HIGHLY FUNCTIONAL IMPLANT MATERIAL
Specification

Technical Field
[0001]

The present invention relates to a sophisticateplant material using
products from bone marrow stromal cells (BMCs) mmortalized dens
deciduous stem cells. Specifically, it relateshie sophisticated implant
material of which surface is coated with the protuftom the bone marrow

stromal cells or immortalized dens deciduous steffhsc

Background Art
[0002]

One of an object of dental treatment is to recdwest functions of teeth
and repair a shape of deficient teeth by usindfiarl materials. Therefore,
an implant is used as the most popular treatmemépair the deficient teeth
and the like.

Primarily, in order to function the deficient theand the like
sufficiently with the implant, since the implant@ahid be stabilized, it is
desirable that the implant integrate with an aleedione. Therefore,
bioactive materials such as bioglass, calcium phasp ceramics (that is,
hydroxyapatite or B-tricalcium phosphate) and tike have been used as these
implant materials.

[0003]

From a point of view that the integration of thmeplant with a bone, the
bioactive materials are superior in terms of thegh biocompatibility. On
the other hand, from a point of view of the mecltahiproperties such as
strength or durability, metal materials are supetmthe bioactive materials,
because huge load is applied on the teeth. Th&aniim (herein below, it

is often referred to as “Ti") is used widely amotigese metal materials



because of the biocompatibility, cost and so forth.
[0004]

As a technique to improve the surface propertiethe implant
materials, an implant having positively charged atetxide on its surface,
which may pull a cell selected from the group catisig of a human
mesenchymal stem cell and osteoblast, or a pradeliacted from the group
consisting of bovine serum albumin, fraction V, amvine serum fibronectin,
is proposed (herein below it is referred as thedpart 17).

[0005]

Also, it is known that the integration of the mletaplant with the bone
depends on the bone reproducibility. Then, in oreimprove the
integration ability of the implant with the boner@agent for osteogenesis or a
growth factor is applied onto the surface of thelant material. The past
paper (herein below it is referred to as the “praot 2”), it is reported that the
fixed polypeptides or cells on the mucopolysacctarcoated implant improve

the osseointegration and the bone recovery aftenriplantation.

Prior Art

[Patent Document]

[0006]
[Patent Document 1] JP2012-509750A
[Patent Document 2] JP2004-531461A

Summary of the Invention
Problems to be solved by the Invention
[0007]

The prior art mentioned above is superior in tlognp of view that it has
progressed integration of the implant with the boo@mpared to that of the
implant having untreated material surface. Howevkere was a problem
that it has insufficient integration of the implantth the bone, compared to

that of the implant made of bioactive material witigh biocompatibility.



Also, the material surface of the metal implanpre-treated for
activating the metal surface firstly; then it igéted with osteogenesis agent
or growth factors application. Therefore, the tmeant procedure is very
complicated. Furthermore, the maintained periodtfar growth factor fixed
on the surface becomes problem, when the growttofas applied onto the
material surface of the metal implant. Because, ghfficient integration
cannot be desirable, if the period to maintain ghewth factor on the material
surface of the metal implant is short comparedhiat to maintain the bone and
the metal implant material are integrated mutually.

[0008]

Therefore, there is a strong need to develop tiréase properties of the

material by using a simple procedure to integr&te material with the bone

sufficiently in a certain period.

M eans for solving the problem
[0009]

The present invention was completed under theasibms as mentioned
above.

Namely, the first aspect of the present inventi®@ preparation method
for cell product comprising the steps of: prelimip&ulturing 5 x 16 to 5 x
10* cell/mL of the bone marrow stromal cells or imnadized dens deciduous
stem cells in a medium containing 5 to 15% serut{® 150 U/mL of
penicillin and 50 to 15@g/mL of streptomycin at a temperature from 34 to
37.5°C in the presence of 5% GQselecting the cell having both of a
prescribed shape and adhesive property; and calguhe cells selected in
said selecting step under the same condition atsahthe preliminary
culturing to collect a culture supernatant aftertd®6 hours from start of the
culture.
[0010]

Here, said bone marrow stromal cell is preferaddyived from a rat

femur bone; the immortalized dens deciduous stelis ¢& preferably derived



from any one of the cells selected from the group consisting of a swine dental pulp and a
human dens deciduous. Said cell is preferably incubated at 37°C.

Also, said prescribed form in the step of selecting cell is preferably a spindle shape
and a fusiform. Said culture supernatant is preferably collected after 44 to 52 hours from the
start of the culture, and more preferably collected after 48 hours from the start of the culture.
[0011]

Here, said culture medium preferably comprises at least one of the medium selected
from the group comprising of Dulbecco’s medium, Iscove’s modified Dulbecco‘s Medium,
Ham’s F12 medium and RPMI1640. Also, said serum is preferably at least one of the
medium selected from the group consisting of fetal bovine serum, bovine serum, horse
serum, human serum, and sheep serum. Furthermore, said culture supernatant preferably
comprises 10% fetal bovine serum, 100 U/mL of penicillin and 100 pg/mL of streptomycin.

Also, the above-preparation method preferably further comprising the step of;
preparing a precipitate by performing centrifugation and ethanol precipitation treatment; and
lyophilizing the precipitate obtained from said preparation step of precipitate.

[0012]

The second aspect of the present invention is the cell product prepared by using the
above-mentioned preparation method. Said culture supernatant preferably comprises at
least type | collagen (Col-l), fibronectin, decorin and vascular endothelial growth factor
(VEGF). In addition to these cell products, said culture supernatant further comprises
insulin-like growth factor - binding protein 7, follistatin related protein, metalloproteinase
inhibitor I, tissue plasminogen activator inhibitor, actin, and sulfhydryl oxidase I, SPARC,
collagen a2 (IV) chain, B-2-microglobulin and Rho GTPase-activating protein 18.

[0013]

Also, the present invention is production method for sophisticated implant comprising
the steps of: washing a surface of an implant material with an organic solvent to prepare a
washed implant material, immersing said washed implant material in an first calcification
solution having prescribed composition at prescribed temperature for 3 to 6 hours to
prepare an immersed implant material; and incubating said immersed implant material in a
second calcification solution containing the cell product at a prescribed concentration
according to any of the claims 12 to 14 for 2 to 5 days.

Here, the cell product is preferably obtained from said bone marrow stromal cell or



immortalized dens deciduous stem cell. Said bone marrow stromal cell is preferably any
one of cell derived from the cells selected from the group comprising of rat femur, swine
dental pulp and human dens deciduous. Said cell product preferably comprises at least one
of type | collagen (Col-I), fibronectin, decorin and vascular endothelial growth factor (VEGF).
It further preferably comprises insulin-like growth factor - binding protein 7, follistatin related
protein, metalloproteinase inhibitor I, tissue plasminogen activator inhibitor, actin, and
sulfhydryl oxidase I; and further preferably said culture supernatant further comprises
SPARC, collagen a2 (IV) chain, B-2-microglobulin and Rho GTPase-activating protein 18.
[0014]

Here, said implant material is preferably formed by any material selected from the
group consisting of titanium, zirconia, hydroxyapatite and 3 -TCP.

Also, said organic solvent is preferably composed of acetone and 60 to 80% of
ethanol. Furthermore, said first calcification solution is preferably composed of 100 to 150
mM of NaCl, 2.5 to 3.5 mM of CaCl,'H,0, 1.5 to 2.5 mM of K,HPO, and 25 to 75 mM of
Tris-HCI (pH 7.2 to 7.6), and said second calcification solution is composed of 130 to 160
mM of KNOs, 1 to 2 mM of Ca(NO3),'4H,0 and 0.5 to 1.5 mM of K;HPO, (pH 7.4). More
preferably, it is composed of 136.8 mM of NaCl, 3.10 mM of CaCl,’H,O, 1.86 mM of
K;HPO,4, and 50 mM of Tris-HCI (pH 7.4), and said second calcification solution is
composed of 142.8 mM of KNOg3, 1.5 mM of Ca(NOs3),'4H,0, and 0.9 mM of K;HPO, (pH
7.4).

Furthermore, said prescribed temperature is preferably at 36 to 38 °C, and
immersing time is preferably for 4 hours. Said cell product of prescribed concentration is
preferably at a concentration of 5 to 20 mg/mL, and more preferably about 10 mg/mL.

[0015]

The third aspect of the present invention is sophisticated implant produced by the
method described above. Here, said sophisticated implant is preferably formed by a
material selected from the group consisting of titanium, zirconia, hydroxyapatite and (8 -
TCP.

Said implant preferably has at least type | collagen (Col-I), fibronectin and decorin on
the surface. In addition to these, said implant preferably further comprises at least one of
protein selected from the group consisting of insulin-like growth factor - binding protein

7(herein below, it is referred to as IGF-binding protein 7), follistatin related protein,



metalloproteinase inhibitor |, tissue plasminogen activator inhibitor, actin and sulfhydryl

oxidase | on the surface of the implant.

Advantageous Effect of the Invention
[0016]

According to the present invention, the cell product containing Col-1, decorin,
vimentin, IGF-binding protein 7, fibronectin, SPARC (secreted protein acidic and rich
cysteine) and the like obtained from the bone marrow stem cell and immortalized dens
deciduous stem cell is prepared. Also, the sophisticated implant is prepared easily by this
cell product.

Furthermore, the sophisticated implant material which integrates with bone in a short

period is obtained.

Brief Description of Drawings
[0017]

Fig. 1 is an electron micrograph of the surface of the Ti implant by using a scanning
electron microscope. In Fig. 1, (A) and (D) show the surfaces treated with PBS (phosphate
buffer saline), (B) and (E) show these treated with DMEM (Dulbecco's Modified Eagle's
Medium), (C) and (F) show these treated with CM (the culture supernatant of the cell
culture).

Fig. 2 is a graph showing cell numbers adhered on the surface of the Ti implant
treated as mentioned above (herein below, it is sometimes referred to as “Ti plate”) after 24
hours from seeding 1.0 x 10° cells on the Ti plate (ANOVA test. In the figure, * shows p <
0.05.).

[0018]

Fig. 3 shows a gel electrophoresis image of BMSCs cultured on the Ti-plate surface
having fixed DMEM or CM in (A) to (C), and a graph of the quantitatively determination of
them in (D) to (F).

Fig. 4 is a detection image of biomolecules labeled with QD on the Ti-plate in vivo. In
the figure, PBS, DMEM and CM are the same as described above.

[0019]



Fig. 5 is the graph showing a relationship betwpepulation doubling
number and culturing times of immortalized steml cellected from the dental
pulp cell as described above or that of non-immlazead stem cell.

In Fig. 1, SHED-T shows the immortalized stem calhd SHED-C shows the
non- immortalized stem cell.

Fig. 6 is the graph showing STRO-1 expression Itssa both SHED-C
and SHED-T (see, Figs. 2(A) to (D)). Wherein, PDstbws that the
population doubling time is 20, PD30 shows thasiB80, and PD40 shows that
itis 40.

[0020]

Fig. 7 is the tissue staining images of SHED-CS&tED-T at the
population doubling time shown in Fig. 8.

Fig. 8 is the graph showing the relationship bedwéhe population
doubling time (number of times) and mass of neohlatame. In the figure,
** shows p < 0.05, *** shows p < 0.01. The masstbé neonatal bone is
calculated by using the following equation.

The mass of the neonatal bone = area of the nabbane / sight area x
100
[0021]

Fig. 9 is the graph showing the value of torqueogal of Ti-implant
into the rat femur (N=3), which was observed ford8ys in PBS, DMEM or
CM (ANOVA test. * shows p < 0.05, ** shows p < @p

Fig. 10 is the graph showing the change of Bornniplant contact
(Bone-to-implant contact, herein below, it is refd to as BIC) in a
cancellous bone or cortical bone of the femur (N=3)JA) shows that in the
cancellous bone, and (B) shows that in the cortbmaie. In the figure,
*shows p < 0.05, ** shows p < 0.01, as the resdlABDIOVA test.

Fig. 11 is the graph showing the time-dependeminge of a stability of
the implant treated with the cell product of thegent invention or without
that (N=3). In the figure, *shows p < 0.05, aseasult of ANOVA test.
[0022]



Fig. 12 is the graph showing differences of thd nembers treated with
PBS or the cell product of the present inventiorin the figure, P shows the
case treated with plasma and N shows not treatel@uatmospheric pressure.

* shows p < 0.05, ** shows p < 0.01, as the readlANOVA test.

Fig. 13 shows an observation result of the cetivgh, stained with
DAPI (4’, 6-diamine-2-phenylindol) and phalloidirylusing a fluorescent
microscope in the case of Fig. 12 (N=3). In thgufie, scale bar shows 100
um of length.

Fig. 14 shows the change of the growth ratio & ¢tlell, when the cell
product of the present invention was stored @ ,415C, -8C0°C for 1 week, 2
weeks or 1 month respectively, and then the sameuamof them was

separately added in the medium (N=3).

