DESCRIPTION

METHOD FOR MANUFACTURING TISSUE/ORGAN BY USING BLOD CELLS

TECHNICAL FIELD
The present invention relates to a method for gmieg tissues and organs using
blood cells.

BACKGROUND ART

Recently, methods of generating human functiomdls auseful for drug discovery
screening and regenerative medicine by directddrdifitiation using pluripotent stem cells,
such as iPS cells capable of differentiating irdoiaus functional cells, have been attracting
attention. To date, the present inventors hawabished a method of reconstructing human
tissues/organs which have well-ordered, three-dgioeal structures composed of vascular
endothelial cells and mesenchymal cells seen ift idsues (Non-Patent Document No. 1:
Takebe T. et al., Nature (2013); Patent Document Ndviethod for Preparing Tissue and
Organ W0O2013/047639 Al).

On the other hand, as a finding concerning theurmag of hematopoietic cells and
hepatocytes, reports have been made that a cytpkatriced by hematopoietic cells in the
developmental process of mouse promotes the mgtuoin hepatocytes (Non-Patent
Document No. 2: Kamiya A., et al., EMBO J. 199921127-3; Non-Patent Document No. 3:
Kinoshita T., et al., Proc Natl Acad Sci U S A. 9986:7265-70 (1999)). Although reports
have been made that human hepatocytes and humatdpeietic cells are simultaneously
engrafted by transplanting a mixture of hematopoie¢lls and immature hepatocytes in an
immunodeficient animal, no findings have been regabto date regarding the maturity of
hepatocytes resulting from simultaneous transplemtavith hematopoietic cells (Non-Patent
Document No. 4: Bility MT., et al., Nat Protoc. 8(8-17 (2012); Non-Patent Document No.
5: Washburn ML., et al., Gastroenterology. 140:13342011)). Further, no findings have
been reported yet that show the importance of hepo#ttic cells in the maturing of a
functional cell of interest by introducing them antan in vitro reconstructed

three-dimensional tissue.
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DISCLOSURE OF THE INVENTION
PROBLEM FOR SOLUTION BY THE INVENTION

When medical application of human tissues/orgampgred by the conventional
method is attempted, preparation cost is extrerhig; approximately 10 million Yen per
adult is needed.  This has been a barrier agdiasipreading of the technology. In view
of the current situation that there are at leastttlisands or more absolute adaptation
patients (international estimate of adaptationesioh cases/fatal cases in the hepatic failure
patients waiting), development of a revised techaigvhich greatly improves function per
cell and realizes huge cost reduction is eagerkireleé in order to widely adapt such a
therapeutic approach to patients as a general peiieahnology.

It is an object of the present invention to prevelich a revised technique.

MEANS TO SOLVE THE PROBLEM

The present inventors have succeeded in furtherommng the function of a resultant
organ bud by adding hematopoietic cells to a celgystem co-culturing hepatic endoderm
cells, vascular endothelial cells and mesenchyrelié.c To date, no technique has existed
that shows the effect of hematopoietic cells ire¢hdimensional reconstruction of human
tissues/organs. Therefore, it is believed that mhethod of the present invention is
extremely high in novelty and inventiveness.

The gist of the present invention is as descrhzddw.

(1) A method of preparing an organ bud, comprisinffuring vascular endothelial cells,



mesenchymal cells and a tissue or organinefltro in the presence of blood cells.

(2) The method of (1) above, wherein the orgam ksl a structure capable of
differentiating into an organ through maturing.

(3) The method of (1) or (2) above, wherein anaardpud with improved functions is
prepared compared with an organ bud prepared bwyrimg vascular endothelial cells,
mesenchymal cells and a tissue or organinefltro in the absence of blood cells.

(4) The method of any one of (1) to (3) above, nehrecells are cultured without using
scaffold materials.

(5) The method of any one of (1) to (4) above, mehe the blood cell comprises an
undifferentiated hematopoietic cell.

(6) The method of (5), wherein the undifferentiateematopoietic cell is a hematopoietic
progenitor cell and/or a hematopoietic stem cell.

(7) The method of any one of (1) to (6) above, hrethe blood cell is derived from cord
blood.

(8) The method of (7) above, wherein the blood ise& cell of the monocyte fraction of
cord blood.

(9) The method of any one of (1) to (8) above, nelre the tissue or organ cell is an
undifferentiated cell induced from a pluripotergratcell.

(10) The method of (9) above, wherein the pluepbtstem cell is an induced pluripotent
stem cell.

(11) The method of (9) or (10) above, wherein phaipotent stem cell is derived from
human.

(12) The method of any one of (1) to (11) abovieekein the organ bud is a liver bud.

(13) The method of (12) above, wherein a liver lith an improved albumin secretory
capacity is prepared compared with a liver bud areg by culturing vascular endothelial
cells, mesenchymal cells and a tissue or organreeiiro in the absence of blood cells.

(14) The method of (12) or (13) above, whereirivarlbud with increased expression of
hepatocyte differentiation marker genes is prepamdpared with a liver bud prepared by
culturing vascular endothelial cells, mesenchynadiscand a tissue or organ callvitro in
the absence of blood cells.

(15) The method of (14) above, wherein the hepdtodifferentiation marker gene is at

least one marker selected from the group consisting fetoprotein, albumin, CYP3A7,



tryptophan metabolic enzyme TDO2 and sodium-tawtata cotransporter.

(16) An organ bud prepared by the method of areyair(1) to (15) above.

(17) A method of preparing a tissue or an orgammrising transplanting the organ bud of
(16) above into a non-human animal and differeimgathe organ bud into a tissue or an
organ.

(18) A method of transplanting an organ bud, casipy transplanting the organ bud of
(16) above into a human or a non-human animal.

