]b © 0&| PEIediPeBEBECFE bR he

patient'as mrlweehﬁlrpmngoki-niegylaneempsésmﬁ@edf@bis/ mﬁ:ﬁld tae pheispgal in 35
expressifg skl Srh by 2292 the_ c th negalin expressed on
the surface thereo ?%5% %36\%53 ?Iﬁgt r@lr 2t 1EE of© 9?1:1;9 Bresent
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capabl e of hi | evel expression of negalin as i ved rom e
expr essifg te aélsf YmA'te Patiemh o Gole Giteicapersopiologbmeltr ansf er,
cells ca@ﬂic&immnmgalam exp@sInokheasirder i vedbl EOALNEA=MREBhLHA §XPT €SSI Ng

cells fr&¥@fé¥%d¥¥ éﬁgn induction are, for example, the method
15 comprising adding a differentiation inducing substance, the
method comprising cocultivation with otherrcells, 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
A with megalin expressed at a high leﬁel as-a fesult of gene
25 transfer.

S

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




or sone other person by gene transfer and, furthernore, negalin 10
expressing cells derived fromenbryonic cells, stem celbgRfohet Hgnd | ke by

i nduci ng differentiation. Usable as the nethod of .gene transfer are those
physi cal, chem cal- or biological nethods which are known in the art.
Usabl e as the nethod of differentiation induction are, for exanple, the
nmet hod 15 conpri sing addi ng a differﬁgtiation i nduct ng substance, the

net hod conprising cocultivation with 6ther cells, and the nethod
~conprising varying such environnental factors as tenperature, pressure, pH

or/and osiRid €idH %%&sﬁm&d hes ahove- opmtiongd. cel s 4,0 megal i n

expressed 20 on the surface, the patient’ s own cells are preferred from
the vi e@ﬂ)%ﬁ%qe%?s%%é)%q}d%ﬂ)quqwubfff%:%‘?@%’?%W%ﬂfﬂJéw itdre®el body.
Furt her rmr;eecttéstey:han:elprﬁ eicall ys ftufmns m@ﬂ ﬁ@baly@@@reﬁﬁ@é&ew ahecells

and/ or ub ar. e he ceI with megalin expressed at a
hi gh Ie\%{{ﬁ}s a resu lﬂrefgr%’é g‘re hR§l £dr <P %ﬁb’ﬁ 19t :

expr &ssianfickidisnl Hflgiﬂeyy qmag:a@as cthmcsio@hage injectciald sarderived fromthe
patlenté%é@%?eﬂéngB%BﬁthhS 5M€hgﬂﬁﬁ§ﬁ;%%>H&¥n$€5h§8§38e ;hqécal skill

Vi ewpoi nt he ‘expressi on nis prefera .
“mani pul & FBﬂngWeetqﬁet%ﬁ"i@@ of sepestereciusd vahnp anbing tperswdnge

artificisledd,daey hﬁ&l,ﬁ]@eﬂ}fﬁ fi Qetdtqrﬁgot:elj[qtsan@i:hzmg@ap{@t&& acgprding to
thelnventl nis ri.b he jintra-corporeal artificial kldney
accor di 1§ t9'% r?é”dﬁ? Hﬂ%é’r %@051“39 AR RRVIS Shestst ruct ed using a
spoh@e sheet \mhtehhgdrogegl@geramp&eplaméﬁlt bROagy Ot hh&&ﬁé@lﬁo&@ﬂh@éw}l ng
Do MILERed LDSKSLD A5, IR G8 La L TR R R,
ki dney @é\ﬁyrei Bay hteh@eg{:epngﬁ ﬁ,lrne} ecttihogl wnich utilizes the phenomenon
of physical intermolecular aggregation through 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.




