
S PECI FICATION

TTTLE OF INVENTION

METHOD FOR PREPARING DENTAL PULP STEM CELLS FROM CELLS

DERIVED FROM DENTAL PULP TISSUE

TECHNICAL FIELD

t00011 The present invention refates to a method for

preparing dental_ pu.lp stem cel-ls from cell-s derived from

dental pulp tissue.

BACKGROUND ART

tooo2l Mesenchymal_ stem cells, one of the somatic stem

cells, is a col-lective term for stem ce11s, is considered

to have differentiation potential into mesenchymal-Ìineage

cells such as osteoblasts, adipocytes, muscle celfs, and

chondrocytes, and are known to be present 1n aff mesenchymal

tissues; therefore, the application in regenerative

medicine to reconstruct bones, muScleS, bl-ood vessel-s, And

nerves is expected.

Dental putp stem cetl-s deríved from dental pulp tissue

have been known as one of stem cells categorized into

mesenchymal stem celIs. Because dental pul-p stem cells,

especially dental pulp stem ce1ls derived from decj-duous

teeth, show therapeutic effects in various disease models

(Non-Patent Literatures 1-5), dental pulp stem cells have
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attracted attention as a source of stem cel1s used in

regenerative medicine.

t00031 Here, stem cells are cytologically defined as

cell-s that have the basic properties of seff-renewal- and

pluripotency or mul-tipotency. The basic properties incfude

a stem cell- property (stemness), which refer to the ability

of stem cells to maintain pturipotency or mul-tipotency, and

cell- division ability without becoming differentiated ce1ls,

are completely distinguishabÌe from somatic cells. It is

known that stem cells with low stemness have reduced ability

to divide and multipotency (Non-Patent Literature 6) .

When considering stem cell therapy in a clinic,

therefore, the degree of the stem cel-l properties including

stemness retained in isolated stem cells is considered to

be a very important factor that determines their therapeutic

effects (Non-Patent Literature 1 ) .

t00041 Regarding isolation methods of mesenchymal stem

cel-l-s including dental- putp stem ce11s, more f avorabl-e

isolation conditions have been examined. For example, it is

reported that stem cel-l-s with pluripotency were successfully

isolated from mesenchymal tissue under a stress condition

by enzyme treatment with dispase (Non-Patent Literature B).

Furthermore, it is reported in Non-Patent Literatures 9-11
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that the stem cefl properties are enhanced under hypoxic

conditions.

t00051 In addition, Non-Patent Literature 1 discloses a

method for obtaining SSEA-3- and CD105-positlve pluripotent

stem cetls under external stress such as enzyme treatment,

hypoxic condition, and low serum condition to mesenchymal

stem cel-l-s or cul-tured mesenchymal cel-ls.
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SUMMARY OF THE INVENT]ON

PROBLEMS TO BE SOLVED BY THE INVENTION

t0008I The present inventi-on provj-des a method f or

preparing dental pulp stem cells more efficiently from

dental_ putp tissue and a method in which stem cell-

properties of the obtained dental- puf p stem cel-ls are

enhanced.

MEANS FOR SOLV]NG THE PROBLEM

t00o9l Recently, cD34 positive dentaf pulp stem cells

have been identified (Pisciotta et â1., 2015). According to

this literature, it is reported that, compared to cD34

negative dentaf pulp stem cells, CD34 positive dental pulp
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stem cells exhibit a low cell proliferation rate and long

maintenance of stem cefl properties.

In addition, human bone marrow mesenchymal stem cefls

and dental- pulp stem celfs have been reported to express

cD146 (Shi and Gronthos, 2003). cD146 (al-so known as MUC1B,

MCAM) is a 113 kDa cell adhesion mol-ecule identified in

human melanoma cefls (Lehmann et al., 1,981), and it has been

shown that deciduous tooth stem cel-ls afso expressed CD146

on the cell surface (Non-Patent Literature 2) . cDI46

positive human bone marror/v mesenchymaf stem cell-s and dental-

pulp stem cells are frequently observed around bfood vessels,

suggesting an association with stem cefl niche formation

(Shi and Gronthos, 2003) . In addition, it can be also

considered that CD146 is an primitive marker of mesenchymal

stem cells, because it was reported that decreased

expression of CD146 promoted ceflul-ar senescence (Jin et

â1. , 2016) .

Furthermore, SSEA-4 ( stage speciflc antigen-4 ) is

known as a marker f or pluripotent stem cel-l-s whose

expression has been cl-arified in bone marrow mesenchymal

stem cells (Gang et af . , 2001) . The express j-on of ssEA-4

has been reported on the cell surface of deciduous tooth

stem cells (Yamaza et â1., 2010). ssEA-4 is a cel-l surface
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molecule identlfied from teratocarcinoma cel-l-s (Kannaqi et

â1. , 1983) , and is known as an primitive marker for

pJ-uripotent stem ceÌ1s including ES cell-s and iPS cells

(Henderson et al., 2002; Takahashi et âf., 200'7). Therefore,

subpopulations of mesenchymal stem cel-ls expressing SSEA-4

are considered to be very primitive populations.

For instance, if dental pulp stem cel-l-s, in which the

expression of mol-ecules listed above is enhanced, can be

obtained, dental pulp stem cell-s having superior stem ce1Ì

properties can be Provided.

In addition, Non-Patent Literature l- describes a

method for obtainì-ng the SSEA-3- and CD105-positive

pluripotent sLem cell-s as mentioned above, but it mentions

that the obtained pluripotent stem cell-s were CD146-negative

cell-s.

t00101 The present inventors have so far conducted

isolatíon of deciduous tooth stem cel-ls (Yamaza et al-. t

2OIO) based on a colony forming unit-fibrob]asts (cFU-F)

colony formation method (Friedenstein et â1., L916). For

example, in Non-Patent Literature L, it is reported that,

when dentaf pulp stem cells vvere col-lected from the dental

pufp tissue of human deciduous teeth, the dental pulp stem

cells lvere isolated by the CFU-F colony formation method
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using a 15å fetaÌ bovine serum (FBS) -containing cufture

medium. As described ab'ove, Non-Patent Literature B and Non-

Patent Literature 9 show that enhancement of stem cell

properties was observed by applying stress to cefls. we

focused on the possibility to isoÌate stem cell- populations

expressing enhanced stem ce11 properties when stress is

given by a method other than enzyme treatment or hypoxic

condition. I"or examPle, conditionaf changes in adding timing

and concentration of serum contaì-ning of growth factor to

the culture medium might give stress to isolate stem cell-s

with enhanced stemness. Meanwhile, no study has improved

the influence of the timing of the serum addition in the

cufture medium upon the isolation process of dental pulp

stem ceÌls on the stem cell- properties of dental pulp stem

cell-s until now. Therefore, in order to solve the above

problems, the present inventors focused attention on the

influence of the serum concentration in the culture medium

on dental pulp stem cefls in the isol-atlon protocol as

described in Non-Patent Literature 2, and carefully studied

the impact of the serum during the cufture period.

t00111 As a resuft, surprisingly, we succeeded in

obtaininq dental pulp stem cetls having more maintained stem

celf properties by attaching a cell population containj-ng
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dental pulp stem cells colfected from the dental pulp tissue

onto a culture dish, adding serum to the cufture medium

during a specific cul-ture period for culture to form

colonies containing dental pulp stem cells, and culturing

the cells under a low serum or Serllm-free cul-ture condition

during the subsequent cufture period. The present invention

has been completed based on these findings.

tO012l That is, the present invention is as described

below:

The present invention, ln one aspect, includes

t1l a method for preparing dental- pufp stem cells from

dental puÌp cel-fs coflected from dental pulp tissue,

lncludlng the steps of:

(a) preculturing the dental pulp cel-ls using a culture

medium contaíning serum at 1 Lo I3Z (V/V), and attaching

the dental putp celfs on a cufture dish;

(b) culturing the dental- pufp celfs, which are

attached on the culture dish in the step (a), at feast for

one day using a culture medium containing serum at 7 to 13U

(V/V) or a serum-free cul-ture medium for stem cel-ls; and

(c) culturíng the dental pulp cel-Is in a fow serum

condition or a serum-free condition after the step (b).

t00131 Here, in one embodiment, the method for preparing
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dental putp stem cell-s from dental- pulp cell-s collected from

dental pulp tissue according to the present lnvention is,

l2l the method according to t1l above, wherein the

step (c) is characterj_zed in that the dental pulp cells are

cultured both in a low Serum condition or a serum-free

condition and in a l-ow nutrítional condition-

Furthermore, in one embodiment, the method for

preparing dental pulp stem cell-s from dental pulp cells

collected from dental pulp tissue of the present invention

is,

t3l the method according to t1l or 12) above, and the

method is characterized by including the step of seeding

the dental pulp cells on a cufture dish before the step (a)

so as not to adhere to other cells, thereby forming cel-1

colonies derived from singJ-e cells.