(19) A method of regeneration or function recovefya tissue or an organ, comprising
transplanting the organ bud of (16) above into andm or a non-human animal and
differentiating the organ bud into a tissue or egaa.

(20) A method of preparing a non-human chimerignah comprising transplanting the
organ bud of (16) above into a non-human animal diffdrentiating the organ bud into a
tissue or an organ.

(21) A method of evaluating a drug, comprisingngsat least one selected from the group
consisting of the organ bud of (16) above, theuéssr organ prepared by the method of (17)
above, and the non-human chimeric animal prepayetidomethod of (20) above.

As a finding concerning the maturing of hematopoieells and hepatocytes, reports
have been made that a cytokine (OSM) produced matapoietic cells in the developmental
process of mouse promotes the maturing of hepatsc{lon-Patent Document No. 2:
Kamiya A., et al., EMBO J. 1999 18:2127-3; Non-P&ateocument No. 3: Kinoshita T., et al.,
Proc Natl Acad Sci U S A. 1999 96:7265-70 (1999)However, in the conventional
two-dimensional culture, directed differentiatiorasvutterly insufficient though OSM had
been already added. On the other hand, the paterthe present inventors (Patent
Document No. 1: Method for Preparing Tissue anda@r@/O2013/047639 Al), although it
discloses preparation of organ buds from three stypiecells, does not disclose or even
suggest a methodology that enables organ budsfrtmed from four or more types of cells
including hematopoietic cells and which also prassahe maturing thereof. Therefore, the
introduction of the fourth cell (hematopoietic sglintoin vitro reconstructed organ buds and
the finding of its importance in the maturing diuactional cell of interest have great novelty

and inventiveness.

EFFECT OF THE INVENTION



To date, the present inventors have succeedeahstroicting a platform technology
for preparing a human tissue/organ in which a vasa@ystem is appropriately located; such
a human tissue/organ has never been achieved byemiional techniques (Method for
Preparing Tissue and Organ). In order to substiyntiadvance the above-described
technology, the present invention has achievedlanique to greatly promote the maturing of
a functional cell of interest through direct orimedt cellular action by adding a new player
(i.e., hematopoietic cells). This is a completebvel technique that achieves maturing of
metabolic and otheim vitro functions that have heretofore been inadequateecifically,
according to the technique of the present inventi@patocytes were recognized to improve
in function by a factor of about 3 to 4 (taking ahin secretion as an indicator).
Accordingly, it is expected that an equivalent fime will be exhibited by cells whose
number is three to four times less than the conweally needed. As a result, the
production cost can be reduced to between one #mdda fourth. In terms of the current
treatment cost per adult terminal hepatic failuagigmt, it is expected that a reduction of
approx. 6 million Yen will be achieved.

Further, as a result of the functional improverneatording to the present invention,
it is expected that drug metabolism and other fonestthat have heretofore been difficult to
evaluate can be detected, which also enables afiphcto in vitro screenings in drug
discovery.

The present specification encompasses the contgsttosed in the specification
and/or the drawings of Japanese Patent Applicdtion2015-251140 based on which the

present patent application claims priority.

BRIEF DESCRIPTION OF THE DRAWINGS

[Fig. 1] Isolation of a cell fraction comprisingimatopoietic cells from cord blood
using a cell sorter.

[Fig. 2] Preparation of liver buds comprising hioaells (left panel); and
measurement by ELISA of albumin secretion into medirom liver buds comprising blood
cells (right panel).

[Fig. 3] Examination of genetic expression of hepaifferentiation markers by
quantitative PCR in the preparation of liver budmprising blood cells.

[Fig. 4] Examination of the amount of blood cedldded in the preparation of liver



buds comprising blood cells.
[Fig. 5] Albumin secretion dependent on the amairilood cells added.

BEST MODES FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be desedilin detail.

The present invention provides a method of pregaen organ bud, comprising
culturing vascular endothelial cells, mesenchynediscand a tissue or organ callvitro in
the presence of blood cells.

As used herein, the term “organ bud” means a tstreccapable of differentiating
into an organ through maturing, the structure cosimy four types of cells, i.e., tissue or
organ cells, vascular endothelial cells, mesenchyrels (undifferentiated mesenchymal
cells or cells differentiated therefrom) and blamdls. Whether a structure is an organ bud
or not can be determined, for example, by tramdjplg the structure into an organism and
examining whether or not it is capable of diffefatihg into an organ of interest (the
structure can be judged as organ bud if it hagwdfitiated into the organ of interest); and/or
by examining whether or not the structure compraksf the above-listed four types of cells
(the structure can be judged as organ bud if itpresas all of the four types of cells). The
organ bud may be one which differentiates into mya such as kidney, heart, lung, spleen,
esophagus, stomach, thyroid, parathyroid, thymasiad, brain, spinal cord or the like.
Preferably, the organ bud is one which differee8ainto an endodermal organch as one
which differentiates into liver (liver bud), one igh differentiates into pancreas (pancreas
bud), or one which differentiates into intestimalct. Whether a certain structure is an organ
bud which differentiates into an endodermal organai can be determined by examining the
expression of marker proteins (if any one or mdréhe marker proteins described later are
expressed, the organ bud can be judged as the bughaf interest). For example, HHEX,
SOX2, HNF4A, AFP, ALB and the like are markersliger buds; PDX1, SOX17, SOX9 and
the like are markers for pancreas bud; and CDX2{%@nd the like are markers for organ
buds which differentiate into intestinal tract. Ang the terms used by those skilled in the
art, the following are included in the organ budtieé present invention: liver bud, liver
diverticula, liver organoid, pancreatic (dorsal weentral) buds, pancreatic diverticula,
pancreatic organoid, intestinal bud, intestinakdicula, intestinal organoid (K. Matsumoto,
et al. Science.19; 294 (5542): 559-63 (2001)) andrs