angi ogenesi s pronoting growm h factor-containing hydrogel into a sponde
sheet, the step of subcutaneously inplanting the spongesggfaepbr 2aitd t he
step of injecting cells with negalin expressed on the surface into the

i npl ant ed sponge sheet. 10 The hydrogel can be prepared by any of the

met hods known in the art, without any particular restriction- For exanple,
there may be nentioned the nethod whi utilizes the phenonenon of

physi cal internol ecul ar aggregation through hydrogen bonds, ionic bonds,
coordi nati on bonds, etc., the nmethod which causes 15 chem cal crosslinking
using a crosslFeoki hynagent z i edthdeangebhode whi chreayseagchesathnki ng by

i ght iation T thod of h |, mol.ding (formng) is not
parti cul Sy Eredte 0B o TEPaP ot e PRLSEREL LhanCRAL ROH. ol di ng

et hod, ®BegspiayexhnfssgdenHde can fbeeayt the zgodniger sheepars ngpladtgdanul ar

hydrogel sarboL CUShAGLAP SROLOOSNESLS BN BIOLLA GLAMN fagter Lo be
_contglned I n, the, hydrogel, an¥ met hod can be used W ouf’ any particul ar
rest i ctoh! pFdbi e d- ke fi-he Thicol Bigl earabiten it fhef spoegarsjicgenesi s
pronot i nge giwé M ftaot Ah jieetiQn BT he2anigRYehed sFRL of%#RLe g rblief,e may be
nentlongg th.pethod.mhlcqpﬁgg rj ses drying the hydrogel af't er preparation
t her eof ahdC¥ TprRhEt NG %%nje LN RY S SROHIT S§eekeagr owt h
factor, wuwch heaydtehdehpiingledorfarlilsesd My dgiadtient be kydr agakoqgas

prepared i thi g gromh factor-containing . solution without .30 drying the

~ hydrogel or, further, the method which conprises causing the growth factor
to 8Ecur in tHhestiattiamgogplontsadn airdyi £ isrigharkiidgeyhe thytleogetenthen
0 Che e Ehee L B L R, B P 2005 13
For immﬂﬂfﬁhﬁ|ﬁ$HQﬁ§Qaﬁ§¢89§H€sF§0ﬁﬂ@nﬁbﬁﬁ§ drphertetlaénse- aohidining -
hydr Ogelbmi},dwﬁmh be dmgi deh €l 4 Hrdrdting 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’
numbercxfdaysforangiogenesisafterimplantationcﬂfthespoﬁge

sheet with the angiogenesis promoting growth factor-containing

RN

25 hydrogel injected therein. or after injection of the grbwth
factor-containing hydrogel into the sponge sheet implanted in
‘advance. The necessary number of days for éhgiogenesis dependsr
on the angiogenesis promoting growth factor employed and on the

_ 'pro_perties‘ 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




megal i n expressed on the surface, the sponge sheet is inplanted into a
l'iving body subcutaneously or some other site for 5 utibpzatdyapaéder eof.
The inplantation of the sponge sheet may be nade after injection of the
angi ogenesi s-promoting grom h factor-containing hydrogel thereinto, or the
sponge sheet as such may be inplanted, followed. by injection of the
~hydrogel thereinto. 10 The intra-corporeal artificial kidney of the
invention can be constructed by injécting the cells with negalin expressed
on the surface into the sponge sheet inplanted into a living body with the

angi ogenasd Soupaneiting Bramblel act @rHGOmE gLPeNIch & 1RWasiedvibsi si n. 15
The ceIIgrgwﬁgggﬁg@%'ggefpngsed fn.the gu[face thereof can be injected
_into the sponge sheet BT hy & T tHGeSoPta: 1PRPREAPLVEaFyamphe; | hst ance.
The ti m Begppipidrtedjectl grhplat he: ceiverwi Ph begq} i B: rxpressed on the
surface e OtapPaptdcilarly restricted but, 20 for securing the adhesion
and propagation of the live 'cells. with negalin expressed on the surface,
it i 9 desirabliddhad the Bnfstiaiiiof ahethel fesbktsme®e after the | apse of
8 necesssy palery Lin iy Sod Ore AOOL AGSASSLE1 AT ad 8Ty IPI gptati on of the
a

sponge isheet w.th e _angi ogenesi s _pronoting growt ctor- containing 25
hydr ogel F]ﬁﬁe%}?ee]oeq hgr"@i rRgrated dirdQ teanspleneegrankds -  In the

factor - cojaiev ehyednegebre ntaspdier spongerashedle raphaniag s&wp pdyance. The
necessar eri2of f or,.angi ogenesis depends . on t he angi ogenesis

pr onot i n%alg%jg?\[/)\k h ?ch]tdag}rleﬁeeﬁglﬁo%e %1%%0 Pt PR PR b the hydrogel .
WhehCa prFrdsirastdiang, 30 al kali-treated gelatin gel is used, for

