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Description 

Tit le of  Invention 

 METHOD FOR MANUFACTURING REPAIRING AGENT 

FOR BIOLOGICAL TISSUE DAMAGE, AND REPAIRING 

AGENT FOR BIOLOGICAL TISSUE DAMAGE 5 

 

Technical  Field 

[0001]  

 The present invention relates to a method for 

producing a repair agent for damaged t issue, and to the 10 

repair  agent.  

 

Background Art 

[0002]  

 Mesenchymal stem cel ls (MSC) can be isolated not 15 

only from tissues such as bone marrow,  adipose tissue, a 

synovial  membrane, a  dental  pulp, and a periodontal 

membrane,  but  also from var ious t issues such as a 

placenta, cord blood, and an umbil ica l cord. In addit ion, 

the  mesenchymal stem cells can be cultured and 20 

prol iferated in vitro. Furthermore, the mesenchymal stem 

cells  have mult ipotency that al lows the mesenchymal stem 

cells  to di fferent iate not only into mesenchymal  cells (e.g.,  

osteoblasts,  adipose cells,  and cart i lage cells)  but also into 

non-mesenchymal cel ls  (e .g. , neural precursor cells and 25 
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hepatocytes) . Thus, the mesenchymal stem cells are 

expected to be used as a materia l for production of cel ls  

for use in regenerative medicine or/and cell  therapy.  

[0003]  

 The mesenchymal stem cel ls can be cultured by, for 5 

example, not only using a medium (serum medium) 

containing fetal  bovine serum (FBS) but  also using a 

serum-free medium in which fewer heterozoic proteins are 

mixed.  For example,  Patent Literatures 1 to 3 each 

describe a serum-free medium for use in culture  of  10 

mesenchymal  stem cells . 

[0004]  

 Mesenchymal stem cel ls have  a wide variety of 

functions. Thus,  the mesenchymal stem cells are expected 

to have many unknown functions. Under the circumstances, 15 

attempts have been made to f ind unknown functions of  

mesenchymal stem cells. For example, Patent L iterature 4 

disc loses a repair agent for damaged t issue, containing 

mesenchymal  stem cel ls cultured in a serum-free medium, 

and a method for producing the repair agent.  According to 20 

the  technique, mesenchymal stem cells  are cultured at a  

normal oxygen concentration equivalent to the atmosphere,  

and the mesenchymal stem cel ls are used as an active 

ingredient of  the repair agent.  

Citation List  25 
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[Patent L iterature] 

[0005]  

 [Patent L iterature 1] 

 International Publication No.  WO 2007/080919 

 [Patent L iterature 2] 5 

 International Publication No.  WO 2011/111787 

 [Patent L iterature 3] 

 International Publication No.  WO 2015/016357 

 [Patent L iterature 4] 

 International Publication No.  WO 2018/123968 10 

 

Summary of  Invention 

 Technical Problem 

[0006]  

 The repair agent for  damaged tissue disclosed in 15 

Patent Literature 4 brings about a sufficient therapeutic 

ef fect but, i f a  repair agent for damaged t issue that brings 

about a higher therapeutic ef fect could be obtained, such a 

repair  agent would be e ffective in the medical  f ie ld. 

[0007]  20 

 Under the circumstances, an object of  an aspect of  

the present invention is to provide a novel  repair agent for 

damaged t issue that brings about a notably high effect of  

repair ing damaged t issue, as compared with conventional 

repair  agents for damaged t issue,  and to provide a method 25 
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for producing such a repair agent .  

 Solution to Problem 

[0008]  

 In order to atta in the object,  a method of  an aspect 

of  the present invention for producing a repair agent for  5 

damaged t issue includes the step of:  culturing 

mesenchymal  stem cells in a serum-free medium at an 

oxygen concentration of  less than 5%. 

[0009]  

 According to the method of an aspect of the present 10 

invention, the serum-free medium contains a fibroblast 

growth factor  (FGF),  a  platelet derived growth factor 

(PDGF),  an epidermal growth factor (EGF) , at  least one 

phospholipid,  and at least one fatty acid.  

[0010]  15 

 According to the method of an aspect of the present 

invention, the mesenchymal stem cel ls are subcultured at 

least once in the culturing step.  

[0011]  

 In order to  atta in the object,  a  repair agent for 20 

damaged t issue in accordance with an aspect of the 

present invention contains mesenchymal stem cells in 

which a gene that encodes angiopoiet in-like  4,  a gene that 

encodes fatty acid binding prote in 3,  a  gene that encodes 

delta-l ike 2 homolog (Drosophi la ),  a gene that encodes 25 
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fructose-bisphosphate a ldolase C, a gene that encodes 

TRPM8 channel-associated factor 2, and a gene that 

encodes REST corepressor 2 are respectively expressed in 

amounts of  at least 3 or more times,  as compared with 

respective expression amounts thereof in mesenchymal 5 

stem cells which have been cultured in a serum-containing 

medium at  an oxygen concentration of 5% or more. 

[0012]  

 The repair  agent of  an aspect of  the present 

invention is intended to ( i )  suppress f ibrosis of  a l iv ing 10 

tissue, ( i i )  suppress inf i ltration of an inflammatory cel l ,  or 

(i i i )  control  activ ity of  a macrophage. 

[0013]  

 For the repair agent of  an aspect of  the present 

invention, the damaged tissue accompanies acute kidney 15 

injury,  chronic kidney disease, chronic renal fai lure,  

chronic glomerulonephrit is,  diabet ic nephropathy,  

nephrosclerosis,  rapidly progressive glomerulonephrit is,  

polycystic  kidney, tubulointerst it ial  nephri t is,  drug-

induced nephritis,  lupus nephrit is, hydronephrosis, gouty 20 

kidney, cirrhosis , pulmonary f ibrosis, a burn, interstit ia l 

pneumonia, drug-induced pneumonia, irradiat ion 

pneumonit is,  chronic obstructive pulmonary disease, an 

acute  respiratory distress syndrome, cart i lage damage, a  

bone defect, spinal cord damage, periodontal disease,  25 
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mult iple  sclerosis,  rheumatoid arthrit is,  systemic lupus 

erythematosus,  Crohn's disease, diabetes,  arteriosclerosis,  

myocardial infarct ion, stroke, Alzheimer 's disease, macular 

degeneration, v iral  hepatit is,  a lcohol ic hepatit is,  non-

alcohol ic steatohepatit is, jawbone reconstruction, cleft  5 

palate,  a bone replacement material,  a bone defect, a  bone 

system disease,  a dry eye,  a  corneal disorder,  pharyngitis,  

arthrit is, a cancer, cancer neighborhood fibrosis,  or 

f ibrosis.  

 Advantageous Effects of  Invention 10 

[0014]  

 According to an embodiment of  the present invention, 

it  is possible  to provide a novel  repair agent for  damaged 

tissue that brings about a  notably high ef fect of repair ing 

damaged tissue, as compared with a repair agent for 15 

damaged t issue containing mesenchymal stem cel ls  

cultured with use of  a  serum-free medium at a normal 

oxygen concentration equivalent to the atmosphere,  and to 

provide a method for producing such a repair agent. 

 20 

Brief  Description of Drawings 

[0015]  

 Fig.  1 shows an image showing a result of detect ion 

of α-SMA by Western blotting in an Example of the present 

invention. 25 



- 7 - 

  

 Fig. 2 shows an image showing a result  of  

immunostaining carr ied out on α-SMA, collagen type I , and 

collagen type I I I  in an Example of  the present invention.  

 Fig.  3 shows an image showing a result of detect ion 

of α-SMA by Western blotting in an Example of the present 5 

invention. 

 Fig.  4 shows an image showing a result of detect ion 

of α-SMA by Western blotting in an Example of the present 

invention. 

 Fig.  5 shows graphs comparing expression amounts 10 

of surface antigens expressed on human bone marrow-

derived mesenchymal stem cel ls  which are used in a repair 

agent, in an Example of  the present invention. 

 Fig.  6 shows graphs comparing VEGF expression 

amounts and comparing HGF expression amounts in 15 

human bone marrow-der ived mesenchymal stem cel ls under 

condit ions at various oxygen concentrat ions, in an 

Example of the present invent ion.  

 Fig.  7 shows a graph comparing VEGF expression 

amounts in human bone marrow-derived mesenchymal  20 

stem cells under condit ions in various culture  t imes, in an 

Example of the present invent ion.  

 Fig.  8 shows graphs comparing expression amounts 

of genes expressed in human bone marrow-derived 

mesenchymal  stem cel ls, in an Example of the present 25 
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invention. 

 Fig.  9 shows a  graph comparing the numbers of  

human bone marrow-der ived mesenchymal  stem cells, in an 

Example of the present invent ion.  

 Fig.  10 shows graphs comparing VEGF expression 5 

amounts and comparing HGF expression amounts in 

human bone marrow-der ived mesenchymal stem cel ls under 

condit ions in various mediums and at various oxygen 

concentrations, in an Example  of the present invention.  

 10 

Description of Embodiments 

[0016]  

 The fol lowing description wi ll  discuss an embodiment 

of  the present invention. The present invention is not 

limited to arrangements described below,  but may be 15 

altered in various ways by a ski l led person within the 

scope of the claims. The present invention also 

encompasses, in i ts technical  scope, any embodiment and 

any working example derived by appropriate ly combining 

technical means disclosed in dif fer ing embodiments or 20 

working examples.  Moreover, a ll  sc ient if ic li teratures and 

patent l iteratures descr ibed in this speci f ication are 

incorporated herein as re ference l i teratures. Any numerical  

range expressed as "A to B" herein means "not less than A 

and not more than B" unless otherwise speci f ied herein. 25 
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[0017]  

 [1 . Method for producing repair  agent]  

 A method of  an embodiment of  the present invention 

for producing a repair agent for damaged t issue 

(hereinafter also referred to as "a production method of an 5 

embodiment of  the present invention")  includes the step of  

culturing mesenchymal  stem cel ls in a serum-free medium 

at an oxygen concentration of  less than 5%. 

[0018]  

 The serum-free medium is  not particular ly l imited in 10 

composition provided that the  serum-free medium makes it  

possible to culture mesenchymal stem cells. The serum-

free medium can be a public ly known serum-free medium 

as appropriate.  Examples of  the public ly known serum-free 

medium include STK1 (TWOCELLS COMPANY, LIMITED),  15 

STK2 (TWOCELLS COMPANY, LIMITED),  a kit for a  

complete  synthetic medium dedicated for human 

mesenchymal  stem cells (MSCGM-CD BulletKit )  (Lonza),  

Mesenchymal  Stem Cell  Growth Medium DXF (Ready-touse) 

(PromoCell GmbH.),  Stem Pro MSC SFM Xeno free (Thermo 20 

Fisher Scienti f ic Inc. ),  and MesenCult-ACF Medium Kit 

(STEMCELL Technologies Inc. ) .  

[0019]  

 Specif ic examples of  the serum-free medium include 

(i )  a serum-free medium containing an FGF, a PDGF, an 25 
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EGF, at least one phospholipid, and at least one fatty acid,  

(i i )  a  serum-free medium containing an FGF, a PDGF, an 

EGF, a  transforming growth factor-β (TGF-β) ,  at least one  

phospholipid,  and at least one fatty acid,  ( i i i )  a  serum-free 

medium containing an FGF, a PDGF, an EGF, 5 

dexamethasone, insulin, serum albumin, at least one 

phospholipid,  and at least one fatty acid,  and ( iv ) a serum-

free medium containing an FGF,  a PDGF, an EGF, a TGF-β, 

dexamethasone, insulin, serum albumin, at least one 

phospholipid,  and at least one fatty acid.  The serum-free 10 

medium which contains at least any one of  dexamethasone,  

insulin, and serum albumin brings about an ef fect o f ( i )  

extending a l i fetime of mesenchymal stem cells and ( i i )  

accelerating proli feration of mesenchymal  stem cel ls .  

[0020]  15 

 Note that the serum-free medium ( i)  and the serum-

free medium (i ii )  can each be a serum-free medium 

containing no TGF-β and/or no HGF. Note also that the 

serum-free medium ( i i )  and the serum-free medium (iv)  can 

each be a serum-free medium containing no HGF. 20 

[0021]  

 The phospholip id is exemplif ied by, but not 

part icularly l imited to,  phosphatidic acid, lysophosphatidic  

acid,  phosphatidylinosi tol ,  phosphatidyl serine,  

phosphatidyl ethanolamine,  phosphatidyl choline, and 25 
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phosphatidyl glycerol . Those phosphol ipids can each be 

used alone, or two or more of  those phospholipids can be 

used in combination (for example, phosphatidic acid and 

phosphatidyl chol ine can be used in combination).  Those 

phospholipids can be derived from animals or plants.  5 

[0022]  

 The fatty acid is exempl if ied by, but not part icularly  

limited to,  l inoleic acid,  ole ic  acid,  linolenic acid,  

arachidonic acid, myristic acid,  palmitoyl acid, palmit ic  

acid,  and stearic acid.  Those fatty acids can each be used 10 

alone, or two or  more of  those fatty acids can be used in 

combination. 