As used herein, the term “blood cell” means a iselated from a living body, a cell
obtained from stem cells such as ES cells or iRS by directed differentiation, or a cell
directly reprogrammed by gene transfer into a deiféiated cell, on the condition that the
following characteristics of blood cells are dig@d (e.g., expressing any one of CD34,
CD2, CD3, CD4, CD7, CD8, CD10, CD14, CD16, CD19,2DDCD24, CD41, CD45, CD56,
CD66b or CD235a, CD38, CD90, CD49f, VEGFR2, CD487C, GPA (Glycophorin A),
CD42b, c-kit, CD150, Sca-1, Ter119 or the likeyVhether a cell is a blood cell or not may
be determined by checking for the expression of £IXD2, CD3, CD4, CD7, CD8, CD10,
CD14, CD16, CD19, CD20, CD24, CD41, CD45, CD56, 6B6r CD235a, CD38, CD90,
CD49f, VEGFR2, CD43, CD71, GPA (Glycophorin A), CIi4 c-kit, CD150, Sca-1, Ter119
or the like. The blood cell used in the preseneiiion may be either differentiated or
undifferentiated. Preferably, the blood cell coisgs undifferentiated hematopoietic cells
such as hematopoietic progenitor cells or hema&tipostem cells. As undifferentiated
hematopoietic cells, blood cells derived from potent stem cells such as induced
pluripotent stem cells (iPS cells), embryonic stegiis (ES cells), etc.; blood cells collected
from blood (cord blood, bone marrow blood, perigthdriood, etc.); or blood cells directly
reprogrammed from other differentiated cells may dmeimerated, for example. In the
Example described later, it is believed that hepaitic progenitor cells and hematopoietic
stem cells could be enriched by collecting the negtefractions of cord blood. Among the
terms used by those skilled in the art, the follayvare included in the blood cell in the
present invention: hematopoietic stem cell, blotzEinscell, hematopoietic progenitor cell,
blood progenitor cell, myeloid progenitor cell, guwocyte/monocyte progenitor cell,
granulocyte precursor (progenitor?) cell, granulecynyeloblast, promyelocyte, myeloid cell,
metamyelocyte, stab cell, segmented cell (neutfhpmonocyte progenitor, monocyte,
macrophage, histiocyte, Kupffer cell, alveolar nogptrage, microglia, osteoclast, epithelioid
cell, giant cell (Langhans giant cell, foreign bagignt cell, Touton giant cell), dendritic cell,
Langerhans cell, myelomonocyte, myeloblast, basieppromyelocyte, basophilic myeloid
cell, basophilic metamyelocyte, basophil, myeloblagosinophilic promyelocyte,
eosinophilic myeloid cell, eosinophilic metamyelteyeosinophilic stab cell, eosinophilic
segmented cell (eosinophil), megakaryoblast, megaksgte, erythroblast, reticulocyte, mast
cell precursor, and so on. As blood cells, humarvdd blood cells are mainly used.

However, blood cells derived from non-human anin{alg., animals used, for example, as



experimental animals, pet animals, working animad&e horses or fighting dogs, more
specifically, mouse, rat, rabbit, pig, dog, monkegttle, horse, sheep, chicken, shark,
devilfish, ratfish, salmon, shrimp, crab or theelknay also be used.

As used herein, the term “vascular endothelid! cetans cells constituting vascular
endothelium or cells capable of differentiatingoirguch cells. Whether a certain cell is
vascular endothelial cell or not can be determimgdhecking for the expression of marker
proteins such as TIE2, VEGFR-1, VEGFR-2, VEGFR-8 &D41 (if any one or more of the
above-listed marker proteins are expressed, tHecaal be judged as vascular endothelial
cell). The vascular endothelial cell used in thespnt invention may be either differentiated
or undifferentiated. Whether a vascular endothegd is a differentiated cell or not can be
determined by means of CD31 and CD144. Amongédh®ag used by those skilled in the
art, the following are included in the “vasculardethelial cell” of the present invention:
endothelial cells, umbilical vein endothelial celendothelial progenitor cells, endothelial
precursor cells, vasculogenic progenitors, hemdngsd (HJ. Joo, et al. Blood.
25;118(8):2094-104 (2011)) and so on. Preferalascwiar endothelial cells are those
derived from umbilical vein. Vascular endothelialls may be collected from blood vessels,
or may be prepared from pluripotent stem cells saglinduced pluripotent stem cells (iPS
cells) or embryonic stem cells (ES cells) accordiiog known methods. As vascular
endothelial cells, human-derived cells are mairdgds However, vascular endothelial cells
derived from non-human animals (e.g., animals ukedexample, as experimental animals,
pet animals, working animals, race horses or fightilogs, more specifically, mouse, rat,
rabbit, pig, dog, monkey, cattle, horse, sheepckdm, shark, devilfish, ratfish, salmon,
shrimp, crab or the like) may also be used.

As used herein, the term “mesenchymal cell” meamective tissue cells that are
mainly located in mesoderm-derived connective éssand which form support structures for
cells that function in tissues. The “mesenchynadll’ ¢s a concept that encompasses those
cells which are destined to, but are yet to, d#ffdiate into mesenchymal cells.
Mesenchymal cells used in the present invention nhay either differentiated or
undifferentiated. Whether a certain cell is anifiecentiated mesenchymal cell or not may
be determined by checking for the expression okergproteins such as Stro-1, CD29, CD44,
CD73, CD90, CD105, CD133, CD271 or Nestin (if ameoor more of the above-listed

marker proteins are expressed, the cell can beefldg undifferentiated mesenchymal cell).