i nst ance,add : ERFenHe days el%r%?el%rr?ééevcélgoqrﬁgmﬁ@@éﬁv%é } FILON OF THE

: DRAW N ég g. % is a graphic repr ntation o data concerning 35 the

upt ake | abel ed p2-min several tissues in Exanple 28 COctober 2005
14 Lane 3: Blood collected from a cell transplanted 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



and Conparative Exanple. In the figure, the follow ng synbols are used:
transpl.: Exanple; cont.: Conparative Exanple; T: transprpbefog® | phyms;
L: liver; P: lung; H heart; S: skeletal nuscle. 5 Fig. 2 is a
presentation-of the results of SDS-pol yacryl am de gel el ectrophoretic

anal ysis of 1251 _| abel ed 02-mincorporated into transplanted cells. In the
figure, the lanes are respectively faor_ the followi ng sanpl es: Lane 1:

' 251 - Wabel ed X32-m used for |ntraper]15t oneal 10 adm nistration. Lane 2:
Honbgenate of a transplanted cell phyma recovered after testing. Lane 3:

Bl ood cohi.est ed ifveomia gel hoéc apsil antigd- 1Ryse abbefon &S NG, alé/gl g. 31s
-a graphic representation. of the results of " radioi sotope counting of
trichl or%%‘égﬁ%n amﬁ‘e( FEAFrdndses thiesoaopEéanpitat 88 °nf & adphetsnd
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group fo rative e; .transp| ant e oup Exanpl e. BEST
MODES Fé?f %%% dﬂ'EXTﬁg‘gl WTIH%P{':M: ‘89\,1 r‘:éx%?rbi%%t‘?‘iil%ﬁétrate t he
presént ¢envent fopat hom e LPacis, o0l Irpm,TﬁersEmet(mrpla&Bj aﬂaehekioﬂeﬁ/ﬂﬁes by no
e - ey CEE L (3bnl 11 1380AR01 HRE JAMMENIAN, ce (EATRIRL Wl

p es Aral vt

Preparation of cont ai hi ng gel at artic
gel atin Ib%’rmb%fﬁ‘élh% We? enlprepad elzp%ymM3®qlﬂh@umhwllm Fabatt boret aI

( Tabat a,céﬁtaﬂilr&j 0. leeBbQﬁB% i Tweddl 80ROt RIC ?QE' b h;lDer 2375068, 1999).
Thus, % aqueous solution of alkali-treated gelatin

(i soel ecﬁ?@%l%&%P%e@Ft%ﬂr BHG‘EPYQF FFeves &f gtrhprapiehrdecr i98n140C, was
adnilred The W%%ﬁl@&ﬁ:ﬂﬁ@lﬁn%c&%@%lﬁ%ﬁtﬂfﬂes 3 10f washed

gl utar al-&@l@éj%’y @ngtgftf%uga)étiggqeln Jﬂsatd‘dl%ecﬁj Vt\enrs,ethgn:sl?)?op iliz 4 ocs)er 2005
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 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,

35 to give a collagen sponge sheet.




15 mL of olive oil at 40C with stirring at 425 rpmto forma w o enulsion.
The stirring was then continued at 25C for 24 hours toxghelbscddos
crosslink the gelatin. Thereto was added 100 nlL of acetone, and t
resulting particles were collected by 5 centrifugation (4C, 3,000 rpm 5
m nutes) and washed 5 tinmes Dby centrifugation in acetone. The particles
after washing were maintained in 100 nL of a 100 nM aqueous gl yci ne
solution containing 0-1 weight % of $ween 80 at 37C for 1 'hour to bl ock
~remai ni ng unreacted al dehyde groups of gl utaral dehyde origin. 10 The

t hus- obt ai ned crosslinked gelatin particles were washed tw ce by
centrifugation in distilled water, then lyophilized, and sterilized with
et hyl enelxi dSURRLEaR™QS Drampt anbet ieps ] negal in wapsesaing @l khe