[0023]  

 A serum-free medium for  use in an embodiment of  

the present invention opt ional ly can contain component(s) 15 

di f ferent from the above-mentioned components,  such as 

cholesterol and/or a hepatocyte growth factor (HGF). An 

HGF is contained at a f inal concentration of preferably 0.1 

ng/ml to 50 ng/ml, and more preferably 5 ng/ml, relat ive 

to a basal medium (described later) .  It is a  matter of  20 

course that such a component(s) is/are not essential to an 

aspect of  the present invention. 

[0024]  

 The production method of  an embodiment of  the 

present invention is more speci f ically described below. 25 
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[0025]  

 (A. Pre-culture step)  

 In the production method of an embodiment of the  

present invention, mesenchymal stem cel ls can be cultured 

in a  serum-free medium (e .g .,  a  serum-free medium 5 

containing  an FGF, a PDGF, a TGF-β, an EGF, at least one 

phospholipid,  and at least one fatty acid,  the  serum-free 

medium more preferably further  containing at least any 

one of  dexamethasone, insul in, and serum albumin) 

(hereinafter referred to as "pre-culture step") .  Note  that the 10 

pre-culture step is not essential  to the present invention.  

According to the arrangement,  it  is possible to eff ic iently 

obtain a large number of  mesenchymal stem cells whose 

abil ity to repair tissue damage is improved. Note that the 

serum-free medium can be a serum-free medium containing 15 

no HGF or can be a basal medium such as a DMEM 

medium. 

[0026]  

 The oxygen concentration at which mesenchymal 

stem cel ls are cultured in the pre-culture step is not 20 

part icularly l imited. For  example,  the oxygen concentration 

can be 21% or less, or the oxygen concentration can be 5% 

or less. A lower l imit of  the oxygen concentration is not 

part icularly l imited, and can be,  for example,  1%, 3%, 5%,  

10%, or 20%. 25 
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[0027]  

 A basal medium for consti tuting the serum-free 

medium for use in the  pre-culture  step is  not l imited to 

any part icular basal medium provided that the basal 

medium is a medium for an animal cel l  which medium is 5 

well  known in the present f ield. Preferable  examples of the 

basal medium include a Ham's F12 medium, a DMEM 

medium, an RPMI-1640 medium, and an MCDB medium. 

Those basal media can each be used alone, or a mixture of  

two or more of  those basal media can be used. In an 10 

embodiment,  a basal medium for constituting the serum-

free medium is preferably a medium in which MCDB and 

DMEM are  mixed at a  rat io of  1:1. In an embodiment,  the 

serum-free medium which is obtained by adding an FGF, a 

PDGF, an EGF, at least one phospholipid,  and at least one 15 

fatty acid to the basal  medium can be used in the pre-

culture step. 

[0028]  

 An FGF is contained at a f inal  concentration of  

preferably 0.1 ng/ml to 100 ng/ml, and more preferably 3 20 

ng/ml,  re lative to the basal medium. A PDGF is contained 

at a f inal  concentration of  preferably 0.5 ng/ml to 100 

ng/ml,  and more preferably 10 ng/ml, re lat ive to the basa l 

medium. An EGF is  contained at a f inal concentration of  

preferably 0.5 ng/ml to 200 ng/ml, and more preferably 20 25 
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ng/ml,  relat ive to  the basal medium. A phospholipid(s) 

is/are contained in total  at a f inal concentration of  

preferably 0.1 μg/ml to 30 μg/ml, and more preferably 10 

μg/ml,  rela tive to the basal medium. A total amount of a 

fatty acid(s ) contained relative to the  basal  medium is 5 

preferably 1/1000 to 1/10,  and more preferably 1/100 of  a 

weight of  the basal medium. 

[0029]  

 Dexamethasone is contained at a f inal concentration 

of  preferably 10 - 1 0  M to 10 - 5  M,  and more preferably 10 - 9  M 10 

to 10 - 6  M, relat ive to the basal medium. Insulin is 

contained at  a f inal concentration of  preferably 0.01 μg/ml 

to 500 μg/ml,  and more preferably 0.1 μg/ml to 50 μg/ml,  

relative to the basal medium. Serum albumin is contained 

at a f inal concentration of  preferably 0.01 mg/ml to 50 15 

mg/ml, and more preferably 0.1 mg/ml to 5 mg/ml, 

relative to the basal medium. 

[0030]  

 By using such a  serum-free medium, it  is possible to 

obtain a proli feration promoting e ffect equal to or greater 20 

than that of  a  serum-containing medium while preventing a 

heteroprotein from being mixed into the serum-free 

medium. This allows mesenchymal stem cel ls to be 

prol i ferated as desired. 

[0031]  25 
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 A phospholipid and a fatty acid each contained in the 

serum-free medium can be a specif ic phospholipid and a 

speci f ic fatty acid,  respectively,  each of  which has already 

been described. 

[0032]  5 

 As used herein, an FGF means a growth factor 

selected from a fibroblast growth factor  (FGF) family,  and 

is  preferably an FGF-2 (bFGF).  Al ternatively,  an FGF can 

be, for example, an FGF-1 selected from another FGF 

family.  As used herein, a  PDGF means a growth factor 10 

selected from a platelet  derived growth factor (PDGF) family , 

and is preferably a PDGF-BB or  a PDGF-AB. 

[0033]  

 An EGF means a growth factor  selected from an 

epidermal growth factor (EGF) family.  15 

[0034]  

 In an embodiment, the serum-free medium can 

further  contain at least two factors selected from the group 

consist ing of  a connective tissue growth factor (CTGF),  a 

vascular  endothelial  growth factor (VEGF), and an ascorbic 20 

acid compound. 

[0035]  

 As used herein, an ascorbic  acid compound means 

ascorbic acid (v itamin C) , ascorbate diphosphate,  or a 

compound simi lar to ascorbic acid or ascorbate 25 
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diphosphate. 

[0036]  

 In an aspect, the serum-free medium preferably 

contains a l ip id ant ioxidant.  In an embodiment, the l ipid 

antioxidant contained in the serum-free medium can be 5 

DL-α-tocopherol  acetate (vitamin E). The serum-free 

medium can further contain a surfactant. In an 

embodiment,  the surfactant contained in the serum-free  

medium can be Pluronic F-68 or Tween 80. 

[0037]  10 

 The serum-free medium can further contain insulin,  

transferrin,  dexamethasone,  serum albumin, and selenate.  

As used herein, insulin can be an insul in-like growth 

factor,  can be derived from a natural cel l ,  or can be 

produced by genetic modif ication.  15 

[0038]  

 In the pre-culture step, mesenchymal stem cel ls  

isolated from animal t issues such as human tissues by a 

conventionally publicly-known method are seeded into the 

serum-free medium (described earlier)  and are cultured 20 

until  the number of  mesenchymal stem cel ls prol iferated 

reaches the desired number of mesenchymal stem cel ls ( it  

is a matter of  course that in the pre-culture step, the 

mesenchymal  stem cells can alternatively be merely 

maintained in the serum-free medium without being 25 
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prol iferated).  As culture condit ions, it  is  preferable that 

mesenchymal stem cel ls separated from 1 mg to 500 mg of  

a t issue piece(s)  (containing mesenchymal stem cells)  are 

seeded per 1 ml of  a medium, a culture temperature is 

37°C±1°C, and a carbon dioxide (CO2 )  concentrat ion in the 5 

environment for culturing mesenchymal  stem cel ls is 10% 

or less.  

[0039]  

 In an embodiment, a TGF-β is contained at a f inal 

concentration of  preferably 0.5 ng/ml to 100 ng/ml, and 10 

more preferably 10 ng/ml, relative to the basal medium. 

[0040]  

 In the pre-culture step,  mesenchymal  stem cells are 

seeded and cultured until  the number of  mesenchymal 

stem cells proli ferated reaches the desired number of  15 

mesenchymal  stem cells.  As culture conditions, i t  is  

preferable  that 1 to  2×104  mesenchymal stem cells  are 

seeded per 1 ml of  a medium, a culture temperature is 

37°C±1°C, and a carbon dioxide (CO2 )  concentrat ion in the 

environment for cultur ing mesenchymal stem cel ls  is  5% or 20 

less.  

[0041]  

 A ce l l culture time is not part icularly limited, 

provided that the cel l  culture t ime is long enough to obta in 

an intended number of cells. For example, the culture t ime 25 
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can be 1 hour to 5 hours, 1 hour to 10 hours, 1 hour to 20 

hours, 1 hour to 1 day, 1 hour to 10 days, 1 hour to 30 

days, or 1 hour to 50 days. 

[0042]  

 In the pre-culture step, a culture vessel  for use in 5 

culture is not l imited to any part icular culture vessel 

provided that  the culture vessel a l lows the mesenchymal 

stem cel ls to be prol i ferated. Preferable examples of  the 

culture vessel  include a 75 cm2  flask (manufactured by 

Falcon) and a 75 cm2  f lask (manufactured by SUMITOMO 10 

BAKELITE CO., LTD.).  Note,  however, that culture of some 

cells  may be  affected by a type of  a  culture  vessel used. 

Thus,  in order to more e ff iciently culture the mesenchymal 

stem cel ls, it  is preferable to use a culture vessel suitable  

for culture to carry out the pre-culture  step with respect to 15 

each type of  mesenchymal stem cel ls to be cultured 

(hereinafter a lso referred to as "culture target ce lls" ) .  

[0043]  

 The mesenchymal stem ce lls which are to be 

subjected to the pre-culture step are preferably exemplif ied 20 

by, but not particular ly l imited to, init ia l  mesenchymal  

stem cel ls,  i .e.,  cells  which have never  been subcultured 

since  the cells  were col lected from animal t issues such as 

human t issues. 

[0044]  25 
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 Moreover, in order to more ef f ic iently proli ferate the 

mesenchymal stem cel ls in the pre-culture step, i t is 

preferable to use a culture vessel suitable for culture to 

carry out the pre-culture step with respect to  each type of  

mesenchymal  stem cel ls  to be cultured in the pre-culture 5 

step (hereinafter also referred to as "pre-culture target  

cells" ) .  Examples of a method for select ing a culture vessel 

suitable for culture of  the pre-culture step target  cel ls  

include a method in which an optimum culture vessel  is 

selected by pre-culture step target ce lls. Speci f ical ly,  a 10 

plural ity of  types of  culture vessels are prepared, and pre-

culture step target cells are prol iferated under the same 

condit ion except that the culture vessels di f fer in type. 

Af ter two weeks have elapsed from the start of culture,  the 

numbers of cells are measured by a publicly-known method. 15 

Then, i t can be determined that a culture vessel  holding 

the  most cel ls is the most suitable for culture of the pre-

culture step target cel ls .  Further, in a case where the pre-

culture step target cells are proli ferated at a high speed,  it  

can be determined, even before  two weeks have elapsed 20 

from the start of  culture, that a culture vessel  in which the  

number of  pre-culture step target cel ls  reaches 80% to 90% 

of the number of  cel ls in a conf luent state  in the shortest 

period is the most suitable  for culture of the pre-culture 

step target ce lls. 25 
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[0045]  

 In the pre-culture step of the production method of  

an embodiment of  the present invention,  in a case where a 

culture vessel  suitable for proli feration of  the pre-culture 

step target ce lls has been made c lear, it  is possible to use 5 

that culture vessel.  In contrast,  in a  case where a culture 

vessel  suitable for culture of  the pre-culture step target 

cells has not been made clear,  the production method of an 

embodiment of  the present invention can further  include, 

before the pre-culture step, a "culture vessel select ing 10 

step" for se lect ing a culture vessel suitable  for  culture  of  

the pre-culture step target cel ls . 

[0046]  

 Note that adhesion of the mesenchymal stem cel ls to 

a culture vessel is a  requisi te  to  prol i feration of the 15 

mesenchymal  stem cells.  Thus, in a case where the 

mesenchymal  stem cells less strongly adhere to the culture 

vessel , the serum-free medium is preferably caused,  in the 

pre-culture step, to further contain cel l  adhesion 

molecules. Examples of the "cell  adhesion molecules" 20 

include fibronect in,  col lagen, and gelat in.  Those cel l  

adhesion molecules can be used alone in one kind or can 

be used in combination of  two or more kinds.  

[0047]  

 In the pre-culture step, the mesenchymal stem cel ls  25 
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can be  subcultured at least once. The mesenchymal  stem 

cells  are anchorage-dependently prol i ferated. Thus, for 

example, in a case where the mesenchymal stem cells are 

locally unevenly prol iferated, by subculturing the  

mesenchymal  stem cel ls in the process of carrying out the  5 

pre-culture step, i t is possible to culture the mesenchymal 

stem cel ls under a bette r condit ion. Note that it is  

preferable that the pre-culture step is carried out during a 

period from primary culture (P0)  to third passage culture 

(P3).  10 

[0048]  

 A method of  subculturing the mesenchymal  stem 

cells  is not part icularly l imited, and the mesenchymal stem 

cells can be subcultured by a conventionally publicly-

known subculturing method. In order  that mesenchymal 15 

stem cel ls  which have been subcultured wi l l  be in good 

condit ion, the mesenchymal stem cel ls which are being 

subcultured in the pre-culture step are preferably detached 

with use of  a  cell  detaching agent containing neither a 

mammal-derived component nor a microorganism-derived 20 

component. Examples of  the "cel l detaching agent 

containing neither a mammal-derived component nor a 

microorganism-derived component" include ACCUTASE 

(Innovative Cell  Technologies,  Inc. ).  