A mesenchymal cell in which none of the above-tistearkers are expressed can be judged
as a differentiated mesenchymal cell. Among thmseused by those skilled in the art, the
following are included in the “mesenchymal cell” thfe present invention: mesenchymal
stem cells, mesenchymal progenitor cells, mesenahgsils (R. Peters, et al. PLoS One. 30;
5(12):e15689 (2010)) and so on. Preferable mesemahyells are mesenchymal cells
derived from bone marrow (especially, mesenchyrteahscells). Mesenchymal cells may
be collected from tissues such as bone marrow,oadipissue, placental tissue, umbilical
tissue, dental pulp or the like, or may be prepdreah pluripotent stem cells such as induced
pluripotent stem cells (iPS cells) or embryonicnsteells (ES cells) according to known
methods. As mesenchymal cells, human-derived calle mainly used. However,
mesenchymal cells derived from non-human animalg.,(@nimals used, for example, as
experimental animals, pet animals, working animad&e horses or fighting dogs, more
specifically, mouse, rat, rabbit, pig, dog, monkegttle, horse, sheep, chicken, shark,
devilfish, ratfish, salmon, shrimp, crab or theehlknay also be used.

As used herein, the term “tissue or organ cellansefunctional cells constituting
tissues or organs, or undifferentiated cells whidifferentiate into functional cells.
Examples of “undifferentiated tissue or organ cetitlude, but are not limited to, cells
capable of differentiating into an organ such adn&y, heart, lung, spleen, esophagus,
stomach, thyroid, parathyroid, thymus, gonad, brain spinal cord; cells capable of
differentiating into an ectodermal organ such aairhrspinal cord, adrenal medulla,
epidermis, hair/nail/dermal gland, sensory orgaarjpberal nerve or lens; cells capable of
differentiating into a mesodermal organ such asiéyd urinary duct, heart, blood, gonad,
adrenal cortex, muscle, skeleton, dermis, cormectissue or mesothelium; and cells
capable of differentiating into an endodermal orgach as liver, pancreas, intestinal tract,
lung, thyroid, parathyroid or urinary tract. Whethor not a certain cell is capable of
differentiating into an ectodermal organ, mesodérorgan or endodermal organ can be
determined by checking for the expression of magketeins (if any one or more of marker
proteins are expressed, the cell can be judged @l aapable of differentiating into an
endodermal organ). For example, in cells capalble@ifberentiating into liver, HHEX,
SOX2, HNF4A, AFP, ALB and the like are markers;cills capable of differentiating into
pancreas, PDX1, SOX17, SOX9 and the like are markercells capable of differentiating

into intestinal tract, CDX2, SOX9 and the like anarkers; in cells capable of differentiating
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into kidney, SIX2 and SALL1 are markers; in cel@pable of differentiating into heart,
NKX2-5, MYH6, ACTN2, MYL7 and HPPA are markers; aells capable of differentiating
into blood, C-KIT, SCAl1, TER119 and HOXB4 are masgkeand in cells capable of
differentiating into brain or spinal cord, HNK1, 2PNESTIN and the like are markers.
Among the terms used by those skilled in the drg tollowing are included in the
“undifferentiated tissue or organ cell” of the et invention: hepatoblast, hepatic
progenitor cells, hepatic precursor cells, panot@ast, pancreatic progenitors, pancreatic
progenitor cells, pancreatic precursor cells, eridecprecursors, intestinal progenitor cells,
intestinal precursor cells, intermediate mesodenetanephric mesenchymal precursor cells,
multipotent nephron progenitor, renal progenitoliscecardiac mesoderm, cardiovascular
progenitor cells, cardiac progenitor cells (JR.r&@e et al. Nature.; 470(7332):105-9.(2011);
Self, et al. EMBO J.; 25(21): 5214-5228.(2006)Zdang, et al. Circulation Research.; 104:
e30-e41(2009); G. Lee, et al. Nature Biotechnol@%y 1468-1475 (2007)) and so on.
Undifferentiated tissue or organ cells may be cbtdld from tissues or organs, or may be
prepared from pluripotent stem cells such as indygeripotent stem cells (iPS cells) or
embryonic stem cells (ES cells) according to knonethods. Moreover, undifferentiated
tissue or organ cells may be such cells as primigut endoderm cells (PGECs) (Japanese
Patent No. 5777127) which are at an intermediatgesbf differentiation from pluripotent
stem cells (e.g., iPS cells) into tissues or orgarAGECs are capable of differentiating into
hepatocytes, pancreatic cells and enterocytes (haye differentiation function), do not
express markers associated with the malignancyaoter (are highly safe), and may be
prepared from iPS cells by directed differentiatisithout using feeder cells. Therefore,
PGECs have the advantage of even allowing for adinapplication. Furthermore, mass
preparation of PGECs is possible to. PGECs mayprbepared according to the method
disclosed in Japanese Patent No. 5777127. Alieetgtpluripotent stem cells such as iPS
cells may be cultured in activin-supplemented seftg® medium so that they are induced to
endodermal cells that are positive to both CXCRd Brcadherin; or the endodermal cells
thus obtained may be cultured for two days in thesg@nce of added BMP4 and FGF2 to
obtain CXCR4-negative, HNk4positive hepatic endodermal cell populations. Teeg
further examples, organ cells capable of diffeaimg into liver may be prepared as
previously described (K.Si-Taiyeb, et al. Hepatglosfl (1): 297- 305(2010); T. Touboul, et
al. Hepatology. 51 (5):1754-65 (2010)); organ celpable of differentiating into pancreas
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may be prepared as previously described (D. Zhahg]. Cell Res.;19(4):429-38 (2009));
organ cells capable of differentiating into inteati tract may be prepared as previously
described (J. Cai, et al. J Mol Cell Biol.; 2(1%:60 (2010); R. Spence, et al. Nature.; 470
(7332):105-9 (2011)); cells capable of differentigt into heart may be prepared as
previously described (J. Zhang, et al. Circulat®esearch.; 104: e30-e41(2009); and cells
capable of differentiating into brain or spinal @anay be prepared as previously described
(G. Lee, et al. Nature Biotechnology 25, 1468 -347007)). Examples of “differentiated
tissue or organ cell” include, but are not limitieg endocrine cells of pancreas, pancreatic
duct epithelial cells of pancreas, hepatocytesiwdr, epithelial cells of intestinal tract,
tubular epithelial cells of kidney, podocytes odikey, cardiomyocytes of heart, lymphocytes
and granulocytes of blood, erythrocytes, neurors glial cells of brain, and neurons and
Schwann cells of spinal cord. As tissue or orgaltschuman-derived cells are mainly used.
However, tissue or organ cells derived from non-annanimals (e.g., animals used, for
example, as experimental animals, pet animals, wgr&nimals, race horses or fighting dogs,
more specifically, mouse, rat, rabbit, pig, dog,nkey, cattle, horse, sheep, chicken, shark,
devilfish, ratfish, salmon, shrimp, crab or theehlknay also be used.