Mode for Carrying Out the Invention
[0023]

The present invention is explained in detail indve

A preparation method of the present invention cosgs the steps of: (a)
preliminary culturing 5 x 1dto 5 x 1d cell/mL of the bone marrow stromal
cells or immortalized dens deciduous stem cella medium containing 5 to
15% serum, 50 to 150 U/mL of penicillin and 50 t®0lug/mL of
streptomycin at a temperature from 34 to 37C5in the presence of 5% GO
(b) selecting the cell having both of a prescrilsédpe and adhesive property;
and (c) culturing the cells selected in said seterstep under the same
condition as that of the preliminary culturing tolkect a culture supernatant
after 40 to 56 hours from start of the culture.

[0024]

Here, said culture medium comprises at least dnée medium selected
from the group comprising of Dulbecco’s medium (@earbelow it is often
referred to as "“DMEM?”), Iscove’s modified DulbecaoMedium (herein below
it is often referred to as “IMDM”), Ham’s F12 mediu(herein below it is
often referred to as “Ham12”) and RPMI11640, becatlsxy are easily



obtained and handled. The medium is so calledsalbmedium, and may be
purchased from GIBCO, SIGMA and so on. Among théwg or more
medium may be concomitantly used as a combined umedi An example of
the mixed medium, there are mentioned such as aunethcluding IMDM

and HamF12 in an equal amounts (for example, dommercially available as
the product name, IMDM/HamF12 from GIBCO).

[0025]

Also, the serum is preferably at least one of slé from the group
consisting of fetal bovine serum, bovine serum,seoserum, human serum,
and sheep serum; because they promote the celltgrawthout any
controversial protein production by the cells inb@ culture supernatant.

As components to be supplemented to the mediumides the above
serum, there are mentioned, for example, a serypfacement (such as
Knockout serum replacement, and the like), boviemum albumin (BSA),
antibiotics such as penicillin, streptomycin, gentain and the like, vitamins
such as vitamin K, folic acid and the like, minexraluch as calcium,
magnesium and the like, amino acids such as argirnityptophan and the like.
[0026]

In the preparation of the present invention, ipreferable to use the
medium including 10% of fetal bovine serum, 100 W/penicillin and 100ug
/mL of streptomycin to obtain the culture superndtaontaining a
sufficient amount of the cell growth factors.

Also, the present invention may be the method Hertcomprising
the steps of: (d) preparing the precipitate by gsancentrifugation and ethanol
precipitation; and (e) lyophilizing the precipitadétained in the preparation
step of precipitate.

The bone marrow stromal cell is preferably derifexin any one of cells
selected from the group consisting of the rat femhbe swine lower jaw, the
swine tooth, and the human dens deciduous, becddeseells, which may
constantly produce a certain kinds of the cell gitoWactors, may be reliably

obtained.
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[0027]

Here, the cell proliferation factor is generalmefor the polypeptide
factors related to a specific cell growth, diffetetion and the like, including
iImmuno-modulating lymphokines or cytokines. Italso referred to as
growth factor or cell growth factor. Herein belothe cell proliferation factor
is sometimes simply referred to as the “growth datt

It is known that the growth factor becomes invalva a modulation of a
variety of cytological or physiological processvivo. The growth factor
binds specifically receptor proteins on the surfate¢he target cell (herein
below, the receptor protein is simply referred sothe “receptor” or
“receptor”) to perform signaling.

[0028]

As typical growth factors, there are mentionedhsas epidermal growth
factor (Epidermal growth factor: EGF), insulin-lilkggowth factor (Isulin-like
growth factor: IGF), transforming growth factor @nsforming growth factor :
TGF), nerve growth factor (Nerve growth factor: NGbBrain-derived
neurotrophic factor (Brain-derived neurotrophictiac BDNF), vesicular
endothelial growth factor (Vesicular endotheliabgth factor: VEGF),
granulocyte-colony stimulating factor (Granulocydetony stimulating factor:
G-CSF), granulocyte-macrophage-colony stimulatiagtér (Granulocyte-
macrophage-colony stimulating factor: GM-CSF), plat-derived growth
factor (Platelet-derived growth factor: PDGF), dmgpoietin (Erythropoietin:
EPO), thrombopoietin (thrombopoietin: TPO), basierdéblast growth factor
(basic fibroblast growth factor: bFGF or FGF2), h&gryte growth factor
(Hepatocyte growth factor: HGF) and the like.

[0029]

TGF-3 is one of the growth factor presented in naturét plays
extremely important roles in histogenesis, celf@iéntiation and embryo
development as the same as other factors througtymther signal paths.

B type transforming growth factor, TGF-is produced in the almost all

of cells such as kidney, bone marrow, platelet gredlike. It has five
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subtypes [§1 to 5). TGF{1 to B3 are accumulated in the bone matrix as

inactive forms and activated by acid released goslast in bone resorption.
TGF-$ promotes the osteoblast growth and synthesis owgr of the

mesenchymal cell such as collagen. However, iteasuppresses the

epidermal cell growth and osteoclast.

[0030]

In the receptor having tyrosine kinase activitye toinding of the growth
factor makes tyrosine residue phosphorylation teseathe cell growth and
differentiation. Also, there is an example tha¢ growth factor becomes the
mesoderm inducer in ontogenesis.

The growth factors are classified into severahtiglg families in the
aspect of their structure and evolution. As th&ssilies, there are
mentioned such as TG[F-bone morphogenic protein (bone morphogenic
protein: BMP), neurotrophin (neurotrophic factofiproblast growth factor
(FGF) and the like. As the neurotrophin, there mentioned such as NGF,
BDNF, NT3 and the like. The growth factor is freaquly used for medical
treatment currently.

[0031]
Also, TGF$ is one of the members constituting the T@EBuperfamily.
In the superfamily, bone morphogenic protein (bom&phogenic protein:
BMP) and other proteins play an important role e bsteogenesis of a living
body are included.
[0032]

In the culture supernatant of the present invemtitne following
proteins are preferably comprised: collagei(l) chain, collagem-2(1)
chain, vimentin, collagen-1(1V) chain, IGF binding protein 7 (IGFBP7),
fibronectin, decorin, plasminogen activator inhdritl, actin (cytoplasmic 2),
sulfhydryl oxidase 1, SPARC, metalloproteinase mtar 1, collagem-2(1V)
chain, SCP2, 72 kDa type IV collagenage2 microglobulin, Rho GTPase
activating protein 18.

[0033]
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Here, it is known that collagen is a molecule mayvtriple helical
structure composed of threechains, and that it is classified into many types
such as type I, type Il, type lll, type IV and Type It is known that the
polypeptide ¢ chain) is classified into more than 30 specieg] Hrey are
referred to as, for example;1(l), a-2(1V), and the like.

The collagen protein family is classified into faslows:

1) a group including a molecule which forms filam® having periodic
and striated structure of 67 nm (type I, type tipe V (in the tissue except
cartilage mainly), type Il and type Xl (in the cdage tissue)

[0034]

2) a group including the molecule which binds oe gurface of these
filament (type XIllI, type IV (in the tissue excepartilage) and type IX (in the
cartilage tissue)

3) a group including the molecule which forms wahbassociate (mainly
type IV collagen forming a skeleton of the basemmeimbrane), type VI
forming the extracellular fine filament, and typélYorming anchoring fibril
penetrating basement lamina from epidermal basks o the skin and the
like.

4) type X which forms hexagonal lattice (it exisentatively in the
period when a cartilage changes a bone, it forneshiéixagonal structure of the
Descemet's membrane in cornea and it exists irbtbed vessel and other
tissues), type Xlll, type XV, type XVII and type XMW which have a domain
penetrating the cell membrane.

[0035]

The vimentin is an intermediate filament proteihieh characteristically
expresses in the mesenchymal cell such as fibrollad leukocyte. The
construct of the vimentin filament is controlledder phosphorylation by
various protein kinases. It is known that vimen¢xpresses transiently in
the course of development.

Insulin-like growth factor-binding protein 7 (IGF¥) binds IGF-1

receptor and block the activation of the IGF-1 og by insulin-like growth
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factor. Therefore, the abundance of IGFBP7 shaweiisely relation to
tumor progression.
[0036]

Fibronectin is a glycoprotein that forms extracédr matrix, and dimer
of the peptide having a molecular weight of abobh® XDa. It mainly
promotes adhesion of fibroblast, hepatocyte, nemié and the like. It affects
cell migration, phagocytosis and the like besides ¢ell adhesion through
integrin which is specific receptor on the surfadehe cell membrane, and
also behaves in the site of the wounded tissue.

[0037]

A decorin is a proteoglycan which has a hybridiohaf a chondroitin
sulfate in the small type of dermatan sulfate pogigcan, bone proteoglycan
type Il, PG-40, PG-Il, PG-2, DS-PGII and the coretgin having 38 kDa (the
molecular weight of 3.8 x T0, which exists binding a collagen fiber. It
distributes widely in the connective tissue of #r@mal such as cartilage,
bone, tendon, skin, sclera, aorta and the like.

[0038]

Plasminogen activator inhibitor (PAI) binds plasrmgen activator of
tissue which plays an important role in lysis drin, and inhibits its
function. The most important PAIl is PAI-1 produciedthe vascular
endothelial cell, and it exists also in the platele Besides this, there are
PAI-2 produced in the placenta and PAI-3 which bits active protein C
(APC). An increased blood PAI-1 level causes thibotic tendency. PAI-
1 is a kind of acute phase proteins, which levéiigher in afternoon
compared to morning, and is positively correlateithvthat of blood
triacylglycerol.

[0039]

Actin (cytosolic type 2) is a protein to contracinuscle. It is thought
that action mainly functions as actin filament hretcell. In a muscular cell,
actin filament assembles with type Il myosin torfoa fascicle of actomyosin

and contribute to muscular contraction power. la tton-muscular cell
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containing the nerve cell, the actin filament formsariety of actin
conformation such as filopodia having protrusiontpan (Filopodia,
filopodia), lamellipodia having the ruffling struate of the cell periphery
(Lamellipodia, lamellipodia), and a stress fibeirdgecomposed of the fascicle
of actomyosin associated with activated type Il ®iyo

[0040]

The reorganization of the actin structure is cohéd under the
intracellular signaling spatiotemporal specificathrough low molecular
weight G-protein belonging to Rho family. It plagtse important role in the
dynamic control of cell morphology such as cell mment or cell division.
Simultaneously, the reorganization contributeshe vesicle transport along
the actin filament through the binding with the iyal myosin.  In addition
to these dynamic roles, the actin filament accurradainder the immediately
beneath the cell membrane to form the undercoatdfcortex (cell cortex),
or supports the intercellular adhesion by bindinighwhe cadherin, which is
the cell adhesion molecules, througitatenin or vinculin.

[0041]

Sulfhydryl oxidase 1 is a thioloxidase, of whichbstrate is R’C(R)SH.

SPARC is a non-collagen protein of 30 kDa existinghe bone and
dentin, and plays a key role in the function of termis formation. Itis
secreted from the fibroblast and enhances bottefsynthesis of collagen
and hyaluronic acid.

[0042]

Metalloproteinases inhibitor (TIMP, tissue inhibis of metallo-
proteinase) is an endogenous inhibitor which colsttbe activity of matrix
metalloproteinase (matrix metalloproteinase: MMP)MMP is belonging to
zinc metalloproteinase family, and controls the ab&tlism of extracellular
matrix secreted from the cells. At present, ikirown that there are TIMP
and TINP1 to 4, which have the different inhibitipattern respectively, and
express at different level in every tissue depegdn the inflow of MMP.

TIMP-1 and -2 bind to many active site of MMP amdibit their activity
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irreversibly. Also, these two TIMP affect a vaweif cell directly to show
growth-stimulating activity.
[0043]

SCP2 is a microbe body or a protein extract fréwa body which is
produced in large amounts from the fermentatiordéteck such as petroleum,
natural gases, alcohols, blackstrap molasses arigragucts. It is also
referred to as a “monocellular protein”. It is seimes indicated as a dry
matter produced by sterilizing protein-rich uniagdr organism such as yeast,
bacteria, filamentous bacterium and algae and iltestb dry.

Collagenase type IV of 72 kDa is referred to almjpase. Among
gelatinase, A enzyme is referred to as collagengge 1V of 72 kDa (MMP-
2). B enzyme of 95 kDa is referred to as MMP-9. Midmas three repeat
sequences of type Il fibronectin domain, whichnserted into the catalytic
domain, belonging to gelatinase group of MMPs tbgetwith MMP-9.

MMP-2 indicates substrate specificity directly adirectly to collagen I, 1V,
V, VII, X, X1V, gelatin (gelatin), elastin, laminki, laminin-5, myelin basic
protein (myelin basic protein), MMP-1, MMP-9 and MAVIL3.

[0044]

B-2-microglobrin is a light chain in the double sicaconfiguring the
histocompatibility antigen (class I), but it lackatigenicity to show the
specificity of the histocompatibility antigen.

Rho-GTPase activator protein is a group of G-pirtdevithout subunit
structures of 20,000 to 30,000 of molecular weiglanstituting the
superfamily. This superfamily is classified intod groups, Ras, Rho, Rab,
Arf, and Ran. Among them, Rho-GTPase activatort@robelongs to Rho.
Rho protein controls the contraction of smooth mescellular division,
cellular movement, and cell morphology through ggorization of actin
filament.