[0049]  25 
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 The fol lowing description discusses an example of a  

subculture method which is carried out by using 

ACCUTASE as the "cell  detaching agent containing neither 

a mammal-der ived component nor a microorganism-derived 

component".  The  mesenchymal  stem cells are detached and 5 

subcultured by a process including the steps ( i )  to (v i )  

below. Note that the following describes a subculture 

method which is carried out by using a T-25 f lask (Falcon)  

as a culture vessel.  

[0050]  10 

 (i )  A cel l layer on the f lask is washed with 5 mL of  

PBS (- ) .  

[0051]  

 (i i )  To the ce ll  layer,  2 mL of  ACCUTASE is added. 

[0052]  15 

 (i i i )  The  cell  layer is caused to stand st i l l  at  a room 

temperature for  approximately two minutes,  and after it is 

confirmed that cel ls have been detached from the f lask, the  

PBS (- )  which contains the  cel ls thus detached is 

transferred to a centri fuging tube.  20 

[0053]  

 (iv)  7 mL of PBS (-)  is added to the f lask so that a 

bottom surface of  the f lask is  r insed with that PBS (- ) .  

[0054]  

 (v ) A resultant solution obtained in the step ( iv) is 25 
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transferred to the centri fuging tube used in the step ( i i i ) ,  

and the solution is centri fuged at 1500 rpm (200 ×g to 

1000 ×g) for f ive minutes. 

[0055]  

 (v i)  Supernatant is removed from the centr i fuging 5 

tube,  and cel ls are seeded into a serum-free medium in a 

new flask at a  seeding density of  5,000 cel ls/cm2 .  

[0056]  

 (B. Low-oxygen culture step)  

 In the production method of an embodiment of the  10 

present invention,  after the pre-culture step, mesenchymal  

stem cel ls are cultured in a serum-free medium (e .g. , a 

serum-free medium containing an FGF, a PDGF, an EGF, at 

least one phospholipid, and at least  one fatty acid,  the 

serum-free medium more preferably further containing at 15 

least any one of dexamethasone, insulin,  and serum 

albumin) at  an oxygen concentration of  less than 5% 

(hereinafter referred to as " low-oxygen culture step") .  Note 

that the serum-free medium can be a serum-free medium 

containing no TGF-β and/or no HGF or can be a serum-free 20 

medium containing TGF-β and/or HGF. 

[0057]  

 An oxygen concentration in a gas (hereinafter,  

referred to as "environment for culturing mesenchymal 

stem cel ls" ) ,  which can be in contact with mesenchymal 25 
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stem cells being cultured (speci fically,  a medium for use in 

culture of  mesenchymal stem cel ls) ,  can be less than 5%, 

4% or less, 3% or less, 2% or  less, or  1% or less. The 

oxygen concentration in the gas is preferably 3% or less,  

more preferably 1% or less.  A lower l imit of  the oxygen 5 

concentration in the gas is not part icularly l imited,  and 

can be set to, for example,  higher than 0%. The lower l imit 

of  the oxygen concentration in the gas only needs to be a 

concentration at which mesenchymal stem cel ls can be 

grown and do not die out. 10 

[0058]  

 In a case where the oxygen concentration in the 

environment for cultur ing mesenchymal stem cel ls is less 

than 5%, the effect by the cultured mesenchymal stem cel ls  

of repairing damaged t issue (e.g. , anti- fibrosis e ffect, effect 15 

of suppressing inf i l tration of inf lammatory cel ls ,  ef fect of  

control ling  macrophage activity)  is enhanced. 

[0059]  

 The environment for  culturing mesenchymal stem 

cells can contain a gas component di f ferent from oxygen. 20 

The gas component is not part icularly limited, provided 

that mesenchymal stem cells can be grown without dying 

out in the gas component. The gas component can be a gas 

component dif ferent from oxygen contained in the 

atmosphere (e.g. ,  nitrogen, carbon dioxide, argon, or a 25 
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mixture thereof) .  

[0060]  

 In this speci f ication, the symbol "%" indicating the 

concentration of  the gas component such as oxygen more 

speci f ically means "% by volume".  5 

[0061]  

 In regard to the gas for use in culture of  

mesenchymal  stem cells,  i t  is possible that a device such 

as an incubator that is typically used for culture of  

mesenchymal  stem cel ls is  f i l led with the gas, it  is possible 10 

that a hermetic container is provided inside a device such 

as an incubator and the container is f il led with the gas,  or 

it  is possible that a hermetic container  (e .g.,  a chamber)  is  

provided to surround a device such as an incubator,  and 

the hermetic container is f i l led with the  gas. Note that the 15 

gas preferably contains approximately 5% of carbon dioxide 

(CO2 )  in order to adjust pH of  the medium. 

[0062]  

 Here,  the "serum-free medium" in the low-oxygen 

culture step can contain TGF-β. The serum-free medium 20 

used in the pre-culture step and the serum-free medium 

used in the low-oxygen culture step may be herein re ferred 

to as a "serum-free medium A" and a "serum-free medium 

B",  respectively. Since components except  a TGF-β (e.g. , an 

FGF, a PDGF, an EGF, dexamethasone, insulin,  serum 25 
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albumin, at least one phospholipid, and at least one fatty  

acid)  and a basal medium are as descr ibed earl ier in (A.  

Pre-culture step) in which the serum-free medium A is 

discussed, a description thereof is omitted here.  

Furthermore, respective amounts of  the above components 5 

contained in the serum-free medium A used in the pre-

culture step can be identical to the respective amounts 

(described earl ier)  of  the above components contained in 

the  serum-free medium B.  Note that the serum-free 

medium B can be used as the serum-free medium A. 10 

[0063]  

 A culture t ime in the low-oxygen culture step is not 

limited to any part icular culture t ime provided that the 

culture time al lows the number of  the mesenchymal stem 

cells to reach an intended number of cel ls. For  example,  15 

the culture t ime can be 6 hours to 12 hours, 6 hours to 24 

hours (1 day) , 6 hours to 48 hours, 12 hours to 24 hours, 

24 hours to 48 hours, and is preferably 12 hours or more,  

further  preferably 24 hours. 

[0064]  20 

 Since a method for se lecting a culture vessel  suitable  

for proli feration of low-oxygen culture step target cel ls is 

as described earlier in (A.  Pre-culture step), a  description 

thereof is omitted here.  

[0065]  25 
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 In a case where the mesenchymal  stem cells less 

strongly adhere to the culture vessel , the serum-free 

medium B can further contain cell  adhesion molecules.  

Since the cel l  adhesion molecules are as described earlier 

in (A.  Pre-culture step), a description thereof is omitted 5 

here.  

[0066]  

 In the low-oxygen culture step, the mesenchymal  

stem ce lls can be subcultured at least once. By 

subculturing the mesenchymal stem cells in the process of 10 

carrying out the low-oxygen culture step,  it  is possible  to 

culture the mesenchymal stem cel ls  under a better 

condit ion. 

[0067]  

 Note that mesenchymal  stem cel ls which have been 15 

subcultured at least once (P1) since the mesenchymal stem 

cells were col lected from animal  t issues such as human 

tissues are preferably subjected to the low-oxygen culture 

step.  

[0068]  20 

 Since (i ) a method for subculturing the mesenchymal 

stem ce lls in the process of carry ing out the low-oxygen 

culture step and (i i )  a subculture method carried out in a 

case where cel ls which have been obtained through the 

pre-culture step are subjected to the low-oxygen culture 25 
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step are as described earlier in (A. Pre-culture step), a 

description thereof  is omitted here. 

[0069]  

 The production method of  an embodiment of  the 

present invention can further include, before the low-5 

oxygen culture step (or before the pre-culture step), a 

culture vessel selecting step of select ing a culture vessel  

suitable for proli feration of  mesenchymal stem cells.  Since 

a method for select ing a culture vessel  suitable for 

prol i feration of mesenchymal stem cells is as described 10 

earlier in (A.  Pre-culture step), a descr iption thereof  is  

omitted here.  

[0070]  

 (C. Screening step)  

 The production method of  an embodiment of  the 15 

present invention can optionally  further include, after  the 

pre-culture step and/or the low-oxygen culture step, a  

screening step of  select ing, from the mesenchymal stem 

cells  by screening, mesenchymal stem cel ls which are  non-

tumorigenic.  20 

[0071]  

 By using, as a repair agent,  the mesenchymal stem 

cells which have been selected in the  screening step,  it is  

possible to achieve a repair agent containing mesenchymal 

stem cells which are non-tumorigenic,  and consequently to 25 
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achieve a safer repair agent.  

[0072]  

 In the screening step,  i t can be investigated by a 

tumorigenicity test method with use of  an in vivo sensit ive  

immunodef icient mouse (NOG mouse) whether the 5 

mesenchymal  stem cells  are tumorigenic.  

[0073]  

 Specif ical ly,  mesenchymal stem cells (e .g. ,  1,000,000 

cells) cultured in the serum-free medium at the oxygen 

concentration of less than 5% (described earlier)  and Hela 10 

cells  (e .g. ,  1,000 cells) are subcutaneously-implanted in 10 

places in an NOG mouse.  In a case where the  

tumorigenicity of the mesenchymal stem cel ls cultured in 

the serum-free medium is not observed under a condition 

(e .g. , a specif ic mouse breeding time)  in which the 15 

tumorigenicity of the Hela cel ls (speci f ical ly, development 

of  a tumor at a  place at which the Hela cel ls have been 

implanted) can be observed, it  is possible to determine that  

those mesenchymal stem cells are non-tumorigenic.  

[0074]  20 

 [2 . Repair agent for damaged t issue] 

 A repair agent for damaged tissue in accordance with 

an embodiment of  the present invention (here inafter also 

referred to as "repair agent of  an embodiment of the 

present invention") contains mesenchymal stem cells in 25 
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which a gene that encodes angiopoiet in-l ike 4 (or a 

homologue thereof ),  a gene that encodes fatty acid binding 

prote in 3 (or  a homologue thereof) ,  a gene that encodes 

delta-l ike 2 homolog (Drosophi la ),  a gene that encodes 

fructose-bisphosphate a ldolase C (or a homologue thereof ),  5 

a gene that encodes TRPM8 channel-associated factor 2 (or 

a homologue thereof ),  and a gene that encodes REST 

corepressor 2 (or a homologue thereof)  are respectively 

expressed in amounts of  at least 3 or more times 

(preferably, independently for each gene, 3 or more times, 10 

4 or more t imes, 5 or more times, 10 or more times, 20 or 

more t imes, 40 or more times, or 50 or more t imes) as 

compared with amounts in mesenchymal  stem cel ls which 

have been cultured in a serum-containing medium at an 

oxygen concentration of  5% or  more. 15 

[0075]  

 The repair agent of  an embodiment of  the present 

invention contains mesenchymal stem cells in which a gene 

that encodes angiopoiet in-l ike 4 (or a homologue thereof ) , a 

gene that encodes fatty acid binding protein 3 (or  a 20 

homologue thereof) ,  a gene that encodes delta- l ike 2 

homolog (Drosophila ),  a gene that encodes fructose-

bisphosphate aldolase C (or a homologue thereof) , a gene 

that encodes TRPM8 channel-associated factor 2 (or a 

homologue thereof) ,  and a  gene that encodes REST 25 
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corepressor 2 (or a homologue thereof)  are respectively 

expressed in amounts of  at least twice or more (preferably,  

independently for each gene, 3 or more t imes, 4 or more 

times, 5 or more t imes,  10 or more times, or 15 or more 

times) as compared with amounts in mesenchymal stem 5 

cells which have been cultured in a serum-containing 

medium at  an oxygen concentration of 1% or less.  

[0076]  

 The repair agent of  an embodiment of  the present 

invention contains mesenchymal stem cells in which a gene 10 

that encodes angiopoiet in-l ike 4 (or a homologue thereof ) , a 

gene that encodes fatty acid binding protein 3 (or  a 

homologue thereof) ,  a gene that encodes delta- l ike 2 

homolog (Drosophila ),  a gene that encodes fructose-

bisphosphate aldolase C (or a homologue thereof) , a gene 15 

that encodes TRPM8 channel-associated factor 2 (or a 

homologue thereof) ,  and a  gene that encodes REST 

corepressor 2 (or a homologue thereof)  are respectively 

expressed in amounts of twice or more (preferably,  

independently for each gene, 3 or more t imes, 4 or more 20 

times, 5 or more t imes, 7 or more t imes, or 10 or more 

times) as compared with amounts in mesenchymal stem 

cells which have been cultured in a serum-free medium at 

an oxygen concentration of  5% or  more. In other words,  the 

repair  agent for damaged tissue in accordance with an 25 
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embodiment of  the present invention can conta in 

mesenchymal  stem cel ls cultured in a serum-free medium 

at an oxygen concentration of  less than 5%. 

[0077]  

 The angiopoiet in-l ike 4 is a protein involved in 5 

carbohydrate metabol ism and lipid metabol ism, and is 

encoded by an ANGPTL4 gene in a human. 

[0078]  

 The fatty acid binding protein 3 is a  fatty acid 

binding prote in, and is encoded by an FABP3 gene in a 10 

human. 

[0079]  

 The delta-l ike 2 homolog (Drosophila) is an epidermal 

growth factor- like prote in, and is encoded by a DLK2 gene.  

[0080]  15 

 The Fructose-Bisphate Aldolase C is aldolase C, and 

is  encoded by an ALDOC gene in a human. 