Culture ratios of four cell types in coculture avat particularly limited as long as
they are within the range that enables the formatiborgan buds. Preferable cell count
ratio is 10 : 10-5 : 2-0.1 : 2-50 for tissue or amgcell : vascular endothelial cell :
mesenchymal cell : blood cell. Organ buds of appsxto 250um in size may be formed by
coculturing approx. 250,000 tissue or organ celbgrox. 170,000 vascular endothelial cells,
approx. 25,000 mesenchymal cells and approx. 100h@dd cells.

The medium used for culture may be any mediumehables the formation of organ
buds and examples that are preferably used includmedium for culturing vascular
endothelial cells, a medium for culturing tissueoogan cells, and a mixture of these two
media. As a medium for culturing vascular endasthekells, any medium may be used but,
preferably, a medium containing at least one offtitlewing substances may be used: hEGF
(recombinant human epidermal growth factor), VE@&s¢ular endothelial growth factor),
hydrocortisone, bFGF, ascorbic acid, IGFl, FBS,ibastics (e.g., gentamycin or
amphotericin B), heparin, L-glutamine, phenol red 8BE. Specific examples of media
that may be used for culturing vascular endothalg&lls include, but are not limited to,
EGM-2 BulletKit (Lonza), EGM BulletKit (Lonza), VasiLife EnGS Comp Kit (LCT),
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Human Endothelial-SFM Basal Growth Medium (Invitto and human microvascular
endothelial cell growth medium (TOYOBO). As a medifor culturing tissue or organ
cells, any medium may be used but in the case vtherergan cell is a hepatocyte, a medium
containing at least one of ascorbic acid, BSA-FABulin, hydrocortisone and GA-1000 may
preferably be used. As a medium for culturing hepges, HCM BulletKit (Lonza) from
which hEGF (recombinant human epidermal growthdigdtas been removed or RPMI1640
(Sigma-Aldrich) to which 1% B27 Supplements (GIBC@nd 10 ng/mL hHGF
(Sigma-Aldrich) have been added may typically bedus As regards the formation of
human liver buds, a 1:1 mixture of GM BulletKit (hza) and HCM BulletKit (Lonza) from
each of which hEGF has been removed and which a@eh esupplemented with
dexamethasone, oncostatin M and HGF has been fftexctive for maturation of liver buds.

Although scaffold materials need not be used fdtucing cells, a mixture of four
types of cells may advantageously be cultured geldike support that allows mesenchymal
cells to contract.

Contraction of mesenchymal cells may be confirnfed,example, by noting the
formation of a 3D tissue morphologically (eitherden microscope or with the naked eye) or
by showing that the tissue is strong enough tdmrets shape as it is collected with a spatula
or the like (Takebe et al. Nature 499 (7459), 484;42013).

The support may advantageously be a gel-like salesthaving an appropriate
stiffness [e.g., a Young’s modulus of 200 kPa e§l@n the case of a Matrigel-coated gel of a
flat shape); however, the appropriate stiffnesshef support may vary depending on the
coating and shape]. Examples of such substraohsdie, but are not limited to, hydrogels
(such as acrylamide gel, gelatin and Matrigel). he Btiffness of the support need not be
uniform and may vary with the shape, size and quyaoit a cell condensate of interest so that
it can be provided with a spatial/temporal gradientan be patterned. In the case where
the stiffness of the support is uniform, it is @mibly 100 kPa or less, more preferably 1-50
kPa. The gel-like support may be planar, or adtéwely, the side on which culture is to be
performed may have a U- or V-shaped cross sectitirthe side of the gel-like support on
which culture is to be performed has a U- or V-gthpross section, cells tend to gather on
the culture surface and a cell condensate can tatyeously be formed from a smaller
number of cells and/or tissues. Moreover, the stpmay be modified chemically or

physically. Examples of modifying substances idelubut are not limited to, Matrigel,
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laminin, entactin, collagen, fibronectin and viteatin.

One example of the gel-like culture support tegirovided with a spatial gradient of
stiffness is a gel-like culture support that idfetiin the central part than in the peripheral
part. The stiffness of the central part is appedply 200 kPa or less and it suffices that the
peripheral part is softer than the central partpprpriate values for the stiffness of the
central and peripheral parts of the substrate areable with the coating and the shape.
Another example of the gel-like culture supportttisaprovided with a spatial gradient of
stiffness is a gel-like culture support that idfetiin the peripheral part than in the central
part.

