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1   

 

 

(NASH) /  [1-6]

 

3

 [7]

Guided Tissue 

Regeneration (GTR)  [8] 

basic fibroblast growth factor (bFGF) [9, 10] platelet derived growth 

factor (PDGF) [11-13] bone morphogenetic protein (BMP) [14, 15] 

insulin-like growth factor-I (IGF-I) [9] transforming growth factor-β (TGF-

β) [12] osteogenic protein-1 (OP-1) [13] brain-derived neurotrophic factor (BDNF) [16] 
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 [17, 18]

1

GTR

 (embryonic stem cells: ES

) [19]  (induced pluripotent stem cells: iPS ) [20, 

21] ES ES

iPS

 (mesenchymal stem cells: MSCs) 

 [22]

 (bone 

marrow mesenchymal stem cells: BMMSCs)  [23]  

MSCs

MSCs 8

 [24] green 
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fluorescent protein (GFP) MSCs 4

GFP  [25] MSCs

 

MSCs β  (β-TCP) 

4

8 β-TCP  [26]

 [27, 28]

 [17, 29]

 

MSCs

(ECM) 1 mm clumps of MSC/ECM 

complexes (C-MSCs) C-MSCs

1 C-MSCs

unit

C-MSCs

 [30, 31] C-

MSCs  [32]  

C-MSCs
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[33]  [34, 35]

C-

MSCs

C-MSCs Xeno-free/Serum-free

C-MSCs ECM
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2 Xeno-free/Serum-free C-MSCs  

 

1 Xeno-free/Serum-free C-MSCs  

 

1   

In vitro MSCs  Xeno-free/Serum-free C-MSCs

 

 

2  

1. MSCs  

 MSCs (MSCs-R41) Dulbecco’s Modified Eagle’s 

Medium (DMEM) (Sigma-Aldrich, Steinheim, Germany) 10% fetal bovine serum 

(FBS) (Hyclone, Logan, UT, USA) 100 U/ml penicillin (Sigma-Aldrich) 100 μg/ml 

streptomycin (Sigma-Aldrich) 10 cm 

Corning, Corning, NY, USA 37 5  CO2

3 4 MSCs  

 

2. Xeno-free/Serum-free C-MSCs  

Xeno-free/Serum-free C-MSCs MSCs 48-well

1.0×105 cells/well Xeno-free  (Prime-XV MSC expansion XSFM, Irvine 

Scientific, Santa Ana, CA, USA) 4 ECM

 MSCs/ECM 24-well ultra low binding  

(AGC ) Xeno-free  (MSCgo 
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Osteogenic-SF, XF medium, Biological Industries, Beit Haemek, Israel) 

3  C-MSCs MSCs/ECM 

Day0 ( ) 1 Day1 3 Day3 (C-MSCs) 

 

 

3.  (FCM)  

  Day0 ( ) MSCs/ECM 37 20 accutase (Innovative Cell 

Technologies, San Diego, CA, USA) 

70 μm  (BD Biosciences, Franklin 

Lakes, NJ, USA) 1% FBS (Hyclone, Logan) /PBS 1

PBS 4 1 PE

CD105  (SN6; 1:100; eBioscience, San Diego, CA, USA)

PE CD90  (5E10; 1:100; BD pharmingen, Franklin 

lakes, NJ, USA) PE CD73  (AD2; 1:100; BD 

pharmingen) PE CD45  (HI30; 1:100; BD 

pharmingen) PE CD34  (563; 1:100; BD 

pharmingen) PE  (MOPC-21; 1:100; BD 

pharmingen) PBS FACScan flow cytometer (BD Biosciences) 

Cell Quest software (BD Biosciences)  

 

4.  

