
Description 

Title of Invention 

METHOD FOR UNDIFFERENTIATED GROWTH OF 

MESENCHYMAL STEM CELL AND METHOD FOR 

CONCENTRATION OF MESENCHYMAL STEM CELL 

Technical Field 

The present invention relates to (i) a method for 

concentrating cord blood-derived mesenchymal stem cells 

and then growing the mesenchymal stem cells thus 

concentrated while maintaining undifferentiated state of the 

mesenchymal stem cells and (ii) a method for concentrating 

cord blood-derived mesenchymal stem cells. 

Background Art 

Mesenchymal stem cells are known as cells having 

differentiation potency to mesenchymal cells (e.g., 

osteoblasts, adipocytes, myocytes, and chondrocytes). In 

recent years, it has been reported that mesenchymal stem 

cells are capable of differentiating them into tissues, such as 

neurocyte and a liver, which are not developed from 

mesoblast. As such, great expectations have been placed on 

the use of the mesenchymal stem cells for regenerative 

medicine. 

Mesenchymal stem cells exist in bone marrow, cord 
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blood, and the like. However, a cell population collected from 

bone marrow, cord blood, and the like contains an extremely 

low proportion of mesenchymal stem cells. Under the 

circumstances, the mesenchymal stem cells are generally 

5 concentrated or separated for the utilization thereof. Known 

as examples of a method for concentration of the 

mesenchymal stem cells are a HES method, a ficoll method, 

and a filter method, all of which are methods of removing 

erythrocytes from blood. 
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Summary of Invention 

Technical Problem 

By the conventionally known methods, it is impossible 

5 to sufficiently concentrate only a trace quantity of 

mesenchymal stem cells. For example, this gives rise to a 

problem that even if a concentrated sample of such 

mesenchymal stem cells, which sample contains a large 

quantity of foreign matters, is cultured, it is impossible to 

10 obtain an adequate number of mesenchymal stem cells. 

In view of such a problem, an object of the present 

invention is to efficiently obtain an adequate number of 

mesenchymal stem cells from cord blood. 

15 Solution to Problem 

In order to solve the above problem, a method in 

accordance with the present invention is a method for 

growing mesenchymal stem cells while maintaining 

undifferentiated state of the mesenchymal stem cells, 

20 including the steps of: concentrating cord blood-derived 

mesenchymal stem cells with use of an antibody that 

specifically recognizes blood cells, to generate a 

concentrated sample of cord blood-derived mesenchymal 

stem cells; and culturing the concentrated sample thus 

25 generated in a medium containing SHH, FGFl, or FGF2. 



- 4 -

In order to solve the above problem, a method in 

accordance with the present invention is a method for 

concentrating mesenchymal stem cells, including the step of: 

concentrating cord blood-derived mesenchymal stem cells 

5 with use of antibody beads that are specifically bound to 

blood cells. 

Advantageous Effects of Invention 

According to the present invention, it is possible to 

10 efficiently obtain an adequate number of mesenchymal stem 

cells from cord blood. 

Brief Description of Drawings 

Fig. 1 

15 Fig. 1 is a view showing the result of FACS analysis, 

which was performed to confirm that cells separated from 

cord blood contained mesenchymal stem cells. 

Fig. 2 

Fig. 2 is a view showing time-varying changes in 

20 number of cells grown by a culturing method in accordance 

with the present invention. 

Fig. 3 

Fig. 3 is a view showing the result of FACS analysis, 

which was performed on the 14th day of culturing to confirm 

25 that mesenchymal stem cells had been selectively grown. 



Fig. 4 

Fig. 4 is a view showing the results of FACS analyses, 

which were performed to make a comparison between 

mesenchymal stem cells before cultured and those on the 

14th day of culturing in order to confirm that mesenchymal 

stem cells had been selectively grown. 

Description of Embodiments 

A method in accordance with the present invention is a 

method for growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

cells, including the steps of: generating a concentrated 

sample of cord blood-derived mesenchymal stem cells with 

use of an antibody that specifically recognizes blood cells; 

and culturing the sample thus generated in a medium 

containing SHH, FGFl, or FGF2. 