- gelatin gel patd drF-shoveddn eﬂraﬂ?Qﬂtg%rI[ A 19%e sThe A £ 18 Sizes

d t 1 d d f to be 60
o 130 el ABeNE TioudICHruR SRRk 0Tpd roh 1 SaBnBtnRRE. RS wi 1

an i Soeltdut siuspeoisibnofia8. 1 ec beldcintod Mmllﬁh@h@p@u@ecﬁe@ )1 was

added dr. rt h | at partl cI es
obt ai neép?%fcﬁeﬁg{ggv%%aﬁeecgg éi 58“?%& %1 eyuvégral‘?)o%@& at 25C
for 1 hcﬁlfr%ftgegl(wtlbrd@ﬂ@ome&dﬁmg géhat sponyed Paedt oles. m(gﬂ)arﬂree:par ation

of a gelinerage Wahee : r rachl.or.l i ution (pH
90} 251 PABELR edroal:[ﬁ @ené%%é ?E)lhl% r@&t?%é g@%ﬁa%ﬂ 9 rgf engglJ%éasa%)

refri gerrXOSH Ry S, o t&ﬁedqwieoﬁlsctﬁ s aBesERSEis i dig thaild,

raplall y efihezenmia-240Gn .| yophili zed for 48 hours, and further dri ed at
Then, crosslinking was carried

105C under re(é) ce‘g é)][:elsstzre f 24 hours
~out in a 0.2%glutaraldertyde” gﬁnsad}‘{fﬁ%eﬁl?sﬁsol%t}kﬁ SPePPE Aset aesac for 24
hour s, @r@dthtOH@glmlldJyngomasrmdh@d i mh ophasphat subpéhet ed pphysireldogi cal
saline 6EBShlgind) ad Jumeragd Joy dAavaquens, sthangl; osaluti on. The

nol di ng was rapidly frozen hen  |'yopHi rs) and
sterili F88CRITt hedt hitefeldzi d@u]giégvated in bulbecco’s Modified Eagle

i5 medium (LIFE TECHNOLOGIES, GIBCO BRIL, Rockville, 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.




35 to give a collagen sponge sheet. 28 Cctober 2005 16 (3) Subcutaneous

transpl antation of megalin expressing cells The bFG-- cggb@{dgbpﬁb(%el atin.
gel particles obtained as descri bed above under (1) were suspended in 0.15

m. of PBS, and 5 the suspension was injected into the collagen sponge
sheet (1 x 1 x 0.5 cn) obtained as descri bed above under (2) using a 1-nL
syringe (wth a 23G needle). The sponge sheet was inplanted into a '
5-week-ol d fermal e nude nouse (BALB/cA Jcl-nu; CLEA Japan) subcutaneously on
t he dorsal side under anesthesia by diethyl 10 ether inhalation. One week

ater, when angtogenssipobinl Lie(SPOBGEL SBECH VB o PayhOLpopca) |y, conf irmed
0.15 n1_ Ozfs ay h gus ensi_on Ere par ed 1):/ susp en |ng e cé déffved from
rat yol k sac 8§F ReIYHnY LQROEENC BpYOye @@?é?r@@ﬂtl VEtedodanBilibacco’ s

Modi fi edgBdgl e dpeaedianaétivEr FECHNELQOGHBS, o6 BEP PRz e Bockviyld €, MD, USA)
suppl emrentsed 0% (v Y a ine serumand now carrying -
megal i n exgrtlaéis)%ge& @ heq”séurféé)c]er}teffg“@ta)tfh l{% ntpipingyP .68 beridy was

i nj ect edSEAYB @hblﬂsp@ngbssheeo ascogcantrﬂtloﬁybfngﬁ fgvih . a BIG needl e)

under anesthesha 0§ S peks after cell in i on, when the
cell phyma had a |on%%§[{1np%|§ (érer of Aot § or?gFaPﬁﬁﬁtﬁnéﬁiiBoth ki dneys

of the ndeEPifkpEed frgredl oy bR aiissdin tdm rheaﬂ;lorrssajfmcdaenmdetaaéest hesi a

to bri nguejbomn@dreﬁﬁ@&eIé}@&liff@teé'@é{lﬁééiﬁg' E'hé Ng; JRUBE ?‘c’%}aStas' s of
the L2 Cﬁ' Iélt ran I ant eg was observed. 257 (Conparative Exarrp The sane
procedure as PR &%&@p[‘”@r\ﬁﬁaf:élllfé\%@é ¥xgeperahaper fies teth |

susé@nsn@ntlvva&hmiolqngmedsémm@%t a:k,on@ o¥asgs i mbees edripto the. collagen

- sponge sfigft i 16 ' above Exanple. (Test Exanple) The
- mcein a rerﬁa ins (ﬁ%gfen?y ls '?Jee %b‘?al ned in