Furthermore, in one embodiment, t.he method f or

preparing dental puÌp stem cells from dental- pulp cel-ls

collected from dental pulp tissue of the present invention

is,

[4] The method accordj-ng to any one of the above t1l

to [3], wherein the serum used in the steps (a) and (b) is

F'BS.

f0O14l furthermore, in one embodiment, the method for
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preparr-ng

coll-ected

is,

dental pulp stem celts from dental pulp cells

from dental putp tissue of the present invention

t5l the method according to any one of the above t1l

to l4l, wherein the culture medium used in the step (a)

and/or (b) is a culture medium containing serum at 10 to

13å (V/V) , and cel-l- colony containi-ng dental pulp stem cells

with enhanced expression of SSEA-4.

Furthermore, in one embodiment, the method for

preparing dental_ pulp stem cells f rom dental- pulp ceÌl-s

collected from dental- pulp tissue of the present invention
..1 ^rò r

t6l the method according to any one of the above t1l

to [5], wherein the method further includes the step of

preparing the dental putp cel-ls by enzyme treatment of the

dental pulp tissue before the step (a) -

Furthermore, in one embodiment, the method for

preparlng dental_ pulp stem cells from dental pulp cells

collected from dental pulp tissue of the present ínvention

is,

t7l the method accordì-ng to any one of the above t1l

to 1,61 , wherein the method further includes (a') a washing

step for replacing the culture medium after the step (a)
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and before the step (b) .

toolsl Furthermore, in one embodiment, the method for

preparing dental pulp stem cell_s from dental pulp cells

coflected from dentaf pulp tissue of the present invention
'ic

t8l The method according to any one of the above tll

to l7l, wherein the step (c) is a step of culturing dental-

pufp cel-1s using the serum-containing culture medium

containlng or the serum-free cul-ture medium for stem cell-s

used in the step (b) without replacing the medium with a

fresh culture medium.

tOO16l Furthermore, in one embodiment, the method for

preparing dental_ pulp stem cell_s f rom dental pulp cell-s

collected from dental pufp tissue of the present invention
..ì ^rÞ r

t 9l the

cul-ture

method accordJ-ng

time of the steps

to tBl

(b) ,and

wherei-n the

at least 168

above,

(c) ístotal

hours.

Furthermore, in one embodiment, the method for

preparing dental- putp stem cef f s f rom dental puf p cell-s

coflected from dental pulp tissue of the present invention

is,

t10l the method according to any one of the above tll
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to l9l, wherein the dental pulp cel-ls seeded on the culture

dísh in the step (a) are contained in the cufture medium at

a concentration of 0.01 x 106 to 0.1 x 106 cells/m],.

Furthermore, in one embodiment, the method for

preparing dental pulp stem cells from dentaf pulp celfs

col-lected from dental- pulp tissue of the present invention
-.i ^rÞ r

t1ll the method according to any one of the above t1l

to [10], wherein the preculture time of the step (a) is 24

to 48 hours.

t0017 I Moreover, another aspect of the present

invention relates to,

ll2l a method for producing a therapeutic implant

materj-al, including the step of producing a therapeutic

implant using dental- pulp stem cel-1s obtained by the method

according to any one of the above t1l to i111.

Moreover, another aspect of the present invention

relates to,

t13l dental pufp stem cells obtained by the method

according to any one of the above t1l to [11], which are

derived from single cell colony-derived dental pufp stem

cells in which expression of SSEA-4 is enhanced.

Here, the dental pulp stem cells of the present
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invention are,

t14l the dental pulp stem cell-s according to l13l above,

wherein the cetl colonies further have enhanced expression

of CD146 or CD34 in addition to SSEA-4.

Moreover, another aspect of the present invention

relates to,

t15l a therapeutic implant material including the

dentaf pul-p stem cell-s according to t13l or t14l above.

EFFECTS OF THE INVENTTON

t0o1Bl According to the method of the present invention,

it is possibJ-e to efficiently prepare dental pufp stem cell-s

from dental pulp cells by a simple method, eliminating the

need for complicated operations such as enzyme treatment

and hypoxic condition. In addition, dental pulp stem cells

can be obtained at serum concentrations lower than

conventionaJ-ly used serum concentrations; therefore, the

cost can be red.uced, and it is preferable in particular when

the manufacuture of a large amount of cells is required such

as cel-l banks.

Furthermore, the method of the present invention makes

it possibl-e to prepare dental pulp stem cel1s wlth enhanced

stem cetl properties in addition to the efficient

preparation of dentaf pulp stem cel-ls.
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BRTEF DESCRIPTION OF THE DRAWTNGS

tOO19l tFig. 1l Fig. 1 shows the analysis results of

the colony forming ability in Examples 2 and 3 below.

Nucl-eated cells isolated from the dentaÌ pufp of deciduous

teeth rrere seeded at 0. 1 x 106 cell-s ' Fig. 1A shows images

of the CFU-F colonies treated with toluidine blue staining.

Also, Fig. 1B shows the number of the formed CFU-F colonies,

Fig. 1C shows the number of the CFU-F-forming cells per

culture dish, and Fig. l-D shows the number of cells per CFU-

F colony. n : 3. Bar : average vafue * SEM (?). *' P < 0.05,

***. P <

tFig. 2l Fig. 2 shows the anafysis results of the cell

proliferation ability in Example 4 bel-ow. Specifically, it

shows the analysis results of the ceII prollferation ability

of deciduous tooth stem celfs by a Brd-U uptake assay. Fig.

2A is a graph showing the results of the formation of

adherent colonies under a cul-ture medium containing 15% FBS

after pre-incubation at each FBS concentration. Fig . 2B is

a graph showing the results of the formation of adherent

col-onies under a culture medium containing 10% FBS after

pre-incubation at each FBS concentration. Fiq. 2C is a graph

showing the resul-ts of the formation of adherent colonies

under a cul-ture medium containing 53 FBS after pre-
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incubation at each FBS concentration- Fig - 2D is

showing a comparison of the results of cultures at

FBS concentrations throughout the cul-ture.

average value + SEM (?). *' P <

n:3

a graph

cornmon

Bar

tFiq. 3Al Fig. 3 shows graphs showing the analysis

resufts of the expression of celf surface antigens by flow

cytometric assay in Example 5 bel-ow. Fig. 3A is histograms

after the flow cytometric analysis. In Fiq. 34, the black

l-ines represent the groups stained with specific anti-cefl-

surface antigen antibodies, and the gray Ìínes represent

the groups stained with the corresponding isotype-matched

antibodies. Numbers indicate the mean value +SEM (%) of the

positive rate, Fig. 38 is graphs showing the positive rate

of each surface antigen. n 3. Bar average value + sEM

(?). *' P <

tFiq. 4l Fig. 4 shows the analysis results of coJ-ony

forming ability i-n Example 7 below. Nucl-eated cells isolated

from the dental pulp tissue of deciduous teeth were seeded

at 0 . 1 x l-06 cef ls. Fig. 4A shows images obtained by

toÌuidine btue staining of CFU-F col-onies obtained after

culture. Also, Fi9. 4B shows the number of CFU-F colony

forming cefls. n:3. 15% FBS: an isol-ation group using 15%
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FBS, 13% FBS: an isolation group using 13% FBS, 10% FBS: an

isol-ation group using 10% FBS, 1Z FBS: an isolation group

using':.2 FBS, 5% FBS: an isolation group using 5å FBS. Bar

: average value + SEM (%). *' P <

tFiq. 5l Fig. 5 shows the analysis results of the cell

proJ-iferation ability in Example B befow. SpecificalJ-y, it

shows the analysis results of cell proliferation of

deciduous tooth stem cells by Brd-U uptake assay. Fig. 5A

shows the analysis results usinq 15% FBS-containing culture

medium (15å FBS-Med) after preculturing at the indicated

FBS concentratj-on. Fiq. 5B shows the analysis results using

a medium (Correspond-Med) with the same FBS concentration

in both the preculture and growth culture. n 3. 15U FBS:

an isol-ation group using 15å FBS, 13å FBS: an isolation

group using 13? FBS, 10å FBS: an isolation group using 10å

FBS, 1Z FBS: an isol-ation group uslng '72 FBS, 5? FBS: an

isolation group using 5% FBS. Bar: average vafue + SEM (3).

*. P <

tFiq. 6) Fig, 6 is graphs showing the anafysis resufts

of the expression of SSEA- 4 by flow cytometric assay in

Example 9 below. (A) Histogram. Black l-ines represent the

groups stained with specific anti-SSEA-4 antibody, graY

lines represent the groups stained with the corresponding
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isotype-matched antibody. Average val-ue + SEM (%) -

tfiq. 1l Fig. 7 shows a graph showing the positive

rate in the analysis test of cell surface anti-gen by flow

cytometry in Example 9 below. n 3. 15% FBS: an isol-ation

group using 15? FBS, 13? FBS: an isol-ation group using I3Z

FBS, 10% FBS: an isol-ation group using 10% FBS, 12 FBS: an

isolation group using 1z FBS, 5% FBS: an isoÌation group

using 53 FBS. Bar : average value + SEM (å).***' P < 0-005.