[0045]
A bone marrow stromal cell is referred to as th# teat exists in the

bone marrow, easily taken with a bone puncturesupport hematogenesis.
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Here, in the bone marrow, the cells classified fdygnto two types, one of
which is blood cell and the other is stroma celpgarting the blood cell, are
included, and the bone marrow stromal cell is in@d in the latter cell. The
blood cell proliferates in suspension when they @arlured; in contrast, the
bone marrow stromal cell proliferates in adhesiorilte wall when they are
cultured. The shape of the bone marrow stromdliselhe same as that of
the mesenchymal cell; however, it forms the retugnlstructure in the bone
marrow. The cell may be cultivated as the case¢ ofiggeneral fibroblast.
Since the stromal cell derived from mesenchymal oely differentiate into
various cells. The bone marrow stromal cells aféedentiated to be
induced to osseous cell, cartilage cell, adipodeared skeletal muscle cell.

A dental pulp cell is a kind of stem cell includadthe dental nerve. It is
said that the dental pulp cell is covered by toothde from hard material,
which is lightproof against ultraviolet ray or radictive ray so that the gene
included in it is not easily wounded.

[0046]

An immortalized dental pulp stem cell is the imradized cell of dental
pulp stem cell derived from dens deciduous. Thetdepulp stem cell is a
kind of stem cell contained in the nerve of thettno It is said that the
dental pulp cell is covered by tooth made from haraterial, which is
lightproof against ultraviolet ray or radioactivayrso that the gene included
in it is not easily wounded.

[0047]

The immortalized stem cell is produced as followsAt first, an
exfoliate dens deciduous is sterilized with antisegolution such as
chlorhexidine, Isodine and others. After thatthé femur of the animal is
used as a source, the bone marrow cell is takerbpuwising the syringe,
which is filled with PBS or the like, with injectroneedle of which outside
diameter tightly matches with the medullar cavifytiee femur, so as to
extrude the bone marrow cells from the medullaribav Also, when the

swine tooth or human exfoliate dens deciduous aexduas the cell source, the
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dental crown is divided respectively, and collde¢ dental pulp tissue with
dental reamer.

The obtained bone marrow stromal cells or dentdpgissues are
suspended in the basal medium, for example, Dulbscdelodified Eagle's
Medium (herein below, it is referred to as “DMEM¢Epntaining 5 to 15 % of
calf serum (herein below, it is sometimes referteds “CS”) and 50 to 150
unit/ml of antibiotics. After that, the cells ateeated with 1 to 5 mg/ml of
collagenase and 1 to 5 mg/ml of dispase at 37 fOfb to 2 hours.

[0048]

As the basal medium, there are mentioned, for gtayDMEM; it is
used with fetal bovine serum is supplemented, dber dreatment with an
enzyme, the medium is centrifuged (3,000 to 7,00@) for 3 to 10 minutes to
collect the dental pulp cells. As needed, thesalle sorted by using a cell
strainer. The sorted cells are resuspended wiih @ ml of the basal
medium, and are plated in the dish for adherenlt @dture, of which dish
having 4 to 8 cm in diameter.

[0049]

The medium, for example, DMEM containing 10% FGSdded to the
dish, then, it is incubated in the incubator withh £0, at 37 °C for about 2
weeks, for example, while exchanging the mediumrg¥ew days. During
the incubation, passage is performed 2 to 4 timeAfter confirming the cell
becomes sub-confluent, the medium is removed arctéils are washed with
PBS and the like from 1 time to several times. téasl of removing the
medium and washing the cells, adherent dental gtgm cells formed
colonies may be collected. The adherent dentah gteém cells are treated,
for example, with 0.025 to 0.1% trypsin and 0.3ltonM of EDTA at 37 °C
for several minutes to release. Then, the celéscallected.

[0050]

In the case of the dental pulp stem cell, afteating with the enzyme,

the cells are centrifuged (3,000 to 7,000 rpm)3ao 10 minutes to be

recovered. As needed, the cells are sorted wighceil strainer. The
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sorted cells are resuspended in the 3 to 6 ml efathsal medium, and plated
into the dish with 4 to 8 cm in diameter for adhsreell culture.

After that, the medium, for example, DMEM contaigil0% FCS is
added into the dish for the desired periods as meertl above. The cells are
washed with PBS and the like for 1 time to sevénales to obtain the
adherent cells.

[0051]

In the case of using the rat bone marrow cellss pireferable that a bone
fluid obtained from the marrow space of the rat éerfabout 30 to 100
png/femur) is added into DMEM, which contains aboutio515% fetal bovine
serum (FBS), penicillin and streptomycin (providiedm Wako Pure Chemical
Industries, Ltd.) to be incubated in the incubatoth 5% CO2 at 37 °C by 2
to 4 passages of the preliminary incubation to stetke cells having desired
properties.

For example, the bone fluid (about hD/femur) is added into DMEM
including 10% FBS, penicillin and streptomycin dfetabove mentioned
concentrations in the incubator with 5% &t 37 °C through 3 passages of
the preliminary incubation to select the cells haythe spindle shape,
adherent properties and the like.

[0052]

As mentioned above, the sorted adherent cells gtem cells) are
obtained. After that, for example, the stem cealils plated into the dish for
adherent cell culture to be incubated under theddoon of 5% CQ at 37 °C.

When the BMSCs obtained from the femur are uskd,cells having the
spindle shape and adherent properties are solédetssl and used.

[0053]

In passage culture, for example, the cells aréectéd by using trypsin
and EDTA as mentioned above, when the cells becsubeconfluent or
confluent with macroscopic observation. Then, tlels are plated again in
the culture dish including the culture medium.

Here, the term, “sub-confluent”, means the sitoatihat the cells adhere
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about 70 % of the area of the culture vessel onctwithe cells should be
adhered. For example, the passage is performed irdime to 8 times to
select the cells, which are grown up to achievertbeessary cell number, for
example, about 1 x Y@ells/mL. After culturing as described above, the
cells are collected to store in liquid nitrogen.eTtells collected from a
variety of donors may be stored in the form of démulp stem cell bank.
[0054]

When the immortalized stem cells are preparednarily cultured cells
are obtained through primary culture of the ster cbtained as mentioned
above. Genes, hTERT, bmi-1, E6 and E7, are intcedunto the primarily
cultured cell as follows. A plasmid to introdudeete genes is prepared, and
it is integrated into a shuttle vector such as p888 for cloning the genes.
E.coli is transformed by using the shuttle vectoiselect kanamycin-resistant
transformant. The plasmid DNA in the kanamycinisésnt transformant is
purified and the recombinant is identified by arahg restriction sites.
[0055]

Next, restriction enzymes, for example, PI-Scendl &Cue | are used to
cut out an expression cassette from the shuttleéordor ligating it into
adenovirus vector, for example, Adeno-X viral DN@btained ligation
product is cleaved by using Swa I, and it is usedransform the E. coli.

Here, hTERT is the gene for telomere repair enzybmi-1 is the gene
of Bmi-1, which is one of proteins being composdgolycomb group
complex. Here, Bmi-1 is necessary for maintainihg hematopoietic stem
cells with the action to increase the stem cell bemby enhancing the
activities.

[0056]

Both E6 and E7 are early genes of either HPV-16iBV-18. Also,
Oct3/4 is the gene that cooperates with Sox2 tovatd the transcription of
the target gene. Klf4 (Kruppel type transcriptiacfor 4) modulates the genes
relating to the cell division and the embryogengesisd it relates to the

gastrointestinal system cancer as the tumor intdbitactor.
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Sox2 is belonging to SRY-related HMG box gene figmand it is known
as the gene got involved in the maintenance of fiadEntiated functions of
the cells (pluripotency). c¢-Myc is an oncogenicngeand it promotes both
of survival and death of the cell in the c-Myc-irodd tumor. pl6INK4a is
the gene which plays important role to control tedl cycle of the tumor cell.
[0057]

Among the transformant obtained, the ampicillisistdant transformants
are selected. The recombinant adenovirus DNA, lmcl the genes as
mentioned above are integrated, is purified to tdgrthe recombinant by
analyzing the restriction enzyme sites.

[0058]

After that, the recombinant adenovirus is digestgdusing Pac-I to be
transfected into HEK293 cells. The recombinantrexderus is grown, and
then they are collected to determine the titerrafnh.  According to the
conventional method, the virus is purified. Thémey are passed to SHED
as target cell.

The virus infected cells are stained by using Fldcording to the
common procedure to detect STRO-1 positive celubyng a flow cytometer.
Here, STRO-1 is thought as one of makers for theenehymal stem cell
having the pluripotency in the bone marrow, andetomes an index of
immortalization of the cell.

[0059]

According to the procedure stated above, the hnaerow stromal cell,
the dental pulp cell and the immortalized dens deous stem cell derived
from dental pulp are obtained.

It is preferable to use the bone marrow stromdll, ¢be dental pulp cell
and the immortalized dens deciduous stem cell éerifrom rat, swine or
human dens deciduous, because the source for tedlsare available easily
and the cells stably producing the growth factomentioned above are
obtained. Also, these cells are preferably incedat 37 °C in the

preliminary culture step of (a).
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[0060]

Also, the cells having the spindle shape, fusifpemd adherence
property are preferably sorted in the cell sortgigp. Moreover, it is
preferable to collect the culture supernatant aft€rto 52 hours from the
incubation start, because the cells having thedpishape, fusiform and the
adherence property are abundantly contained in thewlso, it is more
preferable to collect the culture supernatant aft@hours from the incubation
start, because the cells having higher adherencparty are obtained.

[0061]

The culture supernatant preferably contains astiéype | collagen,
fibronectin, decorin, vascular endothelial cell gt factor (VEGF) and bone
sialoprotein (BSP), in which these proteins areduwed by the sorted cells,
because the integration of the metal implant mateand the bone is
promoted. The culture supernatant preferably ferttontains at least one of
protein selected from the group consisting of imsdike growth factor
binding protein 7, follistatin-related protein, nabproteinase inhibitor I,
tissue plasminogen activator inhibitor, actin, swidryl oxidase I, insulin-like
growth factor (IGF)-1, hepatocyte growth factor (HGand TGFB, because
the integration of the metal implant material arahb is further promoted.
[0062]

Next, at the preparation step of the precipitabe, culture supernatant as
mentioned above is centrifuged to subject to ethgmecipitation to prepare
the precipitate. For example, the cells are cénged from 1,000 to 2,000
rpm for 3 to 10 minutes, from 2,500 to 3,500 rpm foto 5 minutes, in the
range from O to 10 °C to remove unnecessary cell&fter that, about 8 to 12
times volume of ethanol is added to the centrifugagernatant, and then it is
incubated at -5 to 15 °C for 30 to 90 minutes. $&aduently, the supernatant
is centrifuged at from 10,000 to 20,000 for 10 trAinutes at from 2 to 6 °C
to obtain the precipitate by removing the superntaita After that, the
precipitate obtained by the precipitate preparitapss lyophilized. For

example, the precipitate is resuspended in 80 & 856ld ethanol to
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centrifuge at from 10,000 to 20,000 rpm for 10 trAinutes at from 2 to 6 °C
to remove the supernatant. The precipitate isdnoat from -60 to 90 °C to
be lyophilized.

[0063]

According to the above method, the product of ¢k as mentioned
above is obtained. The obtained cell product isf@rably preserved at from
-20 to -40 °C, from the view point of the retentiofithe activity.

Then, the sophisticated implant is produced byggshe lyophilized
product obtained as mentioned above as follows. ec8jgally, it is produced
by using the method comprising the steps of (f) wag the surface of the
implant material by using an organic solvent toveshed implant material,
(9) immersing said washed implant material in ctdaition solution having
predetermined composition at predetermined tempeeafor 3 to 6 hours to
be immersed implant material, and (h) treating saithersed implant material
by using the in the solution comprising the celbguct with predetermined
concentration.

[0064]

Here, it is preferable that said implant matersamanufactured by any
one of the material selected from the group comsgsof titanium, zirconia,
hydroxyapatite, an@-TCP, because they have excellent compatibilityhi®
biological tissue and processability, and they rbayeasily obtained.

Among them, it is more preferable to use titanium)(because it is easily
processed by using the culture supernatant of the €ell, and highly
efficient.

[0065]

Also, acetone and from 60 to 80% ethanol (v/vpisferably used as the
organic solvent, because it shows high washingatffe the implant material
surface. Also, the ethanol content is set to 68Qd%, because the organic
solvent has weak detergency when the ethanol conseess than 60%, and
higher washing effect is not shown over 80 %. Ab@Q% ethanol is

preferably used.
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[0066]

Next, the implant material washed as describedvabhe immersed in the
calcification solution having the predetermined gqasition for 3 to 6 hour.

It is preferable that the composition of the ficsticification solution contains
100 to 150 mM of NaCl, 2.5 to 3.5 mM of CacH,0, 1.5 to 2.5 mM of
K2HPQO,, 25 to 75 mM of Tris-HCI (pH 7.2 to 7.6), from tiveew point of the
calcification efficiency. It is further preferabtéat the solution contains
136.8 mM NacCl, 3.10 mM CagiH,0, 1.86 mM KHPO,, 50 mM Tris-HCI
(pH 7.4), because the calcification efficiency iglhn.

Here, the immersing time period is set to 3 too&its, because the
calcification effect is insufficient less than 3urs, and no further
calcification effect is obtained over 6 hours. idtpreferable that the
immersing time period set to 4 hours, because #ficgant calcification.
[0067]

Also, the immersion is preferably performed atnir8@6 to 38 °C,
because it becomes priming for the immersion ingbeond calcification
solution described in below. It is more preferatilat the immersion is
performed at 37 °C.

