
28 October 2005 1  DESCRIPTION ARTIFICIAL KIDNEY HAVING FUNCTION OF
METABOLIZING PROTEIN AND  METHOD OF CONSTRUCTING THE SAME 5 TECHNICAL FIELD
The present invention relates to an artificial kidney having a function of
metabolizing protein which comprises, as  constituent elements, a sponge
sheet with an angiogenesis 10 promoting growth factor-containing hydrogel
injected therein  as well as cells with megalin expressed on the surface,
and to  a method of constructing the same. 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  hemodialysis therapy, too, cannot fully compensate the
original  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 toxin proteins, causing various pathogenic
conditions. A typical example thereof is dialysis related  amyloidosis,
which is due to the accumulation of j32 30 microglobulin (,32-m), and it
causes osteoarthropathy and/or  organ failure. Furthermore, in hemodialysis
patients, AGEs,  which are modified proteins resulting from glycation, are
also  accumulated, resulting in arteriosclerosis and/or organ damaging. In
recent years., the hemodialysis membranes and  



35 hemofiltration techniques have been improved and (32-m 28 October 2005 2
adsorption columns have been put into practical use. However,  these have
their limits and, therefore, it has been desired that  an artificial kidney
capable of continuously and satisfactorily  compensating the function of
metabolizing protein be developed. 5 To meet such demand, systems utilizing
cells have been  developed for compensating the function of proximal
tubular  cells. For example, Humes, HD et al. (Nature Biotech. 17,  451-453
(1999)) reported an artificial kidney which comprises  a hemofilter in
combination with a hollow fiber module with 10 immortalized proximal
tubular epithelial cells caused to adhere  onto the hollow fiber inside
surface and in which filtered blood  is circulated through the lumen
containing cultured proximal  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 provides an intra-corporeal  artificial kidney having the
function of metabolizing protein  as well as a method of constructing the
same in order to solve 25 the problems discussed hereinabove. The invention
further  provides an artificial kidney having the function of  metabolizing
protein by utilizing the functions of megalin  which incorporates
low-molecular-weight proteins, hormones  and so forth into. cells by
binding thereto. .30 Thus, the present invention relates to an
intra-corporeal artificial kidney having the function  



of metabolizing protein which comprises, as constituent elements, a sponge
sheet with an angiogenesis promoting growth factor-containing 35 hydrogel
injected therein as well as cells with megalin, which 28 October 2005 is an
endocytosis receptor playing a central role in the protein  metabolizing
function of proximal tubular cells, as expressed  on the surface of the
cells. The invention also relates to 5 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. 10 Furthermore, the invention
relates to the above method of constructing an artificial kidney  which
comprises the step of injecting an angiogenesis  promoting growth
factor-containing hydrogel into a sponge sheet,  the step of subcutaneously
implanting the sponge sheet, and the 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, 20 wherein the angiogenesis promoting
growth factor is a  basic fibroblast growth factor (bFGF); the bFGF is a
human bFGF produced by genetic engineering  techniques; the hydrogel is a
gelatin gel; 25 the gelatin gel is mainly composed of a gelatin species
having an isoelectric point of 4.5 to 5.5; the sponge sheet is made of
collagen; the cells with megalin expressed on the surface are human
proximal tubular epithelial cells and/or human proximal tubular  