{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-1abeled 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




the manner described above in Exanple arid Conparative Exanple 35 were

- subjected to the follow ng tests. 28 Cctober 2005 17 (1»gBRtobesdml obul in
(product of oriental Yeast Co.) was 125 |-l abel ed using | ODOGEN (product
of Pierce) . The i-odination gave a specific activity of 6 x 103 cpning
protein. The 1219 |-l abeled P2-mwas diluted with PBS containing 0.5%
bovine 5 serumalbumn. (BSA) to a c&pcentrati on of 11 ng/pL. The 125
| -1 abel ed P2-m (2.8 pg/ 250 pL) was intraperitoneally admnistered to each
of 15 mce in the renal insufficiency state nentioned above and, for
eval uatihg Fhe.nkce for the items rrentioned below, 5 mce were sacri f

i'ced by g ene(rjﬂ fusion t hys ological saline at 3, 6 or 14
hours after %i s ra§|%rP%?S‘ir2 e %b‘é e Zr‘?ﬁuf 9he transpl anted cell
phyma, h8d$tpolvagrylanede agel eketeraphafmstlie maeygnklest ed from each

muse af tet_ 52661 L4c6y-n L5 peaRdo FIEOL! S3UESL 0L ORDS, Yt &yl gher, and

subj ected to gamma ra count1ng. PR ppen t hus
obt aPnedCeFRAT sFRnY ] Bh Frlge 1esgElgs fors' aIglalphledrébﬂes&m@tf@n of the

data concetpi t&eealptaai&@rpﬂ‘ H20di o I ppEh Exanpl e
and 20 Co ai?gﬁve Ex&an y Tshe or]a? ng{ég}eg%r?gf%gg‘t fnk ggéﬂ%%%l%?t%cg r unit

tissue wWeTHht . CFpEaIn couht sabal efel %r‘én@%ﬂl%‘?’éda@éliﬂés were al ways

si gni fi cdextdypdsit pors podm):thi.ghen ﬂl’(@ﬁthb@&%ﬂdl, ihhendeabbd é%le' iver
ective nmeasur ement t he ot her

and skel g irres
hand, th E%SQU%%J%??I}\S am_z%th%%r}femr%%ntITQ/‘é?e‘anEh%’R‘%l"é?%‘F nuscl e
fai 18d th%ﬁhlbWCé,nyln sacymttlca:tanto di ¢ ed encepdet een Hxadpdt es angiGanpar at i ve

Exanpl e, ©5Recs i A f . These, di cat
BT b oy e A S U

“transpl afft&tP c‘é@q%lt%OC%TB)bq:Lﬁ%%r%r@ld%%tQ r Emstpl @m echdied isqpitnpm was
hangenkiﬁﬁu:ln the transplanted cells are not due to impurities in

the blood but due to decomposition of B2-m incorporated into
15 the transplanted cells. '

(4} Furthermore, blood was collected from each mouse after
sacrifice; a lOFﬁL 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 inrlarger
amounts in Example as compared with Cémparative Example, namely
- that the transplanted cells were produc¢ing the function of
'_35 metabolizing protein. '




in Laenml i sanpl e buffer supplenmented with 256" P-nercaptoethanol usi-ng.
ULTRA TURRAX (1KA LABORTECHNI K, Staufen, Germany), and oglgidpeppgenate was
subj ected to SDS-pol yacryl am de gel 35 el ectrophoretic analysis. The
~results thus obtai.ned are sh own 28 COctober 2005 18 in Fig. 2. Fig. 2is a
presentation of the results of SDS-pol yacryl am de gel el ectrophoretic

anal ysi's of 1251-1abeled 02-m i ncor ated into the transplanted cells. 5
Conparison with the results for i251-Tabeled R2-mused for intraperitoneal
adm ni stration reveals that the transplanted cells contain the _
125, -1 abel ed 02-m nononer and its deconposition products. On the other
hand, in the bl ood sanple el l_transpl antation recipient nouse,
there were 10 observed, i&@ggﬁﬁﬁ tﬁ?%ﬁé@ sition products, R2-m
concat emer s i it heragdri fdrounit $ithey havihe arfanspliant ed nethsolidhgge
results sal jndi.cate tl £ radi ol sotope. count .in th