[0081]  

 The TRPM8 channel-associated factor 2 is a prote in 

that adjusts transient receptor potentia l melastatin 20 

member 8 (TRPM8), and is encoded by a TCAF2 gene in a 

human. 

[0082]  

 The REST corepressor 2 is a protein that adjusts 

gene expression in a neuron, and is encode by an RCOR2 25 
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gene in a human. 

[0083]  

 Note here that the repair  agent of  an embodiment of  

the present invention means a pharmaceutical  agent which 

has an effect of  promoting repair of  t issue damage. The 5 

repair  agent  of  an embodiment of  the present invention can 

also be referred to as (i )  a  pharmaceutical agent for 

suppressing f ibrosis of  a  l iving tissue ( i .e. ,  a  f ibrosis 

suppressing agent) , ( i i ) a pharmaceutical  agent for 

suppressing infi lt ration of an inf lammatory cel l  ( i .e.,  an 10 

inflammatory cel l  inf i ltration suppressing agent) , or ( i i i ) a 

pharmaceutical agent for control l ing activity of  a 

macrophage ( i .e.,  a  macrophage activity controll ing agent) . 

[0084]  

 The expression "suppressing f ibrosis of a l iving 15 

tissue" herein means suppressing t issue hardening caused 

by ( i)  abnormal  proli feration of  a connective tissue or ( i i )  

abnormal accumulat ion of  collagen in a connective t issue. 

For example,  in a case where a  l iv ing tissue suffers damage, 

a connective t issue constituting the l iving tissue may be 20 

abnormally proli ferated in the process of recovery from the 

damage.  The expression "suppressing f ibrosis of  a l iv ing 

tissue" means, for example,  suppressing, after  a l iv ing 

tissue has suffered damage, t issue hardening caused by (i )  

abnormal prol iferation of a  connective t issue consti tuting 25 
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the l iv ing t issue or ( ii ) abnormal  accumulation of  col lagen 

in a connective t issue.  

[0085]  

 The expression "suppressing inf i l trat ion of an 

inflammatory cel l " herein means suppressing ( i )  5 

destruction of  a tissue by inflammatory cel ls (e.g. ,  a 

macrophage, a  lymphocyte,  and a neutrophil )  or ( i i )  

prol i feration of inf lammatory cells (e.g.,  a macrophage,  a 

lymphocyte,  and a neutrophi l )  which enter a tissue.  

[0086]  10 

 The expression "controll ing macrophage activity"  

herein means changing a phenotype of a  macrophage. The 

expression "controll ing macrophage activity" means, for 

example, changing a macrophage from a Pro- inflammatory 

phenotype (M1-type) macrophage which accelerates 15 

inflammation of a t issue into an Immune-regulatory 

phenotype (M2-type)  macrophage. By changing a 

macrophage from an M1-type macrophage into an M2-type 

macrophage, it  is possible  to,  for example, re lieve 

inflammation of a tissue. 20 

[0087]  

 Mesenchymal stem cells can be cultured by (i )  

culturing mesenchymal stem cel ls only in a single serum-

free medium or ( ii )  culturing mesenchymal stem cells in a 

plural ity of serum-free media. Mesenchymal stem cel ls can 25 
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be cultured in a plural ity  of  serum-free media by, for 

example, culturing mesenchymal  stem cel ls in a desired 

serum-free medium, then replacing the desired serum-free 

medium with another serum-free medium, and further 

culturing mesenchymal  stem cel ls  in the another serum-5 

free medium. 

[0088]  

 Since the composition of  the serum-free medium is as 

described earl ier  in [1. Method for producing repair agent],  

a description thereof is omitted here. 10 

[0089]  

 Mesenchymal stem cells  for use in the repair agent of  

an embodiment of  the present invention include not only 

mesenchymal  stem cel ls isolated from tissues such as bone 

marrow, adipose t issue,  a synovial  membrane,  a dental 15 

pulp, and a periodontal  membrane, but also mesenchymal 

stem cells isolated from tissues such as a placenta, cord 

blood, and an umbil ica l cord. In view of providing a repair 

agent having higher repair ing ef fect,  i t  is pre ferable to 

employ mesenchymal stem cel ls isolated from adipose  20 

tissue. The mesenchymal stem cells for use in the repair 

agent of  an embodiment of  the present invention can be 

human mesenchymal  stem cells (e.g.,  collected human 

mesenchymal stem cells) or a rat. A l iv ing tissue to be 

treated with the repair agent is  exempl if ied by,  but not 25 
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particularly l imited to,  a  kidney, a l iver, a lung, a skin, a 

cart i lage, a  bone, the spinal cord, a  tooth, a joint, blood 

vessels (an artery and a vein) , a heart, a brain, a jaw, a 

mouth,  an eye,  a  cornea, and a pharynx. That is,  the repair 

agent can be intended to repair damage to such a l iv ing 5 

tissue. 

[0090]  

 Mesenchymal stem cells for use in an aspect of  the 

present invention have a t issue f ibrosis  suppressing e f fect,  

an inf lammatory cell  inf i l tration suppressing ef fect,  and an 10 

ef fect of changing an inflammation-accelerating 

macrophage (M1) into an inflammation-suppressing 

macrophage (M2),  which are much more powerful than 

those of  mesenchymal stem cel ls  cultured in a serum-free 

medium at a normal oxygen concentration equivalent to the 15 

atmosphere.  

[0091]  

 A condition on which the repair agent works and 

which is accompanied by t issue damage is not l imited to 

any part icular condit ion. Examples of the condition include 20 

acute  kidney injury,  chronic kidney disease, chronic renal 

failure , chronic glomerulonephritis (such as IgA 

nephropathy, membranous nephropathy,  

membranoproli ferative glomerulonephri t is , focal  glomerular 

sclerosis),  other kidney diseases (e.g .,  diabetic 25 
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nephropathy, nephrosclerosis,  rapidly progressive 

glomerulonephrit is, polycystic kidney, tubulointerst it ial  

nephri t is, drug-induced nephrit is,  lupus nephrit is,  

hydronephrosis,  gouty kidney),  cirrhosis ,  pulmonary 

f ibrosis,  a burn, interst it ial pneumonia, drug-induced 5 

pneumonia, i rradiation pneumonitis,  chronic obstructive 

pulmonary disease, an acute respiratory distress syndrome,  

cart i lage damage, a bone defect, spinal cord damage, 

periodontal  disease, multiple  sclerosis,  rheumatoid 

arthrit is, systemic lupus erythematosus, Crohn's syndrome, 10 

diabetes,  arter iosclerosis,  myocardial  infarction, stroke, 

Alzheimer 's d isease, macular degeneration, viral  hepatit is,  

alcohol ic hepatit is, non-alcoholic steatohepati tis, jawbone 

reconstruction, cleft  palate , a bone replacement material , a 

bone defect,  a bone system disease, a dry eye, a corneal 15 

disorder,  pharyngitis,  arthrit is , a  cancer, cancer 

neighborhood f ibrosis,  and fibrosis.  

[0092]  

 The repair agent of  an embodiment of  the present 

invention can contain a pharmaceutical ly acceptable 20 

additive(s)  (e.g. ,  a buffer,  an antioxidant,  a thickener,  

and/or an excipient),  in addition to mesenchymal stem 

cells in which a  gene that encodes angiopoiet in-l ike 4,  a 

gene that encodes fatty acid binding protein 3, a  gene that 

encodes delta- l ike 2 homolog (Drosophila) ,  a  gene that 25 
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encodes fructose-bisphosphate aldolase C, a gene that 

encodes TRPM8 channel-associated factor 2, and a gene 

that encodes REST corepressor 2 are respectively expressed 

in amounts of at least 3 or more  t imes,  as compared with 

respective expression amounts thereof in mesenchymal 5 

stem cells which have been cultured in a serum-containing 

medium at  an oxygen concentration of 5% or more. 

[0093]  

 An amount of the additive(s) contained is not l imited 

to any part icular amount,  but can be, for example,  0.01% 10 

by weight to 50% by weight, 0.01% by weight to 40% by 

weight, 0.01% by weight to  30% by weight, 0.01% by weight 

to 20% by weight, 0.01% by weight to 10% by weight,  or 

0.01% by weight to  1% by weight,  of  the repair agent of an 

embodiment of the present invention. 15 

[0094]  

 The number of mesenchymal stem cel ls contained in 

the  repair agent of  an embodiment of  the present invention 

is  not l imited to any particular number and can be set as 

appropriate in accordance with a  body weight of a subject 20 

to which the repair agent is to be administered. For 

example, 1×102  mesenchymal stem cel ls to 1×101 0  

mesenchymal  stem cel ls,  1×103  mesenchymal stem cel ls  to 

1×1010  mesenchymal stem cel ls,  1×104  mesenchymal stem 

cells to  1×1010  mesenchymal stem cells, 1×105  25 
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mesenchymal  stem cel ls to 1×1010  mesenchymal stem cells,  

or 1×106  mesenchymal stem cel ls to 1×1010  mesenchymal  

stem cel ls can be conta ined per dose (per  administration).  

I t is a matter of course that 1010  or more mesenchymal 

stem cells can be contained per  dose (administration).  5 

[0095]  

 Examples of  a method of administration of the repair 

agent include an intravascular injection, and local 

in ject ions (e.g. ,  an inject ion into the spinal cord (a spinally 

intracavitary injection), an intramuscular inject ion, a joint 10 

inject ion, and an inject ion into the brain) . 

[0096]  

 A subject to which the repair agent for damaged 

tissue in accordance with an embodiment of  the present 

invention is to be administered is not l imited to any 15 

part icular target. Examples of  the subject to which the  

repair  agent is to be administered include a human and 

mammals di fferent from the human (e.g. , catt le,  a pig,  a  

sheep, a goat, a horse,  a dog, a cat, a rabbit ,  a mouse, and 

a rat) .  20 

[0097]  

 An amount of  administration of  the repair agent of an 

embodiment of the present invention ( for one 

administration) is  not l imited to any particular amount,  

but can be an amount that causes 1×106  mesenchymal 25 
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stem cel ls to 1×107  mesenchymal stem cel ls, 1×105  

mesenchymal  stem cel ls to 1×108  mesenchymal stem cel ls,  

1×104  mesenchymal stem cel ls  to 1×109  mesenchymal stem 

cells to be administered per kilogram of  body weight of the  

subject to which the repair agent is to be administered.  5 

The number of mesenchymal stem cel ls administered per 

human can be 1×104  cells to 1×109  cells. While  taking into 

consideration the di f ference in area of body surface 

between a subject to be administered and a human, the 

number of  mesenchymal stem cells per human can be 10 

2×103  ce l ls to 2×108  cel ls .  

[0098]  

 [3 . Other ]  

 An aspect of  the present invention can also be 

arranged as below. Note that a "method for repair ing 15 

damaged tissue" described below can be a  "method for 

preventing damaged t issue" or a "method for treating 

damaged t issue".  

[0099]  

 <1> A method for repair ing damaged t issue, the 20 

method including the step of :  administer ing,  to  a subject 

organism (e.g. ,  a human or a mammal dif ferent from the 

human (such as catt le,  a  pig , a  sheep, a goat,  a horse,  a 

dog, a  cat, a rabbit,  a mouse, or a rat) ) ,  a  repair  agent for 

damaged t issue,  the repair agent containing mesenchymal 25 
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stem cells in which a gene that encodes angiopoie tin-like 4, 

a gene that encodes fatty acid binding protein 3,  a gene 

that encodes delta-l ike 2 homolog (Drosophila ),  a gene that 

encodes fructose-bisphosphate aldolase C, a gene that 

encodes TRPM8 channel-associated factor 2, and a gene 5 

that encodes REST corepressor 2 are respectively expressed 

in amounts of at least 3 or more  t imes,  as compared with 

respective expression amounts thereof in mesenchymal 

stem cells which have been cultured in a serum-containing 

medium at  an oxygen concentration of 5% or more. 10 

[0100]  

 <2> The method described in <1>, in which the repair 

agent is intended to ( i )  suppress fibrosis of  a l iv ing t issue, 

(i i )  suppress inf i l trat ion of an inf lammatory cel l ,  or ( i i i )  

control  act ivity of a macrophage. 15 

[0101]  

 <3> The method described in <1> or <2>, in which: 

the damaged tissue accompanies acute kidney injury,  

chronic kidney disease, chronic renal fa ilure, chronic 

glomerulonephrit is,  diabet ic nephropathy, nephrosclerosis,  20 

rapidly progressive glomerulonephritis , polycystic  kidney, 

tubulointerst i t ial  nephrit is, drug-induced nephrit is, lupus 

nephri t is, hydronephrosis,  gouty kidney, cirrhosis,  

pulmonary f ibrosis,  a  burn, interst it ial  pneumonia,  drug-

induced pneumonia, irradiation pneumonit is , chronic 25 
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obstructive pulmonary disease, an acute respiratory 

distress syndrome, carti lage damage, a bone defect, spina l 

cord damage, periodontal  disease, multiple  sclerosis,  

rheumatoid arthrit is, systemic lupus erythematosus, 

Crohn's  disease, diabetes, arteriosclerosis,  myocardial  5 

infarct ion, stroke, Alzheimer 's disease, macular 

degeneration, v iral  hepatit is,  a lcohol ic hepatit is,  non-

alcohol ic steatohepatit is, jawbone reconstruction, cleft  

palate,  a bone replacement material,  a bone defect, a  bone 

system disease,  a dry eye,  a  corneal disorder,  pharyngitis,  10 

arthrit is, a cancer, cancer neighborhood fibrosis,  or 

f ibrosis.  