BEST MODES FOR CARRYING OUT THE EMBODIMENTS

to020l The present j_nvention rel-ates to a method for

preparing dental putp stem cells from dental pulp cell-s

col l-ected f rom dental_ pulp ti ssue, and includes the

following steps (a) to (c) :

(a) preculturing the dental pulp cell-s using a culture

medium containing serum at 7 to 13å (V/V), and attaching

the dental pulp cel1s on a cufture dish;

(b) culturíng the dental pulp cells, which are

attached on the culture dish in the step (a), at least for

one day using a cufture medi-um containing serum at 7 to 13%

(v/v) or a serum-free culture medium for stem celfs; and

(c) culturing the dentaf pulp cel-1s in a low serum

condition or a serum-free condition after the step (b) .

In the embodiment of the present invention,
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"preparation" can be read as "isolation -" fn other words,

as one embodiment, the present invention also provides a

method for isofating dental puÌp stem cel-l-s from dental- pulp

cells col-fected from dental- pulp tissue, and the method

including the steps (a) to (c).

l002Ll Here, the "dental- pulp tissue" in the present

specification can be col-fected from any of the deciduous

tooth and permanent tooth, and can be obtained from the

dental- pulp of extracted teeth such as deciduous teeth or

wisdom teeth which have been conventionally discarded as

medical waste. Dental pulp tissue can be removed from

dentally extracted teeth at dental care facilities, and may

be removed f rom naturaJ-ly extracted or exf ol-iated teeth.

Meanwhile, a method for removing the dental pulp tissue from

teeth is known and can be appropriately implemented by those

skilled in the art. In addition, when it is not possible to

immedlatety freeze teeth on the spot, such as teeth

extracted dentally, teeth should be placed in a medium such

as alpha-minimum essential medium (aIpha-MEM) for

transportation, and it can be soaked and stored at low

temperature (for exampfe, ât 4"C).

lOO22l In the present specificatj-on, the "dental- pulp

cells collected from dentat pulp tissue" is not limited to
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dental pulp cells colfected immediatety from dental pul-p

tissue colfected from a living body, but al-so includes

dental pulp cel-fs col-lected from thawed dental pulp tissue

after cryopreservation.

t00231 The origin of dental- pufp tissue is not limited

to humans, and may be other mammals (for exampJ-e, mice, rats,

rabbits, dogs, cats, monkeys, sheep, cattle, and horses) '

Dental pulp cel_fs can be obtained from dental pulp

tissue, and dentaf pulp cells deríved from the dental- pulp

tissue include dental pufp stem cell-s. Dental- pufp stem

ceÌl-s are a type of tissue stem cells that can be isofated

from dental pulp. Tissue stem cel1s are also cal-l-ed somatic

stem cel-1s, and unlike embryonic stem cel-l-s that can

differentiate into alf type of cells, the tissue stem cel-ls

t can differentiate into a timited type of cel-l-s.

to024l A method for colJ-ecting dentaf pulp cells from

dental pulp tissue is also publicty known, and can be

carried out, for examPle, according to the method described

in Example 1 betow. Specifically, after shredding the dental

putp tissue using a scalpel, etc., the shredded dental pulp

tissue is treated with enzymes such as dispase, collagenase,

or a mixed enzyme sol-ution thereof. The enzyme treatment

can be carried out at 37"C, for 60 minutes, for example,
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\^/hen using a mixed enzyme solution in which 4Z dispase and

33 col-lagenase are mixed LzI, although it depends on the

enzyme used. After the enzyme treatment, the celÌ suspension

are thoroughly mixed with a cul-ture medium containing serum/

and then the cells are sorted and contaminants are removed

using a cell strainer, etc. Thereafter, the sorted

suspension is centrifuged (for example at 2,000 rpm at 4oC

for 5 min) . The supernatant is discarded, and dental pulp

cells can be coÌl-ected from dental- pulp tissue by adding

the culture medium. As described above, methods for

collecting dental pufp cells from dental pulp tissue are

pubticly known, and those skilled in the art can

appropriateJ_y set the reagents and test conditions, and

conduct these methods.

tO025l Moreover, the "dental pulp stem cefl-s" obtained

by the method of the present invention are isolat.ed in a

state in which stem ceÌl properties are enhanced.

Here, in the present specification, the stem cel-l

properties of dentaÌ pulp stem cells refer to the abilities

to maintain the multipotency and cel-1 division ability

without becoming differentiated. The cellular properties of

such dental pulp stem cells can be evafuated by whether the

expression of any one selected from the group consistlng of

2I



CD746, SSEA-4, and CD34 is enhanced. In a preferred

embodiment, the dentaf pulp stem ceIls obtained by the

present invention have at l-east enhanced expression of SSEA-

4 as compared to the dental- pul-p stem cells obtained by the

conventionaf dental pulp stem cell isolation method (CFU-F

colony formation method using culture medium containing 15å

FBS) . In a parti_cuJ_arly preferred embodiment, in addition

to SSEA-4, expression of CD146 or CD34 is further enhanced.

Specifically, it is possibte to obtain the dentaf pulp stem

cefls in which (i) the expression of cD146 and ssEA-A or

(ii) the expression of ssEA-4 and cD34 is enhanced, and in

a further preferred embodiment, the dental pufp stem cells

with enhanced expression of CD746, SSEA-4, and CD34 can be

obtained.

Meanwhile, in the present specification, "the

expression of surface antigens such as SSEA-4 is enhanced"

means that the expression of specific mofecules show a

significant increase in the expression when the expression

of these mol-ecules are compared between the cell groups or

cell- colonies obtained by the method of the present

inventlon and the cell groups or cel-l cofonies obtained by

the conventional- method (CFU-F colony formation method using

culture medium containing 15% FBS) .

22



10026l The enhanced expression of the markers of these

stem cetl properties can be detected using antibodles

against each surface antigen, and antibodies labeled with

fluorescence, etc. The detection method using antibodies

can be performed using a publicly-known method, for example,

a method using magnetic beads, and a method using a flow

cytometer, etc. As the expression of each protein of the

obtalned dental pulp cells or dental pulp stem ceII groups

may be detected, it can be detected by other publicJ-y-known

methods. Meanwhil-e, a preferable evaluation method is a

preferable evafuation method to detect and compare the

expression in cell groups by flow cytometry using labeled

antibodies to each protein as described in the following

examples.

loo2ll The method for isolating dental pulp stem cells

according to the present invention incl-udes the step (a)

"preculturing the dental- pulp cel-1s using a culture medium

containing serum/ and attaching the dental pulp cells on a

culture dísh ." IÍt this step, the dental pulp cells col--Lected

from the dental pulp tissue, etc.' can be adhered on the

culture dish by the Preculture.

Here, the "dentaf pufp ce11s" refer to whole dental

pulp cel-ls collected f rom denta] pulp tissue. The cells
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collected from the fresh dentaf pufp tlssue by enzyme

treatment, etc., can be used as the "dental pulp celfs".

The cells thawed from the cryopreserved dental pul-p cell-s

after the coflection from the dental putp tissues can be

also used. Alternati-veIy, the dental pulp cells obtained

from the cryopreserved dental- pulp tissue by enzyme

treatment, etc., can be used. Desirably, it is an embodiment

using dental- pufp cefls obtained immediately after dental

putp tissue is treated with enzyme/ etc. In other words, as

a preferred embodiment of the present invention, the dental

pulp cel_ls used in the step (a) are cells that have not been

subcultured. In addition, it is preferable that the dental

pulp cells cotlected from dental pulp tissue are sorted

cells by a fiftration process using a 7Q-pm cell strainer,

etc., to remove impuritíes from cell- suspension after the

dentaf pulp tissue treated v/ith enzyme, etc. This step

enables or facilitates sorting of the adherent cells in the

subsequent cul-ture, and can contribute to the efficient

isolation of ultimate dental pulp stem cefls.

l002Bl As the "serum" used in the present specification,

publicly known serum used for culturing mesenchymal stem

cefl-s can be used, and in a preferred embodiment, FBS is

used as the serum.
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Furthermore, in the present specification, when a

"cufture medium containi-ng serum" is referred to, a

publicly-known basal medium used for culturing mesenchymal

stem cell-s, dental putp cells, and dental pufp stem cells

can be used as the culture medium. As such a basal medium,

for example, alpha-MEM, etc., can be used, although not

limited thereto. The basal- medium may contain antibiotics,

glutamic acid, ascorbic acì-d, etc., in addition to the serum

as long as it does not inhibit the enhancement of the stem

cetl properties of the obtained dental pulp stem cells.

100291 Moreover, when a "culture medium containing

serum// 1s referred, the Serum can be used with respect to a

basal culture medlum in the range of the normaJ-1y used

concentration. As a result of intensive studies, the present

inventors have improved the number of colony formations

obtained after cufture by using a serum concentration of '7%

to 13% (V /V) in the step (a) , and have also f ound that an

increase in the number of isolatable dental pulp stem cefls

or dental- pulp stem cel-l-s having the enhanced stem cell

properties can be obtained. Meanwhile, in the step (a), a

serum concentration of 10% to 13å (V/V) is more preferable,

and in particular, a concentration of about 10% (v/V) is

more preferable.
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i0o3ol In addition, the "culture dish" in the present

specification is not particularly limited as long as it can

be used to culture cel1s, and commerciatty available cells

for cell culture, etc., can be used.