That is, the method in accordance with the present 

invention is a method of culturing, with use of a medium 

containing a particular factor, a sample obtained by 

removing most of blood cells (erythrocytes and leucocytes) 

contained in cord blood. As will be shown later in Example, 

the use of the particular factor allows mesenchymal stem 

cells to selectively grow while maintaining their 

undifferentiated state. As such, according to the method in 

accordance with the present invention, it is possible to 



obtain mesenchymal stem cells the number of which is just 

enough that they are applicable to medical uses, from cord 

blood containing a trace quantity of mesenchymal stem cells. 

The following will discuss details of the steps of the 

method in accordance with the present invention. 

[Concentration of cord blood-derived mesenchymal stem 

cells] 

As described previously, the method in accordance with 

the present invention includes the step of concentrating cord 

blood-derived mesenchymal stem cells. In this step, the 

mesenchymal stem cells are concentrated by removing most 

of blood cells from cord blood with use of an antibody that 

specifically recognizes a blood cell. This antibody is attached 

to a carrier such as a magnetic bead. After a carrier being 

attached to antibodies is mixed with cord blood (a sample 

derived from cord blood), the carrier being bound to blood 

cells through the antibodies is collected. This makes it 

possible to obtain a concentrated sample of mesenchymal 

stem cells. In an alternative method, the antibody can be 

labeled by biotin. Such a method utilizes an interaction 

between biotin with which the antibody is labeled and 

streptavidin so that blood cells can be selectively removed. 

Examples of the antibody include an anti-Glycophorin A 

antibody, an anti-CD2 antibody, an anti-CD3 antibody, an 

anti-CDllc antibody, an anti-CDllb antibody, an anti-CD14 



antibody, an anti-CD16 antibody, an anti-CD19 antibody, an 

anti-CD24 antibody, an anti-CD56 antibody, an anti-CD61 

antibody, an anti-CD66b antibody, and an anti-CD45 

antibody. The antibodies listed here are just examples, and 

various antibodies specifically recognizing erythrocytes or 

leucocytes and known in this art can be employed in the 

method in accordance with the present invention. 

Taken as an example of the aforementioned method of 

concentrating mesenchymal stem cells (selectively removing 

blood cells) with use of an antibody and a carrier, is a 

method using a combination of a RoboSep™ device and a 

Negative Selection Progenitor Cell Enrichment kit or the like 

(both of which are offered by Stem Cell Technologies, Inc.). 

Such a method allows concentration of cord blood-derived 

mesenchymal stem cells to be automatically carried out 

almost without requiring human intervention, and is 

therefore suitably applied to the method in accordance with 

the present invention. Stem Cell Technologies, Inc. offers not 

only the aforementioned kit, but also a kit which allows a 

combined use of an antibody of user's choice and a reagent. 

With the combined use of any of the antibodies exemplified 

above and the kit, it is therefore possible to concentrate cord 

blood-derived mesenchymal stem cells by means of a 

RoboSep™ device. 

It is preferable that partial separation of cord blood is 



carried out before the mesenchymal stem cells are 

concentrated with use of an antibody. It is preferable that 

cord blood is separated in advance by density gradient 

centrifugation using a ficoll solution by which monocyte 

fraction is separated from cord blood. 

In the method in accordance with the present invention, 

it is preferable to determine an approximate number of 

mesenchymal stem cells contained in a concentrated sample 

which has been obtained as described above. This makes it 

possible to determine, in advance, how many days would be 

required for the growth of the mesenchymal stem cells 

contained in the concentrated sample to an intended number 

of cells. The approximate number of mesenchymal stem cells 

contained in a concentrated sample can be confirmed by 

FACS analysis using a known flow cytometer and a 

fluorescently-labeled anti-CD105 antibody or a 

fluorescently-labeled anti-CD73 antibody. The antibody as 

used in the FACS analysis needs only to be an antibody 

specific for a surface marker of a mesenchymal stem cell. 