The implant material, which is subjected to thamarsion treatment as
mentioned above, is incubated in the second cal&ifon solution containing
the culture at the predetermined concentrationtlier predetermined time
period; thereby Col-I, BSP, VEGF and other growdlctbrs are attached on
the implant material. The second calcificationwan preferably contains
130 to 160 mM of KN@, 1 to 2 mM of Ca(N@).-4H,0, 0.5 to 1.5 mM of
K,HPO, (pH 7.0 to 7.8), because these proteins attachlhigfficiently.
[0068]

Specifically, the implant material is preferabhcubated in in the
solution containing 142.8 mM of KN 1.5 mM of Ca(NQ),-4H,0O and 0.9
mM of K;HPO, (pH 7.4), including 5 to 20 mg/ ml of lyophilizexzkll culture
(cell products) obtained as described above, atmremmperature for 2 to 5

days; because the sufficient amounts of the groathors are attached on the
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surface of the implant. It is more preferable ttta#¢ incubation time is for 3
days, because the sophisticated implant is effityeproduced.

Here, the solution having the concentration of pneduct less than 5
mg/mL causes the problem that the amounts of tleevgr factor attached on
the implant is insufficient and they gives weak adion property with the
alveolar bone. On the other hand, the solutionithgthe concentration over
20 mg/mL does not give much higher adhesion propertlt is more
preferable that the implant material is treatedusyng the solution including
the concentration at 10 mg/ml of them to give stifnt adhesion to alveolar
bone.

[0069]

As described above, the sophisticated implanthismimed having at least
Col-I, bone sialoprotein (BSP) and VEGF on its sied. When the implant
further comprises IGF-1, HGF and T@¥Fen its surface, it gives highly
improved stability; because they promote the in&igm of implant with the

in a short time.

Example
[0070]

The present invention is explained in detail byngsthe examples.
However, the present invention is not limited te tiollowing examples.
(Example 1)

(1) Material and method
(1-1) Animal

Female 6 weeks of SD rats (n = 15, 200 to 230 paxfy weight) were
purchased from Japan SLC, Inc. All experimentsemeerformed according
to the experimental guideline of the school of noénle of Nagoya University.
These animals are bred at room temperature undéwd? light-dark cycle.
These rats had been given feed and drink watetyree
[0071]

(1-2) Cell culture
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Rat BMSCs were obtained from marrow space of eatdrs. The bone
fluid (50 pg/femur) was collected, and then it was added tdbecco’s
Modified Eagle Medium (DMEM, SIGMA-ALDRICH) containg 10% FBS
(Wako pure chemical industries, Ltd.), penicillindastreptomycin (Wako
pure chemical industries, Ltd.). Then it was sub¢el to preliminary culture
for 3 passages in the 5% G@cubator at 37 °C. The medium was changed
every other day. The cells having the spindle hapd fusiform, adhesive
property and the like were only used.

[0072]
(1-3) Preparation of CM

Cultured BMSC was grown by the time they becamdda’80% of
confluent. Then, they were washed with warmed plhase buffered-saline
(PBS) for three times, and serum-free DMEM contaghpenicillin and
streptomycin was added. Culture supernatant &f8elhours from culturing
start (herein below, it is sometimes referred td'@M”) was collected to be
centrifuged at 1,500 rpm for 5 minute. After thatwas centrifuged at 3,000
rpm for 3 minutes to remove other cells. Five nflLGM is mixed with 45
mL of 100 % ethanol, and the mixture was incubdtedl hour at — 20 °C.
The mixture was centrifuged at 15,000 rpm for 15 uates at 4 °C to remove
the supernatant. Precipitate from CM was resuspdnd 90 % cold ethanol
(- 20 °C), and centrifuged at 4 °C for 15 minute#sld,000 rpm. Final
precipitate was frozen at -80 °C to be lyophilizedd it was stored at -30 °C
until the use. The serum-free DMEM which was nobhtacted with the cell
was used as a control.

[0073]
(1-4) Preparation of the Ti implant screw with immizes CM

Ti implant screw (5 mm of a full, 2 mm of a thredthmeter, and 1 mm
of pitch) was provided from Nishijima Medical Inc.The Ti implant was
manufactured according to the conditions obtaineanf prior study.

The surfaces of Ti implants were treated with sB&S, sole DMEM or

CM, and classified into the PBS-treatment groupg@teve control group), the
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DMEM-treatment group (positive control group), atihee CM/DMEM-
treatment group (test group) respectively.

Each of the groups was prepared as follows.

At first, Ti implant was washed with acetone ar@« ethanol and
immersed in the first calcification solution [ 50Mnof Tris-HCI (pH 7.4)
containing 136.8 mM of NaCl, 3.1 mM of Cand 1.86 mM of KHPO,
(Wako Pure Chemical Industries Ltd.) at 37 °C fonaurs.

[0074]

In parallel with the immersion, three types of #econd calcification
containing 142.8 mM of KN@ 1.5 mM of Ca(N@)2-4H,O and 0.9 mM of
K,HPO, (Wako Pure Chemical Industries Ltd.) and any onenefdium
selected the group consisting of 1 mg/ml of CM/DME®mL of DMEM, and
3 mL of PBS.

Five washed Ti implant materials were immerse® imL of each type of
the three calcification solutions at 37 °C for 3yddo be incubated. After
finishing the incubation, each of Ti implant wakea out from the solution.
[0075]

Next, the surface of the each of Ti implant webserved by using a
scanning electron microscope (JEOL Ltd.) to obtaiicrographs of them,
which were shown in Fig 1 (A) to (F). The microghes of Fig. 1(A) to (C)
were shoot at 3,000-fold magnification and (D) E§ &t 15,000-fold
magnification.

(A) to (D) showed typical topography which was apped after the
surface of Ti implant was mechanically polished.C) @nd (E) showed the
microstructure like snow scene. In (F), the midrosture like snow scene
and tiny globule (microsphere) on the surface ofriplant were observed.
The microsphere was indicated by an arrow. The Begments in the (A) to
(C) showed 1Qum of length, and those in the (D) to (F) showedn2 of
length.

[0076]

(2) Cell adherent analysis
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Ti disk (10 x 10 mm; Ofa Co. Ltd.) was treated wény one of PBS,
DMEM or CM by using the similar method employed farmobilization on
the Ti implant. The rat BMSCs (1.0 x %6ells) were plated on the Ti disc
which was treated s mentioned above (N = 3); thmytwere incubated in
DMEM including 10 % FBS and 1 % of penicillin-sttemnycin at 37 °C for
24 hours under the presence of 5 %,CO
[0077]

Adhered rat BMSCs were incubated with 0.05 % tigpsEDTA (Sigma-
Aldrich) for 10 minutes to be released from Ti discThe disc was observed
by using SEM to confirm that all of the BMSCs wesdeased. The released
cells were counted by using the counting chambemn(&d Glass Corp.).
The experiments were repeated triple times, and dtatistical difference
were analyzed by using one-way analysis of variaf&dOVA) in Scheffe
test under the significant level of 5% (P < 0.05)Results were shown in Fig.
2.

Significant differences were respectively confimneetween the PBS-
treatment group and the DMEM-treatment group, aaetivieen the PBS-
treatment group and the CM treatment group (*: .65, ANOVA test).
[0078]

(3) Observation of the Ti implant surface by usthg scanning electron
microscope (SEM)

From the above, Ti implant of which surface wasated with PBS
showed the typical topography of the mechanicaigiohg as shown Fig. 1(A)
and (D). Tiimplant, on which DMEM was immobilizedisplayed the
microstructure like snow scene broadly and rando(fig. 1(B) and (E)).

The surface of Ti implant coated with CM displayd@ microspheres on the
microstructure like snow scene (see the arrow gf E(C) and (F)). These
results suggested that the topographies of theampdurface were changed
depending on the immobilized components in CM or X

[0079]

(4) Identification of a protein on the Ti implanirdace by using LC/MS/MS
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The proteins were released from the Ti implantface of the
CM/DMEM-treated group obtained as described aboyeising 80%
acetonitrile. The released proteins were lyopleitizo become powder.

One mg of the protein powder was added into f0®f sample buffer for
electrophoresis to be diluted; 1@ of the diluted sample buffer was subjected
to gel electrophoresis using 12% of acrylamide geAfter the

electrophoresis, the gel was stained with CBB (Cassie Brilliant Blue)
solution or Silver Stain Kit (Thermo Inc.) respealy. After staining, the

gel was sliced by using a surgical knife.

[0080]

The gels sliced as mentioned above was firstlyheasin 25 mM of
NH4HCO3 containing 10QuL of 30% (v/v) acetonitrile for 20 minutes twice to
be destained; then they were dehydrated in CVE-3Takyo Rikakikai Co.,
Ltd.). For in-gel digestion of protein, the gelem swollen by using 100L
of 50 mM of iodoacetamide (Wako Pure Chemical Intdies Inc.) / 100 mM
NH4HCO;s (pH 7.8) containing 2@ug/mL of sequence grade trypsin (Promega
KK.) for 1 hour at 37 °C; then 100L of 25 mM of NH;HCO3; was added to it
to be incubated at 37 °C overnight. Peptide wasaeted in 60 %
acetonitrile containing 0.1 % TFA at room temperatéior 20 minutes, and the
peptide sample obtained was dehydrated in the CY&03
[0081]

Peptide mass fingerprinting (PMF) was performedusing Paradigm
MS4-LCQ Advantage (AMR Inc.). The obtained peptidass spectrum was
utilized to generate a peptide mass list for quergwiss-Plot protein
knowledgebase (limited to mammary protein) of thaddot search engine
(www.matrixscience.com

Search parameters were set to allow the tolerafidemissed trypsin
cleavage, the mass tolerance of 6,100 ppm and #&tdionine residue
oxidation. When the query matched not less thgegtides contained, and
the statistically significant Mowse (molecular wkigsearch) score which is

generated by Mascot search engine, the identifredegpn was authorized.
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[0082]

Next, the proteins immobilized on the Ti implamtdain culture medium
(CM) were detected with LC/MS/MS. About 2,000 prots were detected in
the culture supernatant, and the number was m@stlthe same as that on the
surface of the Ti implant. All of the proteins deted on the surface of the
Ti implant were also detected in CM. Since extthdar matrix contains
proteins, signal transduction, protein synthesrecpssing and growth factor
proteins, the protein was detected by using thevéwd primer and reverse
primer shown in below.

[0083]

(Primers for amplification of ALP gene)

Forward primer: GCTGTGAAGGGCTTCTTGTC (Sequence M.
Reverse primer: CGCCTATCAGCTAATGCACA (Sequence 120.
[0084]

(The primers for amplification of OCN gene)

Forward primer: TGAGGACCCTCTCTCTGCTC (Sequence 8p.
Reverse primer: GAGCTCACACACCTCCCTGT (Sequence Hlp.
[0085]

(The primers for amplification of OPN gene)

Forward primer: AGGTCCTCATCTGTGGCATC (Sequence 18).
Reverse primer: AGACTGGCAGTGGTTTGCTT (Sequence Bp.
[0086]

(The primers for amplification of BSP gene)

Forward primer: TTCTCGAGAAAAATTTCCA (Sequence No) 7
Reverse primer: TCACTGGTGGTAGTAATAAT (Sequence Ng).
[0087]

(The primers for amplification of Col-1 gene)

Forward primer: CGATGCCATTTTCTCCCTTA (Sequence NY.
Reverse primer: CTCTGGTACCGCTGGAGAAG (Sequence No)
[0088]

(The primers for amplification of GAPDH gene)
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Forward primer: ATGACTCTACCCACGGCAAG (Sequence Nd.)
Reverse primer: TTCAGCTCTGGGATGACCTT (Sequence Hid)

[0089]
[Table 1]
gene size(bp) Seq. No. of| Seq. No. of Accession No.
Forward primer| Reverse primel
ALP 624 1 2 NM 013059
OCN 151 3 4 M25490
OPN 518 5 6 XM 002728077
BSP 916 7 8 L06562
Col-I 578 9 10 NM_ 053356
GAPDH 529 11 12 AF106860

ALP: alkaline phosphatase, OCN: osteocalcin,

OPN: osteopontin, BSP: bone sialoprotein, Colypd | collagen

[0090]

Type | collagen, bone | collagen, bone sialoprot2j decorin,

oseteopontin, oseteocalsin, fibronectine, whichevas bone- related proteins

and vascular endothelial growth factor A (VEGF-Agne detected. The
results were shown in Fig. 2.
[0091]
[Table 2]
Protein I / molecular
Protein name database P/ | Location | Seq. No
) weight (Da)
accession No.
collagena-1(1) NP_ 445756 | 5.71/137953.45 10931 13
chain precursor
collagena-1(11) NP 037061 | 8.46/134570.01 7936 14
chain precursor
collagena-1
(XXVII) chain NP_942042 9.73/187811.56 5q24 15
precursor
collagena-2(1) NP_ 445808 | 9.39/129564.06 4q13| 16
chain precursor
fibronectin NP_062016 5.44/272446.09 9933 17 &[18
decorin NP_077043 8.96/39805.10 7913 19 & 20
osteocalcin NP_036994 9.27/12036.68 4943 21
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osteopontin NP_037013 4.35/34962.99 14p22 22
bone sialoprotein 2| NP_036719.2 6.26/2038.25 14p223
VEGF-A NP_114024.2 | 4.00/2805.19 6931 24
[0092]

(5) RNA analysis of rat BMSCs in vitro

The rat BMSCs were incubated on the Ti disc trdatégh any one of
PBS, DMEM or CM. The immobilized method and cudunethod were the
same as those used in the cell adhesion analysitie rat BMSCs were
cultured for 1 day, 7 days or 14 days. Total RNAle rat BMSCs cultured
on each of the disc were assayed by using TRIZGigeat (Invitrogen Life
Technologies Inc.) according to the protocol of thanufacturer. cDNA
was synthesized from [1g of the total RNA in the reaction mixture contaigi
10 x reaction buffer, 5 mM of dNTP mixture, 1 W/ of RNase inhibitor, 0.25
U/uL of reverse transcriptase (M-MLV reverse transtage, Invitrogen Life
Technologies Inc.) and 0.1328M of random primer (Takara Bio Inc.).