In the present specification, "to attach the dental

pulp cetl_s on a culture dish" refers to culturlng dental

putp cel-l-s on a culture dish containing a culture medlum by

seeding and incubating the dental pulp cells collected from

dental pulp tissue to adhere the dental- pulp cel-l-s on the

culture dish. In order to adhere the dental pulp cells to

the cufture dish, for example, it can be achieved by

cuJ-turing the cells in a culture medium for about 3 to 48

hours. More preferably, the cufture is performed for about

24 to 48 hours (around 48 hours) . When the culture time is

shorter, the number of adherent cel-1s decreases, and when

the cufture time is J-onger, it is not preferable because

cell-s other than stem cells may also adhere to the dish.

However, âs J-ong as the dental pulp cells seeded on the

culture dish adhere to the culture dish, the time is not

fimited to the above range, and a person skilled ín the art

can appropriately set a preferable time depending on the

condition of the dental pulp cells to be used, the dish and

the culture medium, etc., to be used.
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The preculture of the step (a) can be performed at

37'C under the 5% COz condition.

t00311 Further, in the step (a), it is preferable that

the dental pulp cells col-fected from the dentaÌ pulp tissue

are seeded as single cells on culture dishes. Thereby,

single cefl--derived col-onies can be formed as cofonies

finally obtained. In other words, in a preferred embodiment

of the present invention, a "step of seeding the dental pufp

cells so as not to adhere to other cel-ls on a cufture dish

before the step (a) is carried o:L," thereby the method may

further incfude "the step of forming cell colonies derived

from single cef1s. "

A method for seeding the dentaÌ pulp cells on a cufture

dlsh cel_1 by cel_I without contactinq to each other is

pub]_icJ_y known, and can be appropriately carried out by

those skilfed in the art. In addltion, âs a specific

embodiment, for example, a form in which the cells are

seeded at a concentratj-on of about 0.1 x 106 cells in a

culture dish with a diameter of 100 mm can be incl-uded.

Furthermore, those skil-l-ed in the art can carry out the

preparation by appropriately adjusting the concentration

depending on the dish' etc. / to be used.

t00321 The method for preparing dental pulp stem cefl-s
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according to the present invention includes the step (b),

..a step of culturing the dental pulp cells attached on a

culture dísh according to the step (a) at least for 1 day

using a serum-containing culture medium or serum-free

culture medium f or stem cel-Is. "

Here, the serum-containing cufture medium used in the

step (b) is preferably a culture medium containing a serum

concentration in the range of 7 to 13% (V/V), and 10? to

13å (V/V); and even more preferably, the culture medium

contains a serum concentration in the range of about 10%

(v/v). By setting the serum concentration to 7 to 13% (V /

v) in the culture medium, it is possibte to improve the

number of col-ony formations and the number of isolated cell-s

obtained after the culture, oT in addition thereto, it is

possibl-e to obtain dental putp stem celts with the enhanced

stem ce]l properties. Moreover, the culture medium

containing the serum used for the step (b) can be

substituted by discarding the culture medium used for the

cul-ture of the step (a), and adding a ner,v culture medium.

Alternatively, in the step (b), the culture can be

performed using a serum-free culture medium for stem cell-s.

Here, the serum-free culture medium for stem cells used in

the present invention is a medium capable of maintaining
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the proliferation and stem cell properties of stem cefl-s.

For the serum-free culture medium for stem cell-s I a

commercíatty availabfe serum-free culture medium for stem

cells can be used, and in particular, a serum-free culture

medium for mesenchymal stem cells is preferable. Examples

of such a serum cell-free medium for stem cells include,

but are not l-imited to, EXPREP MSC Medium (BioMimetics

Sympathies), sTK2 (registered trademark) serum-free culture

medium for mesenchymal stem cells (DS Pharma Biomedical),

Mesenchymal stem cel-l Growth Medium DXF (Promo celI),

Stemgro (registered trademark) hMSC Medium (corning),

MesenCu}t-SF, MesenCult-XF, MesenCult-ACF (STEMCELL

Technologies), TheraPEAK MSCGM-CD Mesenchymal Stem Cell

Medium, chemically Defined (Lonza), PRIME-XV (registered

trademark) MSC Expansion XSFM, PRIME-XV (registered

trademark) MSC Expansion sFM (Irvine Scientific), MSC

Nutristem (registered trademark) XF (Biotogical Industries),

StemXVivo Xeno-Free Human MSC Expansion Media, StemXVivo

Serum-Free Human MSC Expansion Media (R&D Systems), StemMACS

MSC Expansion Media kit XF, Human (Mittenyi Biotec),

MesenPRO MSC SFM, MesenPRO MSC SrM XenoFree (Gibco),

FibroGRO Xeno-Free Human fibroblast Expansion Medium

(Merck), PL SOLUTION, PL SOLUTION GMP grade (PL BioScience),
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etc.

In addition, the culture of the dental pulp cells using

a serum-containing cul-ture medium or a serum-free culture

medium for stem cells in the step (b) can be performed at

least for one day (24 hours) . The culture period of the step

(b) is not particularly timited as long as the stem cell-s

can be prepared, and can be , for example , for 1 day, 2 days,

3 days, 4 days, 5 daYs, or 6 daYs'

Here, the serum-containing culture medium used in the

step (b) or the serum-free culture medium for stem cefls

can be used for the culture of the step (c) as is without

replacement, and the culture can be continuously performed.

fn this method, it is considered that the culture medium

becomes "low serum condition" and/or "low nutritional-

condition,, about three or four days after the start of a

cul-ture in the step (b) although it depends on the serum

concentration to be used, etc-

Meanwhile, the culture of the step (b) can be performed

at 3'7"C under the 5% COz condition.

t0o33l In addition, the method for preparing dental pulp

stem cel-ls according to the present i-nvention includes the

step (c) ..a step of culturing the dental pulp cel-fs in a

low serum condition or a serum-free condition after the step

30



(b) .- Through this step (c), it is possibfe to form celf

colonies containing dentaf pulp stem cefls in which

expression of SSEA-4 is enhanced.

Here, the "low serum condition" refers to a state of

a low concentration of serum contained i-n the cul-ture

medium; among the actions of serum' in particular, the

cul-ture medium has substantiatly no cell proJ-if eration

action on cultured cells other than dentaf pufp stem cel-l-s;

and the culture medium contains only a serum concentration

capabJ-e of mai-ntaining or enhancing stem cel-1 propertj-es of

the dental- pulp stem cells. The culture in such a fow serum

state is not Ìimited to the following form, for exampJ-e, a

form (although it is not fimited to the following, for

example, a form ln which 0.1 r 106 cells are contj-nuously

cuftured in a cufture medium at least for 3 days or more in

10 mL of a medium containing 15% (v/v) FBS) in which the

cul-ture medium used for culture is maintained for 3 days or

more without changing the culture medium containing the

serum, and the form culturing using the culture medium which

does not contain the serum. In additlon, when the cell-s are

cultured using the serum-free culture medium for stem cells,

it becomes the "serum-free condition."

In addition, the culture in the step (c) is not limited
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to the following as long as adherent colonies of the dental

pulp stem cells can be obtained, but can be performed, for

example, ât least for 3 days. The culture in the step (c)

can be performed at 3?"C under the 5? COz condition.

By performing the culture of the step (c) as described

above, it is possible to form cetf colonies containinq

dental pulp stem cells on a culture dish.

t00341 Furthermore, in one embodiment of the step (c),

the step (c) can be performed in a "fo\n/ serum condition or

serum-free condition" and a state that can be "low

nutritional condition. "

Here, the "low nutritional condition" means the

condition that it 1s possible to kilf celfs that are not

resistant to nutrient starvation, while surviving dental

pufp stem cells that are resistant to nutrient starvation

may increase in proportion of dental pulp stem cells.

In the step (c), when the dental pulp celfs are

cultured in a "low serum condition or serum-free condition"

and a .. lor,n/ nutrient Stater " the present invention is not

l-imited to the followinq form, for examPle, a form culturing

the cells with a culture medium used for cel-f culture for 3

days or more without replacing the culture medium (although

it is not limited to the following, for example, a form in
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which the cells are continuously cul-tured in a cul-ture

medium in which 0.1 ' 106 celfs are cultured at feast for 3

days or more in 10 mL of a medium containj-ng 15% (v/v) FBS),

or a form culturing the cefls using a culture medium

containing no nutrient components such as serum and gJ-ucose

or a culture medium containing low concentrations of

nutrient components (such as physioJ-ogical isotonic buffer

solution) . Thus, in addition to the "lotf serum condition, "

cul-turing the dental pulp cells in the "Iow nutritional

condition" is preferable because it is possibfe to improve

the proportion of the dental- pulp stem cel-Is that can be

finally obtained.