One example of the patterned, gel-like culturepsupis a gel-like culture support
having one or more patterns in which the centrd igastiffer than the peripheral part. The
stiffness of the central part is appropriately, 8@ or less and it suffices that the peripheral
part is softer than the central part. Approprigagues for the stiffness of the central and
peripheral parts of the substrate are variable \ligh coating and the shape. Another
example of the patterned, gel-like culture suppog gel-like culture support having one or
more patterns in which the peripheral part isetithan the central part. The stiffness of the
peripheral part is appropriately 200 kPa or less iarsuffices that the central part is softer
than the peripheral part. Appropriate values far stiffness of the central and peripheral
parts of the substrate are variable with the cgadimd the shape.

The temperature during culture is not particulalitpited but it is preferably
30-40°C and more preferably 37°C.

The culture period is not particularly limited buts preferably 3-10 days and more
preferably 6 days.

The organ bud prepared by the method of the pregeention may be improved in
function compared with an organ bud prepared byudop vascular endothelial cells,
mesenchymal cells and a tissue or organineiltro in the absence of blood cells.

Consider, for example, the case where the orgahidwa liver bud; the liver bud
prepared by the method of the present invention hee an improved albumin secretion
capacity compared with a liver bud prepared by wirlg vascular endothelial cells,
mesenchymal cells and a tissue or organ wgelvitro in the absence of blood cells.
Moreover, the liver bud prepared by the methocheffiresent invention may have increased

expression of hepatocyte differentiation markeregecompared with a liver bud prepared by



14

culturing vascular endothelial cells, mesenchynedliscand a tissue or organ callvitro in
the absence of blood cells. Examples of hepatodifterentiation marker genes include,
but are not limited toy fetoprotein, albumin, CYP3A7, tryptophan metabelizyme TDO2
and sodium-taurocholate cotransporter.

The present invention also provides an organ beggred by the above-described
method.

The thus prepared organ bud may be transplanteéinon-human animal, in which
it is allowed to mature, whereby a tissue or organ be prepared. Briefly, the present
invention also provides a method of preparing sutsor an organ, comprising transplanting
the organ bud prepared by the above-described wmheitito a non-human animal and
differentiating the organ bud into a tissue or agaa. Examples of the non-human animal
that may be used include animals that are usedeXample, as experimental animals, pet
animals, working animals, race horses or fightingsgy more specifically, mouse, rat, rabbit,
pig, dog, monkey, cattle, horse, sheep, chickesxksievilfish, ratfish, salmon, shrimp, crab
and the like. Moreover, the non-human animal to used herein is preferably an
immunodeficient animal in order avoid immunorejenti

Therefore, the present invention also providesethod of transplanting an organ
bud, comprising transplanting the organ bud prepasethe above-described method into a
human or a non-human animal. The site of transpliam of the organ bud may be any site
as long as transplantation is possible. SpecKa®les of the transplantation site include,
but are not limited to, the intracranial space, riiesentery, the liver, the spleen, the kidney,
the kidney subcapsular space, and the suprapgégles For intracranial transplantation,
about 1 to 3 organ buds of 5 mm in size, prepareditro, may be transplanted. For
intramesenteric transplantation, about 1 to 6 ofgaas of 5 mm in size, preparedvitro,
may be transplanted.  For transplantation intosiingraportal space, about 1 to 20 organ
buds of 5 mm in size, preparéavitro, may be transplanted. For transplantation into th
kidney subcapsular space, about 1 to 5 organ biuslsron in size, preparei vitro, may be
transplanted. For transplantation into the liwsgaleen or kidney, about 100 to 200 organ
buds of 10Qum in size, prepareih vitro, may be transplanted.

The thus prepared tissue or organ may be usedug discovery screening or
regenerative medicine.

Therefore, the present invention provides a metbhbdegeneration or function
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recovery of a tissue or an organ, comprising trEamsmg the organ bud prepared by the
above-described method into a human or a non-huananal and differentiating the organ
bud into a tissue or an organ. As non-human asinalimals used for such purposes as
experimental animal, pet animal, working animalcerahorse or fighting dog, more
specifically, mouse, rat, rabbit, pig, dog, monkegttle, horse, sheep, chicken, shark,
devilfish, ratfish, salmon, shrimp, crab or theelikay be used.

The organ bud prepared by the method of the préseantion may be formulated
and used in the form of a composition for regemezanedicine.  This composition of the
present invention may be transplanted into a liiimgly to prepare a tissue or an organ.
Regeneration or function recovery of a tissue oom@an is also possible by transplanting the
composition of the present invention into a livimady.

Upon transplantation of the composition of thespré invention into a living body,
the organ bud may differentiate into a tissue ooagan with vascular networks. In such
vascular networks, blood perfusion may occur. slbélieved that the occurrence of blood
perfusion in vascular networks enables generatioa tissue or an organ with a highly
ordered tissue structure equivalent or close tdisisee structure of adult tissues.

The composition of the present invention may casepi tissue vascularization
promoter such as FGF2, HGF or VEGF, a gelatin spdog hemostasis to cope with the
bleeding from transplantation (product name: Spbndetellas Pharma), and a tissue
adhesive for fixing transplants such as BolheaijifT®harma), Beriplast' (CSL Behring) or
TachoCombB" (CSL Behring).

The present invention also provides a method epg@ring a non-human chimeric
animal, comprising transplanting the organ bud @reg by the above-described method into
a non-human animal and differentiating the orgad Imto a tissue or an organ. The
non-human animal (e.g., mouse) transplanted wite trgan bud may mimic the
physiological function of the organismal specieg.(ghuman) from which the tissue or organ
cell used for preparing the organ bud is derived.