1)  (HE)  

Day 0, 1, 3 C-MSCs 4 % 

8 μm HE
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ECLIPSE E600W;  

 

2)  

Day 3 C-MSCs 4 % 30  

C-MSCs OCT  (Sakura Finetek USA, Torrance, 

CA, USA) 20 μm

1 PBS 0.5% TRITON X-100 (Sigma-Aldrich) /PBS 

PBS 5% BSA/0.1% TWEEN 20/PBS 

1 PBS 4

 ( COL )  

(EPR7785; 1:100; abcam, Cambridge, UK)  ( OPN) 

 (1:100; R&D Systems, Minneapolis, MN, USA)

 ( OCN)  (OCG3; 1:100; abcam, Cambridge, UK) 

PBS 5

Alexa Fluor 488 IgG  (1:100; ThermoFisher, 

Waltham, MA, USA) Alexa Fluor 594 IgG  (1:100; ThermoFisher) 

Alexa Fluor 594 IgG  (1:100; ThermoFisher) 

PBS 4’,6-diamidino-2-phenylindole (DAPI) solution 

(1:200; )  PBS 

 (Fluoromount-G; Thermo Fisher) 

 (Olympus FV1000D laser scanning confocal 

microscope; )  
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5.  

Day 3 C-MSCs 4 % 

20 μm DeadEnd™ 

Fluorometric TUNEL System (Promega, Madison, WI, USA) 

DAPI solution (1:200; ) 

PBS  (Fluoromount-G; Thermo Fisher) 

 (Olympus 

FV1000D laser scanning confocal microscope; )  

 

3     

2  2 Xeno-free C-MSCs MSCs/ECM

MSCs Prime-XV MSC expansion XSFM 4

 (  1A-a)  MSCs/ECM

MSCgo Osteogenic-SF, XF medium  3 

 C-MSCs  (  1A-b) Xeno-free MSCs

FCM MSC

MSC CD105 CD90 CD73  93

MSC CD45, CD34 

 (  1B) Xeno-free C-

MSCs MSC HE

MSCs/ECM

 (  1C) C-MSCs TUNEL

TUNEL  

(  1D) C-MSCs ECM C-MSCs
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COL

OPN OCN  ( 1E)  

 

2 Xeno-free/Serum-free C-MSCs  

 

1   

Xeno-free/Serum-free C-MSCs NOD/ShiJic-scidJcl (SCID) 

 

 

2  

1. SCID 1.6mm C-MSCs  

SCID  (7–8 , Charles River 

Laboratories Japan, ) 72

3 3

 ( 0.3mg/kg)  ( 4mg/kg)

 ( 5mg/kg) 15c

1.6 mm 

 C-MSCs 1 4-0

 

 

2. micro CT   

 1, 2, 4, 8  4 % 
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PBS micro CT (Skyscan 1176 Bruker, Billerica, 

MA, USA) 50 kV 0.5 mA  8 

μm  0.5  230 ms CTVOL software 2.3.2.0 (64bit) 

(Bruker) 1.6 mm 600 

μm (33 )  (ROI) CT-An software 1.12.0.0+ (Bruker) 

Threshold 80-255  [36]  

 

3. HE  

  1, 2, 4, 8  4% 

8 μm

HE ECLIPSE E600W; 

 

 

4.  
Student t 2  

 

3   

micro CT ( 3D ) 

8  ( 2B)

HE

 (  2D) C-MSCs

 ( 2B, C) HE 1 C-MSCs

 (  2E) 2

 (  2E) 4
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 (  2E)

8

 (  2E)  

 

3   

Xeno-free C-MSCs C-MSCs
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3 C-MSCs  

 

1 C-MSCs  

 

1   

C-MSCs

vimentin

 

 

2  

1. vimentin  

2  2  2  3. 1, 2, 4, 8 

20 μm

PBS 5% BSA/0.1% TWEEN 20/PBS 1

PBS vimentin 

 (SP20; 1:100; abcam) 4 PBS

Alexa Fluor 488 IgG  (1:100; ThermoFisher) 

5 PBS  DAPI solution 

(1:200; ) PBS

 (Fluoromount-G; Thermo Fisher) 

(Olympus FV1000D laser scanning confocal microscope; 

)  ( )  ( ) 5

vimentin vimentin

 



19 
 

 
2.  
  2  2  2  4.  

 

3   

1 C-MSCs vimentin

 (  3A)

4 8

vimentin

 (  3A, B)

vimentin

 

 

2  

 

1   

 

 

2  

1. Azan  

2 2  2  3. 1, 2, 4, 8 

8 μm

10%   ( ) 8



20 
 

G ( )  30

1%  5%  (

) 3 G  ( ) 

5  

 

2.  