[0093]

For sg-PCR, the assay was performed under theitondf 95 °C for
30 seconds, 45 to 60 °C for 30 seconds, and 720t@0 seconds, and the
cycle was repeated for 25 to 35 cycles in PCR Tl r@ycler SP (Takara Bio
Inc.).

Rat Glyceraldehyde-3-phosphate dehydrogenase (GARDimer was
used as an internal standard. The expression lkefvelRNA to GAPDH in
the transplanted culture cells (%) was measureddigg Scion Image picture-
imaging software (Scion Corporation). The syntesi cDNA was used as
the template for subsequent PCR amplification, wttenspecific primers
shown in Fig. 1 were used. All of the experimewesre repeated triplicate,
and the data was analyzed by using the one-wayyaisabf variance
(ANOVA) with Scheffe test at the significant levet 5%.

The results were shown in Fig. 3 as the gene esgpo@ pattern of OCN,
OPN and Col I (see Fig. 3 (A) to (C)), and quargdigraph of them (see Fig.
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3(D) to (F)).

[0094]

(6) CM labeling by using Qdot (registered trade k)a855-ITK carboxyl
guantum dots (QDs)

CM labeling by using QDs (Invitrogen Molecular Bes Inc.) was
performed according to the instruction manual of thanufacture. Briefly
speaking, Ti sample treated with the calcificatsmiution was added into the
mixture comprising 2L of 8 uM of QDs, 1 mg/mL of CM, 1 mL of 10 mM
of borate buffer (pH 7.4) and 5ul of 10 mg/mL of N-ethyl-N’-
dimethylaminopropyl-carbodiimide (a cross-linkingemt: Sigma- Aldrich Co.
LLC.) for gently stirring for 1 hour at room tem@dure. QD labelings of
the serum free DMEM or PBS were used as control§he results were
shown in Fig. 4.

[0095]

In the figure, A, B and C show the image of Ti ilapt before test
respectively. Al shows the image of 1 day, A7 shkddays, Al4 shows 14
days, and A28 shows 28 days after the start. B@rsthow the images at the
same date.

In the PBS-treated Ti implant, any fluorescenceswat detected around
it through the observation period. In contrastthe DMEM-treated or the
CM-treated Ti implant, the fluorescence was deté@esound it.

Accordingly, it was found out that a localizatiofh biomolecule was
occurred on the DMEM-treated or the CM-treated mplant.

[0096]
(EXAMPLE 2) A preparation of the virus for producing the immadited
dens deciduous stem cell
(1) The reagents for the plasmid extraction
(1-1) The reagents and the like
Kanamycin (Kan), ampicillin (Amp), LB liquid medim and LB agar

medium, glycogen, agarose, sterilized water, amm@nacetate, sodium
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acetate, dodecyl sodium sulfate and RNase A weeel.us Both of kanamycin
(Kan) and ampicillin (Amp) with 50 mg/mL were praea and stored at -20
°C as stock solution. Glycogen was prepared amgOnL solution. 10
mg/mL of RNase A was prepared and stored at -20 °CO M of saturated
ammonium acetate (N\4@Ac) and 3M of sodium acetate (NaOAc; pH 5.2)
were prepared.
[0097]
(1-2) Restriction enzymes and the like

E. coli competent cell (Supercharge EZ10 Electropetent Cells, the
product code 636756), Swa-I (the product code 11,13/i-I is equivalent
enzyme), Xho-I (the product code 1094A), T4 DNA asg (the product code
2011A), NucleoBond Xtra Midi (the product code 74@410/.50/.100), and
NucleoSpin Plasmid (the product code 740588 10/50)2vere purchased
from Takara Bio Inc. Pac | was purchased from Newgland Biolabs Japan
Inc.
[0098]
(1-3) Buffers and the like

1 x TE Buffer (10 mM Tris-HCI [pH 8.0] containiny mM of EDTA),
the mixture comprising of phenol, chloroform andasnyl alcohol (ratio is
25:24:1, herein below, it is referred as “PCI mirdl), which was saturated
with 100 mM Tris-HCI (pH 8.0), was prepared. Etbawas used at the
concentration of 100 % or 70%. In order to pumpfdeno-X plasmid DNA
used for mini-scale recombination, the followingfteus 1 to 4 were prepared.
[0099]

Buffer 1: 25 mM of Tris-HCI (pH 8.0) containing 1M of EDTA and

of 50 mM glucose (after autoclave, stored at 4 °C)

Buffer 2: 0.2 M of NaOH containing 1 % SDS (prepdrat the time of
use, stored at room temperature with seal)

Buffer 3: 5 M KOAc (after autoclave, stored at@)°

Buffer 4: 10 mM of Tris-HCI (pH 8.0) containingriM of EDTA and 20
ng/mL of RNase (RNase was added at the time of ssed at -20 °C)
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[0100]
(2) The reagents for the adenovirus purification 8rgal assay

Human adenovirus V transformed HEK293 cell (ATCCRL 1573) was
used. HEK293 was incubated in a complete mediunihe composition of
the complete medium was DMEM containing 100 unit/ofLsodium penicillin
G, 100ug/mL of streptomycin, and 4 mM of L-glutamine, su@mented with
10% FBS. Sodium penicillin G solution was prepae¢d.0,000 unit/mL and
streptomycin sulfate solution was prepared at 10,0/mL, and they were
stored as stock solutions.

For culturing, a plate having 60 ma that having 100 mngp, 6-well
plate, T75 flask and T175 flask were used.

[0101]

Trypsin-EDTA (the product code: CC-5012) was pwséd from Takara
Bio Inc. Phosphate buffered saline (PBS: withoaf'Gand Md*) and
Dulbecco’s phosphate buffered saline (DPBS, witk'Gamd Md¢*) were
prepared. Also, 0.33 % neutral red stain soluti@amgd 0.4 % trypan blue
stain solution were used.

In B-gal assay, X-Gal (5-bromo-4-chloro-3-indolfb-
galactopyranoside (25 mg/ml)) in dimethylformamid®VF) solution was
stored at -20C in a shading state. Luminescdagal Detection Kit Il (the
product code 631712, Takara Bio Inc.) was used.

[0102]
(3) Preliminary test
(3-1) Construction of recombinant adenovirus inéhgllacZ (pAdeno-X-lacZ)

After thawing and deleting DMSO, HEK293 cells weesuspended in
10 mL of the complete medium, and then whole amafrthe medium was
transferred into the culture plate having the ditene®f 100 mm. After
HEK293 cells adhered to the plate, the culture mmedivas removed. Then,
the cells were washed once with sterile PBS, arh ttneated with 1 ml of
trypsin-EDTA about 2 minutes.

[0103]
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Next, 10 ml of the complete medium was added tp dtypsinization,
and then gently suspended. By conducting viablentolQ cells were
transferred into the plate having 100 mm diamebetuding 10 mL medium to
spread out evenly.

pShuttle2-lacZ (a positive control vector includi@dAdeno-X
Expression System 1) and Adeno-X Viral DNA (both$de | and I-Ceu |
digested) included in the kit was used. Accordiaghe protocol attached in
the kit, the recombinant adenovirus including lagds constructed. The
target cell, SHED, was infected with the constrtcassay the expression of
B-garactosidase to confirm that the vector was catséd.

[0104]
(3-2) Construction of the recombinant pShuttle2sphad

Prior to the construction of the recombinant pSke# Vector (herein
below, it is referred to as “rpShuttle2 Vector’g; coli DH50 was
transformed with pShuttle2 Vector and pShuttle2Zlatector, included in the
kit. Transformants were selected on LB agar platduding 50ug/ml
kanamycin (herein below, it is referred to as “LB#K.). Bacterial cells
obtained from a single colony were streaked onw hB/Kan to be incubated
at 37°C for overnight.

Next, hTERT, bmi-1, E6, and E7 were cloned intchp8le2 according
to the following procedure. pShuttle2 vector wisaved by using a
restriction enzyme suitable for these genes.

Next, referring to pShuttle2 Vector InformationdRat (PT3416-5)
attached to the kit, multi cloning site matching Bko be inserted was
decided. The plasmid treated with the restrictesrzyme was treated by
using alkaline phosphatase to be purified.

[0105]

According to the conventional method, target DNAgments were
prepared to be purified. The vector digested wité restriction enzyme and
the gene fragments were ligated. By using thetiagaproduct, DH% cells

(the competent cell) were transformed. A portidrttee competent cell was



36

taken to be transformed by using a control vecp&@huttle2-lacZ Vector
included in the Kit, to use as the positive control

The mixture including transformed E. coli was gdton the LB/Kan
agar plate to select kanamycin resistant (Kanmgfarmant (a colony).

From 5 to 10 Kan resistant clones were selectelgetplated in a small amount
of the liguid medium to be amplified. After confiation that these clones
have rpShuttle2 Vector, they were incubated ovdrhig Then, by using a
commercially available silica gel adsorption coluntime constructed plasmid
DNA was purified according to the conventional madh

[0106]

The plasmid DNA was treated with the restrictiaregme to be
subjected to 1 % agarose gel electrophoresis; bhyetiee target recombinant
plasmid was identified. By sequencing, the direntdf the inserted
fragment and inserted site were confirmed to idignifne positive clone.

The recombinant pShuttle2 plasmid DNA (herein beld is referred to
as “rpShuttle2 plasmid DNA”.) was directly transfed into the target cell,
and then it was subjected to western blot to chibektarget protein expression
preliminary.

[0107]
(3-3) Double digestion of rpShuttle2 plasmid DNAtkiPI-Sce I/I-Ceu |

From the rpShuttle2 plasmid DNA produced as margwabove, an
expression cassette of the inserted gene was talkehy using PI-Sce | and I-
Ceu l. According to in vitro ligation method wrétt in the protocol attached
to the kit, the expression cassette which was takénwas integrated into
Adeno-X Viral DNA. PI-Sce I/I-Ceu | double-digesti solution for the
rpShuttle2 plasmid DNA was prepared 80. The reagents shown in the
following table 1 was entered into 1.5 ml of therstized micro centrifuge
tube to be mixed.

[0108]
[Table 3]
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Tube 2
Reagent and others Tube 1 (lacZ control)
Sterilized water 19.%ul 19.5ul
10 x double-digention solution 310 3.0l
rpShuttle2 plasmid DNA (500 ngl) 2.0ul —
pShuttle2-lac Z plasmid (500 nd) — 2.0l
PI-Sce | (1 unithl) 2.0ul 2.0yl
[I-Ceu | (5 unitll) 0.5l 0.5yl
10 x BSA 3.0ul 3.0ul
Total 30.0 30.0

[0109]

Next, after fully mixing, the micro centrifuge tatwas lightly
centrifuged, and then incubated for 3 hours af@7 The double digested
reaction mixture (JuL) was subjected to 1 % agarose/EtBr gel electropbic
together with 1 kb ladder (a DNA size marker).

[0110]
(3-4) Extraction by phenol: chloroform: isoamyl ahol

The remains of the double-digestion solution (25, 70uL 1 x TE
Buffer (pH 8.0) and 10@L PCI mixture were added into the centrifuge tube,
and mixed by using a vortex. Then, the tube wasdrieiged by using a
micro centrifuge at 4C with 14,000 rpm for 5 minutes. Then, the aqueous
layer was transferred to 1.5 ml of a clean cengé&uube, to which 40QL of
95 % ethanol, 2L of 10 M ammonium acetate, andul glycogen (20
mg/ml) were added, and then fully mixed by using tlortex.

[0111]

Next, the tube was centrifuged atf@ with 14,000 rpm for 5 minutes.
Then, the supernatant was deleted by aspiraticobtain a pellet. 30QL of
70 % ethanol was added on the pellet, it was cerged for 2 minutes with
14,000 rpm. The supernatant was carefully aspiraderemove, the pellet
was air dried about for 15 minutes. After the pelMvas dried, it was
dissolved in 1QuL of sterilized 1 x TE Buffer (pH 8.0), and the stibn was
stored at -20C until use.