Still further, the present invention provides atimoel of evaluating a drug,
comprising using at least one member selected th@rgroup consisting of the organ bud,
the tissue or organ and the non-human chimeric @né® prepared by the above-described
methods, respectively. Specific examples of duaguation include, but are not limited to,

evaluation of drug metabolism (e.g., predictiondoig metabolism profiles), evaluation of
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drug efficacy (e.g., screening for drugs that affiecéve as pharmaceuticals), toxicity
evaluation, and evaluation of drug interactions.

Evaluation of drug metabolism may be performedadlsws. Briefly, is at least
one member selected from the group consistindpeforgan bud, the tissue or organ and
the non-human chimeric animal as prepared by tbeexdescribed methods, respectively, is
administered with a candidate compound for pharoiézads and the resulting biological
sample is then collected and analyzed, wherebyrahttype drug metabolism profile can be
obtained. As a result, prediction of the distribntmetabolism/excretion processes of
pharmaceuticals in human (which was extremely diffi to achieve by conventional
methods) becomes possible and it is expected hieatiévelopment of safe and efficacious
pharmaceuticals can be greatly accelerated.

Screening for drugs that are effective as pharotaxads may be performed as
follows. Briefly, at least one member selectedrfrthe group consisting of the organ bud,
the tissue or organ and the non-human chimeric @né® prepared from a cell established
from a diseased patient by the above-describedadsthespectively, is administered with a
novel candidate compound for pharmaceuticals. €hasbles subsequent analysis. As a
result, a potential is expected for achieving gregprovement in the precision of drug
efficacy prediction for the case of actual admmasbn to human, which has been
unsatisfactory in conventional vitro tests.

Evaluation of toxicity may be performed as followSBriefly, at least one member
selected from the group consisting of the organ, Itiuel tissue or organ and the non-human
chimeric animal as prepared by the above-descnibethods, respectively, is administered
with a test substance and, thereafter, histologleahage markers or the like are measured.
This makes it possible to improve the precisiodahage prediction.

Evaluation of drug interactions may be performedalows. Briefly, at least one
member selected from the group consisting of tlgamrbud, the tissue or organ and the
non-human chimeric animal as prepared by the aldeseribed methods, respectively, is
administered with a plurality of drugs; then, ealthg is examined for its pharmacokinetics
such as distribution/metabolism/excretion processesluated for its toxicity, and evaluated
for its efficacy.

Further, it is also possible to create tissue staifs from the tissue or organ

prepared by the method of the present inventiorhusTthe present invention is applicable
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to cell engineering techniques for large scaletaraf human tissue cells and organ cells.

EXAMPLES
Hereinbelow, the present invention will be desedilin more detail with reference to
the following Example.
[Example 1]
[Methods]
1. Preparation of Blood Cells
<Acquisition of Cord Blood>
Blood was collected from the umbilical cord (kindlupplied by a patient who gave
birth to a child by Caesarean section in the Yokoaity University Hospital) with a 50 ml
syringe and an 18G needle. Approx. 40 to 50 nillobd was collected.
<Lysis Treatment>
Lysis buffer (40 ml) was placed in a 50 ml tubeewthich 10 ml of the cord blood
was added.
After stirring, the tube was left stationary for iin. at room temperature.
The tube was centrifuged at 200G for 10 min.
The resultant precipitate was re-suspended in 16frysis buffer. The contents of
five tubes were collected together to make a 56uspension.
The above suspension was re-centrifuged at 200E0fonin.
The precipitate was suspended in 10 ml of DMEM+1BB& and centrifuged at
200G for 5 min.
The precipitate was re-suspended in 10 ml of DMEM41FBS, followed by cell
counting.
Materials
1) Preparation of 10 x Lysis Buffer (x10 liquid;10/dilution was used.)
* NH,CI 82.6 ¢

- NaHCQ; 11.9 g
- EDTA;Na 0.378 g

/1L milliQ adjusted to pH 7.3
2) Preparation of 1 x Lysis Buffer
Dilution (x1) with PBS (preferably cooled to 4°C;n2M EDTA may be added) was
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used.
<Isolation of PYCD235 Cells>

Dead cells were stained with propidium iodide (Rlythrocytes/erythroblasts were
stained with fluorescence-labeled CD235 antibodltscnot stained with either Pl or the
antibody (viable cells and neither erythrocytes aprthroblasts) were isolated with a cell
sorter.
<Isolation of Monocyte Fraction (MNC) Cells>

Using a cell sorter, PCD235 cells were developed with FSC (forward scatteg an
SSC (side scatter) to isolate cell populationssifiesl as monocyte fraction (MNC) cells.

2. Preparation of Hepatic Endoderm Cells
Method:

Undifferentiated iPS cells (TKDA3 supplied by tbaiversity of Tokyo and an iPS
cell line established from umbilical cord by thegent inventors) were exfoliated to prepare
single cells. The cells were cultured in plasighés at a density of 5xi@ells/cnf in the
presence of RPMI+1% B27+10 uM Rockinhibitor+50 nig/Mnt3a+100 ng/mL Activin A
for one day. Subsequently, the resultant cellseveedtured in the presence of RPMI+1%
B27+50 ng/mL Wnt3a+100 ng/mL Activin A for six daysthereby obtain hepatic endoderm
cells.