The amount of cord blood obtained from one individual 

is in the order of about 100 mL. In Japan, cord blood in 

such an amount (e.g. an amount of approximately 60 mL or 

larger) that it contains sufficient nucleated cells is stored in 

a cord blood bank. For this reason, it is difficult to use such 

cord blood for other applications. As such, it is preferable to 



obtain an adequate number of mesenchymal stem cells from 

cord blood in an amount of smaller than 60 mL. As will be 

demonstrated later in Example, the method in accordance 

with the present invention allows mesenchymal stem cells 

that were obtained from 25 mL of cord blood to be grown to 

over 107 cells in about two weeks. 

[Undifferentiated growth of mesenchymal stem cells] 

The method in accordance with the present invention 

includes the step of culturing a concentrated sample of 

mesenchymal stem cells. In this step, the sample is cultured 

in a medium containing, as a growth factor, SHH, FGFl, or 

FGF2. With use of such a medium, it is possible to grow 

mesenchymal stem cells, which hardly grow in a medium to 

which only Flt-3L, IL-3, and IL-6 have been added (see the 

Example), while maintaining undifferentiated state of the 

mesenchymal stem cells. 

As a basal medium of the aforementioned medium, a 

known medium used for undifferentiated growth of 

mesenchymal stem cells is used. The basal medium is (i) the 

one commercially available from Stem Cell Technologies, Inc. 

or other supplier as described in the Example below, (ii) the 

one into which a commercially available medium is partially 

modified, or (iii) the one having a composition similar to the 

composition of a commercially available medium. The 

aforementioned medium can contain known cytokines (e.g. 
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Flt-3L, SCF, IL-3, and IL-6) used for growth of stem cells. 

Other additives suitably added to the medium are known to a 

person skilled in the art because they are various additives 

used for undifferentiated growth of mesenchymal stem cells. 

5 SHH is used in concentrations of, for example, 5 to 500 

ng/mL, more preferably 50 to 200 ng/mL, and most 

preferably 100 ng/mL to be contained in a medium for 

selectively growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

10 cells. FGFl is used in concentrations of, for example, 0.1 to 

50 ng/mL, more preferably 1 to 10 ng/mL, and most 

preferably 5ng/mL to be contained in a medium for 

selectively growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

15 cells. FGF2 is used in concentrations of, for example, 0.1 to 

50 ng/mL, more preferably 1 to 10 ng/mL, and most 

preferably 5 ng/mL to be contained in a medium for 

selectively growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

20 cells. Flt-3L is used in concentrations of, for example, 500 to 

5000 IU/mL, more preferably 1000 to 4000 IU/mL, and most 

preferably 2000 IU/mL to be contained in a medium for 

selectively growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

25 cells. SCF is used in concentrations of, for example, 1 to 400 
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ng/mL, more preferably 10 to 200 ng/mL, and most 

preferably 100 ng/mL to be contained in a medium for 

selectively growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

cells. IL-3 is used in concentrations of, for example, 200 to 

5000 IU/mL, more preferably 500 to 2500 IU/mL, and most 

preferably 1000 IU/mL to be contained in a medium for 

selectively growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

cells. IL-6 is used in concentrations of, for example, 200 to 

5000 IU/mL, more preferably 500 to 2500 IU/mL, and most 

preferably 1000 IU/mL to be contained in a medium for 

selectively growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

cells. 

The concentrated sample is cultured in the medium for 

an arbitrary length of time period (until an intended number 

of mesenchymal stem cells are obtained). The length of time 

period can be changed according to the number of original 

mesenchymal stem cells contained in an obtained sample. 

For example, the case where a concentrated sample is 

collected from 25 mL of cord blood is taken as an example 

from the Example described later. In this case, the length of 

time period is about 14 days. By the culturing carried out 

for about 14 days, the mesenchymal stem cells in the sample 
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can be grown to, for example, approximately over 1><107 cells. 

