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mast cell tumor : MCT

7-21% Kiupel et al., 2004 MCT

Rogers K.S., 1996

Grade

Patnaik grading system; Patnaik

Patnaik et al., 1994 Grade

Grade

Grade Grade

Sabetti Grade Grade

Sabetti et al., 2015

Kiupel (2010)

MCT High-grade Low-grade

Kiupel grading system; Kiupel MCT

Patnaik Kiupel

MCT subcutaneous MCT MCT

Newman et al., 2007; Thompson et al., 2011  

MCT N/C

MCT
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HSCs HSCs GATA-1/-2

PU.1 Harigae et al., 1998; Walsh 

et al., 2002

Tshori and Nechushtan., 2012

Fate mapping model yolk 

sac aorta-gonad-mesonephros (AGM) HSCs

 

Dahlin and 

Hallgren, 2015  

stem cell factor: SCF

1 c-Kit SCF

Reguera et al., 2000; Lewis et al., 2013

IL-3 IL-9 Biscoff 

et al., 2007 MCT SCF

Amagai et al., 2014 c-Kit

c-Kit

London et al.,1999

c-Kit MCT

MCT SCF/c-Kit

systemic 

mastocytosis IL-3 CD123

Pardanani et al., 2015; 2016

MCT  

VEGF -A

VEGF-A VEGFRs
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Ferrara et al., 2003; Folkman, 2006 ×

VEGF-A 2 VEGFRs Flt-1 VEGFR-1 , Flk-1

VEGFR-2 VEGF-A/Flk-1

Ferrara et al., 2003 Flt-1

2 VEGF-A

Flk-1 10 Flk-1

Ferrara et al., 2003; Shibuya, 2001 Flt-1 VEGF-A

Flt-1 Flk-1 decoy receptor

Purpura et al., 2008

Flt-1 Flk-1 VEGF-A /Flk-1

Flt-1 VEGF-A /Flk-1

Bahramsoltan et al, 2010; Cai et al, 2012

Flk-1 Flt-1 VEGF-A

 

VEGF-A Carmeliet et al, 

1996; Ferrara et al, 1996 VEGF-A

Dikov et al, 2001; Gabrilovich et al, 1998

Flt-1 Flk-1 HSCs VEGF-A/Flk-1

HSCs Dias et al, 

2000; Gerber et al, 2002; Santos et al, 2004 VEGF-A/Flt-1 HSCs

Gerber et al., 2002; Hattori et al., 2002 ±

VEGF-A/Flt-1 pro-B pre-B

VEGF-A/Flk-1 Huang et al, 2007  

IgE VEGF-A
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Boesiger et al., 1998; García-Román et al., 2010

VEGF-A

Boesiger et al., 1998; Artuc et al., 1999; Szukiewicz et al., 2005 Detoraki

2009 Flt-1 Flk-1 VEGF-A /Flt-1

VEGF-A /Flk-1

VEGF-A Flt-1 Flk-1

MCT VEGF-A Flt-1 Flk-1

Rebuzzi et al., 2007; Thompson et al., 2016

MCT Flk-1 Flk-1

Da Silva et al., 2017

 

MCT

MCT MCT VEGF-A

VEGFRs

VEGF-A VEGFRs  

2 MCT VEGF-A Flk-1

Flt-1 MCT MCT

VEGF-A Flk-1 Flt-1 Patnaik Kiupel

c-Kit ± Ki-67

Proliferative cell nuclear antigen PCNA

 

3 MCT VEGF-A Flk-1

GTP ± Gαi1 MC 
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Tryptase VEGF-A Flk-1 Flt-1  

4 VEGF-A Flk-1 Flt-1

VEGF-A Flk-1 Flt-1  

5 VEGF-A/Flk-1

mBMMC VEGF-A Flk-1 

inhibitor  

6 MCT VEGF-A
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2 VEGF -A

 

 