30 epithelial cells with megalin 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 28 October 2005 4 In
the following, the present invention is described in  detail. The
intra-corporeal artificial kidney having the  function of metabolizing
protein, according to the invention,  5 comprises, as constituent elements,
a sponge sheet with an angiogenesis promoting growth factor-containing
hydrogel  injected therein as . well as cells with megalin expressed on the
surface. As the angiogenesis promoting growth factor to be used  10 in the
practice of the invention, there may be mentioned, among  others, basic
fibroblast growth factor (bFGF), acidic fibroblast growth factor (aFGF) ,
epidermal growth factor (EGF) ,  transforming growth factor-u (TGF-ii),
vascular . endothe"lial  growth factor (VEGF), platelet-derived growth
factor-BB 15 (PDGF-BB), and hepatocyte growth factor (HGF). In the practice
of the invention, 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 another
bioactive factor.  20 From the viewpoint of more potent growth activity
exhibition, bFGF and PDGF-BB, among others, are preferred among  the growth
factors mentioned. above. Furthermore, bFGF, of  .which wide knowledge as
an anglogenesis 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 genetic engineering  techniques as gene recombination,
modifications of these, and  other species acting as fibroblast growth
factors. Among them,  human bFGF species produced by genetic engineering
techniques  are particularly preferred from the quality and stable supply
35 viewpoint. The modifications mentioned above include, among 28 October
2005 5 others, derivatives of bFGF species obtained by extraction or
genetic engineering techniques as derived by addition of an  amino acid
residue or residues to the amino acid sequence. of  the bFGF, substitution
of an amino acid residue or residues for 5 one to some amino acid residues
of that sequence, or deletion  of one to some amino acid residues of that
sequence. in the  practice of the invention, it is possible to use these
bFGF  species singly or in admixture. In the practice of the invention, the
hydrogel is used  10 to maintain the angiogenic effect of the angiogenesis
promoting  growth factor contained therein by gradually releasing that
factor into the surroundings thereof. The raw material of the hydrogel in
the practice of the  invention includes, among others, polysaccharides such
as  15 cellulose, dextran, agarose, pullulan, starch, hyaluronic acid,
alginic acid, chitin and chitosan, and polysaccharide  derivatives such as
hydroxyethylcellulose and  carboxymethylcellulose; polyamino acids such as
polyaspartic  acid, polyglutamic acid and polylysine; polypeptides such as
20 gelatin, collagen, fibrin and gluten; synthetic polymers having
hydrophilic side chain groups, such as polyvinyl alcohol,  polyacrylamide,
polyvinylpyrrolidone, poly(2-hydroxyethyl  methacrylate), polyvinyl methyl
ether, poly(N-vinylacetamide),  polyacrylic acid, poly(isobutylene-malefic
acid), 