[0112]
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(4) Construction of the recombinant Adeno-X plasrbiNA
(4-1) Subcloning of the expression cassette intea X virus genome

The reagents shown in the following table 4 wezguentially added into
the 1.5 ml of the sterilized micro centrifuge tubeThen, it was mildly mixed
and lightly centrifuged. After that, it was inculed at 16°C for overnight.
[0113]

[Table 4]

Reagent and others volumel |
PI-Sce I/I-Ceu | digested pShuttle2 plasmid DNA 2.0
PI-Sce I/I-Ceu | digested pShuttle2-lac Z plasmiNAdD —
sterilized water 3.0
10 x DNA Ligation Buffer 1.0
Adeno-X Viral DNA(250 ngpl) 3.0
DNA Ligase(1 unitjiL) 1.0

Total 10.0
[0114]

To each sample, 90L of 1 x TE Buffer (pH 8.0) and 100L of PCI
mixture were added, and then they were mildly mikgdusing vortex. They
were centrifuged at 4C with 14,000 rpm for 5 minutes. The aqueous layer
were transferred to 1.5 mL of the clean micro tukkeswhich 400uL of 95 %
ethanol, 25.uL of 10 M of ammonium acetate solution, angll of glycogen
(20 mg/ml) were added, and then they were mildlxexi by using the vortex.

They were subjected to the centrifugation &C4for 5 minutes with
14,000 rpm, and the supernatant was removed bysipéation to obtain the
pellet. The following ethanol precipitation opeamats were the same as
those of (3-4).

After drying the pellet, it was dissolved in 1% of the sterile deionized
water.

(4-2) Swa | digestion of the recombinant Adeno-Xaghid DNA

The digestion solution as shown in the followiradplte 5 was prepared,
and added into each sample in the centrifuge tubEhen, they were
incubated for 2 hours at 2%&.

[0115]
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[Table 5]

Reagent and others Volumel(
ligation product 15
10 x Swa | Digestion Buffer 2.0
10 x BSA 2.0
Swa | (10 unitgdl) 1.0

Total 20.0
[0116]

To each sample, 80L of 1 x TE Buffer (pH 8.0) and 100L of PCI
mixture were added, and then it was mildly mixedusyng the vortex. It
was centrifuged at 4C with 14,000 rpm for 5 minutes. The following
ethanol precipitation operations were the samehasd of (3-4), and the
dissolved solution of the pellet was stored at 220until use.

[0117]
(4-3) Confirmation of the E. coli transformant bdyetrecombinant Adeno-X
plasmid DNA

The electroporation competent E. coli was transfed with the Swa |
digested products obtained in (4-2) by using Suparge EZ10
Electrocompetent Cell (the product code 636756).

The transformant mixture was plated on the agateglwhich is the
mixture of LB medium and ampicillin (final conc. @Qug/mL) (herein below,
it is referred to as “LB/Amp agar plate”.), and thencubated at 37C for
overnight to select ampicillin resistant (Ampr) tisformant.  About 1Dof
colonies were obtained. The obtained colonies vodrecked by using
Adeno-X System PCR Screening Primer Set attachatiégroduct.

[0118]

The bacterial cells from the single colony weratpd in 5 mL of fresh
LB/Amp liguid medium, and incubated overnight. Thext day, according
to the mini-scale method as mentioned below, AdZnplasmid DNA was
purified.

[0119]
(4-4) Mini-scale preparation of the recombinant AdeX plasmid DNA

5 mL of log-phase culture medium was centrifugethwi4,000 rpm for
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30 seconds to remove the supernatant. The pebstaentrifuged again at
10,000 rpm for 1 minute, and then the supernataad removed by using the
micropipette.

150 uL of the buffer 1 was added to the pellet in thbdpand mildly
pipetted to resuspend. 1l of the buffer 2 was added into the cell
suspension. Then the cell suspension were milalgited to mix and stood
for 5 minutes on ice. 15(QL of the buffer 3 was added to the cooled cell
suspension, and then it was inverted to mix agaith stood for 5 minutes on
ice.

The cell suspension was centrifuged &Ciwith 14,000 rpm for 5
minutes, and the clear supernatant was transfam@dl.5 ml of the clean
centrifuge tube. 45QL of PCI mixture was added to the supernatant, and
then inverted to mix. Then, it was centrifugedatC with 14,000 rpm for 5
minutes, and the aqueous layer was transferretidackean 1.5 ml of the
micro centrifuge tube.

[0120]

The following ethanol precipitation operations weahe same as those of
(4-1), and the dissolved solution of the pellet v8&sred at -20C until use.
The rDNA of the interest was identified by usingetanalysis with the
restriction enzymes and PCR as described below.

(5) Restriction site analysis of the obtained rAdet plasmid DNA

Analysis was performed by using PI-Sce | and I-Ceu The reagents
shown in the following table 6 was entered into inbof the micro centrifuge
tube. Then, 3@L of PI-Sce I/I-Ceu | double digestion solution wadded

to it, and then fully mixed and then it was lightlgtated to collect the

contents.
[0121]
[Table 6]

Reagent and others Volumel(
sterilized water 19.5
10 x double-digention solution 3.0
rpAdeno-X DNA (500 ngdl)(500 ngpul) 2.0
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pShuttle2-lac Z plasmid (500 nd}) —
PI-Sce | (1 unitil) 2.0
I-Ceu | (5 unitful) 0.5
10 x BSA 3.0

total 30.0
[0122]

It was incubated at 37C for 3 hours to perform restriction treatment.
The reaction mixture after the treatment was sutlej¢¢o 1% agarose /EtBr
gel electrophoresis.
(6) Production of the recombinant adenovirus
(6-1) Preparation of the rAdeno-X plasmid DNA foEK293 cell transfection
The reagents shown in the following table 7 wateead into the 1.5 ml
of the sterilized centrifuge tube to be mixed, dhdn it was lightly
centrifuged by using the micro centrifuge. Themwas incubated at 37C
for 2 hours to treat the rAdeno-X plasmid DNA wiac | restriction enzyme.
[0123]
[Table 7]

Reagent and others Volumel |
Sterilized water 20

pAdeno-X plasmid DNA (500 ngl) 10

10 x Pac | Digestion Buffer 4

10 x BSA

Pac | (10 unitsiL)

4
2
total 40

[0124]

60 uL of 1 x TE Buffer (pH 8.0) and 100L of PCI mixture were added
to it, and then they were mildly mixed by using thertex. Then, it was
centrifuged by using the micro centrifuge at@ for 5 minutes with 14,000
rom. The aqueous layer was carefully transferrgd i..5 ml of the clean
sterilized centrifuge tube.

The following ethanol precipitation operations weronducted as the
same as those of (3-4), and the dissolved solutifotine pellet was stored at -
20 °C until use.

(6-2) Transfection of Pac | digested Adeno-X pladNA into HEK293 cell
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Before 24 hours of the plasmid DNA transection,KHE93 cells were
plated on the culture plate having the 60 mm dianeb as that the cell
number was about 1 to 2 x A(about 100 cells/mf). Then, they were
incubated at 37C under the presence of 5% €O
[0125]

10 uL of Pac I-digested Adeno-X plasmid DNA was trardéal to each
culture plate to introduce Adeno-X DNA into the HE®3 cell, according to a
standard transfection method (CalPhos Mammaliam3fection Kit, the
product code 631312, Takara Bio Inc.). Occurreat€PE (cytopathic
effect) was confirmed from the next day of the staction.

One week later, the cells adhered on the bottoside wall of the
culture plate was released by mild mixing. Theadbéd cell suspension was
transferred into 15 mL of the sterilized centrifuigde having a conical
bottom, and it was centrifuged at room temperafore5 minutes with 1,500 x
g.

[0126]

Obtained precipitate was suspended in pQ0f the sterilized PBS.
The solution was subjected to the free-thaw operator 3 times, which is
frozen in dry ice/ethanol and thawed in the incwpavith 37°C, to obtain the
lysate in which the cells were fully thawed. Neittwas lightly centrifuged
to remove suspended matter, and then the supermatmtransferred into the
sterilized another tube to use immediately. Theabg did not use
immediately was stored at -2C.

250uL of the lysate was added onto the cultured cellshie plate with
60 mm diameter, and continued to culture. Notd thausing anti-Hexon
antibody included in Adeno-X Rapid Titer Kit (thequuct code 631028,
Takara Bio Inc.), the adenovirus was titrated adoog to the instruction
manual (PT3651-1) of the Kkit.

[0127]
(6-3) Virus amplification for preparing the virusving high titer
Before 24 hours of the titration start, HEK293lsekere plated on a T75
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flask, and they were incubated at 3Z in the presence of 5% GQ@or
overnight to be confirmed that they became 50 t& & confluent.

In the next day, the medium was exchanged to fimshincluding the
virus for infection with the virus at MOl = 10.  Adr the incubation at 37C
in the presence of 5% GQor 90 minutes, the flask was taken out and 10 mL
of the medium was added into the flask.

[0128]

They were cultured at 37C for 3 to 4 hours in the presence of 5% £O
and CPE was confirmed. After released 50% of téléscthe released cell
suspension was prepared as described above; itnaasferred to 15 mL of
the sterilized centrifuged tube with the conicattoon. The freeze and thaw
operation as described above was performed, anddhge were thawed. By
using Adeno-X Rapid Titer Kit (the product code ©28), the titer, 10
PFU/mL was obtained.

Western blotting was performed, and it was con@échwhether the
packaged adenovirus genome had copies of the spdcainscription unit
against the target gene as the functional formair n
[0129]

(7) Adenovirus infection to the target cells
(7-1) Infection to the target cells

Before 24 hours of the infection, 1 x “16ells of SHED were plated on
6-well plate. In the next day of the plating, timedium was removed, and
1.0 mL of the medium including virus was added lte tenter of each well in
the plate. The solution was spread on a monol&yened by the SHED.

It was incubated at 37C for 4 hours under the presence of 5%,Cé&nd
the virus was infected to SHED. Next, the freshdimmen was added, and
then incubated at 37C in the presence of 5% GO From 24 to 48 hours
after the infection, the expression of the introdd@ene was analyzed time
dependently.

(7-2) Analysis of the3-galactosidase expression of the infected cells

Thep-galactosidase expression in the adherent cellctef® with the
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Adeno-X-lacZ was assayed by using Luminesdggal Detection Kit Il (the

product code 631712, Clontec Laboratories Inc.).

[0130]
(Example 3) Manufacturing of SHED
(1) Preparation of exfoliated dens deciduous cell

An exfoliated dens deciduous from 10 years oldltihgaboy was used.
After the exfoliated dens deciduous was disinfeoteth Isodine solution, a
crown of the teeth was horizontally cut by using thental diamond point, and
then the dental pulp tissue was collected by usihreggdental reamer. The
obtained dental pulp tissue was digested in thetsmh including 3 mg/mL of
type | collagenase and 4 mg/mL of disperse at@#or 1 hour. Next, the
solution was filtrated by using 70 mm of cell strar (Falcon Inc.).

[0131]

The filtrated cells were resuspended in 4 mL &f thedium to be plated
into the culture dish having the 6 cm of diameteDMEM including 10 %
FCS was added into the dish and then cultured boua 2 weeks in the
incubator adjusted to 5% GQat 37°C. The adherent cells formed colonies
(the dental pulp stem cells) were treated by u€ir@b% trypsin-EDTA for 5
minutes at 37C, and then the cells released from the dish wetkected.
[0132]

Next, the adherent cells selected as mentionedalaere plated on the
culture dish for the adherent cells (a collagentatiah), and they were
incubated in the incubator prepared under 5% @0O37°C as the primary
culture to obtain the primary cultured cell. Whte cells became
macroscopically sub-confluent (about 70 % of thefsce of the culture
container was covered by the cells), or confluehg, cells were treated by
using 0.05% trypsin-EDTA at 37C for 5 minutes to be released from the
container, and then collected.

[0133]

Thus obtained cells were again plated on the cishuding the medium,
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and performed passage in several times to be gtovathieve the cell
number, about 1 x Ccells/mL. The obtained cells were stored in tiyiid
nitrogen.

After that, by using the primary cultured cellegetpassage was
performed at the cell concentration at 1 X tells/cnf. In the experiment,
the cells passed from 1 to 3 were used. The huBMMSC (the bone
marrow mesenchymal stem cell, Bone Marrow Mesendlystem cells) was
purchased from Lonza Group Ltd. and cultured acoaydo the instruction
manual provided from the manufacturer.

[0134]

As described above, the human exfoliated densdieais dental pulp
stem cells (SHED) were obtained. Among the obtdiB&ED, about 1 x 10
cells of STRO-1 expression cells were sorted fraaohesample by using
FACSTARPLUS (Becton, Dickinson and Company).

According to the manufacturer’s instruction manoéthe
bromodeoxyuridine BrdU staining kit (Invitrogen Ing BrdU was
incorporated into the cells during 12 hours to exaé the growth rate of
SHED (n = 3 in each group). The experiments wemented for 5 times.
After one-way analysis of variance, Tukey-Kramestteras performed to
evaluate statistical significant difference.

[0135]

In order to detect STRO-1 with immunofluorescen8elED was fixed
by using 3% paraformaldehyde, and rinsed twice VABS and then treated by
using 100 mM of glycine for 20 minutes. Next, tbe=ells were
permeabilized with 0.2% of Triton-X (Sigma-Aldricho. LLC.) for 30
minutes. Then, they were incubated in the mixtof® % donkey serum and
5% of bovine serum albumin for 20 minutes.