As is apparent from the above descriptions, SHH, FGFl, 

or FGF2 in accordance with the present invention is an 

additive (e.g. a growth promoting agent for mesenchymal 

5 stem cells) to be added to a medium for selectively growing 

mesenchymal stem cells having been concentrated from cord 

blood while maintaining undifferentiated state of the 

mesenchymal stem cells. Further, the present invention 

relates to the use of SHH, FGFl, or FGF2 as an additive to 

10 be added to a medium for growing mesenchymal stem cells 

while maintaining undifferentiated state of the mesenchymal 

stem cells. 

In addition, as explained previously, according to a 

method in accordance with the present invention, it is 

15 possible to obtain, from cord blood, an adequate number of 

mesenchymal stem cells for applications to regenerative 

medicine and the like field. For example, it is possible to 

obtain useful mesenchymal stem cells by utilizing a small 

amount of cord blood (e.g. smaller than 60 mL) which has 

20 been used for study purpose. 

A method in accordance with the present invention is a 

method of separating and growing stem cells contained in 

cord blood which has been extracted from a human. 

Mesenchymal stem cells obtained in accordance with the 

25 present invention are, for example, a material for use in 
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regenerative medicine. Further, mesenchymal stem cells 

obtained in accordance with the present invention are cells 

(medical products) directly used in regenerative medicine. 

[Overview] 

5 A method in accordance with the present invention is a 

method for growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

cells, including the steps of: concentrating cord blood-

derived mesenchymal stem cells with use of an antibody that 

10 specifically recognizes blood cells, to generate a 

concentrated sample of cord blood-derived mesenchymal 

stem cells; and culturing the concentrated sample thus 

generated in a medium containing SHH, FGFl, or FGF2. 

The method in accordance with the present invention is 

15 preferably such that the medium further contains SCF. 

Further, the method in accordance with the present 

invention is preferably such that the medium further 

contains Flt-3L, IL-3, and IL-6. 

A method in accordance with the present invention is a 

20 method for concentrating mesenchymal stem cells, including 

the step of: concentrating cord blood-derived mesenchymal 

stem cells with use of antibody beads that are specifically 

bound to blood cells. 

Further, the method in accordance with the preset 

25 invention is preferably such that the antibody beads each 
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comprise a bead and an antibody attached to the bead, and 

the antibody is selected from the group consisting of an anti-

Glycophorin A antibody, an anti-CD2 antibody, an anti-CD3 

antibody, an anti-CDllc antibody, an anti-CDllb antibody, 

5 an anti-CD14 antibody, an anti-CD16 antibody, an anti-

CD19 antibody, an anti-CD24 antibody, an anti-CD56 

antibody, an anti-CD61 antibody, and an anti-CD66b 

antibody. 

10 Example 

[1. Concentration of cord blood-derived mesenchymal 

stem cells] 

A monocyte fraction was separated from 25 mL of cord 

blood by density gradient centrifugation (30 minutes, 900 g, 

15 25 °C) using a ficoll solution (GE Healthcare). Further, blood 

cells were removed from the monocyte fraction thus obtained 

by means of a RoboSep™ device (Stem Cell Technologies, 

Inc.) to obtain a concentrated cell population. The removal of 

blood cells from the monocyte fraction was carried out by 

20 using a NegativeSelection Progenitor Cell Enrichment kit 

(Stem Cell Technologies, Inc.) as a reagent. This reagent 

contains an anti-Glycophorin A antibody, an anti-CD2 

antibody, an anti-CD3 antibody, an anti-CDllc antibody, an 

anti-CDllb antibody, an anti-CD14 antibody, an anti-CD16 

25 antibody, an anti-CD 19 antibody, an anti-CD24 antibody, an 
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anti-CD56 antibody, an anti-CD61 antibody, and an anti-

CD66b antibody, each of which is attached to magnetic 

beads. The reagent is therefore capable of removing cells 

which express antigens recognized by these antibodies on 

5 the surface of the cells. A procedure for the removal of blood 

cells and all the other reagents required for the removal of 

blood cells followed (i) an operation program for a RoboSep™ 

device supporting the aforementioned reagent and (ii) a 

user's manual attached to the RoboSep™ device. 

10 A part of the sample obtained by the above-described 

operation was mixed with fluorescently-labeled anti-CD 105 

antibodies (Biolegend, Inc., antibodies against cell surface 

markers of mesenchymal stem cells). 