25 poly(2-acrylamido-2-methylpropane5ulfonic acid),
polyacryloxypropanesulfonic'acid, polyvinylsulfonic acid,
poly(methacryloyloxyethyl-quaternized ammonium chloride),
polyvinylpyridire and
poly(N,N-dimethyl-N-(2-methacryloyloxyethyl)-N-(3-sulfoprop  30 yl)
ammonium internal salt); and synthetic polymers whose main  chain itself is
hydrophilic, such as polyethylene glycol,  polydioxolane and
polyethyleneimine. In the practice of the invention, these materials may be
used singly, or an appropriate combination of a plurality of  35 them may
be used or they may be used after further modification 28 October 2005 6
with another compound. Among the raw materials of the hydrogel mentioned
above,  such polysaccharides as cellulose, hyaluronic acid, alginic  acid,
chitin and chitosan,. such polyamino acids as polyaspartic 5 acid,
polyglutamic acid and polylysine, and such polypeptides  as gelatin,
collagen and fibrin, among others, are  bioabsorbable, hence are preferred.
In particular, gelatin is  preferably used from the viewpoint of easy
processability, of  maintenance of the bioactivity of the growth factor
contained, 10 and of in vivo decomposition rate (gradual release of the
growth  factor). Gelatin may be obtained by subjecting living
organism-derived collagen to appropriate pretreatment with an  acid or
alkali, for instance, and then to extraction with 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  isoelectric point of 4.5 to 5.5, and acid-treated gelatin having 20 an
isoelectric 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  is
preferably used from the bFGF retention viewpoint, since bFGF  has an
isoelectric point- of about 9 and is positively charged 25 in neutral
aqueous solutions. Furthermore, not only one single  gelatin species but
also two or more species differing in origin or in physical properties such
as solubility, molecular weight  and isoelectric point may be used in
admixture. Furthermore,  gelatin may contain another additive; for example,
a polyanion 30 -compound may be added for providing' gradual release of
bFGF,  as disclosed in Japanese Kokai Publication Hei--08-325160.  When
bFGF is used as the angiogenesis promoting factor and  another hydrogel
other than gelatin, such as mentioned above,  is used, the hydrogel
preferably has a low isoelectric point 35. from the bFGF retention.
viewpoint. 28 October 2005 7 The duration of the angiogenesis promoting
effect can be  varied by varying the biodegradability and water content of
the  hydrogel to be used. From the viewpoint of gradual release of the
angiogenesis  5 promoting growth factor, the water content of the hydrogel
after  swelling in water is preferably not lower than 80%, more  preferably
85 to 99%, still more preferably 90 to 98%. The water content w of the
hydrogel can be determined in  the following manner. 10 When the hydrogel
is in a granular form, the water content  is calculated as follows: w [o] =
100 x (V1 -- V[))/VW where VD is the volume of the hydrogel after
lyophilization and  tapping (placing the hydrogel in a measuring cylinder
and giving  15 a physical stimulus to the measuring cylinder to attain
close packing of the hydrogel) and Vw is the volume of the hydrogel  after
24 hours of swelling in water at 37C, followed by tapping.  The method of
measuring VD and Vw 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 Vw, the dropping procedure  mentioned above is repeated
about 10 times and, when there is  no more change in volume after 30
minutes of standing, the volume  is determined by reading it on the scale,
since some 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 (WW - Wn) /WW where Ww is the weight (wet weight)
of the hydrogel after. 24  30 hours of swelling in water at 37C, followed
by removal of that  portion of water adhering to the hydrogel and that
interstitial  water-.portion which occurs among hydrogel, particles by
suction  filtration,. centrifugation or the like, and WE) is the weight
(dry weight) of the hydrogel after the subsequent drying until  35 there is
found no more change in weight. 28 October 2005 8 As a specific method of
determining the wet weight, there  may be mentioned, for example, the
method comprising placing  the hydrogel on a glass filter, suctioning the
hydrogel using  an aspirator, constructing a weight decrease curve showing
the 5 relationship between the suction time and the weight, and  measuring
the weight after the lapse of a suction time when the  gradient of the
curve becomes slight. The method of drying is  not particularly restricted
provided that a constant weight can  be attained, but the method comprising
drying at a temperature 10 of not lower than 105C under atmospheric
pressure can be  employed in a simple and easy manner without requiring any
particular apparatus. In cases where decomposition or other  phenomena may
be induced by drying at such a temperature, the  technique of drying under
reduced pressure at a lower 15 temperature, such as lyophilization, can
also be employed.  



The hydrogel to be used in the practice of the invention  is obtained by
rendering the above-mentioned raw material  insoluble in water by
crosslinking when that material is soluble  in water. Such a method of
crosslinking as heat treatment, 20 ultraviolet 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 the
hydrogel material, it  25 includes such inorganic compounds as salts
containing a polyvalent metal ion such as the aluminum or ferric ion;
aldehydes such as glutaraldehyde and forma.lin, carbodiimides  such as
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide  hydrochloride. and 30
1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide  metho-p-toluenesulfonate,
epoxy compounds such as  epichlorohydrin and butanediol diglycidyl ether,
isocyahates,  ,typically hexamethylene diisocyanate, acid anhydrides and
other organic compounds. 35 As for the form of the hydrogel to be used in
the practice 28 October 2005 of the invention, the hydrogel may be in a
columnar, sheet-like,  disk-like, spherical, granular,. or amorphous form,
for instance.  In view of the ease of injection into the sponge sheet,
however,  a spherical, granular or amorphous form is preferred. As for the
size of the hydrogel, the average particle size  thereof is prefer ably 10
to 200 pm, more preferably 20 to 150 The sponge sheet to be used in the
practice of the  invention is. a porous sheet for immobilizing the
angiogenesis 10 promoting growth factor-con taining hydrogel and for
holding the  cells with megalin expressed on the surface. The raw material
of the sponge sheet includes those raw  materials of the hydrogel mentioned
above and, further,  polyesters such as polyglycolic acid, polylactic acid,