transpl al;}]l?g%@%a IaElsfg%C%‘Igdinrgf Fg)ul:ﬁte opﬁ%r%ﬂgi%?flésc?ﬂ' P‘{rhcgtlbcfrbol(f‘ Fat od‘?l‘égt 0.
decorpost® Wit ot 13 iRpravéngothe dcenat d.nsiF fing ancanppltarhedscedls. (4)
Furthernore, bl ood was collected fromeach nouse after sacrifice, a 10-pL
portion of the blood sanple was m xed with 415 }.tL of PBS containing 1%
BSA, the m xture was then mxed wwth 20 75 1 of 100%trichl oroacetic acid
(hereinafter, TCA) to precipitate the undeconposed protein. The
precipitate protein was collected by centrifugation and counted using a
gamma counter, and the |level of undeconposed 125I-1abeled (32-min bl ood
was1Phereby evaluated. The results thus obt ai ned are shown in 25 Fig. 3.
Fig. 3 is a graphic representation of the results of radioisotope counting
of TCA-caused bl ood precipitates in Exanple and Conparative Exanple. At—6
and 14 hours after admnistration of 125l-1abeled 02-m the radi oi sotope’
counts in
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30 the TCA precipitates from bl ood decreased significantly (*: p < 0.05)
in Exanpl e as conmpared with Conparative Exanple. This badjEmeesodsat
1251 -1 abel ed (32-m was deconposed in |larger anounts in Exanple as conpared
wi th Conparative Exanple, nanely .that the transplanted cells were
produci ng the function of 35 netabolizing protein. 28 COctober 2005 19

| NDUSTRI AL APPLI CABI LI TY The artificial kidney having a function of

met abol i zing protein, according to t3fe invention, can function in vivo and
is useful in inproving the renal insufficiency patient's QOL. 10 15 20 25
30" 35 28 Cctober 2005 20 CLAIMS Ly Afd ntra-corporeal artificial kidney
having a function of netabolizing protein 5 which conprises, as
constituent elenments, a sponge sheet wth an angi ogenesis pronoting growh
factor-containi ng b&ﬁh@ﬁ&de&ﬁﬂHﬁ%&ﬂfﬁ¥éﬁﬂié¥éﬂwﬂldﬁ5&(ﬁﬁéfhd“éh megal i n

expr ess g on the s a€§5%£ The art|f|0|a ki dney according to Caim1l,
wher ei n Eﬁﬁﬁ YHY iEQF e h factor is a basic fibroblast -

growbh fact or W@ ronprifhe, aid |cfdrmtaJtd@rdﬂeyeaéﬁesdlengpb@g@ gh&eg, 15
Mherm|1&iE§|cn51ﬁ§?%#§gg%bF roduced %EH 1LE, & anggfﬁigg t echni ques.

4. The art ey acc n
hydrogel injected thereln 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 genetlc
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 negalin is a result of gene




wherein the hydrogel is a gelatin gel. 20 5. The artificial kidney
according to Claim4, wherein the gelatin gel is naln|28@QﬁBg§gﬁ50f a

gel atin species having an isoelectric point of 4.5 to 5.5. 25 6.
~artificial kidney -according to Claima1l, wherein the sponge sheet |s made
of collagen. 7. The artificial kidney according to Caim1, wherein the
cells with negalin expressed on the sygyface 30 are human proxi mal tubul ar
epithelial cells and/or human proxinmal tubular epithelial cells with
megal i n expressed on the surface at a high | evel by neans-of gene .
‘transfermagipThataenificial kidney according to Claim1, 35 wherein the
expression of megalin is a result of gene 28 Qctober 2005 21 nmni pul ati on.
9. A nethod of constructing an intra-corporeal artificial kidney having
the function of - met dbdts&aty P ctarst B1akieh Tonprisescamboreal sponge sheet