Thereafter, how many mesenchymal stem cells were 

15 contained in the mixture thus obtained was examined by 

means of a BD FACSCalibur® flow cytometer (Japan BD 

biosciences, Ltd.). The result of such FACS analysis is 

shown in Fig. 1. Fig. 1 is a view showing a histogram of a 

single linear region obtained by FACS analysis for CD 105 

20 positive cells. As shown in Fig. 1, it was confirmed that the 

sample contains mesenchymal stem cells that expressed 

CD105 on the surfaces thereof. 

[2. Undifferentiated growth of mesenchymal stem cells] 

(2-1. Effect of SHH on the growth of cord blood-derived 

25 cells) 
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The cells obtained in Section 1 above were grown as 

follows. For 14 days (starting from the Oth day), the cells 

were cultured and grown at 37 °C in the presence of 5% CO2 

with use of (i) MesenCult-XF Medium (Stem Cell 

5 Technologies, Inc.) to which Flt-3L (CellGenix GmbH), SCF 

(CellGenix GmbH), IL-3 (Miltenyi Biotec K.K.) and IL-6 

(Miltenyi Biotec K.K.) and SHH (Miltenyi Biotec K.K.) had 

been added. Final concentrations of the cytokines added to 

the medium were as follows: 2000IU/mL (Flt-3L); lOOng/mL 

10 (SCF); lOOOIU/mL (IL-3); lOOOIU/mL (IL-6); and lOOng/mL 

(SHH). In order to confirm the effectiveness of a factor added 

to the Medium (i), the cells obtained in Section 1 were 

cultured in (ii) MesenCult-XF Medium to which only Flt-3L, 

IL-3, and IL-6 were added and in (iii) MesenCult-XF Medium 

15 to which no cytokines had been added, in parallel with the 

above culturing of the cells in the Medium (i). On the Oth 

day, on the 3rd day, on the 6th day, on the 8th day, on the 

11th day, and on the 14th day of the culturing, a total 

number of cells in each of the Media (i), (ii), and (iii) was 

20 determined by trypan blue staining. Time-varying changes in 

number of cells determined by trypan blue staining is shown 

in Fig. 2. 

As shown in Fig. 2, it was confirmed that in a case 

where the medium containing SHH as well as the known 

25 cytokines (i.e., the medium containing SHH, Flt-3L, SCF, IL-



3, and IL-6) was used for the culturing, 0.9><106 cells on the 

Oth day had been grown to 1.94><107 cells 14 days after the 

start of the culturing. On the contrary, the growth of the 

cells was not substantially confirmed in the medium not 

containing SHH (the medium to which Flt-3L, IL-3, and IL-6 

had been added and the medium to which no cytokines had 

been added). 

(2-2. Confirmation of the type of cells selectively grown) 

In order to confirm that the cells grown by the 

culturing discussed in Section 2-1 were mesenchymal stem 

cells, the type of the growing cells was determined by FACS 

analysis on the 14th day of the culturing. A part of cultured 

cells obtained on the 14th day of the culturing was examined 

with use of fluorescently-labeled anti-CD105 antibodies 

(Biolegend, Inc.) and fluorescently-labeled anti-CD73 

antibodies (Biolegend, Inc.). All of the FACS analyses were 

carried out by means of BD FACSCalibur® flow cytometer 

(Japan BD biosciences, Ltd.). The results of these FACS 

analyses are shown in Fig. 3 (for the anti-CD105 antibody) 

and Fig. 4 (for the anti-CD73 antibody). Fig. 3 is a view 

showing a histogram of a single linear region which was 

obtained by FACS analysis for CD105 positive cells on the 

14th day of the culturing. Fig. 4 is a view showing a 

histogram of single linear regions which were obtained by 

FACS analyses for CD73 positive cells before the culturing 
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and on the 14th day of the culturing. 