15 polycaprolactone, polydioxanone, polyhydroxyacetic acid and
polyhydroxyvaleric acid, polytrimethylene carbonate,  poly(a-
cyanoacrylate) and like bioabsorbable materials, and  polyurethanes, among
others. In the practice of the present  invention, these materials may be
used singly or a plurality 2.0 of them may be used in combination, or they
may be used after further modification with another compound. Among the
sponge sheet materials mentioned above,  co.11agen, polyglycolic acid,
polylactic acid and the like are  preferred in. view of the practical use
thereof as biocompatible .25. materials in the art. In particular, collagen
sponge sheets  are preferably used since.live-cells well adhere thereto.
The sponge sheet to be used in the practice of the invention has a porous
structure. In view of the ease of  penetration of new blood vessels and the
ease of supply of oxygen  30 and nutrients to the cells injected, it
preferably has a completely open pore-structure in which pores are
intercommunicated. The mean pore size thereof is preferably 60 to.400 pm,
more preferably 70 to 150 pm. 35 Megalin is an endocytosis receptor playing
a central role 28 October 2005 10 in the protein metabolizing function of
proximal tubular cells  and cDNA cloning thereof was successfully made in
rats and the  full-length primary structure was analyzed by Saito et al.,
who  are the present inventors (Proc. Natl. Acad. Sci. USA 91, pp. 5
9725-9729 (1994) ) . Thereafter, human megalin/gp330 was cloned  and the
full-length primary structure thereof was analyzed by  HjalmG et al. (Eur.
J. Biochem. 239, pp. 132-137 (1996)) . Human  megalin is estimated to
comprise 4655-aa (molecular weight  519, 636) . As is known, it is composed
of an N terminus (25-aa) , 10 an extracellular region (4398-aa), a
transmembrane domain  (23-aa) and a C-terminal intracellular region
(209-aa), the  



extracellular region has cystein-rich regions of three types,  and the
megalin gene belongs to the LDL receptor gene family.  Megalin is a
polyfunctional endocytosis receptor 15 reportedly binding to such enzymes
and enzyme inhibitors as  PAI-1, PAl-1 urokinase, PAT-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, 02-m, epidermal growth
factor, prolactin,  lysozyme and cytochrome c, among others. It has been
established that, in humans, for instance,  25 megalin 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 epithelial cells, type 11
alveolar epithelial cells, mammary epithelial cells, thyroid 30 gland
vesicular cells, ocular ciliary body epithelial cells,  and so forth. Thus,
these cells may be mentioned as megalin  expressing cells. Among the cells
mentioned above, proximal  tubular epithelial cells collected from the
patient's own  remaining kidney are most preferably used as the megalin 35
expressing cells. 28 October 2005 11 As the cells with megalin expressed on
the surface thereof,  which are to be used in the practice of the present
invention,  there may be mentioned, in addition to the above-mentioned
megalin expressing cells from the patient or some other person, 5 cells
capable of high level expression of megalin as derived  from megalin
expressing cells from the patient or some other  person by gene transfer,
cells capable of megalin expression  as derived from non-megalin expressing
cells from the patient  