In one embodiment, the present invention includes, in

the step (c), culturing dental pufp cell-s using the culture

medium containing serum used in the step (b) without

replacing the medium with a new culture medium. According

to such an embodiment, it is preferable that preparation

and isolation of the dentaÌ pulp stem cel-l-s can be carried

out simply, eliminating the need for a medium replacement

operation. Moreover, the culture of the step (b) and step

(c) is not límited as long as the dental pulp stem cel-1s

can be prepared, but it can be, for example, about one week

(168 hours) as a standard. As a mode of an embodiment, this
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cul-ture period can be set as at l-east 168 hours or more.

to035l The present invention can al-so include, in one

embodiment, a washing step for replacing the culture medium

after the step (a) or step (b) . The washing step is carried

out for the purpose of reptacing the cul-ture medium used

for the culture, and can be carried out by a publicJ-y known

method. For exampÌe, the culture medium in the culture dish

can be discarded and the cu]ture dish can be washed with

sterite PBS. The washing step may be repeatedly carried out,

pref erabJ-y about three times.

In one embodiment, the present invention can further

include at l-east one step of "a step of washing for replaclng

the culture medium (a') after the step (a) and before the

step (b) , " or "a step of washing for replacing the cufture

medium (b' ) after the step (b) and before the step (c) 
"'

The adherent cells can be sorted more efficiently by

performing "a washing step for replacing the cul-ture medium

(a') after the step (a) and before the step (b) ."

t00361 The present invention afso provides, in another

aspect I a method for producing a therapeutic implant

material using the dental pufp stem ceffs prepared by the

method for preparing dental pulp stem cells as described

above.
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The dental pulp stem cel-ls contained in the

therapeutic implant materiaf may contain the dental pulp

stem cells prepared by the dental pulp stem cel-l preparation

method of the present invention as they are, or in order to

make the dental pulp stem cells more suitabl-e for desired

therapeutic applications, it may also contain the dentaf

pulp stem cells cul-tured and undergone differentiation

induction under a certain condition. The method for

preparing the dental- puÌp cells or dental pulp stem cells

as grafts for therapeutic appfications is not limited to

the following, but for example, it can al-so be carried out

with reference to the method for producing a therapeutic

implant material- for nerve damage described in vüo

2014/r85410.

The therapeutic implant materials may be injected into

the target site by a syringe, etc., or the target site may

be incised to directly place the therapeutic implant

materials, and it can be used in a preferred form depending

on the target dísease or site. The therapeutic implant

materials may also be used in combination with

immunosuppressants and other medications.

t 0037 I Hereinafter, the present invention will be

described in more detail- by way of examples, but the present
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invention is not limited thereto. Also, the l-iteratures

cited herein are incorporated herein by reference.

EXAMPLE

too3Bl In the isolation of deciduous tooth stem cel-ls

based on the CFU-f colony formation method (Friedenstein et

â1., 7916), cefl cofonies were conventionally formed using

a culture medium containing 153 FBS concentration (Yamaza

et â1., 20IO) . In the following examples, the optímum

culture conditions for maintaining stem cefl properties

(particularly expression of surface antigens and cell

proliferation ability) were examined, including changes in

serum conditions in a culture for isolation of dental pulp

stem celIs.

to039l (Example 1 Dental pufp cell isolation and CFU-F

colony formation method)

Three human deciduous teeth extracted from different

donors were prepared. The human extracted deciduous teeth

were provided by Advanced Cefl Technology and Engineering

Ltd. (formerly Regenerative Medicine Promotion

Organization) . The collected dental pulp tissue was shredded

with a scalpel (surgical Blade No. 23 manufactured by Kai

Medícat) in alpha-MEM. The shredded dental pu.lp tlssue was

treated with mlxed enzyme sofution containing 3 mL of 4Z
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dispase (Godo Shusei) and 3 mL of 3Z collagenase

(Worthington Biochemicals ) (both dissol-ved in sterif e PBS )

(total_ 6 mL) at 37'C f or 60 minutes. After the enzyme

treatment, 6 mL of alpha-MEM (manufactured by Life

Technology) containing 15? FBS (manufactured by Equitech-

Bio, sF"BM30-2301-) was added and thoroughl-y mixed, and then,

the enzyme-treated solution was filtered with a 70 pm cell

strainer (manufactured by BD Bj-soscience) to remove the

impurities. Thereafter, the mixture I¡/as centrifuged at 2,000

rpm at 4"C, and the supernatant was discarded. Then, the

mixture was thoroughly mixed with 1 mL of alpha-MEM. After

counting the number of celfs, the cells in the obtained

solution \,vere cultured by a two-stage culture method

including preculture using three klnds of culture media in

which the FBS concentration was changed as described beÌow.

The concentrations of FBS in the cul-ture media \^rere the same

between the two-step cul-ture methods.

tO040l Nucleated cefls were seeded at a concentration

of 0.1 x 106 per culture dlsh with a dlameter of 100 mm

(manufactured by BD Bisoscience) . The culture was carried

out using 10 mL of alpha-MEM culture medium containing 5%,

1OU or 15å FBS, 1OO mM L-ascorbic acid 2-phosphate (Vrlako

Pure Chemical- Industries) r 2 mM L-qlutamine (Nacalai Tesque)
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and 100 U/mL penicillin/100 mglmT, streptomycin mixed

solution (manufactured by Nacalaj- Tesque), and precuÌture

was performed at 37'C under the 53 COz condition. Forty-

eiqht hours after the start of the preculture, it was

confirmed that the cell-s \^/ere attached on the culture dish

one by one without adhesion between the cells. After

conf irming the cell- adhesion, the culture medium was

díscarded and the culture dish was washed with 3 mL of

sterj-le PBS, and the washing step was repeated three times.

After the l,vashing step, 10 mL of aJ-pha-MEM culture medium

containing 5%, 1-O% or 15% FBS was added. At this time, the

culture medium used had the same concentration as the FBS

concentration in the cufture medium used for the preculture.

Af ter that, in the l-atter hal-f of the culture, the cel-ls

were cultured at 37'C and under the 5% COz condition for one

week without any medium exchange so as to create the "low

serum condition," which is the survival- l-imit of cell-s (The

latter half of the culture also corresponds to the "low

nutritional condition.") .

As a result, the formation of colonies could be

confirmed under a microscope in cells attached to the

culture dish by performlng culture for one week. Regarding

the obtained adhesion colonies, confirmation of the number
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of colony formations and the number of ceffs were attempted

in the subsequent tests.

i00411 (Example 2 CFU-F analYsis)

cFU-F analysis \^¡as performed in the adherent colonies

obtained by the culture of Example 1 as described below.

Specifically, after the cul-ture of Example I, the

cufture medium was discarded, the culture dj-sh l/vas washed

with 3 mL sterile PBS, and then the washing step was repeated

three times. The cul-ture dishes l/vere f ixed with PBS buf f ered

Aeo paraformaldehyde (pH 1.4) for 15 minutes at room

temperature. After the fixation, the culture dlsh was washed

with 3 mL sterile PBS, and the washing step l/vas repeated

three times. After the washing step, staining was performed

with pBS buffer 0.5? tol-uidine blue solution at room

temperature for 2 nights. After the staining process, the

culture dish was washed with distilled water and dríed at

room temperature. In addition, adherent coloníes in the

culture dish were scanned using a slide scanner to count

the number of adherent colonies.

loo42l The resul-ts are shown in Fig. 1. By a cufture

method in which culture medium with I5z, 10? or 5? F"BS

concentration was used and no medium change was conducted,

plastic dish-adherent colonies (ce11 population) composed
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of f ibroblast-1ike cel-ls, coJ-ony-f orming unit-f ibroblast

(cFU-F) -like colonies were observed even when each

concentration of FBS was used (Fiq. 1A). In addition, a cell

population consisting of 50 or more cells \Àias regarded as a

CFU-F colony, and CFU-F colonies formed on culture dishes

were counted. The resul-t of the colony formation number is

shown in Fig. 18. As shown in Fig. 18, the number of formed

col-onies was significantly larger in the group using the

culture medium with 102 FBS concentratlon than that in the

group using the culture medium with 15% FBS concentration

(p: 0.0009 vs. 15% FBS group) (Fiq. 18). On the other hand,

when the group using the cufture medium with 10å FBS

concentration was compared with the group using the cul-ture

medium with 53 FBS concentration, oo difference \^/as found

in the number of cofonies '

t00431 (Example 3Isolated cel-l number analysls)

Next, the following test was performed in order to

confirm the effects of two-step cufture performed at each

FBS concentration on the number of cells contained in CFU-

F colonies formed in the culture dish.