[Results]
1. (Figs. 1, 2 and 3)

In a 10:7:1 mixture of hepatic endoderm cells (2Bxcells), umbilical cord-derived
vascular endothelial cells (1.7X1€ells) (Lonza, Basel, Switzerland) and mesenchyrakis
(2.5x10 cells) (Lonza, Basel, Switzerland), a cell soisetated Plcells and monocyte
fraction (MNC) cells (Fig. 1) enriched in hematogm stem cells/hematopoietic progenitor
cells were suspended (1X1¢ells for each), followed by preparation of lierds (50-250
um in size) on Kuraray microwell plates. After 1&yd culture, protein amounts of human
albumin secreted in 24 hr into the culture supemtstof liver buds cultured under respective
conditions were analyzed by ELISA. As a resul, ginoups to which Ptells or
hematopoietic stem cells/hematopoietic progenigtisenriched monocyte fraction (MNC)
cells were added showed a greater amount of albsedretion than the group to which no
blood cells were added (conventional method) (Ejg. Subsequently, the liver buds at day

15 of culture under the above-described conditiwese collected, followed by checking for
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the expression of hepatocyte differentiation markerfetoprotein (AFP), albumin (ALB),
CYP3A7, tryptophan metabolic enzyme (TDO2) and wadiaurocholate cotransporter
(NTCP)) by qPCR. As a result, the groups to wiithcells or monocyte fraction (MNC)
cells were added showed higher gene expressiols lthan the groups to which no blood
cells were added (conventional method) (Fig. 3).

2. (Figs. 4 and 5)

In order to examine the dose dependency of bl@ild, experimental groups were
prepared as follows. To a 10:7:1 cell mixture epétic endoderm cells (2.5x1€ells),
umbilical cord-derived vascular endothelial cells7&10 cells) and mesenchymal cells
(2.5x1d cells), no blood cells were added or blood cefE ¢ells) were added at varying
densities of 1x10cells, 2.5x18 cells or 5x10 cells. At day 15 of liver bud preparation,
the amount of human albumin secretion in 24 hrufiuce broth (Fig. 4) was examined.
The results revealed that the protein amount ofdwalbumin secretion was enhanced in a
manner dependent on blood cell count, as compaitedhve conventional method (Fig. 5).

All publications, patents and patent applicatiomsdcherein are incorporated herein

by reference in their entirety.

INDUSTRIAL APPLICABILITY

The present invention will provide an importanatfbrm technology directed to
industrial production of human functional cells. heTinvention is applicable to preparation
of human tissues/organs for transplantation as cantdogy of regeneration medicine
targeting refractory diseases. Not only a great ceduction is expected compared with
conventional methods, but also improvement in fiomel maturationin vitro might be
possible with the technique of the present inventioTherefore, the present invention is
expected to become applicable to even acute/subaepiatic failure which has been difficult
to treat by the conventional technology.

Further, a drug evaluation system established gusinhuman hepatic tissue
artificially prepared according to the present imv@n would enable large scale production of

human mature hepatocytes needed in drug discoesiopment.
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CLAIMS

1. A method of preparing an organ bud, comprissajuring vascular endothelial cells,
mesenchymal cells and a tissue or organinefltro in the presence of blood cells.

2. The method of claim 1, wherein the organ Isuid structure capable of differentiating
into an organ through maturing.

3. The method of claim 1 or 2, wherein an orgad With improved functions is prepared
compared with an organ bud prepared by culturirgcwiar endothelial cells, mesenchymal
cells and a tissue or organ dellvitro in the absence of blood cells.

4. The method of any one of claims 1 to 3, wheceiis are cultured without using scaffold
materials.

5. The method of any one of claims 1 to 4, wheria blood cell comprises an
undifferentiated hematopoietic cell.

6. The method of claim 5, wherein the undifferaeteil hematopoietic cell is a
hematopoietic progenitor cell and/or a hematopomtm cell.

7. The method of any one of claims 1 to 6, whethi blood cell is derived from cord
blood.

8. The method of claim 7, wherein the blood celhicell of the monocyte fraction of cord
blood.

9. The method of any one of claims 1 to 8, wheria tissue or organ cell is an
undifferentiated cell induced from a pluripotergratcell.

10. The method of claim 9, wherein the pluripoteteim cell is an induced pluripotent stem
cell.

11. The method of claim 9 or 10, wherein the jplotent stem cell is derived from human.
12. The method of any one of claims 1 to 11, winettee organ bud is a liver bud.

13. The method of claim 12, wherein a liver budhwan improved albumin secretory
capacity is prepared compared with a liver bud areg by culturing vascular endothelial
cells, mesenchymal cells and a tissue or organreeiiro in the absence of blood cells.

14. The method of claim 12 or 13, wherein a lierd with increased expression of
hepatocyte differentiation marker genes is prepamdpared with a liver bud prepared by
culturing vascular endothelial cells, mesenchynadiscand a tissue or organ callvitro in

the absence of blood cells.
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15. The method of claim 14, wherein the hepatodyfferentiation marker gene is at least
one marker selected from the group consistingaofetoprotein, albumin, CYP3A7,
tryptophan metabolic enzyme TDO2 and sodium-tawiaté cotransporter.

16. An organ bud prepared by the method of anyobieéaims 1 to 15.

17. A method of preparing a tissue or an orgampesing transplanting the organ bud of
claim 16 into a non-human animal and differentigtiime organ bud into a tissue or an organ.
18. A method of transplanting an organ bud, cosnpgi transplanting the organ bud of
claim 16 into a human or a non-human animal.

19. A method of regeneration or function recovefya tissue or an organ, comprising
transplanting the organ bud of claim 16 into a hama a non-human animal and
differentiating the organ bud into a tissue or egao.

20. A method of preparing a non-human chimeriarahi comprising transplanting the
organ bud of claim 16 into a non-human animal affdréntiating the organ bud into a tissue
or an organ.

21. A method of evaluating a drug, comprising gsat least one selected from the group
consisting of the organ bud of claim 16, the tissuergan prepared by the method of claim

17, and the non-human chimeric animal preparedéyrtethod of claim 20.