2-1  

mast cell tumor : MCT

Patnaik Kiupel

Patnaik Grade

N/C

Patnaik et al., 1984 Kiupel 10

3 3

High-grade Low-grade

Kiupel et al., 2010 MCT

subcutaneous MCT MCT

SCF c-Kit ± MCT

Costa et al., 2007

c-Kit Pattern Pattern 3 Pattern

Kiupel et al., 2004 c-Kit pattern

Pattern

Pattern Kiupel et 

al., 2004 c-kit c-Kit SCF

MCT 1

London et al., 1999; Reguera et al., 2000; Riva et al., 2005

c-kit

MCT MCT SCF/c-Kit
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VEGF -A

Siemeister et al., 1998; Veikkola et al., 2000; Giles, 2001; 

Gerber and Ferrara, 2003 in vitro VEGF-A

Flk-1

Dias et al., 2000 VEGF-A

VEGFRs

Brown et al., 1993; Yoshiji et al., 1997; Kato et al., 2007; Yonemaru et al., 2006  

MCT MCT MCT VEGF-A

Flt-1 Flk-1 Rebuzzi et al., 2006 Da Silva

2017 subMCT Flk-1 Flk-1

MCT

VEGF-A VEGFRs

MCT VEGF-A Flt-1 Flk-1

Patnaik Kiupel c-Kit pattern

MC VEGF-A

Flt-1 Flk-1 MCT  
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2-2  

 

2-2-1  

: 30K-10 3

4%± /0.1M

2-2-3  

92 MCT

4%± /0.1M

1 MCT ±

43 ±

± 3µm

HE  

 

2-2-2 MCT  

MCT HE Patonaik 1984

MCT Grade

Kiupel 2004

MCT MCT

10 1  

 

2-2-3 Western blotting  

Western blotting

± Kohara et al., 2015 10% TCA

c-Kit VEGF-A Flt-1 Flk-1 0 2% Triton 

X-100/8M 1%
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pH SDS

c-Kit, 10%; VEGF, 12%; Flt-1 and Flk-1, 6% PVDF

Millipore PVMF 500mM NaCl / 0.1% 

Tween-20 / 20mM  pH7.4 TBST 1% ECL Blocking Agent

GE Healthcare /TBST 4 TBST

5 	3 1

c-Kit 1 :1000, Dako VEGF

1:1000, Santa Cruz Flt-1 1:2000, Santa 

Cruz Flk-1 1:2000, Santa Cruz TBST

5 	3 HRP Ig GE 

Healthcare;  c-Kit, VEGF-A,  Flt-1 HRP Ig

GE Healthcare; Flk-1 1 ECL Prime 

Detection System GE Healthcare LAS-4000 mini

 

  

2-2-4 MCT c-Kit c-Kit pattern  

± 0.3% /

0.01M PBS, pH7.2 5 3

500W 5 	3 0.01M

pH6.0 20 0.01M PBS

5 	3 4% Block Ace × 1

c-KIT 1:300, 

DAKO /0.01M PBS 0.01M PBS 5 	3

IgG IgG ENVISION, DAKO 1

0.01M PBS 5 	3 DAB

ENVISION, DAKO 5
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5  

c-Kit pattern

60% Pattern c-Kit pattern c-Kit pattern

c-Kit pattern c-Kit pattern

 

 

2-2-5 MCT VEGF-A Flk-1 Flt-1  

2-2-4 0.01M PBS 5

	3 0.01M pH6.0 1

65 20 0.01M PBS 5 	3

10% 1

VEGF

1:100, Santa Cruz /0.01M PBS Flk-1 1:200, 

Santa Cruz /0.01M PBS Flt-1 1:200, Santa Cruz

/0.01M PBS Ki67 1:500, ABCAM /0.01M PBS

PCNA 1:2,000, Santa Cruz /0.01M PBS

2-2-4  

60%

 

 

2-2-6  MC MCT Ki67 PCNA  

2-2-5 2-2-6 2

3% 1% AB /3% 10

3%  

Ki67 PCNA 10 AB
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2-2-7  MC c-Kit VEGF-A Flk-1 Flt-1  