After confirming that adherent colonies were formed

by the cufture in Example 1 above, the culture medium \^/as

discarded, the cufture dj-sh r/,/as washed with 3 mL sterile
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PBS, and the washing step \^/as repeated three times' After

the washing step, the PBS used for washing was discarded, 1

mL of a mixed solution (Nacal-ai Tesque ) containing 2 .5 q

(VflV) trypsin and 1 mM EDTA was added, and enzyme treatment

1vas performed at 37"C for 5 minutes. Then, 4 mL of alpha-

MEM cufture medium containing Seo, 10å or 15? FBS \^/as added

and the cel_l_s h¡ere suspended. At thls time, the FBS

concentration in the FBS-containing alpha-MEM culture

medium was matched with the concentration used for the

culture. Thereafter, the mixture \^tas centrifuged at 2,000

rpm at 4 
oC. Af ter centrifugation, the supernatant l^/as

discarded and the cells were thoroughly mixed with 1 mL of

alpha-MEM. After that, the number of cefl-s was counted-

Hereinafter, each group using the atpha-MEM culture medium

containing 5%, 1-oz or 15å FBS is referred to as 5% FBS group'

10% FBS group or 1-5% FBS group. The results are shown in

Figs. 1C and 1D.

Fig. 1c shows the measurement results of the number

of cells contained in one cul-ture dlsh. VrThen the total

number of cells on the cul-ture dish \,vas counted, âs shown

in Fig. 7c, the isolated group using the culture medium with

10% FBS concentration had a significantly larger number of

ceÌls than either the group using the culture medium with
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53 or 15% FBS concentration (P 0.0004 vs. 15? FBS qroup;

P 0.000004 vs. 5% FBS group) (Fiq' 1C).

Fig. lD shows the totaf number of cells on the culture

dish measured above divided by the number of colonies. As a

resul-t, in the 15% FBS group or in the 10? FBS group'

approxi-mately equivaJ-ent celf numbers \,vere obtained (Fiq.

1D) . On the other hand, in the 5? FBS group, the number of

celfs was significantly smaffer compared to the 15U FBS

group or the 10% FBS group (P:0.0006 vs. 15? FBS group; P

0.000003 vs. 10% FBS grouP).

tO044l (Example 4 Cell proliferation analysis)

Af ter conf irming that adherent cof onies r¡/ere f ormed

by the cufture method described in Example l- above, the

cul-ture medium was discarded, and the culture dish v,las

washed with 3 mL sterile PBS. The washing step was repeated

three times. After the washing step, 1mL of a mixed sofutj-on

of 2.5 q (VülV) trypsin and 1 mM EDTA (Nacalai Tesque) was

added, and enzyme treatment was performed at 37'c for 5

mj-nutes. After enzyme treatment, 4 mL of alpha-MEM cul-ture

medium containing 15å FBS was added, and the cells were

suspended. Then, centrifugation was carried out at 2,000

rpm and 4"C. After centrifugation, the supernatant was

discarded and the celfs were thoroughty mixed with 1 mL of
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alpha-MEM. Thereafter, the number of cell-s was counted.

Nucfeated cel-fs were seeded at a concentration of 10 x 103

cel-ls/well in a 96-welt plate containing 200 pL of alpha-

MEM cufture medium containinq 75%, 10% or 5% FBS. The

culture was performed at 37'C under the 5% COz condition.

one day after the start of the culture, Brd-u reagent

(manufactured by Roche) was added. After 24 hours from the

addition of the Brd-U reagent, cultured celfs were treated

with Cel-l- Prol-iferatj-on ELISA (manufactured by Roche), and

cell proliferation was analyzed using a microplate reader.

to045l The resul-ts are shown in Fig. 2. Fig. 2A shows the

culture results of cefl proliferation abitity analysis in a

culture medi-um containing 15% FBS in cell- groups in which

preculturing and colony formation were performed at each

FBS concentration. As shown in Fig. 2A, the group

precultured at 1O% FBS concentratj-on (10% FBS preculture

group) showed the highest cell proliferation ability. The

10å FBS precul-ture group had a significantly increased ceIl

proliferation abitity (p 0.033 vs. 15% FBS preculture

group) as compared with the 15% FBS preculture group (p :

0.033 vs. 15% FBS preculture group) . On the other hand, no

difference was observed as compared with the 5% FBS

preculture group (Fig. 2A) -
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Next, when culture for the cell proliferation abitity

analysis was performed under a 10% FBS-containing culture

medi-um, the 10% FBS preculture group showed the highest cell-

proliferation ability. The 10? FBS preculture group had a

significantly increased cell proJ-iferation ability (p =

0.006 vs. 15? FBS group) compared with the 15% FBS

preculture group. On the other hand, no dif f erence v'/as

observed as compared with the 5å FBS preculture group (Fig.

2B) .

In addition, in the test where culture for the cell

proliferation ability analysis was carried out with â 5%

FBS-containing culture medium, the 10% FBS precufture group

showed the highest cel-l protiferation ability, however, ûo

significant difference was observed between the 5? FBS whole

culture group or the 15? FBS whol-e culture group (Fiq. 2c) .

Furthermore, when culture for the proliferation

ability analysis was performed with the same FBS

concentrati-on as that used for preculture and colony

formation, the 10% FBS group showed the highest cel-l-

protiferation ability. The 10% FBS group had significantly

increased celÌ proliferation ability (p : 0.006 vs. 153 FBS

group) compared with the 15? FBS group. On the other hand,

no difference was observed as compared with the 5% FBS
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isolated group (Fiq. 2D) .

tO046l (Example 5 Flow cytometry analysis)

Af ter conf irming that adherent colonies \^/ere f ormed

by the culture in Example 1 above, the culture medium was

discarded, and the culture dish was washed with 3 mL sterile

PBS. The washing step was repeated three tj-mes. After the

washing step, 1 mL of a mixed solution of 2.5 g (W/V) trypsin

and 1 mM EDTA (Nacalai Tesque) was added, and enzyme

treatment was performed at 37"C for 5 minutes. Then, 4 mL

of alpha-M[M culture medium containing 52, 10% or 1-5% FBS

(using the same FBS concentration as used for precuÌture

and colony formation) was added, and the cell-s were

suspended. Then, it was centrifuged at 2,000 rpm and AoC.

After centrifugation, the supernatant was discarded, and

the cells were thoroughly mixed with 1 mL of alpha-MEM.

Thereafter, the number of celf s I¡/as counted. Next, nucleated

cell_s were seeded at a concentration of 0.1- x 106 in a

culture dish with a diameter of 100 mm. Each isol-ated group

was cul-tured at 37 "C under the 5% COz conditíon using 10 mL

of a culture medium having the same FBS concentration as

the cul-ture medium used for isolation' During the culture,

the cul-ture medíum \,vas changed every three days - After 10

days from the start of the culture, the cells were detached
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and collected f rom the culture dish. Specif ically, it \^/as

perf ormed as f ol-l-ows. The culture medium was discarded after

the culture, the culture dish was washed three times with 3

mL sterile PBS, then a mixed solution containing 1 mL of

2.5 g (W/V) trypsin and 1mM EDTA (Nacafai Tesque)was added,

and the cel-ls were subjected to enzyme treatment at 37'C

for 5 minutes. After the enzyme treatment, 4 mL of alpha-

MEM cul-ture medium contaj-ning 15å FBS was added, and the

cel-ls were suspended. Thereafter, the cefl-s were centrifuged

at 2,OOO rpm and 4"C, the supernatant was discarded, and

the cel-fs \^/ere recovered by thorough mixing with l- mL of

alpha-MEM. The collected cefls were dispensed as 0.1 x 106

cefls/IO0 pL PBS into FACS tubes (BD Bioscience). After

dispensing, the celfs vúere reacted with 1 pg/ml of a

fluorescence-label-ed antibody (Blolegend) against CDI46,

cD105, CD73, CD90, CD29, SSEA-4, HLA-DR, CD34, CD45, and

CD14 for 45 minutes on ice for immunostaining, and then,

analysis v/as performed with FACS Verse, a fl-ow cytometer.

t00471 The results are shown in Fig. 34. As shown in

Fiq. 34, hematopoietic cel] markers cD45 and cD14 were al-so

negative when performing two-step culture at each FBS

concentration. On the other hand, CD34 was negative in the

15% FBS group and 5% FBS group, but was significantly
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increased to 1 .4 I 0.3% (mean + sEM) in the 10? FBS group

(P 0.0001 vs. 15% FBS group, 10% FBS group) (Fiq' 38)'

HLA-DR showed negative in each FBS concentration group (Fig.

3). In addition, markers of mesenchymal stem cells, cDI46,

cD1O5, CD73, CD90 and cD29, were positive in each FBS

concentration group. cD105, CD73, CD90 and CD29 showed a

positive rate of g42 or more in all groups. However, the

expression of cD146 was 15.6 + 0.1% in the 15? FBS group,

:14.g t 0.1% in the 10å FBS group, and 9.0 t 0.0? in the 5%

FBS group, and a difference was observed between each FBS

concentration group. For the expression of CDI46, the

expression in the 5% FBS group was reduced significantly (P

: 0.000001 vs. 15% FBS group; P : 0.000002 vs. 10% FBS

group) as compared with other qroups (Fiq. 38)'

A marker for pluripotent stem cells, ssEA-4, was also

positive in each FBS concentrat j-on group. It \,ùas 35 - 0 6 t

o.I2% in the 15? FBS group , 42.23 + 0.232 in the 10% FBS

group, and 26.00 ! 0.2'7 % in the 5% FBS concentration

isolated group, there was a difference between each FBS

concentration group, and the expression of SSEA-4 was

significantty lncreased in the 10? FBS as compared with

other FBS concentratlon groups (P : 0.000001 vs. 15å FBS

group, 10? FBS group) (Fiq. 38).
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to04Bl As mentioned above, in the analysis of surface

antigens by ffow cytometry, the group isol-ated in 15å FBS

medium satisfied the essential- conditions of the

immunological phenotypes of mesenchymal stem cells proposed

by The Internationaf Society for cell-ular Therapy (cD105,

CD73, CD90: positive and CD34, CD45, CD14, HLA-DR: negative)

(Dominic et âf., 2006).