or some other person by gene transfer and, furthermore, megalin 10
expressing cells derived from embryonic cells, stem cells or  the like by
inducing differentiation. Usable as the method of  .gene transfer are those
physical, chemical or biological  methods which are known in the art.
Usable as the method of  differentiation induction are, for example, the
method 15 comprising adding a differentiation inducing substance, the
method comprising cocultivation with other cells, and the  method
comprising varying such environmental factors as  temperature, pressure, 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  viewpoint of the excludability of cells implanted into the body.
Furthermore, they are preferably human proximal tubular epithelial cells
and/or human proximal tubular epithelial cells  with megalin expressed at a
high level as a result of gene  25 transfer. As for the non-megalin
expressing cells, highly  phagocytic macrophage-like cells derived from the
patient's own  peripheral blood are preferred from the easy technical skill
viewpoint. 30 The expression of megalin is preferably caused by gene
manipulation. Now, the method of constructing an intra-corporeal
artificial kidney having the function of metabolizing protein  according to
the invention is described. 35 The intra-corporeal artificial kidney
according to the 28 October 2005 1 2 invention is constructed using a
sponge sheet with an  angiogenesis promoting growth factor-containing
hydrogel  injected therein as well as cells with megalin expressed on the
surface thereof. Preferably, the method of constructing an 5 artificial
kidney comprises the step of injecting an  



angiogenesis promoting growth factor-containing hydrogel into  a sponge
sheet, the step of subcutaneously implanting the sponge  sheet, and the
step of injecting cells with megalin expressed  on the surface into the
implanted sponge sheet. 10 The hydrogel can be prepared by any of the
methods known  in the art, without any particular restriction- For example,
there may be mentioned the method which 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 preparing  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 that the biological activity of the angiogenesis
promoting growth factor is not much  25 impaired. For example, there may be
mentioned the method which  comprises drying the hydrogel after preparation
thereof and  impregnating the same with a solution containing the growth
factor, or the method which comprises impregnating the hydrogel  as
prepared with a growth factor-containing . solution without .30 drying the
hydrogel or, further, the method which comprises  causing the growth factor
to occur in the starting solution for  preparing the hydrogel. The
angiogenesis promoting growth factor-containing  hydrogel can be injected
into the sponge sheet using a syringe,  35 for instance. 28 October 2005 13
For immobilizing the angiogenesis promoting growth  factor-containing
hydrogel and for holding the cells with  



megalin expressed on the surface, the sponge sheet is implanted  into a
living body subcutaneously or some other site for 5 utilization thereof.
The implantation of the sponge sheet may  be made after injection of the
angiogenesis promoting growth  factor-containing hydrogel thereinto, or the
sponge sheet as  such may be implanted, followed. by injection of the
hydrogel  thereinto. 10 The intra-corporeal artificial kidney of the
invention  can be constructed by injecting the cells with megalin expressed
on the surface into the sponge sheet implanted into a living  body with the
angiogenesis promoting growth factor-containing  gel injected therein. 15
The cells with megalin expressed on the surface thereof  can be injected
into the sponge sheet using a syringe or a- microcapillary, for instance.
The timing of the injection of the cells with megalin  expressed on the
surface is not particularly restricted but,  20 for securing the adhesion
and propagation of the live 'cells with megalin expressed on the surface,
it is desirable that the  injection of the cells be made after the lapse of
a necessary  number of days for angiogenesis af ter implantation of the
sponge  sheet with the angiogenesis promoting growth factor- containing 25
hydrogel injected therein or after injection of the growth
factor-containing hydrogel into the sponge sheet implanted in  advance. The
necessary number of days for angiogenesis depends  on the angiogenesis
promoting growth factor employed and on the  properties of the hydrogel.
When a bFGF-containing, 30 alkali-treated gelatin gel is used, for
instance, the number  of days is generally 3 to 8. BRIEF DESCRIPTION-OF THE
DRAWINGS Fig. 1 is a graphic representation of the data concerning  35 the
uptake of '251-labeled p2-m in several tissues in Example 28 October 2005
14 