Examples 

[0102]  

 [Example 1]  15 

 A kidney f ibrosis suppressing ef fect brought about by 

implantation of  mesenchymal  stem cel ls cultured in a 

serum-free medium was studied. 

[0103]  

 <Method: preparation of MSC> 20 

 In this Example 1,  as MSC, human mesenchymal  

stem cells cultured with use  of  a serum-free medium (STK2 

medium, TWOCELLS COMPANY, LIMITED: corresponding to 

the "serum-free medium containing an FGF, a PDGF, an 

EGF, at least  one phospholipid, and at least one fatty  25 
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acid")  were used. 

[0104]  

 In Example,  human bone marrow-derived 

mesenchymal  stem cells (1%O2hMSC) which had been 

cultured for 24 hours under a 1% oxygen environment were 5 

used. Meanwhi le , in Comparative Example, human bone 

marrow-derived mesenchymal  stem cells (21%O2hMSC) 

which had been cultured for 24 hours under a 21% oxygen 

environment were used. Note that the culture of  those 

human bone marrow-derived mesenchymal stem cel ls  was 10 

carried out under the atmospheric pressure.  

[0105]  

 A gas, which had been prepared to contain oxygen 

(1% or 21%),  carbon dioxide (5%),  and nitrogen (94% or 

74%) and accommodated in a  gas bottle , was suppl ied from 15 

the gas bott le to the environment in which the human bone 

marrow-derived mesenchymal stem cells were cultured. 

[0106]  

 <Method: preparation of model of disease> 

 A kidney f ibrosis  model was prepared by blocking the  20 

le ft  renal artery of  a Sprague Dawley rat (SD rat)  (8-week 

old,  male) for 60 minutes,  and then re leasing the blockage 

(renal ischemia-reperfusion injury (IRI ) ) . The IRI was 

caused according to a known method. 

[0107]  25 
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 <Method: administration of  test  substance/placebo> 

 The prepared 500,000 cel ls  of  MSC (21%O2hMSC or 

1%O2hMSC) were suspended in 200 μL of  PBS. The 

suspended MSC was administered into the blood vessel  of  

the  SD rat  which had been subjected to the IRI (a group to 5 

which 21%O2hMSC was administered may be referred to as 

"21%O2hMSC group",  and a group to which 1%O2hMSC was 

administered may be referred to as "1%O2hMSC group").  As 

a control ,  200 μL of  only PBS was administered into the 

blood vessel  of the SD rat which had been subjected to the 10 

IRI  ( this group may be referred to as "PBS group") . 

[0108]  

 For the "21%O2hMSC group",  the influence of the test 

substance was evaluated with use of  n=2 ( lef t kidneys 

taken from two SD rats subjected to the IRI) .  For  the "PBS 15 

group" and the "1%O2hMSC group",  the influence of the 

test  substance was evaluated with use of n=3 ( lef t kidneys 

taken from three SD rats subjected to the IRI) .  

[0109]  

 <Method: sacri f ice and material  col lect ion> 20 

 Af ter 21 days had elapsed from the administration of  

the  test substance (1%O2hMSC, 21%O2hMSC, or  PBS),  the 

le ft kidneys of the SD rats were col lected. For the collected 

kidneys, kidney f ibrosis  and increase/decrease of  

extracel lular matrix accompanying kidney fibrosis were 25 
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evaluated by Western blotting with use of  an anti-α-SMA 

antibody and immunostaining with use of an anti-α-SMA 

antibody, an anti-col lagen type I  antibody, and an anti -

collagen type I II  antibody. Note that confirmation in the 

Western blotting was carried out in accordance with a well -5 

known protocol  of Western blott ing. The immunostaining 

was carried out with use of commercial ly-available  

antibodies in accordance  with a wel l-known protocol.  

[0110]  

 <Results> 10 

 Fig.  1 shows the result  of Western blott ing using the 

anti-α-SMA antibody. Fig.  2 shows the result  of  

immunostaining using the anti -α-SMA antibody, the anti-

collagen type I  antibody, and the anti-col lagen type II I  

antibody. 15 

[0111]  

 As shown in Fig.  1,  for the "21%O2hMSC group",  

expression of  α-SMA, which is a molecular marker for 

kidney f ibrosis,  was suppressed as compared with the "PBS 

group". Furthermore, for the "1%O2hMSC group",  20 

expression of α-SMA was further suppressed as compared 

with the "21%O2hMSC group". 

[0112]  

 As shown in Fig. 2,  the expression of α-SMA, which is 

a molecular marker for kidney f ibrosis  and was induced by 25 
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subjecting the SD rat to the IRI,  and the expression of  the 

collagen type I  and the collagen type I I I ,  which are the 

extracel lular matrices whose expression is enhanced due to 

kidney f ibrosis, were suppressed for  the "21%O2hMSC 

group" as compared with the  "PBS group".  Furthermore, for 5 

the "1%O2hMSC group",  the expressions of α-SMA, collagen 

type I , and col lagen type I I I  were further suppressed as 

compared with the "21%O2hMSC group".  

[0113]  

 <Conclusion of  Example 1> 10 

 It was confirmed that the human bone marrow-

derived mesenchymal  stem cel ls (1%O2hMSC group) 

cultured for 24 hours under the environment of low oxygen 

concentration had the enhanced effect of  suppressing the 

progress of  kidney fibrosis,  as compared with the human 15 

bone marrow-derived mesenchymal stem cel ls (21%O2hMSC 

group) cultured for 24 hours under the environment of  

normal oxygen concentration. 

[0114]  

 [Example 2-1]  20 

 A f ibrosis  suppressing ef fect brought about by 

culture supernatant of human bone marrow-derived 

mesenchymal  stem cel ls cultured in a serum-free medium 

was studied. 

[0115]  25 
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 Fibrosis induction caused by TGF-β1 st imulation was 

carried out on human renal proximal tubular epithel ia l 

cells  (HK2),  and culture supernatant of the human bone 

marrow-derived mesenchymal stem cel ls (hereinafter,  a lso 

referred to as "MSC-CM")  was added to the human proximal 5 

tubular epithelial cel ls (HK2),  and an expression level  of  α-

SMA was evaluated. 

[0116]  

 <Preparation of culture supernatant> 

 With use of  an STK2 medium, human bone marrow-10 

derived mesenchymal stem cells were cultured for 24 hours 

under a 21% oxygen environment.  The STK2 medium was 

removed from the cultured matter to obtain human bone 

marrow-derived mesenchymal stem cel ls , and then the 

human mesenchymal stem cells were cultured for 24 hours 15 

under a 21% oxygen environment with use of  a serum-free 

DMEM. After 24-hour culture, culture supernatant of  the 

human bone marrow-derived mesenchymal stem cel ls  was 

obtained as "21%O2MSC-CM".  

[0117]  20 

 With use of  an STK2 medium, human bone marrow-

derived mesenchymal stem cells were cultured for 24 hours 

under a 1% oxygen environment.  The STK2 medium was 

removed from the cultured matter to obtain human bone 

marrow-derived mesenchymal stem cel ls , and then the 25 



- 48 - 

  

human bone marrow-derived mesenchymal stem cells were 

cultured for 24 hours under a 1% oxygen environment with 

use  of  a serum-free DMEM. After 24-hour culture, culture 

supernatant of  the human bone marrow-derived 

mesenchymal  stem cells was obtained as "1%O2MSC-CM".  5 

Note that , for  obtaining both "21%O2MSC-CM" and 

"1%O2MSC-CM", the human bone marrow-der ived 

mesenchymal  stem cel ls were cultured under the 

atmospheric  pressure.  

[0118]  10 

 A gas, which had been prepared to contain oxygen 

(1% or 21%),  carbon dioxide (5%),  and nitrogen (94% or 

74%) and accommodated in a  gas bottle , was suppl ied from 

the gas bott le to the environment in which the human bone 

marrow-derived mesenchymal stem cells were cultured. 15 

[0119]  

 <Evaluation Methods> 

 The human proximal tubular epithel ial  cel ls (HK2) 

were seeded to a 6-wel l plate at 1×105  cel ls/well ,  cul tured 

in a 10% bovine serum-containing DMEM medium (Sigma-20 

Aldrich) for 18 hours. I t was conf irmed that the number of  

cells after the culture was sub-confluent ( i .e.,  80% to 90% 

of the number of  cel ls in a confluent  state).  Then, the 10% 

bovine serum-containing DMEM medium was removed by 

sucking, and the HK2 was washed with PBS. The HK2 was 25 
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seeded to a serum-free DMEM, and then the 21%O2MSC-CM 

or the 1%O2MSC-CM was added thereto.  A resultant  

mixture was cultured for 24 hours under the atmosphere.  

Af ter the 24-hour culture,  TGF-β1 was added to the 

cultured matter.  After the TGF-β1 was added to the 5 

cultured matter, a resultant  mixture was cultured for 

another 12 hours. Then, expression of α-SMA in the HK2 

was evaluated by Western blott ing.  

[0120]  

 <Results> 10 

 Fig.  3 shows the result  of Western blott ing using the 

anti-α-SMA antibody in the HK2. Fig.  3 shows: ( i )  an 

expression level  of  α-SMA in the case where culture  

supernatant and TGF-β1 were not added (serum-free DMEM 

was added and TGF-β1 was not added)  (1st to 3rd lanes 15 

from the le ft in Fig.  3);  (i i )  an expression level  o f α-SMA in 

the case where culture supernatant was not added and 

TGF-β1 was added (serum-free  DMEM and TGF-β1 were 

added) (4th to 6th lanes from the left in Fig. 3) ; ( i i i )  an 

expression level of  α-SMA in the case where  21%O2MSC-CM 20 

was added as culture supernatant and TGF-β1 was further 

added (7th to 9th lanes from the le ft  in Fig. 3) ;  and (iv)  an 

expression level  of  α-SMA in the case where 1%O 2MSC-CM 

was added as culture supernatant and TGF-β1 was further 

added (10th to 12th lanes from the lef t  in Fig. 3) . 25 
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[0121]  

 As shown in Fig. 3,  the expression level of  α-SMA in 

the case where the serum-free DMEM and TGF-β1 were 

added was raised higher, as compared with the expression 

level  of α-SMA in the case where the serum-free DMEM was 5 

added and TGF-β1 was not added. This shows that TGF-β 

can induce the human proximal  tubular  epi thelial cel ls to 

be in the f ibrosis state.  

[0122]  

 The expression level  of  α-SMA in the case where 10 

21%O2MSC-CM was added as culture supernatant and TGF-

β1 was further added was found to be suppressed, as 

compared with the expression level  of  α-SMA in the case 

where the serum-free DMEM and TGF-β1 were added. 

[0123]  15 

 The expression level  of  α-SMA in the case where 

1%O2MSC-CM was added as culture supernatant and TGF-

β1 was further added was found to be suppressed, as 

compared with the expression level  of  α-SMA in the case 

where 21%O2MSC-CM was added as culture supernatant 20 

and TGF-β1 was further  added.  

[0124]  

 <Conclusion of  Example 2-1> 

 The human bone marrow-derived mesenchymal  stem 

cells  (1%O2MSC-CM) cultured for  24 hours or more in the 25 
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low oxygen concentration ( i .e .,  oxygen concentrat ion of  1%) 

environment more  strongly suppressed the f ibrosis 

induction caused by TGF-β1 st imulation, as compared with 

the human bone marrow-derived mesenchymal  stem cel ls  

(21%O2MSC-CM) cultured under the environment at the 5 

oxygen concentration of  21%.  

[0125]  

 [Example 2-2]  

 With use of  human adipose-derived mesenchymal  

stem cells as MSC, a f ibrosis  suppressing e ffect brought 10 

about by culture supernatant of  human adipose-derived 

mesenchymal  stem cel ls cultured in a serum-free medium 

was studied, in a  manner s imilar to that of  [Example 2-1].  

[0126]  

 <Preparation of culture supernatant> 15 

 With use of an STK2 medium, human adipose-derived 

mesenchymal  stem cells were cultured for 24 hours under 

a 21% oxygen environment. The STK2 medium was removed 

from the cultured matter to  obta in human adipose-derived 

mesenchymal  stem cel ls, and then the human adipose-20 

derived mesenchymal stem cells were cultured for 24 hours 

under a 21% oxygen environment with use of  a serum-free 

DMEM. After 24-hour culture, culture supernatant of  the 

human adipose-der ived mesenchymal stem cel ls was 

obtained as "21%O2AMSC-CM".  25 
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[0127]  

 With use of an STK2 medium, human adipose-derived 

mesenchymal  stem cells were cultured for 24 hours under 

a 1% oxygen environment.  The STK2 medium was removed 

from the cultured matter to  obta in human adipose-derived 5 

mesenchymal  stem cel ls, and then the human adipose-

derived mesenchymal stem cells were cultured for 24 hours 

under a 1% oxygen environment with use of  a serum-free 

DMEM. After 24-hour culture, culture supernatant of  the 

human adipose-der ived mesenchymal stem cel ls was 10 

obtained as "1%O2AMSC-CM". Note that, for obtaining both 

"21%O2AMSC-CM" and "1%O2AMSC-CM", the human 

adipose-derived mesenchymal stem cells were  cultured 

under the atmospheric  pressure.  