1)  

COL OPN OCN 2

2  2  3. 1, 2, 4, 8 

20 μm PBS LAB solution 

(Polyscience, Warrington, PA, USA) 15

PBS 5% BSA/0.1% Tween 20/PBS 1

OCN Mouse on Mouse blocking 

reagent (Vector Laboratories, Burlingame, CA, USA) 1

PBS 4

COL   (EPR7785; 1:100; abcam) OPN 

 (1:100; R&D Systems) OCN  

(OCG3; 1:100; abcam) PBS

5 Alexa Fluor 488 IgG  (1:100; 

ThermoFisher) Alexa Fluor 594 IgG  (1:100; ThermoFisher) 

Alexa Fluor 594 IgG  (1:100; ThermoFisher)

PBS Vector® TrueVIEW Autofluorescence Quenching kit (Vector) 

5 PBS

DAPI solution (1:200; ) 
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PBS  (Fluoromount-G, Thermo Fisher) 

 (Olympus FV1000D 

laser scanning confocal microscope; )  

 

2)  

F-actin

vimentin 2 1, 2, 4, 

8 4 % 30  

OCT  (Sakura Finetek USA) 

20 μm PBS

1  PBS 5 % BSA/0.1% TWEEN 20/PBS 

1 PBS vimentin 

 (SP20; 1:100; abcam) 4

PBS Alexa Fluor 488 IgG  (1:100; 

ThermoFisher) Alexa 594 phalloidin (1:50; ThermoFisher) 5

PBS DAPI solution (1:200; )

PBS  (Fluoromount-

G, Thermo Fisher)  

(Olympus FV1000D laser scanning confocal microscope; ) 

Z 0.5 μm 40

FV10-ASW image software 04.02.03.06 (Olympus) 3D

 

 

 



22 
 

3   

1 2

COL C-MSCs

C-MSCs OPN OCN

 (  4A) 4

G G

8  (  4A)

 (  4A) 4 8

COL OCN OPN

 (  4A)

2 4

2

2 vimentin C-MSCs

 (  4B-(b))

C-MSCs F-actin vimentin

2 C-MSCs

vimentin  (  4B-(a)) 4

vimentin

(  4B-(c)) C-

MSCs vimentin  (  4B-
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(d)) C-MSCs

 

 

3 C-MSCs  

 

1   

C-MSCs ECM

C-MSCs ECM

C-MSCs

 

 

2  

1. C-MSCs  

C-MSCs 80 4 25 mM 

NH4OH 1 MilliQ  [37]

C-MSCs Decell-C-MSCs  

 

2. Decell-C-MSCs  

1) HE  

2  1  2  4. 1)  

 

2)  

2  1  2  4. 2)  
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3)  

2  1  2  4. 2) Decell-C-MSCs

1 PBS 5-FAM-conjugated Collagen 

Hybridizing Peptide (F-CHP) (3Helix, Inc., Salt Lake City, UT, USA) /PBS 15 

μM 4 PBS  

(Fluoromount-G; Thermo Fisher) 

 (Olympus FV1000D laser scanning confocal microscope; ) 

95 30 C-MSCs

 

 

3. SCID 1.6mm Decell-C-MSCs  

2  2  2  1. Decell-C-MSCs  

 

4. micro CT   

2  2  2  2.  

 

5.  

1) HE  

2  2  2  3.  

2) Azan  

3  2  2  1.  

3)  

3  1  2  1. vimentin 3  2

 2  2. 1)  
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6.  
  2  2  2  4.  

 

3   

  HE C-MSCs

Decell-C-MSCs

 (  5A) COL C-MSCs

Decell-C-MSCs F-CHP

C-MSCs C-MSCs Decell-C-

MSCs  (  5A) Decell-

C-MSCs

Decell-C-MSCs SCID  (  5B)

micro CT 8

 (  5C, D) 1

Decell-C-MSCs COL

 

(  5E) 1 vimentin

Decell-C-MSCs

8  

(  5E) C-MSCs

C-MSCs
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4   

C-MSCs C-MSCs

C-MSCs C-MSCs

C-MSCs
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4  

 

Xeno-free C-MSCs SCID

C-MSCs

MSCs

 [38] Linero MSCs

[39] MSCs

Li MSCs

 [40]

MSCs SCID

 [41]