Therefore, the cel_ls derived from the deciduous tooth

dental pu.lp tj-ssue obtained by CFU-F colony formation-based

isolation method are considered to be cel-Is belonging to

mesenchymal stem cell-s. Símilar phenotypes were observed in

the 5? FBS medium isolated group as weff.

to049l on the other hand, in the 10% FBS medium isolated

group, cD34 was significantJ-y j-ncreased as compared with

the other groups. The presence of CD34 positive celfs has

been reported in human bone marro\^r mesenchymal stem cells

(Simmons and Torok-storb, 1991). However/ CD34 positive

mouse bone marrow hematopoietic stem cefl-s (HSCs) show CD34

positì_ve in short-term self-renewing HSCs (ST-HSCs), but

show CD34 negative in long-term self-renewing HSCs (LT-HSCs)

(Spangrude et âf., 1998). LT-HSCs exhibit G0 phase and very

l-ow ceIl proliferation rate as compared with ST-HSCs

(Cheshier et â1. , 7999) .
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to05ol The existence of cD34-positive deciduous tooth

stem cel-ls has not been clarified until now, and the CD34-

positive deciduous tooth stem cell population obtained in

this study was identified for the first time in the world.

Therefore, it is suggested that the CD34-positive deciduous

tooth stem cell poputation may be a stem cell populatlon

different in self-replication ability or celt proliferation

abil-ity as compared with CD34-negative deciduous tooth stem

cell- population. Thus, it is suggested that isolation with

a medium containing 10å FBS makes it possible to j-sol-ate a

deciduous tooth stem cel-1 group with enhanced expression of

cD34 compared wíth the 1-5% and 5? FBS isolated groups.

fn addj-tion, in this study, the expression of cDI46

was observed in isolated cell groups by any FBS

concentration. Interestingly, the expression was

significantly íncreased in the 10å FBS isolated group as

compared with other concentration ísofated groups.

Therefore, compared to the 15% and 5% FBS j-solated groups,

it is suggested that the 10U FBS isolated deciduous tooth

stem cell group may contain more early stem celIs '

fn addition, the expression of SSEA-4 was

significantly increased in the 10å FBS isofated group as

compared with the isolated group at other concentratj-ons in
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this study. Therefore, it is suggested that by isolating

the cel-ls in a 10% FBS-containing medium, it is possible to

isolate a deciduous tooth stem cell population that is

primitive and has enhanced stem cell- properti-es as compared

with the conventional method (using 15? FBS) .

[0051] Accordingly, in the following examples, the

relationships of the concentration of serum with the cell

proliferation ability and stem cel-l properties \^/ere further

examined. Specifically, the stem cell properties (surface

antigen expression and cell proliferation ability) at the

serum concentration of L]eo , I3Z , 10%, 7'o , and 5? were

evaluated.

(Example 6 Dentat putp cel-f isol-ation and cFU-F colony

formation method)

Three human deciduous teeth extracted from different

donors lvere prepared. The human extracted deciduous teeth

were provided by Advanced Cetl Technology and Engineering

Ltd. The collected dental putp tissue l^/as shredded with a

scalpel (Surgical Blade No. 23 manufactured by Kai Medical)

in alpha-MEM. The shredded dental pufp tissue was treated

with mixed enzyme solution containj-ng 3 mL of 4Z dispase

(Godo Shusei, type II ) and 3 mL of 3? collagenase

(Worthington Biochemicals) (both dissolved in sterile PBS)
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(total 6 mL) at 37'C for 60 minutes. After the enzyme

treatment, 6 mL of alpha-MEM (manufactured by Life

Technotogy) containing 15% FBS (manufactured by Equitech-

Bio, sFBM30-2301) was added and thoroughly mixed, and then,

the enzyme-treated solution was filtered with a 10 pm cell

strainer (manufactured by BD Bisoscience) to remove the

impuritles. Thereafter, the mixture was centrifuged at 2,000

rpm at 4oC, the supernatant was discarded. Then, the mixture

\ivas thoroughly mixed with 1 mL of alpha-MEM. After counting

the number of cell-s, the cells in the obtained solution were

cultured by the two-stage culture method including

preculture using flve kinds of culture media in which the

FBS concentrations were changed as described below. The

concentrations of FBS in the cul-ture media \^rere the same

between the two-step cul-ture methods.

tO052l Nucleated cetl-s were seeded at a concentration

of 0.1 x 106 per culture dish with a diameter of 100 mm (BD

Bisoscience) . The culture was carried out using 10 mL of

alpha-MEM culture medium containing 5%, f%, I0Z, \32, or

15å FBS, 1OO mM L-ascorbic acid 2-phosphate (wako Pure

chemical- Industries), 2 mM L-glutamine (Nacalai Tesque,

Inc.) and 100 U/mL peniciJ-lin/100 mglml streptomycin mixed

sol-ution (manufactured by Nacalai- Tesque), and precuÌture
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was performed at 37'C under the 5% COz condition. Forty-

eight hours after the start of the preculture, it was

confirmed that the cells l/lrere attached on the culture dish

one by one without adhesion between the celIs. After

confirming the cell adhesion, the cufture medium v/as

discarded. The culture dish was washed with 3 mL of steri-Ie

PBS, and the washing Step was repeated three times. After

the \^/ashing step, 10 mL of alpha-MEM culture medium

containing 5% , IOZ, or 15% FBS \^/as added. The fBS

concentrati-on in the cul-ture medium used for this step had

the same concentration as that for the preculture. After

that, the cel}s l¡/ere cultured at 37"C and under the 5å COz

condition for one week wj-thout any medium exchange.

As a resul-t, by perf ormi-ng culture f or 1 week,

formation of colonies coufd be confirmed under a microscope

from cel-fs adhering to the culture dísh. For the obtained

adhesion cofonies, confirmation of the number of colony

formations and the number of cells were tried in subsequent

studies.

t0O53l (ExampJ-e 7 CFUF-F analysis)

cFU-F" anaJ_ysis was performed on the adherent cofonies

obtained by the culture of Example 6 as described below.

Specifically, after the culture of Example 6, the
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cul-ture medium was discarded, the culture dish was washed

with 3 mL sterile PBS, and the washing step was repeated

three ti-mes. The cul-ture dishes \^/ere f ixed with PBS buf f ered

42 paraformaldehyde (pH 1 .4) for 15 minutes at room

temperature. Af ter the f ixatíon, the culture dishes \'vere

washed with 3 mL steril-e PBS, and the washing step was

repeated three times. After the washing step, staining

treatment was performed with PBS buffer 0.5å toluidine blue

solution at room temperature for 2 nights. After the

staining treatment, the products were washed with distilled

water and \,vere dried at room temperature. In addition,

adherent colonies in the cufture dish were scanned using a

slide scanner to count the number of adherent colonies '

t0o54l The results are shown in Fiq. 4. A plastic dish-

adherent celÌ population, CFU-F composed of fibroblast-like

celfs was observed at any concentration of 1.5eo, I3Z, 10%,

7Z and 5% of FBS (Fig. 4A) . A cefl poputation consisting of

50 or more cells was regarded as a QFU-F colony, and CFU-F

col-onies f ormed on cul-ture dishes were counted. In the

isolated group using cul-ture media at 10% and 1z F"BS

concentrations, the number of f ormed colonies \'vas

signifícantly greater compared to the isolated group at 15å

and 5å FBS concentrations (Fig. 48) . On the other hand, in
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the 13% FBS concentration medium group, ilo difference

observed in the number of cofonies as compared with

other medium groups (Flq. 4B). The results show that

use of 103 and 7z FBS concentration culture media

increase the number of early isolated deciduous tooth

was

the

the

can

stem

cel]s.

t0o55l (Example B Cell- proliferation ability analysis)

Af ter conf irming that adherent colonies \,vere f ormed

by the culture method described in Example 6 above, the

cuf ture medium \^i as discarded, and the culture dish was

washed with 3 mL steril-e PBS. After the washing step, 1 mL

of a mixed solution of 2.5 q (vv/v) trypsin and 1 mM EDTA

(Nacalai Tesque ) was added, and enzyme treatment l¡¡as

performed at 37'C for 5 minutes. After the enzYme treatment'

4 mL of alpha-MEM culture medium containing 15u FBS \das

added, and the cell-s were suspended. Then, centrifugation

was carried out at 2,000 rpm and 4"C. After the

centrifugation, the supernatant was discarded and the cells

were thoroughly mi-xed with 1 mL of alpha-MEM. Thereafter,

the number of cells I/'/as counted. Nucleated cells were seeded

at a concentration of 10 x 103 cells/well in a 96-we11 plate

containing 2OO pL of alpha-MEM cufture medium containing

15% FBS or alpha-MEM cufture medium having the same
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concentration as that used for preculture. The culture \^/as

performed at 37"C under the 5% COz condition. One day after

the start of the culture, Brd-U reagent (manufactured by

Roche) was added. After 24 hours from the addition of the

Brd-U reagent, cultured cells v/ere treated with Cel-1

proliferation ELISA (manufactured by Roche), and ce]1

proliferation was analyzed using a microplate reader.

l0o56l Groups of cells precultured and cofonized at each

FBS concentration (15%, r3z , r}eo , J % ' or 5% ) \^/ere cultured

for celf proliferation abiJ-ity analysis in the presence of

a medium containing 15% FBS, the preculture group at I3Z,

I0z, and 1z FBS concentration showed significantly higher

cell proliferation ability as compared to the 15å and 5?