[0128]  15 

 A gas, which had been prepared to contain oxygen 

(1% or 21%),  carbon dioxide (5%),  and nitrogen (94% or 

74%) and accommodated in a  gas bottle , was suppl ied from 

the gas bott le to the environment in which the human 

adipose-derived mesenchymal  stem cells  were cultured. 20 

[0129]  

 <Evaluation Methods> 

 The human proximal tubular epithel ial  cel ls (HK2) 

were seeded to a 6-wel l plate at 1×105  cel ls/well ,  cul tured 

in a 10% bovine serum-containing DMEM medium (Sigma-25 
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Aldrich) for 18 hours. I t was conf irmed that the number of  

cells after the culture was sub-confluent ( i .e.,  80% to 90% 

of the number of  cel ls in a confluent  state).  Then, the 10% 

bovine serum-containing DMEM medium was removed by 

sucking, and the HK2 was washed with PBS. The HK2 was 5 

seeded to a serum-free DMEM, and then the 21%O2AMSC-

CM or the  1%O2AMSC-CM was added thereto. A resultant 

mixture was cultured for 24 hours under the atmosphere.  

Af ter the 24-hour culture,  TGF-β1 was added to the 

cultured matter.  After the TGF-β1 was added to the 10 

cultured matter, a resultant  mixture was cultured for 

another 12 hours. Then, expression of α-SMA in the HK2 

was evaluated by Western blott ing.  

[0130]  

 <Results> 15 

 Fig.  4 shows the result  of Western blott ing using the 

anti-α-SMA antibody in the HK2. Fig.  4 shows: ( i )  an 

expression level  of  α-SMA in the case where culture  

supernatant and TGF-β1 were not added (serum-free DMEM 

was added and TGF-β1 was not added)  (1st to 3rd lanes 20 

from the left in Fig.  4);  (i i )  an expression level  o f α-SMA in 

the case where culture supernatant was not added and 

TGF-β1 was added (serum-free  DMEM and TGF-β1 were 

added) (4th to 6th lanes from the left in Fig. 4) ; ( i i i )  an 

expression level of α-SMA in the case where 21%O2AMSC-25 
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CM was added as culture supernatant and TGF-β1 was 

further  added (7th to 9th lanes from the le ft  in Fig. 4);  and 

(iv)  an expression level  of  α-SMA in the case where 

1%O2AMSC-CM was added as culture supernatant and 

TGF-β1 was further added (10th to 12th lanes from the left  5 

in Fig .  4 ).  

[0131]  

 As shown in Fig. 4,  the expression level of  α-SMA in 

the case where the serum-free DMEM and TGF-β1 were 

added was raised higher, as compared with the expression 10 

level  of α-SMA in the case where the serum-free DMEM was 

added and TGF-β1 was not added. This shows that TGF-β 

can induce the human proximal  tubular  epi thelial cel ls to 

be in the f ibrosis state.  

[0132]  15 

 The expression level  of  α-SMA in the case where 

21%O2AMSC-CM was added as culture supernatant and 

TGF-β1 was further added was found to be suppressed,  as 

compared with the expression level  of  α-SMA in the case 

where the serum-free DMEM and TGF-β1 were added. 20 

[0133]  

 The expression level  of  α-SMA in the case where 

1%O2AMSC-CM was added as culture supernatant and 

TGF-β1 was further added was found to be suppressed to a 

degree equivalent to the expression level  o f  α-SMA in the 25 
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case where 21%O2AMSC-CM was added as culture 

supernatant and TGF-β1 was further added. 

[0134]  

 <Conclusion of  Example 2-2> 

 The human adipose-derived mesenchymal stem cel ls 5 

(21%O2AMSC-CM) cultured in the environment at the 

oxygen concentration of  21% and the human adipose-

derived mesenchymal stem cel ls (1%O2AMSC-CM) cultured 

for 24 hours or  more in the low oxygen concentration ( i .e .,  

oxygen concentration of  1%) environment both strongly 10 

suppressed the f ibrosis induction caused by TGF-β1 

st imulation. That is,  the human adipose-derived 

mesenchymal  stem cel ls (21%O2AMSC-CM) cultured in the 

environment at the  oxygen concentration of 21% and the 

human adipose-derived mesenchymal stem cel ls  15 

(1%O2AMSC-CM) cultured for 24 hours or more in the low 

oxygen concentration (i .e . ,  oxygen concentration of  1%) 

environment both returned the expression level  of α-SMA, 

which had been increased by the TGF-β1 stimulation, to 

the normal expression level of  α-SMA. 20 

[0135]  

 As already shown in [Example 2-1],  the mesenchymal  

stem cells cultured in the environment at the oxygen 

concentration of  21% have a weaker e ffect o f suppressing 

f ibrosis induction caused by TGF-β1 st imulation, as 25 
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compared with the mesenchymal stem cel ls cultured in the 

low oxygen concentration ( i .e .,  oxygen concentrat ion of  1%) 

environment.  In this  [Example 2-2] , even the human 

adipose-derived mesenchymal stem cells (21%O2AMSC-CM), 

which had been cultured in the environment at the oxygen 5 

concentration of  21% and had a weaker ef fect of  

suppressing f ibrosis  induction caused by TGF-β1 

st imulation,  returned the expression level  of α-SMA, which 

had been increased by the TGF-β1 stimulation, to the  

normal expression level of  α-SMA. This shows that the 10 

human adipose-derived mesenchymal  stem cel ls have the 

stronger e ffect of suppressing fibrosis induction caused by 

TGF-β1 stimulat ion, as compared with the human bone 

marrow-derived mesenchymal stem cells.  

[0136]  15 

 Since the 1%O2AMSC-CM and 21%O2AMSC-CM 

strongly suppressed f ibrosis induction caused by TGF-β1 

st imulation,  i t  has been shown that the st rong f ibrosis 

suppressing ef fect by the human adipose-derived 

mesenchymal  stem cells is maintained at high level  even 20 

when the cel ls were cultured in the low oxygen 

environment.  

[0137]  

 [Example 3]  

 Fig.  5 shows the result of  comparing expression 25 
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amounts of surface antigens of human bone marrow-

derived mesenchymal stem cells,  which were expressed in 

(i )  human bone marrow-derived mesenchymal stem cel ls  

(hereinafter,  also referred to as "STK") cultured for 24 

hours in an oxygen environment equivalent to the 5 

atmosphere ( in other words,  an environment in which a gas 

component was not prepared) with use of an STK2 medium 

and in ( ii )  human bone marrow-derived mesenchymal stem 

cells (here inafter , also referred to as "STK H") cultured at 

an oxygen concentration equivalent to the atmosphere ( in 10 

other words,  an environment in which a gas component 

was not prepared) with use of  an STK2 medium and then 

cultured for 24 hours in a 1% oxygen environment.  

[0138]  

 A gas, which had been prepared to contain oxygen 15 

(1%), carbon dioxide (5%),  and nitrogen (94%) and 

accommodated in a gas bott le , was supplied from the gas 

bott le  to the environment in which the human 

mesenchymal  stem cells  were cultured. 

[0139]  20 

 <Comparison method> 

 With use of an anti -HLA-A,B,C antibody (BioLegend,  

San Diego, CA) which is of  the human leukocyte antigen 

(HLA)  class I ,  an anti-HLA-DR antibody (BioLegend) of  HLA 

class II ,  and an anti -CD-29 antibody (BioLegend),  an anti -25 
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CD-44 antibody (BioLegend),  an anti-CD-73 antibody 

(BioLegend), an anti-CD-90 antibody (BioLegend),  and an 

anti-CD-44 antibody (BioLegend) which are mesenchymal 

stem cell  markers,  expression amounts of  surface  antigens 

were analyzed by f low cytometry with use of BD FACSVerse 5 

(Becton, Dickinson and Company, Franklin Lakes,  NJ).  

[0140]  

 <Results> 

 In Fig.  5,  expression amounts of  the HLA-A,B,C 

antibody are shown in the graph 101, and the expression 10 

amounts of  the HLA-A,B,C antibody are also shown in the 

counted values 102.  Expression amounts of the HLA-DR 

antibody are shown in the graph 103, and the expression 

amounts of  the HLA-DR antibody are also shown in the 

counted values 104. Expression amounts of  the CD-29 15 

antibody are shown in the graph 105, and the expression 

amounts of  the  CD-29 antibody are also shown in the 

counted values 106. Expression amounts of  the CD-44 

antibody are shown in the graph 107, and the expression 

amounts of  the  CD-44 antibody are also shown in the 20 

counted values 108. Expression amounts of  the CD-73 

antibody are shown in the graph 109, and the expression 

amounts of  the  CD-73 antibody are also shown in the 

counted values 110. Expression amounts of  the CD-90 

antibody are shown in the graph 111, and the expression 25 
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amounts of  the  CD-90 antibody are also shown in the 

counted values 112.  

[0141]  

 As shown in the graph 101 indicating the expression 

amounts of the HLA-A,B,C antibody and the counted values 5 

102 indicating the expression amounts of  the HLA-A,B,C 

antibody, the expression amount of  the anti-HLA-A,B,C 

antibody expressed in the STK was equivalent to that of  the 

HLA-A,B,C antibody expressed in the STK H. As shown in 

the graph 103 indicat ing the expression amounts of the 10 

HLA-DR antibody and the counted values 104 indicating 

the expression amounts of the HLA-DR antibody,  the HLA-

DR antibody was not expressed in STK and STK H. 

Furthermore, expressions of  the CD-29, CD-44, CD-73, and 

CD-90 which are markers expressing in mesenchymal stem 15 

cells were observed in both the STK and STK H, and the 

expression amounts were not di fferent between the STK 

and STK H (see 105 through 112).  Although not shown in 

Fig.  5,  CD-11b, CD-34, and CD-45 which are markers that 

do not express in human mesenchymal  stem cel ls  ( i .e .,  20 

negative markers) were not seen in both the STK and STK 

H. 

[0142]  

 <Conclusion of  Example 3> 

 In the human bone marrow-derived mesenchymal  25 
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stem cells cultured for 24 hours under the 21%O2  

environment with use of the STK2 medium and in the 

human bone marrow-derived mesenchymal stem cel ls 

cultured for 24 hours under the 1%O2  environment with 

use of the STK2 medium, the speci f ic surface antigens that  5 

express in human bone marrow-derived mesenchymal stem 

cells did not change. From this,  i t has been suggested that 

no influence is exerted on immunological  tolerance of  the 

human bone marrow-derived mesenchymal stem cel ls 

cultured for 24 hours under the 1%O2  environment and on 10 

safety in implantation of the human bone marrow-derived 

mesenchymal  stem cells . 

[0143]  

 [Example 4]  

 Expression amounts of  VEGF and HGF contained in 15 

culture supernatant of human bone marrow-derived 

mesenchymal  stem cel ls cultured in a serum-free medium 

were studied. 

[0144]  

 <Preparation of culture supernatant (condit ioned 20 

medium)> 

 Human bone marrow-derived mesenchymal stem cells,  

which had been subcultured three or more times, were 

seeded to a 6-well  plate ,  and cultured to be sub-confluent,  

with use  of  an STK2 medium. After the culture, the culture 25 
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medium was changed from the STK2 medium to a serum-

free DMEM, and culture was carried out for 24 hours under 

a 5% oxygen environment.  After the 24-hour culture under 

the  5% oxygen environment,  culture supernatant of  the  

human bone marrow-derived mesenchymal stem cel ls  was 5 

obtained as "5%O2" .  

[0145]  

 Human bone marrow-derived mesenchymal stem cells,  

which had been subcultured three or more times, were 

seeded to a 6-well  plate ,  and cultured to be sub-confluent,  10 

with use  of  an STK2 medium. After the culture, the culture 

medium was changed from the STK2 medium to a serum-

free DMEM, and culture was carried out for 24 hours under 

a 3% oxygen environment.  After the 24-hour culture under 

the  3% oxygen environment,  culture supernatant of  the  15 

human bone marrow-derived mesenchymal stem cel ls  was 

obtained as "3%O2" .  

[0146]  

 Human bone marrow-derived mesenchymal stem cells,  

which had been subcultured three or more times, were 20 

seeded to a 6-well  plate ,  and cultured to be sub-confluent,  

with use  of  an STK2 medium. After the culture, the culture 

medium was changed from the STK2 medium to a serum-

free DMEM, and culture was carried out for 24 hours under 

a 1% oxygen environment.  After the 24-hour culture under 25 
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the  1% oxygen environment,  culture supernatant of  the  

human bone marrow-derived mesenchymal stem cel ls  was 

obtained as "1%O2" .  

[0147]  

 As a control,  human bone marrow-derived 5 

mesenchymal  stem cel ls ,  which had been subcultured three 

or more times, were seeded to a 6-well  plate, and cultured 

to be sub-confluent , with use of an STK2 medium. After the 

culture,  the culture medium was changed from the STK2 

medium to a serum-free DMEM, and culture was carried 10 

out for 24 hours under a 21% oxygen environment.  Af ter 

the 24-hour culture under the 21% oxygen environment,  

culture supernatant of  the human bone marrow-derived 

mesenchymal  stem cells  was obtained as "control" .  