Xeno-free C-MSCs

MSCs
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Decell-C-MSCs

 ( 5)

C-MSCs

bone morphogenetic protein (BMP) - 2

MSCs  [34, 

42] Zhou MSCs

MSCs  vascular endothelial growth factor (VEGF) -A

 

[43] C-MSCs BMP VEGF-A

/  

C-MSCs

C-MSCs 2 C-

MSCs 4

 (

4)

 [44] C-MSCs

C-MSCs

 

MSCs

 [45, 46] 
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C-MSCs

COL COL

 [47]

C-

MSCs

 

C-MSCs

48 C-MSCs

 [31]  (200 300 ) C-MSCs

C-MSCs

C-MSCs C-

MSCs  

FBS MSCs

Lalu MSCs 36 27

FBS  [48]

FBS

Xeno-free/Serum-free MSCs

C-

MSCs Xeno-free Xeno-free C-

MSCs FBS C-MSCs [30, 32, 49] 

IFN-γ C-MSCs
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 [32] Xeno-free

C-MSCs  

[49] Xeno-

free MSCs C-MSCs Cell 

processing center (CPC) 

C-MSCs

/  
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5  

 

C-MSCs Xeno-free/Serum-free 

C-MSCs Xeno-free/Serum-free 

C-MSCs SCID

C-MSCs ECM

 

 

1) Xeno-free/Serum-free C-MSCs FBS

C-MSCs

 

2) C-MSCs SCID  

3) C-MSCs

 

4) C-MSCs  

C-MSCs

 

 

Xeno-free/Serum-free C-MSCs
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1 Xeno-free/Serum-free C-MSCs  

(A) C-MSCs a: Day0 ( ) b: Day3 (C-

MSCs) (B) Day0 ( ) 

MSC CD105, 

CD90, CD73, CR45, CD34

IgG (C) Day0, Day1, Day3 C-MSCs

H&E  ( =500 μm)  

( =50 μm) (D&E) Day3 C-MSCs

(D) TUNEL  TUNEL  ( )  ( ) 

( =50 μm)  (E)   

(hCOL ) ( )  (hOPN) ( )  (hOCN) 

( )  ( ) ( =50 μm)  
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2 Xeno-free/Serum-free C-MSCs

 

(A) C-MSCs C-MSCs SCID

1.6 mm (B) 1, 

2, 4, 8 micro CT (C) 1, 2, 4, 8  

(BV) /  (TV) S.D. **P<0.01  
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2 Xeno-free/Serum-free C-MSCs

 

(D&E) 1, 2, 4, 8

H&E  (D) 8  ( =500 μm)

(E) 1, 2, 4, 8 C-MSCs  ( =500 μm)

 ( =50 μm)  



39 
 

 

 

3 C-MSCs  

(A) 1, 2, 4, 8

vimentin vimentin (hVimentin) 

( )  ( )  ( =500 μm)  (

=50 μm) (B)  ( )  ( ) 5

vimentin vimentin

S.D. **P<0.01, *P<0.05 
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4  C-MSCs  

(A) 1, 2, 4, 8

Azan  

(hCOL ) ( )  (hOPN) ( )  (hOCN) 

( )  ( )  ( =200 μm)  (

=50 μm)  
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4  C-MSCs  

(B)  2 4

vimentin F-actin

vimentin (hVimentin) ( )  F-actin ( )  ( )  (

=250 μm)  (a, b, c, d) 3D  ( =25 μm) 
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5  Decell-C-MSCs  

(A) C-MSCs Decell-C-MSCs C-MSCs (heat-

treated C-MSCs) H&E

COL 5-FAM conjugated-collagen hybridizing peptide

 ( =200 μm) 2, 3, 4

 ( =50 μm)  
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5  Decell-C-MSCs  

(B) Decell-C-MSCs Decell-C-MSCs

SCID 1.6mm (C) 1, 2, 4, 8 micro CT

(D) 1, 2, 4, 8  (BV) /  (TV)

S.D.  
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5  Decell-C-MSCs  

(E) 1, 2, 4, 8

H&E Azan vimentin

 (hCOL ) ( )  (hOPN) ( )

 (hOCN) ( )  ( )  ( =200 

μm)  ( = 50 μm) 

hCOL  

 

 