~with an @ﬂgiﬁgﬁﬂﬁﬁlﬁldﬁﬁm&ﬂﬂﬁj ﬂh@’\’fﬁn&é‘%ﬂrof %@&fa%'orl'ﬂ}an y EBQS% i'nj ected
t her as wel | alin expressed on the surf 8. The

net h(;%d of cons‘?’l?h% Cﬁ’&‘p§ﬁ5§ﬁ‘ﬁﬂ%‘g§1 SRPHﬂ%ySheﬁf WeEbradl aggiegenapi®9, which
conprlseger@tSBQWgIﬁwtﬁuﬁﬂﬁﬂdﬁ?dﬁhEHMhiﬁﬁﬂﬂyﬂﬁbgeﬂrQﬁ@bbﬂgdgtﬂékgln

factor- cggt€%91n95h¥g19 eI tﬁt Eggngggggegé?n?%CFbﬁgeggf?gsubcutaneously

i npl anti ng e sponge s and ¢ Cwith negalin
expressed on the surface 15 into the inplanted sponge sheet. 11. The

nmet hod of constg uct img R t@dd fd@cang(ﬂmm%gagradgﬁgffﬁ% rt%ﬂ{ovvher ein

t he ?nglo enesjis pronoting .growh factor i1s d of
condPr uATTRERHP G £9 FE LR i dney

which- comprlses the step of injecting an angiogenesis
promotlnggrowthfactor —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.

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"




according to Caim1l, wherein the bFGF is human bFG- produced by genetic
engi neering techniques. 25 13. The nethod of constructi ngammarbads ci al

. kidney according to Claim9, wherein the hydrogel is a gelatin gel. 30 14.
The nmethod of constructing an artificial kidney .according to Claim13,
wherein the. gelatin gel is mainly conposed of a gelatin species having an
i soelectric point of 4.5 to 5.5. 35 The nmet hod of constructing an
artificial kidney 28 Cctober 2005 22 dccording to daim9, wherein the
sponge sheet is nade of collagen. 16. The method of constructing an _
artificiatckidiney t& @ceondbng to Caim9, wherein the cells wth negalin

~expressed on %qe surque are humgn groxinal tubul ar_epithelial cells
and/ or hunman "'proxihe ?Lﬁﬁﬁ%ﬁegg?? bl 21 me8f) STwiehiA88at i n expressed on
the surface at a high |Ievel by nmeans of gene transfer. 10 17. The net hod

of constructiqgsan i figial, kidne according to im29, erein the
expr essi on of negal ??ftel g[{e;dh%éisu ﬁ % nsgtern%&]r%%i Iaalf%lgg‘rﬁcﬁ%l. Y 30 .35
28 Ot obdfcopdnesto Claim 9, -

wherein the cells with megalin expressed on the surface
are human proximal tubular epithelial 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
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ABSTRACT The present invention provides an intra-corporeal artificial:

ki dney having a function of metabolizing protein and 5 agmridred26ds
constructing the sane. The present invention provides an antra-corporeal
artificial kidney having a function of netabolizing protein which
conprises, as constituent elements, a sponge sheet 10 with an angi ogenesis
pronmoting growh factor-containing hygrogel injected therein as well as
cells with megalin, which 1is an endocytosis receptor playing a central
role in the protein netabolizing function of proxinmal tubular cells, as
expressed on the surface of the ceEs$BrA@Nd 15 a nmet hod of constructing an
intra-corporeal artificial kidney having the function of netabolizing
protein which conprises using a sponge sheet with an angi ogenesis
pronoting gr owt ke fREESELEoRREERE Agnhydruddesi phedntdatherpbreaas wel | as

cells W ahtiregaial I SFREY1AG 4 FEnBYHLACSF 1R 292130 indPbrotein and

5 a method of constructing the same.
The present invention provides .
an intra-corporeal artificial kidney having a function
of metabolizing protein '
which comprises, as constituent elements, a sponge sheet
10 with an angiogenesis promoting growth factor-containing
hydrogel injected therein as well as cells with megalin, which
hsanendocytosisreceptorplayingzacentralrolejjltheprotein
metabolizing function of proximal tubular cells, as expressed
on the surface of the cells, and '
15 : a method of constructing an intra-corporeal artificial
kidney having the function of metabolizing protein
which comprises using a sponge sheet with an angiogenesis
promoting growth factor-containing hydrogel injected therein

- as well as cells with megalin expressed on the surface.
20 |
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