[0148]  15 

 A gas, which had been prepared to contain oxygen 

(1% or 21%),  carbon dioxide (5%),  and nitrogen (94% or 

74%) and accommodated in a  gas bottle , was suppl ied from 

the gas bottle to the 1% oxygen environment and to the 

21% oxygen environment among the culture environments 20 

in which the human bone marrow-derived mesenchymal 

stem cells were cultured. Meanwhile,  to the 3% oxygen 

environment and to the 5% oxygen environment, a gas 

obtained by mixing the gas supplied to the 1% oxygen 

environment with the gas supplied to the 21% oxygen 25 



- 63 - 

  

environment at an appropriate  rat io  was supplied. 

[0149]  

 <Evaluation Methods> 

 With an ELISA kit (R&D Systems,  Minneapolis, Mn, 

USA)  for measuring VEGF concentration, VEGF 5 

concentrations in the collected culture supernatants ( i .e .,  

5%O2 ,  3%O2 ,  1%O2 ,  and control)  were measured in n=6 for 

each group. Average values of  the VEGF concentrations are 

shown in the upper part of Fig.  6.  Note that each of the 

measured values was corrected for the entire prote in 10 

amount in the culture supernatant,  and a signif icance test 

was carried out by a Mann-Whitney U test to determine a 

significant dif ference from the control.  

[0150]  

 Moreover, with an ELISA kit (R&D Systems, 15 

Minneapol is,  Mn, USA) for measuring an HGF 

concentration,  HGF concentrations in the col lected culture  

supernatants ( i .e.,  5%O2 ,  3%O2 ,  1%O2 ,  and control)  were 

measured in n=6 for each group.  Average values of the HGF 

concentrations are shown in the lower part of Fig.  6.  Note 20 

that each of  the measured values was corrected for the 

entire prote in amount in the culture supernatant,  and a 

significance test was carried out by a Mann-Whitney U test 

to determine a signif icant dif ference from the control .  

[0151]  25 
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 <Results> 

 As shown in the upper part in Fig.  6, in the 3%O2 ,  a 

signif icant increase in VEGF was found, as compared with 

the control.  In the 1%O2 ,  an increase in VEGF greater than 

that in the 3%O2  was found, as compared with the control .  5 

[0152]  

 As shown in the lower part in Fig. 6, in the 3%O2 ,  a 

signif icant increase in HGF was found,  as compared with 

the  control.  In the 1%O2 ,  an increase in HGF greater than 

that in the 3%O2  was found, as compared with the control .  10 

[0153]  

 <Conclusion of  Example 4> 

 In the human bone marrow-derived mesenchymal  

stem cells,  the oxygen concentration needed to heighten 

the  VEGF secret ion property and HGF secret ion property 15 

was less than 5%, preferably 3% or less,  most preferably 

1% or less.  

[0154]  

 [Example 5]  

 Change with t ime of an amount of VEGF contained in 20 

culture supernatant of human bone marrow-derived 

mesenchymal  stem cel ls cultured in a serum-free medium 

under a 1% oxygen environment was studied. 

[0155]  

 <Preparation of culture supernatant> 25 
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 Human bone marrow-derived mesenchymal stem cells,  

which had been subcultured three or more times, were 

seeded to a 6-well  plate ,  and cultured to be sub-confluent,  

with use  of  an STK2 medium. After the culture, the culture 

medium was changed from the STK2 medium to a serum-5 

free DMEM, and culture was carried out for 18 hours under 

a 21% oxygen environment,  and then culture was carried 

out for 6 hours under a 1% oxygen environment. After the 

6-hour culture under the 1% oxygen environment,  culture 

supernatant of  the human bone marrow-derived 10 

mesenchymal  stem cells  was obtained as "1%O2  6hr".  

[0156]  

 Human bone marrow-derived mesenchymal stem cells,  

which had been subcultured three or more times, were 

seeded to a 6-well  plate ,  and cultured to be sub-confluent,  15 

with use  of  an STK2 medium. After the culture, the culture 

medium was changed from the STK2 medium to a serum-

free DMEM, and culture was carried out for 12 hours under 

a 21% oxygen environment,  and then culture was carried 

out for 12 hours under a 1% oxygen environment.  After  the  20 

12-hour culture under the 1% oxygen environment,  culture 

supernatant of  the human bone marrow-derived 

mesenchymal  stem cells  was obtained as "1%O2  12hr". 

[0157]  

 Human bone marrow-derived mesenchymal stem cells,  25 
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which had been subcultured three or more times, were 

seeded to a 6-well  plate ,  and cultured to be sub-confluent,  

with use  of  an STK2 medium. After the culture, the culture 

medium was changed from the STK2 medium to a serum-

free DMEM, and culture was carried out for 24 hours under 5 

a 1% oxygen environment.  After the 24-hour culture under 

the  1% oxygen environment,  culture supernatant of  the  

human mesenchymal stem cel ls was obtained as "1%O2  

24hr".  

[0158]  10 

 As a control,  human bone marrow-derived 

mesenchymal  stem cel ls ,  which had been subcultured three 

or more times, were seeded to a 6-well  plate, and cultured 

to be sub-confluent , with use of an STK2 medium. After the 

culture,  the culture medium was changed from the STK2 15 

medium to a serum-free DMEM, and culture was carried 

out for 24 hours under a 21% oxygen environment.  Af ter 

the 24-hour culture under the 21% oxygen environment,  

culture supernatant of  the human bone marrow-derived 

mesenchymal  stem cells  was obtained as "control" .  20 

[0159]  

 A gas, which had been prepared to contain oxygen 

(1% or 21%),  carbon dioxide (5%),  and nitrogen (94% or 

74%) and accommodated in a  gas bottle , was suppl ied from 

the gas bott le to the environment in which the human bone 25 
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marrow-derived mesenchymal stem cells were cultured. 

[0160]  

 <Evaluation Methods> 

 With an ELISA kit (R&D Systems,  Minneapolis, Mn, 

USA)  for measuring VEGF concentration, VEGF 5 

concentrations in the collected culture supernatants ( i .e .,  

1%O2  6hr, 1%O 2  12hr,  1%O2  24hr,  and control )  were 

measured in n=6 for each group. Average values of the 

VEGF concentrations are shown in Fig. 7. Note that each of  

the measured values was corrected for  the entire prote in 10 

amount in the culture supernatant,  and a signif icance test 

was carried out by a Mann-Whitney U test to determine a 

significant dif ference from the control.  

[0161]  

 <Results> 15 

 As shown in Fig. 7,  in the 1%O2  12hr, a signi ficant 

increase in VEGF was found, as compared with the control.  

In the 1%O2  24hr,  an increase in VEGF greater than that 

in the 1%O2  12hr was found, as compared with the control.  

[0162]  20 

 <Conclusion of  Example 5> 

 It has been found that , in order to heighten the 

VEGF secret ion property of the human bone marrow-

derived mesenchymal stem cel ls  under the low oxygen 

condit ion, the culture  t ime is preferably 12 hours or more,  25 
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further  preferably 24 hours or  more.  

[0163]  

 [Example 6]  

 <Culture of  ce ll  and col lect ion of RNA> 

 (i )  Human bone marrow-derived mesenchymal  stem 5 

cells  were subcultured three or more times with use  of  a 

DMEM medium containing 10% FBS. After that, the human 

bone marrow-derived mesenchymal stem cel ls  were  

cultured for 24 hours under a 21% oxygen environment in 

a DMEM medium containing 10% FBS. Subsequently,  10 

according to a known method, mRNA was col lected from the 

human bone marrow-derived mesenchymal stem cells.  

Hereinafter, the mRNA is referred to as "mRNA (1) " .  

[0164]  

 (i i )  Human bone marrow-der ived mesenchymal stem 15 

cells were subcultured three or more t imes with use of  an 

STK medium. After that,  the human bone marrow-derived 

mesenchymal  stem cells were cultured for 24 hours under 

a 1% oxygen environment in a serum-free medium. 

Subsequently,  according to a known method, mRNA was 20 

collected from the human bone marrow-derived 

mesenchymal  stem cells. Hereinafter, the mRNA is  re ferred 

to as "mRNA (2)" .  

[0165]  

 (i i i )  Human bone marrow-der ived mesenchymal  stem 25 
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cells were subcultured three or more t imes with use of  an 

STK medium. After that,  the human bone marrow-derived 

mesenchymal  stem cells were cultured for 24 hours under 

a 21% oxygen environment in a serum-free medium. 

Subsequently,  according to a known method, mRNA was 5 

collected from the human bone marrow-derived 

mesenchymal  stem cells. Hereinafter, the mRNA is  re ferred 

to as "mRNA (3)" .  

[0166]  

 (iv)  Human bone marrow-derived mesenchymal stem 10 

cells  were subcultured three or more times with use  of  a 

DMEM medium containing 10% FBS. After that, the human 

bone marrow-derived mesenchymal stem cel ls  were  

cultured for 24 hours under a 1% oxygen environment in a 

DMEM medium conta ining 10% FBS. Subsequently,  15 

according to a known method, mRNA was col lected from the 

human bone marrow-derived mesenchymal stem cells.  

Hereinafter, the mRNA is referred to as "mRNA (4) " .  

[0167]  

 A gas, which contained oxygen (1% or 21%), carbon 20 

dioxide  (5%), and nitrogen (94% or 74%),  was supplied to 

the  environment in which the human bone marrow-derived 

mesenchymal  stem cel ls were cultured, and thus the  

oxygen concentration in the environment was adjusted. 

[0168]  25 
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 <Evaluation by microarray> 

 With a DNA microarray (Agi lent Gene Expression 

Microarray: SurePrint G3 Human Gene Expression),  

amounts of  mRNA of specif ic  genes A (e .g. , ANGPTL4, 

FABP3, DLK2, ALDOC, TCAF2, RCOR2, and the l ike) 5 

contained in each of the col lected mRNAs (1) through (4) 

were measured.  

[0169]  

 Next, for each type of the genes, values of  "mRNA 

amount of gene A contained in mRNA (2)/mRNA amount of  10 

gene A contained in mRNA (1)" ,  "mRNA amount of  gene A 

contained in mRNA (3)/mRNA amount of  gene A contained 

in mRNA (1)",  and "mRNA amount of  gene A contained in 

mRNA (4)/mRNA amount of  gene A contained in mRNA (1) "  

were calculated. 15 

[0170]  

 In Fig. 8 (described later ),  the value of  "mRNA 

amount of gene A contained in mRNA (2)/mRNA amount of  

gene A contained in mRNA (1)"  is indicated as 

"hypoxia+serum-free",  the value of  "mRNA amount of  gene 20 

A contained in mRNA (3)/mRNA amount of  gene A 

contained in mRNA (1)" is indicated as "serum-free", and 

the  value of  "mRNA amount of  gene A contained in mRNA 

(4)/mRNA amount of  gene A contained in mRNA (1)"  is 

indicated as "hypoxia".  25 
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[0171]  

 <Results> 

 The graph 201 in Fig. 8 indicates comparison of  

expression amounts of ANGPTL4.  The graph 202 in Fig. 8 

indicates comparison of  expression amounts of  FABP3. The 5 

graph 203 in Fig.  8 indicates comparison of  expression 

amounts of DLK2. The graph 204 in Fig. 8 indicates 

comparison of expression amounts of ALDOC. The graph 

205 in Fig.  8 indicates comparison of  expression amounts 

of  TCAF2. The graph 206 in Fig. 8 indicates comparison of  10 

expression amounts of RCOR2. 

[0172]  

 As shown in the graph 201 in Fig. 8,  the expression 

amount of ANGPTL4 in the hypoxia+serum-free was 

approximately 52 t imes, the expression amount of  15 

ANGPTL4 in the serum-free was approximately 22 times, 

and the expression amount of  ANGPTL4 in the hypoxia was 

approximately 6 times.  

[0173]  

 As shown in the graph 202 in Fig. 8,  the expression 20 

amount of  FABP3 in the hypoxia+serum-free was 

approximately 45 t imes, the expression amount of FABP3 

in the serum-free was approximately 15 times, and the 

expression amount of FABP3 in the hypoxia was 

approximately 3 times.  25 
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[0174]  

 As shown in the graph 203 in Fig. 8,  the expression 

amount of  DLK2 in the hypoxia+serum-free was 

approximately 24 t imes,  the expression amount of  DLK2 in 

the  serum-free was approximately 8 times, and the  5 

expression amount of  DLK2 in the hypoxia was 

approximately twice.  

[0175]  

 As shown in the graph 204 in Fig. 8,  the expression 

amount of ALDOC in the hypoxia+serum-free was 10 

approximately 18 times, the  expression amount of  ALDOC 

in the serum-free was approximately twice,  and the 

expression amount of  ALDOC in the hypoxia was 

approximately 7 times.  

[0176]  15 

 As shown in the graph 205 in Fig. 8,  the expression 

amount of  TCAF2 in the hypoxia+serum-free was 

approximately 14 t imes, the expression amount of TCAF2 

in the serum-free was approximately 3 t imes, and the 

expression amount of TCAF2 in the hypoxia was 20 

approximately 5 times.  

[0177]  

 As shown in the graph 206 in Fig. 8,  the expression 

amount of  RCOR2 in the hypoxia+serum-free was 

approximately 13 t imes, the expression amount of  RCOR2 25 
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in  the serum-free was approximately 3 t imes, and the 

expression amount of  RCOR2 in the hypoxia was 

approximately 3 times.  