FBS concentration groups (Fiq. 5A). On the other hand, when

the celf proliferation ability was compared in groups where

the culture for cell- proliferation ability analysis was

conducted for one week using an FBS-containing medium having

the same concentration as the FBS concentration used for

the preculture and colony formation, the 13%, I}eo, and 7z

FBS concentration groups showed significantly higher

proliferation ability as compared with the 15å FBS

concentration group (Fiq. 5B).

This resul-t lndicates that the isolation method using
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I3Z, L}Z, or 'tz FBS concentration can qive greater cell-

proliferation ability than the conventional isolation

method using 15% concentration or 5% concentration.

t00571 (Example 9 FIow cytometry analysis)

After confirming that adherent colonies were formed

by the cufture in Example 6 above, the culture medium vúas

discarded and the culture dish was washed with 3 mL sterile

PBS. The washing step v/as repeated three times. After the

washing step, 1 mL of mixed solution (Nacalai Tesque)

containing 2.5 g (w/v) trypsin and 1 mM EDTA was added, and

the enzyme treatment was performed at 37'C for 5 minutes. 4

mL of alpha-MEM cufture medium containlng 5%, lZ, 10%, I3Z,

or 15% FBS (using the same FBS concentratj-on as used for

preculture and colony formation) was added and the cell-s

were suspended. Then, centrifugation was carried out at

2,OOO rpm and 4"C. After the centrifugatlon, the supernatant

\^¡as discarded, and the cefls were thoroughly mixed with 1

mL of alpha-MEM. Thereafter, the number of cel-1s was counted.

Next, nucleated cetls \,vere seeded at a concentration of 0.1

* 106 in cul-ture dishes of 100 mm in diameter. Each isolated

group was cul-tured at 37"C under the 5å COz conditions using

1O mL of a cufture medium having the same FBS concentration

as the culture medium used for the colony formation. During
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the cul-ture, the medíum was changed every three days. After

10 days from the start of the culture, the cells were

detached and were collected from the cufture dish.

Specificalty, the detachment and recovery of the cells h/ere

performed as foll-ows. The culture medium was discarded after

culture, the culture dish was washed 3 times with 3 mL

steril-e PBS, then 1 mL of solution (Nacalai Tesque)

containing 2.5 g (Vü/v) trypsin and 1 mM EDTA was added, and

the cel-l-s l¡/ere subjected to enzyme treatment at 37 oC for 5

minutes. After the enzyme treatment, 4 mL of alpha-MEM

cul-ture medium containing 15å FBS was added' and the cel-ls

were suspended. Thereafter, centrifugation was carried out

at 2,000 rpm and 4"C. The supernatant was discarded, and

the cells were recovered by thoroughly mixing j-n 1 mL of

atpha-MEM. The collected cells were dispensed into tubes

for FACS analysis (BD Bioscience) so as to be a

concentration of 0.1 x 106 cell s/I00 pL PBS. After

dispenslng, ffuorescence-labeled antibody (Biolegend) 1

lrg/ml against SSEA-4 was reacted on ice for 45 minutes to

perform immunostaining, and the analysis was performed using

FACS Verse, a flow cytometer. Meanwhile, an antigen of SSEA-

4 was used as a target surface antigen for anal-ysis.

t0058l The results are shown in Fig- 6 and fiq' 1'
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Compared with the 15% FBS concentration group and the 5%

FBS concentration group, the expression of SSEA-4 was

significantty increased in the 13% FBS concentration group

and the 10? FBS concentration group (Fig. 1). on the other

hand, no significant difference was observed in the 1Z FBS

concentration group (Fiq. 1). This result shows that, bY

isolatinq the cel-ls in medium containing 133 and 10? FBS'

it is possible to isolate a dental pulp stem cell group that

is primitive and has enhanced stem ceÌl properties as

compared with the conventional CFU-F isol-atj-on method using

15% serum concentration or 5? serum concentration.

to059l From the above results of the colony formation

number, isolated cefl number, cell proliferation ability

and surface antigen test result by ffow cytometry, it was

shown that it is possibfe to collect a deciduous tooth stem

cefl- group that is primitive and has enhanced stem celf

properties as compared with the groups isofated using the

medium compared with the isol-ated group using cul-ture media

with other FBS concentrations by using a medium containing

serum concentration of Jeo to I3Z, in particular 10%

concentration during the time from the isoÌation to the

colony formation.
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CLA]MS

1. A method for preparing dental putp stem cells from

dental putp cells coflected from dental pulp tissue,

comprising the stePs of:

(a) preculturing the dental pulp cells using a culture

medium containing serum at 7 to 13å (V/V), and attaching

the dental- pul-p cel-ls on a culture dish;

(b ) culturing the dental pul-p cel-l-s, which are

attached on the cul-ture dish in the step (a), at l-east for

one day using a culture medium containing serum at 7 to 1-3%

(v/v) or a serum-free culture medium for stem cells,' and

(c) culturing the dental pulp cell-s in a 1ow serum

condition or a serum-free condition after the step (b) .

2. The method f or preparíng dental- pufp stem cel-Is

according to cl_aim I, where j-n the step (c) is a step of

culturing the dental pulp cells in a low serum condition or

a serum-free condition and in a hypoxic condition.

3. The method f or preparing dental puÌp stem cel-l-s

according to Claim 1 or 2, wherein the method comprises a

step of seeding the dental pulp cell-s on a culture dish so

as not to adhere to other cells before the step (a), thereby

f orming cell- colonies derived f rom one cell-.

4. The method for preparing dentaÌ pulp stem cefl-s
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according to any one of Claims 1 to 3, wherein the serum

used in the steps (a) and (b) is FBS.

5. The method for preparing dental pufp stem cells

according to any one of preceding claims 1 to 4, wherein

the culture medium used in the step (a) and/or (b) is a

cufture medium containing serum at l-0 to 13% (V/V), and the

method forms celf colonles containing dental pulp stem cel-ls

with enhanced expression of SSEA-4.

6. The method for preparíng dental pulp stem cel-ls

according to any one of Cfaims l- to 5, further comprising a

step of preparing the dental pulp cells by enzyme treatment

of the dental pulp tissue before the step (a) .

1. The method for preparing dental pulp stem cells

according to any one of Claims 1 to 6, further comprising

(a') a washing step for replacing the culture medium after

the step (a) and before the step (b) .

B. The method for preparing dental pufp stem cel-Is

according to any one of Claims 1 to '7, wherej-n the step (c)

is a step of culturing dental pulp celfs usinq the culture

medium containing serum or the serum-free cul-ture medium

for stem cefls used in the step (b) without replacing the

medium with a new culture medium-

g. The method for preparing dental pulp stem cell-s
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according to Claim B, wherein the total culture time of the

steps (b) and (c) is at least 168 hours.

10. The method for preparing dentaf pulp stem cells

according to any one of Claims 1 to 9, wherein the dental

pulp cells seeded on the culture dish in the step (a) are

contained in the culture medi-um at a concentration of 0.01

x 106 to 0.1 x 106 cefls/mT,.

11. The method of preparing dental pulp stem cells

according to any one of claims 1 to 10, wherein the

preculture time of the step (a) is 24 to 48 hours-

12. A method for producing a therapeutic implant material,

comprising the step of producing a therapeutic implant

material using dentaf pulp stem cel-ls prepared by the

preparation method according to any one of Claims l- to 11.

13. A dental pulp stem cell obtained by the method

accordi-ng to any one of Claims 1 to II, which is derived

from a single cell colony in which the expression of SSEA-

4 is enhanced.

74. The dentaf putp stem cel}s according to claim 13,

wherein the celt colony further has enhanced expresslon of

CD146 or CD34 in addition to SSEA-4 -

15. A therapeutic implant material comprising the dental

pulp stem cefls accordinq to Claim 13 or 14 -
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