and Comparative Example. In the figure, the following symbols  are used:
transpl.: Example; cont.: Comparative Example; T:  transplanted cell phyma;
L: liver; P: lung; H: heart; S:  skeletal muscle. 5 Fig. 2 is a
presentation of the results of  SDS-polyacrylamide gel electrophoretic
analysis of  125I_labeled 02-m incorporated into transplanted cells. In the
figure, the lanes are respectively for the following samples:  Lane 1:
'25I-Wlabeled X32-m used for intraperitoneal 10 administration. Lane 2:
Homogenate of a transplanted cell phyma recovered after  testing. Lane 3:
Blood collected from a cell transplanted mouse after  testing. 15 Fig. 3 is
a graphic representation of the results of  radioisotope counting of
trichloroacetic acid (TCA)-caused  blood precipitates in Example and
Comparative Example. In the  figure,. the following terms are used: control
group for Comparative Example;  20 transplanted group for Example. BEST
MODES FOR CARRYING OUT THE INVENTION The following examples illustrate the
present invention  more specifically. These examples are, however, by no
means  25 limitative of the scope of the invention. .(Example)  (1)
Preparation of bFGF-containing gelatin gel particles bFGF-Containing
gelatin gel particles were prepared by  30 the method of Tabata et al.
(Tabata, Y., et al., J. Biomateri.  Sci. Polymer Edn., 10: 957-968, 1999).
Thus, 10 mL of a 10  weight % aqueous solution of alkali-treated gelatin
(isoelectric point 5.0) (product of Nitta Gelatin), preheated  to 40C, was
admixed with 25 p1 of a 25 weight % aqueous solution.  35 of
glutaraldehyde, and the mixture was added.dropwise to 375 28 October 2005 



15 mL of olive oil at 40C with stirring at 425 rpm to form a w/o  emulsion.
The stirring was then continued at 25C for 24 hours  to chemically
crosslink the gelatin. Thereto was added 100 mL  of acetone, and the
resulting particles were collected by 5 centrifugation (4C, 3,000 rpm, 5
minutes) and washed 5 times  by centrifugation in acetone. The particles
after washing were  maintained in 100 mL of a 100 mM aqueous glycine
solution  containing 0-1 weight % of Tween 80 at 37C for 1 'hour to block
remaining unreacted aldehyde groups of glutaraldehyde origin. 10 The
thus-obtained crosslinked gelatin particles were washed  twice by
centrifugation in distilled water, then lyophilized,  and sterilized with
ethylene oxide gas. After 24 hours of  swelling in water at 37C, 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  um. A 10 mg/mL aqueous solution (10 jL) 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 25C
for 1 hour to give  bFGF-containing gelatin gel particles. (2) Preparation
of a gel sponge sheet A 0. 3% atherocollagen hydrochloric acid solution (pH
3.0)  25 was stirred at 1,800 to 2,000 rpm for 60 minutes using a
refrigerated homogenizer. The foamed solution was cast into  a mold,
rapidly frozen at -40C, lyophilized for 48 hours, and  further dried at
105C 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 4C for 24
hours, and the  molding was washed with phosphate-buffered physiological
saline (PBS) (pH 7.4) and immersed in a 15% aqueous ethanol  solution. The
molding was rapidly frozen at -135C, then  lyophilized (48 hours), and
sterilized with ethylene oxide gas 