[0178]  

 <Conclusion of  Example 6> 5 

 The expression amount of the gene A in mRNA 

collected from the human bone marrow-derived 

mesenchymal  stem ce lls cultured for 24 hours under the 

1% oxygen environment in the serum-free medium was, for 

all  types, 3 or more times, as compared with the expression 10 

amount of  the gene A in mRNA col lected from the human 

bone marrow-der ived mesenchymal stem cells cultured for 

24 hours under the  21% oxygen environment in the DMEM 

medium containing 10% FBS. 

[0179]  15 

 The expression amount of  DLK2 in mRNA collected 

from the human bone marrow-derived mesenchymal stem 

cells  cultured for 24 hours under the 1% oxygen 

environment in the DMEM medium containing 10% FBS 

was approximately twice the expression amount of DLK2 in 20 

mRNA col lected from the human bone marrow-derived 

mesenchymal  stem ce lls cultured for 24 hours under the 

21% oxygen environment in the DMEM medium containing 

10% FBS. The expression amount of  the gene A other than 

DLK2 in mRNA collected from the human bone marrow-25 
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derived mesenchymal stem cells cultured for 24 hours 

under the 1% oxygen environment in the DMEM medium 

containing 10% FBS was 3 or  more times the expression 

amount of the gene A other  than DLK2 in mRNA col lected 

from the human bone marrow-derived mesenchymal stem 5 

cells  cultured for 24 hours under the 21% oxygen 

environment in the DMEM medium containing 10% FBS. 

[0180]  

 The expression amount of ALDOC in mRNA col lected 

from the human bone marrow-derived mesenchymal stem 10 

cells  cultured for 24 hours under the 21% oxygen 

environment in the serum-free medium was approximately  

twice the expression amount of  ALDOC in mRNA collected 

from the human bone marrow-derived mesenchymal stem 

cells  cultured for 24 hours under the 21% oxygen 15 

environment in the DMEM medium containing 10% FBS. 

The expression amount of the gene A other than ALDOC in 

mRNA col lected from the human bone marrow-derived 

mesenchymal  stem ce lls cultured for 24 hours under the 

21% oxygen environment in the serum-free medium was 3 20 

or more t imes the expression amount of  DLK2 in mRNA 

collected from the human bone marrow-derived 

mesenchymal  stem ce lls cultured for 24 hours under the 

21% oxygen environment in the DMEM medium containing 

10% FBS. 25 
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[0181]  

 For each type of the genes A, the mRNA amount of 

the  gene A contained in the human bone marrow-derived 

mesenchymal  stem ce lls cultured for 24 hours under the 

1% oxygen environment in the serum-free medium was at  5 

least  twice or more the mRNA amount of  the gene A 

contained in the  human bone marrow-der ived mesenchymal 

stem cells cultured for  24 hours under the 21% oxygen 

environment in the  serum-free medium. For each type of  

the genes A, the mRNA amount of the gene A contained in 10 

the human bone marrow-derived mesenchymal  stem cel ls  

cultured for 24 hours under the 1% oxygen environment in 

the serum-free medium was at least twice or  more the 

mRNA amount of  the gene A contained in the human bone 

marrow-derived mesenchymal stem cel ls cultured for 24 15 

hours under the 1% oxygen environment in the DMEM 

medium containing 10% FBS. That is,  by culturing the 

human bone marrow-derived mesenchymal stem cel ls for 

24 hours under the 1% oxygen environment in the serum-

free medium, the expression amount of the  gene A is 20 

greatly increased, as compared with the case of  culture for 

24 hours under the 1% oxygen environment in the DMEM 

medium conta ining 10% FBS and the case of  culture for 24 

hours under the 21% oxygen environment in the serum-free 

medium. 25 
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[0182]  

 The mRNA amount of  the gene A contained in the 

human bone marrow-derived mesenchymal stem cel ls 

cultured for 24 hours under the 1% oxygen environment in 

the serum-free medium was greater than the total of  the 5 

mRNA amount of  the gene A contained in the human bone 

marrow-derived mesenchymal stem cel ls cultured for 24 

hours under the 21% oxygen environment in the serum-free 

medium and the mRNA amount of the gene A contained in 

the human bone marrow-derived mesenchymal  stem cel ls  10 

cultured for 24 hours under the 1% oxygen environment in 

the DMEM medium containing 10% FBS. Thus, the 

synergist ic e ffect was exhibi ted by the culture under the  

1% oxygen environment and the culture in the serum-free 

medium. 15 

[0183]  

 [Example 7]  

 <Preparation of MSC> 

 Human bone marrow-der ived mesenchymal stem cel ls  

which had been subcultured three or more times with use 20 

of  an STK2 medium were cultured for 24 hours under a 1% 

oxygen environment in an STK2 medium. The human bone 

marrow-derived mesenchymal stem cel ls are referred to as 

"STK H".  Moreover , human bone marrow-derived 

mesenchymal stem cells which had been subcultured three 25 
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or more times with use of  an STK2 medium were cultured 

for 24 hours under a 21% oxygen environment in an STK2 

medium. The human bone marrow-derived mesenchymal  

stem cells are referred to as "STK". 

[0184]  5 

 Human bone marrow-der ived mesenchymal stem cel ls  

which had been subcultured three or more times with use 

of  a  10% bovine serum-containing DMEM medium were 

cultured for 24 hours under a 1% oxygen environment in a 

10% bovine serum-containing DMEM medium. The human 10 

bone marrow-der ived mesenchymal stem cel ls are re ferred 

to as "10%FBS H".  Moreover , human bone marrow-derived 

mesenchymal stem cells which had been subcultured three 

or  more t imes with use of  a  10% bovine serum-containing 

DMEM medium were cultured for 24 hours under a 21% 15 

oxygen environment in a 10% bovine serum-containing 

DMEM medium. The human bone marrow-derived 

mesenchymal  stem cells  are re ferred to as "10%FBS".  

[0185]  

 <Evaluation Methods> 20 

 To a 96-well dish, 100 μL/well of the STK2 medium 

or the 10% bovine serum-containing DMEM medium was 

added. To the STK2 medium, 2500 cells/well  of  the STK H 

or  2500 cells/well of the STK were seeded. To the 10% 

bovine serum-containing DMEM medium, 2500 cells/well of  25 



- 78 - 

  

the 10%FBS H or 2500 cells/well of the 10%FBS were 

seeded.  

[0186]  

 The STK H and 10%FBS H were continued to be 

cultured under the 1% oxygen environment, and the STK 5 

and 10%FBS were continued to be cultured under the 21% 

oxygen environment.  To each of  the wel ls,  10 μL/well of  

Premix WST-1 (Takara bio) was added each t ime of  0 hours 

later,  12 hours later,  and 24 hours later . After 4 hours had 

elapsed from the addition, absorbance was measured at a 10 

wavelength of 450 nm, and the number of  cel ls was 

quanti tat ively determined based on the  measured value 

(n=5 for each group).  

[0187]  

 <Results> 15 

 As shown in Fig. 9, the 10%FBS H, STK, STK H 

exhibited the significantly large number of ce lls at all  the 

points in t ime ( i .e. ,  0 hours, 12 hours,  24 hours)  as 

compared with the 10%FBS, and it has been thus indicated 

that cell  growth was enhanced.  The STK H had the highest 20 

cell  growth capacity, and showed the signif icantly greater 

number of cel ls at all  the points in t ime, as compared with 

the STK.  

[0188]  

 <Conclusion of  Example 7> 25 
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 It  has been indicated that,  by the culture in the 

serum-free medium, the capacity of  growing human bone 

marrow-derived mesenchymal stem cel ls was enhanced 

under the 1% oxygen environment and in the 21% oxygen 

environment,  as compared with the 10% bovine serum-5 

containing DMEM medium. Further,  i t has been indicated 

that the cel l  growth capaci ty was mostly enhanced for the 

human bone marrow-derived mesenchymal stem cel ls 

cultured under the 1% oxygen environment with use of  the  

serum-free medium. 10 

[0189]  

 [Example 8]  

 Expression amounts of  VEGF and HGF contained in 

culture supernatant of human bone marrow-derived 

mesenchymal  stem cel ls subcultured in an FBS-containing 15 

DMEM medium or in STK2 ( i.e .,  serum-free medium) were  

studied. 

[0190]  

 <Preparation of culture supernatant (condit ioned 

medium) and evaluation method> 20 

 Human bone marrow-derived mesenchymal stem cells,  

which had been subcultured three or more times, were 

seeded to a 6-well  plate ,  and cultured to be sub-confluent,  

with use of a 10% FBS-containing DMEM medium. After the  

culture,  the culture medium was changed from the 10% 25 
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FBS-containing DMEM medium to a serum-free DMEM 

medium, and culture was carried out for 24 hours under a 

1% oxygen environment or a 21% oxygen environment.  

Af ter the 24-hour culture under the 1% oxygen 

environment, culture supernatant of the human bone 5 

marrow-derived mesenchymal stem cells was obtained as 

"DMEM 1%O2" .  Moreover, after  the 24-hour culture under 

the 21% oxygen environment,  culture supernatant of the 

human bone marrow-derived mesenchymal stem cel ls  was 

obtained as "DMEM 21%O2" .  10 

[0191]  

 Moreover, human bone marrow-derived mesenchymal  

stem cells,  which had been subcultured three or  more 

times, were seeded to a 6-well  plate,  and cultured to be 

sub-confluent, with use of  an STK2 medium. After the 15 

culture,  the culture medium was changed from the STK2 

medium to a serum-free DMEM medium, and culture was 

carried out for 24 hours under a  1% oxygen environment or 

a 21% oxygen environment. After the 24-hour culture 

under the 1% oxygen environment,  culture supernatant  of  20 

the human bone marrow-derived mesenchymal  stem cel ls  

was obta ined as "STK2 1%O2" .  Moreover,  after the 24-hour 

culture under the 21% oxygen environment,  culture  

supernatant of  the human bone marrow-derived 

mesenchymal  stem cells  was obtained as "STK2 21%O2" .  25 
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[0192]  

 As a control , human renal proximal tubular epithel ial  

cells  (HK2 cells)  were cultured for  24 hours under a 21% 

oxygen environment with use of  a serum-free DMEM 

medium. After  the 24-hour culture under the 21% oxygen 5 

environment,  culture  supernatant of  the human kidney 

cells was obtained as "HK2".  

[0193]  

 A gas, which had been prepared to contain oxygen 

(1% or 21%),  carbon dioxide (5%),  and nitrogen (94% or 10 

74%) and accommodated in a  gas bottle , was suppl ied from 

the gas bottle to the 1% oxygen environment and the 21% 

oxygen environment among the culture environments in 

which the human bone marrow-derived mesenchymal stem 

cells were cultured. 15 

[0194]  

 For each of the culture supernatants, the VEGF 

concentration and the HGF concentration were measured 

by a method similar to  that of  Example 4.  

[0195]  20 

 <Results> 

 As shown in Fig.  10, i t has been indicated that the 

VEGF expression amount and the HGF expression amount 

were decreased in the case of subculture in the STK2 

medium, as compared with the  case of subculture in the 25 
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10% FBS-containing DMEM medium. Meanwhile , i t  has 

been found that , in both the cases of  subculture in the 

10% FBS-containing DMEM medium and of  subculture in 

the STK2 medium, the VEGF expression amount and the 

HGF expression amount were increased under the 1% 5 

oxygen, as compared with the case of  culture under the 

21% oxygen. Moreover,  it  has been found that the VEGF 

expression amount and the HGF expression amount in the 

case of subculture in the STK2 medium were extremely 

greater than the VEGF expression amount and the HGF 10 

expression amount in the HK2.  

[0196]  

 <Conclusion of  Example 8> 

 It has been indicated that the VEGF secret ion 

property and HGF secretion property of the human bone 15 

marrow-derived mesenchymal stem cel ls are greatly higher,  

as compared with the human proximal  tubular epithel ia l 

cells. Moreover,  i t  has been indicated that, in the case 

where the human bone marrow-derived mesenchymal stem 

cells are subcultured in the serum-free medium, the VEGF 20 

expression amount and the HGF expression amount are 

recovered by the culture under the 1% oxygen,  although 

the  VEGF secret ion property and HGF secret ion property 

are lowered.  

 25 
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Industrial Applicabil ity 

[0197]  

 The present invention and the repair agent prepared 

by the production method of  the present invention are 

appl icable to repair agents for  damaged t issue. 5 
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Claims 

 Claim 1 

 A method for producing a repair agent for damaged 

tissue, said method comprising the steps of:  

 culturing mesenchymal stem cells in a serum-free 5 

medium at an oxygen concentration of 1% or less;  

collecting at least a portion of the serum-free 

medium that the mesenchymal stem cel ls were cultured in; 

and  

preparing the repair agent for damaged tissue by 10 

using the collected portion of  the serum-free medium an 

active ingredient.  

 

 Claim 2 

 The method as set forth in claim 1, wherein the 15 

serum-free medium contains an FGF, a PDGF, an EGF, at 

least one phospholipid, and at least one fatty acid.  

 

 Claim 3 

 The method as set forth in claim 1 or 2, wherein the 20 

mesenchymal stem cel ls are subcultured at least once in 

the culturing step.  

 

 Claim 4 

 A repair agent produced by the method as set forth in 25 

any of  claims 1-3. 