As shown in Fig 3, the CD105 positive cells (i.e., 

mesenchymal stem cells) were obviously grown, as compared 

with the result shown in Fig. 1. Further, as shown in Fig 4, 

5 the CD73 positive cells (i.e., mesenchymal stem cells) were 

obviously grown by the two-week culturing, as compared 

with the cells before cultured. The above results show that, 

in Section 2-1, the mesenchymal stem cells were grown while 

remaining undifferentiated, and an adequate number of 

10 mesenchymal stem cells for applications to, for example, 

regenerative medicine could be obtained. This revealed that 

the combination of SHH employed in accordance with the 

present invention and SCF, in particular, plays an important 

role in undifferentiated growth of mesenchymal stem cells. 

15 (2-3. Effect of FGFl or FGF2 on the growth of cord 

blood-derived cells) 

The cells obtained in Section 1 above were cultured on 

a 96-well plate as follows. The cells were grown at 37 °C in 

the presence of 5% CO2 with use of MesenCult-XF Medium to 

20 which cytokines (5ng/mL of FGFl (Miltenyi Biotech K.K.), 

5ng/mL of FGF2 (Miltenyi Biotech K.K.), lOOng/mL of SCF 

(CellGenix GmbH)) had been added in combination shown 

below in Table 1. After seven days culturing of the cells, the 

number of cells was determined under a microscope. From 

25 the result of the determination, evaluation was made on how 
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each combined use of cytokines has an effect on the growth 

of mesenchymal stem cells. 

[Table 1] 

No cytokines SCF 

No cytokines ± + 

FGFl + + + + 

FGF2 + + + + 

<Note> 

5 The symbol ± indicates that the growth of cells was not 

confirmed, the symbol + indicates that the growth of cells 

was slightly promoted, the symbol ++ indicates that the 

growth of cells was promoted, and the symbol + + + indicates 

that the growth of cells was significantly promoted, as 

10 compared to the case where no cytokines were added to the 

MesenCult-XF Medium. 

As shown in Table 1, the growth of mesenchymal stem 

cells was slightly promoted by addition of either FGFl or 

FGF2. With a combined use of either FGFl or FGF2 and SCF, 

15 the growth of mesenchymal stem cells was significantly 

promoted. From the above result, it became clear that FGFl 

and FGF2 have an effect of promoting the growth of 

mesenchymal stem cells. 

The present invention is not limited to the 

20 aforementioned embodiments and Example and is 
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susceptible of various changes within the scope of the 

accompanying claims. Also, an embodiment obtained by 

suitable combinations of various technical means disclosed 

in the embodiments and Example are included within the 

5 technical scope of the present invention. 

Industrial Applicability 

The present invention is applicable to, in particular, 

regenerative medicine using mesenchymal stem cells. 
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Claims 

Claim 1 

A method for growing mesenchymal stem cells while 

maintaining undifferentiated state of the mesenchymal stem 

5 cells, comprising the steps of: 

concentrating cord blood-derived mesenchymal stem 

cells with use of an antibody that specifically recognizes 

blood cells, to generate a concentrated sample of cord blood-

derived mesenchymal stem cells; and 

10 culturing the concentrated sample thus generated in a 

medium containing SHH, FGFl, or FGF2. 

Claim 2 

The method according to claim 1, wherein 

15 the medium further contains SCF. 

Claim 3 

The method according to claim 2, wherein 

the medium further contains Flt-3L, IL-3, and IL-6. 

20 

Claim 4 

A method for concentrating mesenchymal stem cells, 

comprising the step of: 

concentrating cord blood-derived mesenchymal stem 

25 cells with use of antibody beads that are specifically bound 



- 22 -

to blood cells. 

Claim 5 

The method according to claim 4, wherein 

5 the antibody beads each comprise a bead and an 

antibody attached to the bead, and the antibody is selected 

from the group consisting of an anti-Glycophorin A antibody, 

an anti-CD2 antibody, an anti-CD3 antibody, an anti-CDllc 

antibody, an anti-CDllb antibody, an anti-CD14 antibody, 

10 an anti-CD16 antibody, an anti-CD19 antibody, an anti-

CD24 antibody, an anti-CD56 antibody, an anti-CD61 

antibody, and an anti-CD66b antibody. 