35 to give a collagen sponge sheet. 28 October 2005 16 (3) Subcutaneous
transplantation of megalin expressing cells  The bFGF-containing gelatin
gel particles obtained as described above under (1) were suspended in 0.15
mL of PBS, and  5 the suspension was injected into the collagen sponge
sheet (1  x 1 x 0.5 cm) obtained as described above under (2) using a 1-mL
syringe (with a 23G needle). The sponge sheet was implanted  into a
5-week-old female nude mouse (BALB/cA Jcl-nu;CLEA Japan)  subcutaneously on
the dorsal side under anesthesia by diethyl  10 ether inhalation. One week
later, when angiogenesis in the sponge sheet was  pathologically confirmed,
0.15 mL of a cell suspension prepared  by suspending the cell derived from
rat yolk sac epithelial  cancer cell (L2 cells) cultivated in Dulbecco's
Modified Eagle 15 medium (LIFE TECHNOLOGIES, GIBCO BRL, Rockville, MD, USA)
supplemented with 10% (vol/vol) neonatal bovine serum and now  carrying
megalin expressed on the surface thereof in PBS (1 x  107 cells/mL) was
injected into the sponge sheet using a l-mL  syringe (with a 23G needle)
under anesthesia of the mouse. Two 20 weeks after cell injection, when the
cell phyma had a longest  diameter of not shorter than 2 cm, both kidneys
of the mouse  were surgically excised from the dorsal side under anesthesia
to bring about a renal insufficiency state in the mouse. No  metastasis of
the L2 cells transplanted was observed. 25 (Comparative Example) The same
procedure as in the above example was followed  except that the cell
suspension was not injected but PBS alone  was injected into the. collagen
sponge sheet in the stage (3)  30 in the above Example. (Test Example) The
mice in a renal insufficiency state as obtained in  



the manner described above in Example arid Comparative Example  35 were
subjected to the following tests. 28 October 2005 17 (1) P2-Microglobulin
(product of oriental Yeast Co.) was  125 I-labeled using IODOGEN (product
of Pierce) . The iodination  gave a specific activity of 6 x 103 cpm/ng
protein. The 1219 I-labeled P2-m was diluted with PBS containing 0.5%
bovine  5 serum albumin. (BSA) to a concentration of 11 ng/pL. The 125
I-labeled P2-m (2.8 pg/250 pL) was intraperitoneally  administered to each
of 15 mice in the renal insufficiency state  mentioned above and, for
evaluating the mice for the items  mentioned below, 5 mice were sacri f
iced by q eneral perfusion  10 with physiological saline at 3, 6 or 14
hours after administration of 12S, -labeled 02-m. (2) The transplanted cell
phyma, heart, lung, liver and  skeletal muscle were collected from each
mouse after sacrifice, .1-5 and the tissues/organs were weighed and
subjected to gamma ray  counting.in'Eppendorf tubes. The results thus
obtained are  shown-in Fig. 1. Fig. I is a graphic representation of the
data concerning  the uptake of 1251_ labeled 02-m in the tissues in Example
and  20 Comparative Example. The ordinate denotes the 125, count pe r unit
tissue weight. The ... I counts in the transplanted cells  were always
significantly (*: p < 0.05) higher than those in  the heart, lung, liver
and skeletal muscle, irrespective of the  time of measurement. On the other
hand, the 125, counts in the 25 heart, lung, liver and skeletal muscle
failed to show any  significant difference between Example andComparative
Example,  irre5pective of the time of measurement. These results  indicate
that 125J_ labeled P2-m had been efficiently  incorporated into the
transplanted cells. 30 (3) Furthermore, the transplanted cell phyma was
homogenized  