Next, the cells were incubated with the primaryilaody, mouse anti-
human STRO-1 antibody (1:100, R&D Inc.) for 1 hotlren incubated with
the secondary antibody, goat anti-mouse immunodiobM-FITC antibody

(1:500, Southern Biotech Corp.) for 30 minutes, ameh mounted by using



46

Vector Shield DAPI (Vector Laboratories Inc.).

After that,a-MEM supplemented with 15 % of FBS was added toGhe
well plate, and then the sorted cells were plateeach well for preparing
clones. About 300 colonies among the proliferatetls were pooled for the
test.

[0136]
(2) Transgenesis

As described above, 4 genes, bmi-1, E6, E7 andRilT#&ere integrated
into the adenovirus vector to manufacture a virastor to express the gene
products. As a reference, the control vector tockithese genes were not
integrated was manufactured.

[0137]

SHED was plated on the collagen coat dish havia@ dim@ at the
concentration of 1 x 10cells, and then DMEM supplemented with 10% FBS
was added. They were cultured until sub-confluenT.he medium was
removed by aspiration, and 5@Q of the virus solution diluted with the
medium was added (MOI = 10), and then incubate874atC for 1 hour in the
5% CQ incubator for the virus vector infection.  Afte8 4ours from the
infection, the medium was exchanged to the mediupptemented with
puromycin (1 pg/mL), and the infected cells wereuhated for 10 days in the
medium to select the resistant clone. The reststbones, 500 to 600, were
pooled. In every 3 to 4 days, about 0.5 X télls of SHED was plated to
the culture dish having 100 mgo perform passage. SHED to which the
genes were transferred was named SHED-T, and thahtch the genes were
not transferred was named SHED-C.

[0138]
(3) Measurement of the growth rates of SHED-C anEDB-T

Status of the population doubling time of SHED1Mh¢g gene transferred
SHED) was shown in Fig. 5. In the figure, a veatiaxis shows the
population doubling time number (cell division nuerbtimes), and an

abscissa axis shows the time period (date of ce)tur Evaluation standard
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for the aging was the status wherein SHED in c@tdoes not divide for 1
month.

The growth of SHED-C has stopped about 30 timesrier aging or
proliferation termination phase. In contrast, SHEpassed over and
proliferated after 800 days has passed
[0139]

(3-1) Flow cytometry analysis

In order to obtain a single cell suspension, tdbeaent monolayer cells
were digested with trypsin/EDTA. The anti-STRO-bmoclonal antibody
(1:100) was added to 2 x 1@ells and stood to analyze by using FACS
Calibur flow cytometer (Becton, Dickinson and comga  When the
fluorescence level of them was higher more thar¥®mh the ratio compared to
the control antibody with corresponding to the sasmype, the expression
was positive. In both of SHED-T and SHED-C, théempary and later
passage cells were fixed, and stained with FITGlbig STRO-1 antibody.
Then, it was analyzed by using the flow cytometryThe test was repeated
twice. In SHED-C, the ratio of the STRO-1 positivells was 27% at PD20,
and decreased 15% at PD30 (Fig. 6(A) and (B)). fdie of the STRO-1
positive cells in SHED-T was 46% at PD20 and 419%B#0, respectively
(Figs. 6(C) and (D)).

[0140]
(3-2) Study for the differentiation ability

The differentiation abilities of SHED-C or SHEDak PDO, PD10 and
PD20 were studied by using the forming ability bétnew bone mass and
histological stain of the tissue.

Firstly, 2.0 x 16 cells of SHED-C or SHED-T were mixed with 40 mg of
ceramic powder of hydroxyapatite/tricalcium phosghéHA/TCP) (Olympus
Corporation), and then the mixture was inoculatedcsitaneously under a
dorsal surface of immunocompromised mouse at 1kwage (NIH-bgnu-xid,
female, Harlan Sprague Dawley Inc.).

Eight weeks after the inoculation, the inoculargsarecovered, and fixed
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by using 4% formalin to decalcify. Then, it wasftewed by using PBS
solution including 10% EDTA for paraffin embedding.A part of it was
stored in 70% ethanol for embedding in resin.

[0141]

A paraffin section was deparaffinized, and hyddate After that, the
section was stained with hematoxylin and eosin éhrebelow, it is referred to
as “H&E”.). Figs. 7(A) to (C) show the stained iges of SHED-T (the
immortalized stem cell) at PDO to PD20, and Fid3) (o (F) show the stained
images of SHED-C (the normal cell) at PDO to PD20n order to determine
the new born formation in vivo, the specified paosits were chosen, and the
area of the new born and the sight area were caledlto obtain the new born
mass from these values for the inoculant formedra®HED-T inoculation or
SHED-C inoculation.

New born mass = New born area/sight area x 100
[0142]

Fig. 8 shows the change of the new born mass &[$H and SHED-C
at each population doubling number (doubling time)n the figure, ** shows
p <0.05, *** shows p<0.01. Note that the new borass was obtained by
using the following equation.

As shown in Fig. 8, the new bone mass was decredsepending on the
increase of the population doubling time in SHED&Dd it was decreased to
about 1/5 at PD 20 compared to that of PD0O. Intcast, the bone mass was
not changed by PD 20 in SHED-T, and the bone masSHED-T showed 5
times higher than that of SHED-C at PD 20.

[0143]
(3-3) Evaluation of canceration activity

1 x 1@ cells of SHED-C cells or SHED-T cells were inocialé to the
subcutaneous tissue of the immune compromised micd&fter inoculation,
we performed the observation more than 30 days. wédver, the tumor was
not formed during the observation term in any mtieevhich the cells were

transplanted. Also, all of the clones from thetawd cells did not show any
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morphological change between the ranges from 420@® PD in SHED-T cells.

By this, it was demonstrated that SHED-T had noceaation activity.
[0144]

(4) Evaluation

It was demonstrated that SHED-T had proliferatamlity, holding
differentiation ability even after 260 PD. Howey&HED-C had the
differentiation ability, but had aged not over tha@PD.

As described above, it was demonstrated that SHEi2came the
immortalized stem cell, and is suitable for largale production of SHED
supernatant having higher activity.

(5) Preparation of Ti implant screw fixed with CM

Preparation of Ti implant screw fixed with CM, dysis of cell
adhesion, observation of the change of the surédcB implant with scanning
electron microscopy (SEM), protein identificatiohtbe surface of Ti implant
with LC/MS/MS and RNA analysis of SHED in vitro weperformed as
described experiment 1.

[0145]
(Example 4)
(1) Implant and surgeon protocol

Ti implant (titanium fixture) was inserted intodtliemur as described
(the cited reference No. 40). Rats were anesthdtizith the combination of
inhalation of diethyl ether mist and intraperitoHgadministration of
pentobarbital. Ten mm of opening was made ovetatli@mur and the bone
was bared.

[0146]

Unicortical implant floor (unicortical implant flar) was formed at 7 mm
distance from the distal end of the femur with atd round bar (dental round
bar, 1.5 mm of the diameter) at a rotation speesd khan 1,500 rpm. The
implant treated with CM, DMEM or PBS was inserteda a cortical bone to
be embedded. After that, soft tissue was retutinedoriginal normal

position and the opening was sutured with 3-0 VIQR(Yegistered trademark)
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SH-1 (Ethicon LLC).
[0147]
(2) In vivo imaging analysis

The Ti implant having immobilized QD-modified CMas tracked and
visualized with an imaging system (IVIS spectrunENXOGEN CORP). The
rat was killed at the day 1, day 7, day 14 and B&after implant respectively
and the femur having the embedded Ti implant w&gnhaout from each rat.
QD-label associated with the taken out Ti implamthe femur was detected
by the imaging.

Each of the rats and the taken out femur were edagnder the
following conditions:
[0148]

Height of sample: 1.50 cm

Field of view: 13 x 13 cm

Exposure time: 1 sec

f-stop: 1

Binding: 8

Excitation filter: 605 nm

Emission filter: 655 nm or, the height of sample01 cm
[0149]

Field of view: 6.5 x 6.5 cm

Exposure time: 2 sec

f-stop: 1

Binding: 8

Excitation filter: 605 nm

Emission filter: 655 nm
[0150]
(3) Measuring the removal torque (N cm)

The removal torque (N cm) of the femur implant wasasured at the
day 1, day 7, day 14 and day 28 after implant sgttinder deep anesthesia

every experimental group (N=5 at each day). Thuaeal torque was
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measured with torque gauge ATG 3 CN (registereddnaark, measuring
range: 0.1-3 Ncm; Tohnichi, Tokyo, Japan) and BT85CIN-S (registered
trademark, measuring range: 2-15 Ncm; Tohnichi, yimklapan). The date
was analyzed by ANOVA using Scheffe test at thendigant level of 5%
(P<0.05).

The results were shown in Fig. 9. Between theatie@g control group
(PBS-treatment group) and the positive control grdDMEM-treatment
group), the significant differences were shown batlihe day 1 and the day 7;
however, it was not shown at the day 14. The ¢gestip (CM-treated group)
showed the higher values at the every measuringcoaypared with the
control group, and the significant differences weh®wn by the day 14 (*
shows p<0.05).

[0151]
(4) Histological treatment and measurement of thed3implant contact ratio
(BIC)

After measuring the removal torque, the rats (N # each group) were
killed under the deep anesthesia to take out theufemplants. The
obtained sample was embedded in Technovit 7100 é@skohji Co. Ltd.,).
Each block was moved along the long axis direcoémhe implant to prepare
the section having 54m of thickness, which was stained with toluidin@ Il
in the conventional method.

The microscopic image of the section was displagedhe monitor to be
input in the computer, and analyzed with softwaseimage analysis (VMS-
50 VideoPro, Innotech Corp.). The bone contacioratas calculated by
using the following formula:

The bone contact ratio (%) = direct implant — ba@oatact / periimplant
length

The data was analyzed by thee-way analysis of varianogith
Scheffe test at the significant level of 5%. Tlkesults were shown in Fig.
10.

[0152]
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The result of the cancellous bone was shown inI&i@A) and that of the
cortical bone was shown in Fig. 10(B). In the bomg@lant contact ratio, the
cancellous bone showed the significant differeneesMeen the negative
control and each of other two groups at both ofdag 7 and the day 14 after
implant. On the other hand, the cortical bone sbdwhe significant
difference of that between the test group and thgative control group from
the day 1 after the implant (analyzed by ANOVA,asvs < 0.05, **shows <
0.01)

Since the test group showed higher BIC value,aswndicated that the
unification with the bone and the implant was prdath
[0153]

(Example 5) Preparation of the sophisticated implant for human
(1) Material and Method

Titanium implant manufactured by Astra Tech AB wesed as the
implant (the length 13 mm and the diameter 3.75 mamthe length 11 mm and
the diameter 3.75 mm).

(2) Preparation of the culture supernatant contegrthe growth factors

The solution containing the growth factors wasgamred by using the
culture supernatant of the stem cell obtained imékample 1 and treated as
follows.

[0154]

The culture supernatant was put into the cultdasif, and then the
titanium implant material was added. The cultuiesk was sealed tightly to
be shaken fully. The flask was sonicated with aisator for 1 minute.
After that, the flask was stood for 5 minutes ahdrt it was sonicated again
for 1 minute under the same condition before. Af&tnding for 5 minutes,
the titanium implant was washed twice with purifiedter. As described
above, the titanium implant coated with the growahtors contained in the
culture supernatant was obtained. Instead of tHure supernatant, the
same treatment was performed by using only DMEMtepare the non-

treated titanium implant material.
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[0155]
(Example 6) Implantation example of the sophisticated implant
(1) Patient and the like

The implants prepared in example 5 were implantethe edentulous
jaws of maxillas of eight male from 41 to 68 yeatd. These patients had
no underlying disease which influenced on the bore¢abolism such as
diabetes, hypertension and the like. Also, theyhes drink much amount of
alcohol intake nor had any smoking habit.

In one patient, the insertion site was chosen gnitie maxilla molar
region having the distance from a sinus floor reds than 15 mm. Eight
implants treated with the growth factor (the trehtgoup) were embedded in
one side of the maxilla molar region in the patiearid other 8 implants
untreated with the growth factor (the untreatedugrpwere embedded in
opposite side of the maxilla molar region in thengapatient.

[0156]
(2) Evaluating method

The implantation results were evaluated by thaatayn of ISQ (Implant
Stability Quotatient) by using Ostell Mentor (Odt®lonitor, Ostell AB,
Grothenburug, Sweden) at the immediate after thbextding (time of the
embedding), 6 months and 12 months after embedthadl6 implants.

ISQ values changed depending on the bone heighuality around the
implant, bonding strength between the bone andrnt@ant, and the like, and
they are expressed as a numerical among 1 to 100.general, when ISQ
value is 65 £ 5, the many implant was successfalhbedded. The result of
the measurement was shown in Fig. 11, and thahefetvaluation was shown
in following Fig. 8. As shown in Fig. 11, ISQ vas of both of the control
group and SHED-CM treated group at the implant edddeg were in the
range. 1SQ value of every group increased timeeaently, however, that
of SHED-CM treated group was significantly higheréamonths elapsed
(p<0.05). The same tendency was shown at 12 mogidyssed.