in Laemmli sample buffer supplemented with 256' P-mercaptoethanol  using.
ULTRA TURRAX (1KA LABORTECHNIK, Staufen, Germany), and  the homogenate was
subjected to SDS-polyacrylamide gel 35 electrophoretic analysis. The
results thus obtained are sh own 28 October 2005 18 in Fig. 2. Fig. 2 is a
presentation of the results of  SDS-polyacrylamide gel electrophoretic
analysis of  1251-labeled 02-m incorporated into the transplanted cells. 5
Comparison with the results for i251-labeled R2-m used for  intraperitoneal
administration reveals that the transplanted  cells contain the
125,-labeled 02-m monomer and its  decomposition products. On the other
hand, in the blood sample  from a cell transplantation recipient mouse,
there were 10 observed, in addition to the decomposition products, R2-m
concatemers in larger amounts than in the transplanted cells.  These
results can be said to indicate that the radioisotope  count in the
transplanted cells are not due to impurities in  the blood but due to
decomposition of 132-m incorporated into  15 the transplanted cells. (4)
Furthermore, blood was collected from each mouse after  sacrifice, a 10-pL
portion of the blood sample was mixed with  415 }.tL of PBS containing 1%
BSA, the mixture was then mixed with 20 75 1 of 100% trichloroacetic acid
(hereinafter, TCA) to  precipitate the undecomposed protein. The
precipitate protein  was collected by centrifugation and counted using a
gamma  counter, and the level of undecomposed 125I-labeled (32-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 125I-labeled 02-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
125I-labeled (32-m was decomposed in larger  amounts in Example as compared
with Comparative Example, namely .that the transplanted cells were
producing the function of  35 metabolizing protein. 28 October 2005 19
INDUSTRIAL APPLICABILITY The artificial kidney having a function of
metabolizing  protein, according to the invention, can function in vivo and
is useful in improving the renal insufficiency patient's QOL. 10 15 20 25
30' 35 28 October 2005 20  CLAIMS 1. An intra-corporeal artificial kidney
having a  function of metabolizing protein 5 which comprises, as
constituent elements, a sponge sheet  with an angiogenesis promoting growth
factor-containing  hydrogel injected therein as well as cells with megalin
expressed on the surface. 10 2. The artificial kidney according to Claim 1,
wherein the angiogenesis promoting growth factor is a basic fibroblast
growth factor (bFGF). 3. The artificial kidney according to Claim 2,  15
wherein the bFGF is human bFGF produced by genetic  engineering techniques.
4. The artificial kidney according to Claim 1,  



wherein the hydrogel is a gelatin gel. 20 5. The artificial kidney
according to Claim 4,  wherein the gelatin gel is mainly composed of a
gelatin species having an isoelectric point of 4.5 to 5.5. 25 6. The
artificial kidney according to Claim 1,.  wherein the sponge sheet is made
of collagen. 7. The artificial kidney according to Claim 1,  wherein the
cells with megalin expressed on the surface 30 are human proximal tubular
epithelial cells and/or human  proximal tubular epithelial cells with
megalin 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 28 October 2005 21 manipulation.
9. A method of constructing an intra-corporeal  artificial kidney having
the function of metabolizing protein 5 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. 10. The
method of constructing an artificial kidney  10 according to Claim 9, which
comprises the step of injecting an angiogenesis  promoting growth
factor-containing hydrogel into a sponge sheet,  the step of subcutaneously
implanting the sponge sheet, and the  step of injecting cells with megalin
expressed on the surface  15 into the implanted sponge sheet. 11. The
method of constructing an artificial kidney  according to Claim 9, wherein
the angiogenesis promoting .growth factor is bFGF. 20 12. The method of
constructing an artificial kidney  



according to Claim 11, wherein the bFGF is human bFGF produced by genetic
engineering techniques. 25 13. The method of constructing an artificial
kidney  according to Claim 9, wherein the hydrogel is a gelatin gel. 30 14.
The method of constructing an artificial kidney  .according to Claim 13,
wherein the. gelatin gel is mainly composed of a gelatin  species having an
isoelectric point of 4.5 to 5.5. 35 15. The method of constructing an
artificial kidney 28 October 2005 22 according to Claim 9, wherein the
sponge sheet is made of collagen. 16. The method of constructing an
artificial kidney  5 according to Claim 9, wherein the cells with megalin
expressed on the surface  are human proximal tubular epithelial cells
and/or human  .proximal tubular epithelial cells with megalin expressed on
the  surface at a high level by means of gene transfer. 10 17. The method
of constructing an artificial kidney  according to Claim 9, wherein the
expression of megalin is a result of gene  manipulation. 15. 20 25 30 .35
28 October 2005 23 



ABSTRACT The present invention provides an intra-corporeal  artificial
kidney having a function of metabolizing protein and 5 a method of
constructing the same.  The present invention provides an antra-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  is an endocytosis receptor playing a central
role in the protein  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 25 30 .35 