[0157]
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[Table 8]
Case
Age Sex Embedding site ~ Length of fixture (mm) Evaluation
45 male  maxilla molar 13 good
maxilla molar 13%* normal
41 male  maxilla molar 13 good
maxilla molar 11* normal
45 male  maxilla molar 11 good
maxilla molar 11* normal
56 male  maxilla molar 13 good
maxilla molar 13%* normal
40 male  maxilla molar 13 good
maxilla molar 13%* normal
68 male  maxilla molar 11 good
maxilla molar 13%* normal
50 male  maxilla molar 13 good
maxilla molar 11* normal
57 male  maxilla molar 13 good
maxilla molar 13%* normal
*: untreated implant AstraTech Implant
[0158]

As shown Fig. 8, in the titanium implant of which surface was coated
with the growth factor obtained from immortalized dens deciduous stem cell,
progressed unification of the implant with the bone was shown in spite of the
length of the fixtures.

[0159]

(Example 7) Analysis of the protein in the culture supernatant and
immobilized on the surface of the sophisticated implant

(1) Material and Method

The proteins in the culture supernatant of the stem cell obtained from
example 3 were used to be analyzed with LC/MS/MS (MS4 HPLC System

(Michrom BioResources Inc.) and LCQ Advantage mass spectrometry system
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(Thermo Scientific Inc.).

The measurement conditions were as follows.
[0160]

LC: MS4 HPLC System (Michrom BioResources Inc.)

Column: Magic C18AQ (Michrom BioResources Inc.1 ®m (i.d.) x 50
cm)

Eluent: Solution A (2% acetonitrile and 98% waeontains 0.1 %
formic acid)), and Solution B (90% acetonitrile ahd% water (contains 0.1
% formic acid)) were used to gradient elution (96%A: 5% B at 0 min to 0%
A: 100% B at 45 min)

Flow rate: 1ulL/min

MS1: LCQ Advantage mass spectrometry system (Thermorgifie
Inc.)

MS2: LCQ Advantage mass spectrometry system (Thermorgifie
Inc.)

[0161]

The proteins immobilized on the implant were suigel to step
extraction by using liquid chromatography, wheréo EDTA, 4 M of
guanidine and 80% acetonitrile were sequentiallgdus The flow rate of
each buffer was set to 2 mL/min to obtain fractiggmepared having a protein
content at 2ug/mL. The protein content was determined with Riumethod.

The culture supernatant was precipitated by usioth of 100% ethanol
and 90% ethanol to be lyophilized, and then prega® as to be the protein
content of 2ug/mL. The protein content was determined by udsmgdford
method.

Analyzed results were shown in Table 9.

[0162]

[Table 9]

Protein component in  Protein component Accession No. of

SHED-CM immobilized on the implant protein database
(SHED-CM) (4 M of guanidine)

collagena-1(1) chain collageru-1(1) chain* P02464




56

collagen a-2(I) chain collagen a-2(I) chain * P02452
vimentin - P08670
collagen a-1(IV) chain - P12109
IGF-binding protein 7 IGF-binding protein 7 Q16270
fibronectin fibronectin* P02751
decorin decorin* P07585
plasminogen activator plasminogen activator P05121
inhibitor 1 inhibitor 1
actin, cytoplasmic 2 actin, cytoplasmic 2 P60709
sulfhydryl oxidase 1 sulfhydryl oxidase 1 000391
SPARC - P09486
metalloproteinase - P01033
inhibitor 1
collagen a-1(IV) chain - P08123
SCP2 - QoUJQ7
72 kDa type IV - P08253
collagenase
B-2 microglobulin - AAAS18I11
Rho GTPase activate - Q8N392
protein 18

- follistatin relating protein 1 Q12841

[0163]

As shown in Table 9, it was clarified that a lot of protein relating to form

cell structure was contained in the culture supernatant of the stem cell

obtained in the example 3.

Also, since the ration of the adherent cells

obtained after culturing the mesenchymal stem cell obtained as mentioned

above was high, it was thought that collagen a-1(I) chain, collagen a-2(1I)

chain, fibronectin and decorin played important roles in the adhesion of the

implant and the alveolar bone.

[0164]

(Example 8) Influences by the culture supernatant to cell adherent property

and by the lyophilization

(1) Material

The culture supernatant of stem cell obtained in the example 1 was used

as the test sample and PBS as the negative control.

(2) Influence to the cell adherent property

Canine bone marrow stroma cells (10 mL of bone marrow fluid was
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collected from ilium bones of Beagles of 18 to 26nth age, and body weight
15 to 25 kg were preliminary cultured in DMEM comtiang 10 % FBS, 50 to
150 U/mL of penicillin, and 50 to 150g/mL of streptomycin in 5% C©
incubator at 37 °C in 3 passages) were plated emptirified titanium plate
having 15 mm of the diameter at 1.5 to 3 X £6ll/well (n=3) to investigate
the influence to the cell adherent property withwothout the culture
supernatant and the plasma treatment.

[0165]

The culture was performed by using the DMEM coniag 10% FBS, 50
to 150 U/mL of penicillin and 50 to 150g/mL of streptomycin at 37 °C.
Prior to the culture, the pure titanium plate with mm diameter was
irradiated with atmospheric-pressure plasma (MP8@IIC, KURITA
Seisakusho Co., Ltd.) for 30 seconds at the 10 netadce from the edge of
the plasma, and then the plate was immersed irctifteire supernatant or PBS
under the conditions of for 24 hours at 37 °C. Huderent cell number at 1
hour and 24 hours after the culture start wereasdel by using trypsin-EDTA,
and the floating cells were counted on the hemomyter. The result was
shown in Fig. 12. In Fig 12, N-PBS shows that theubation was
performed in PBS without plasma treatment, P-PBS dane in PBS with
plasma treatment, N-CM was done in the culture so@@nt without plasma
treatment and P-CM was done in the culture supamtawvith plasma
treatment.

[0166]

In N-PBS, the adherent cell number was not incedagreatly even after
24 hours, however in P-PBS, the number was incrégseatly. Also, in the
both of the N-CM group and P-CM group, the adhermsait number at 24
hours after treatment was increased greatly.

There was the significant difference between tkeaent cell number of
the N-PBS group and that of P-CM group at 24 hafter the treatment (p <
0.01). There was also the significant differene¢vieen the adherent cell
number of the P-PBS group and that of P-CM groug (205).
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Further, the cells after 24 hours were stainechvidAPI and phalloidin,
and the condition of the adherent cells was obskibeusing the fluorescence
microscopy (Al+, Nikon Corp.) of 250 magnificatiofthe excitation
wavelength: 358 nm (DAPI), 560 nm (phalloidin), temission wavelength:
465 nm (DAPI), 575 nm (phalloidin)).

The result was shown in Fig. 13. As shown Fig, th® cell growth
was clearly increased in both of the N-CM group &&€M group.

[0167]
(3) Influence to cell proliferation with lyophilizeon

One mL of the culture supernatant was dispensetienplastic tube with
a screw cap (the content volume 2 mL, Corning Irangl stored at 4 °C, -15
°C and -80 °C for 1 week, 2 weeks and 1 month regpely.

The influence was confirmed by using bromouridassay. As an
assay kit, BrdU labeling and detection kit Il (RecApplied Science) was
used, and the assay was performed according tattiaehed instruction.

The mesenchymal stem cell obtained as the same the example 1
was plated in 96 well plate at 1 x°16ell/well. The stored culture
supernatant as mentioned above was added in the atalOOulL/well and the
cell was cultured in the 5% GOncubator for 24 hours at 37 °C.  After that,
the growth of the stem cell was observed and thoavgn ratio was calculated.

The result was shown in Fig. 14.
[0168]

When the cell was stored at -80 °C, the activityhe stored supernatant
for 1 month decreased compared to that for 1 wéekyever there was no
significant difference between them. On the othand, there was the
significant difference between the stored supemmatar 2 weeks at -80 °C
and that for 1 month at -15 °C (P<0.05). Also,rthwvas the significant
difference between the stored supernatant for 2kwe -80 °C and that for 1
month at 4 °C (P < 0.05). There was also the gigamnt difference between
the stored supernatant for 1 week at - 80 °C armd fbr 2 weeks at 4 °C (P <
0.05).
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From the above, it is thought that the storage &f the supernatant is
for 1 month at -80 °C, for 1 month at -15 °C anw@eks at 4 °C.

[0169]

Consequently, it was indicated that the growthhed stem cell which

produces the growth factor was promoted to streagtthe adhesion between

the implant and the bone to which the implant wasedded.

Industrial Applicability
[0170]
The present invention is quite useful in the madi@nd dental fields.
Free Text of Sequence Listing
[0171]

Sequence number 1: a forward primer for ALP

Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence

Sequence

number 2: a reverse primer for ALP

number 3: a forward primer for OCN

number 4: a reverse primer for OCN

number 5: a forward primer for OPN

number 6: a reverse primer for OPN

number 7: a forward primer for BSP

number 8: a reverse primer for BSP

number 9: a forward primer for Collagen 1

number 10:
number 11:
number 12:
number 13:
number 14:
number 15:
number 16:
number 17:
number 18:

number 19:

a reverse primer for Collagen 1

a forward primer for GAPDH

a reverse primer for GAPDH

a collagei(l) chain precursor

a collagei (I1) chain precursor

a collagei (XXVII) chain precursor
a collaget2(l) chain precursor
fibronectin

fibronectin

decorin



Sequence number 20:
Sequence number 21:
Sequence number 22:
Sequence number 23:

Sequence number 24:
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decorin
osteocalcin
osteopontin

bone sialoprotein 2

vesicular endothelial growthofia
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CLAIMS

1. A production method for sophisticated implant comprising the steps
of:

washing a surface of an implant material with an organic solvent
to prepare a washed implant material;

immersing said washed implant material in an first calcification
solution having prescribed composition at prescribed temperature for 3
to 6 hours to prepare an immersed implant material; and

incubating said immersed implant material in a second
calcification solution containing a cell product obtained from a bone
marrow stromal cell or immortalized dens deciduous stem cell at a

prescribed concentration for 2 to 5 days.

2. The production method for sophisticated implant according to the
claim 1, wherein said bone marrow stromal cell is derived from rat femur,
and said immortalized dens deciduous stem cell is derived from either

swine dental pulp or human dens deciduous.

3. The production method for sophisticated implant according to the
claim 1, wherein said cell product comprises at least type I collagen
(Col-I), fibronectin, decorin and vascular endothelial growth factor

(VEGF).

4. The production method for sophisticated implant according to the
claim 3, wherein said cell product further comprises insulin-like growth
factor-binding protein 7, follistatin related protein, metalloproteinase
inhibitor I, tissue plasminogen activator inhibitor, actin, and sulfhydryl

oxidase I.
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5. The production method for sophisticated implant according to the
claim 4, wherein said cell product further comprises SPARC, collagen

a2 (IV) chain, f-2-microglobulin and Rho GTPase-activating protein 18.

6. The production method for the sophisticated implant according to
the claim 1, wherein said implant material is formed by any material
selected from the group consisting of titanium, zirconia, hydroxyapatite

and B-TCP.

7. The production method for sophisticated implant according to the
claim 1, wherein said organic solvent is acetone and 60 to 80% of

ethanol.

8. The production method for the sophisticated implant according to
the claim 1, wherein said first calcification solution is composed of 100
to 150 mM of NacCl, 2.5 to 3.5 mM of CaCl,*H,O, 1.5 to 2.5 mM of
K,;HPO4 and 25 to 75 mM of Tris-HCI (pH 7.2 to 7.6), and said second
calcification solution is composed of 130 to 160 mM of KNOj, 1 to 2
mM of Ca(NO3),°4H,0 and 0.5 to 1.5 mM of K,HPO4 (pH 7.0 to 7.8).

9. The production method for the sophisticated implant according to
the claim 8, wherein said first calcification solution is composed of
136.8 mM of NaCl, 3.10 mM of CaCl,*-H,0, 1.86 mM of K,HPOy4, and 50
mM of Tris-HC1 (pH 7.4), and said second calcification solution is
composed of 142.8 mM of KNOj;, 1.5 mM of Ca(NO3),°4H,0, and 0.9
mM of K;HPO,4 (pH 7.4).

10. The production method for the sophisticated implant according to

the claim 1, wherein said prescribed temperature is from 36 to 38 °C and

immersing time is 4 hours.
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11. The production method for the sophisticated implant according to
the claim 1, wherein said cell product of described concentration is at a

concentration of 5 to 20 mg/mL.

12. A sophisticated implant produced by the method according to any

one of the claims 1 to 11.

13. The sophisticated implant according to the claim 12, wherein the
implant has at least type I collagen, fibronectin and decorin on the

surface.

14. The sophisticated implant according to the claim 13, wherein the
implant further comprises at least one of protein selected from the group
consisting of insulin-like growth factor - binding protein 7, follistatin
related protein, metalloproteinase inhibitor I, tissue plasminogen
activator inhibitor, actin and sulfhydryl oxidase I on the surface of the

implant.
15. The sophisticated implant according to the claim 13, wherein said

sophisticated implant is formed by a material selected from the group

consisting of titanium, zirconia, hydroxyapatite and -TCP.
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