2-2-5 2-2-6 2-2-6

AB 2-2-4 2-2-7

Table 2  

 

2-2-8 MC VEGF-A/MC Tryptase c-Kit/Flk-1 MCT

VEGF-A/Flk-1  

± 0.01M PBS 5 	3 0.01M 

pH6.0 1 65 20

0.01M PBS 5 	3 5% /0.01M 

PBS 1

MC: VEGF 1:100 MC 

Tryptase 1:100 c-Kit

1:100 Flk-1 1:100 ;MCT: VEGF

1:100 Flk-1 1:100

0.01M PBS 5 	3 Ig 1:250, 

Invitorogen Ig 1:250, Invitrogen

2 0.01M PBS 5 	3 BZ-X Viewer

BZ-X Analyzer  

 

2-2-9  α  

VEGF-A Flt-1 Flk-1 x2 c-Kit 

pattern Ki67 PCNA MCT α



Antibody Blocking Host species Dilution  Supplier Article No. 

Anti-c-Kit 4% Block Ace Rabbit,  
polyclonal 1:300 (1:100)* Agilent, Santa 

Clara, CA., U.S.A. A4502 

Anti-VEGF-A 5% goat serum Rabbit,  
polyclonal 1:100 Cloud-Clone, 

Katy, TX., U.S.A. LAA143Ca71 

Anti-Flk1 10% goat serum Mouse, 
monoclonal 1:200 (1:100)* Santa Cruz, Dallas, 

TX., U.S.A.  sc-393163 

Anti-Flt1 2% Block Ace Rabbit,  
polyclonal 1:200 (1:100)* Santa Cruz, Dallas, 

TX., U.S.A.  sc-316 

Anti-MC Tryptase (10% goat serum)*  Mouse, 
monoclonal 1:100 Santa Cruz, Dallas, 

TX., U.S.A.  sc-59587 

Anti-Ki67 10% goat serum Rabbit,  
polyclonal 1:500 ABCAM, 

Cambridge, U.K. ab15580 

Anti-PCNA� 4% Block Ace� Mouse, 
monoclonal� 1:20,000�

Agilent, Santa 
Clara, CA., 

U.S.A. 
M0879�

Table 2. 

12�

*() 	
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2-3  

 

2-3-1 Western blotting  

c-Kit VEGF-A Flt-1 Flk-1

Figure 2-1 Yee et al., 1993; 

Thompson et al., 2016 c-Kit 150kDa VEGF-A

24kDa 48kDa Flk-1

230kDa 190kDa 150kDa 3 Flt-1 180kDa

Wen et al.,1997; Adham and Coomber, 2009; Thompson et 

al., 2016  

 

2-3-2  MC VEGF-A Flk-1  

VEGF-A 62.3 7.5%; Figure. 2-2A

MC Tryptase VEGF-A VEGF-A

Figure 2-2C~F Flk-1

57.3% 10.4%; Figure 2-2B Flk-1 c-Kit

Flk-1 Figure 2G-J Flt-1

Ki67 PCNA  

 

2-3-3 MCT c-Kit pattern  

135 122 MCT 13 MCT  

122 MCT Patnaik Grade 14 Grade 86 Grade

22 Kiupel Low-grade 93 High grade 29

MCT 122 c-Kit pattern  Pattern 30  Pattern

83 Pattern 9 Table 2-1  

MCT 13 c-Kit pattern  Pattern 5  Pattern
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8 Table 2-2  

MCT MCT Ki67 10 0

0<N<30 30 N PCNA PCNA MCT 0 0<N<5 5 N

Table 2-1 2-2  

 

2-3-4  MCT VEGF-A Flt-1 Flk-1  

VEGF-A MC

Figure. 2-4 MCT Patnaik Grade 4 28.6% Grade

16 18.6% Grade 14 63.6% Kiupel

Low-grade 19 20.4% High-grade 15 51.7%

c-Kit pattern  Pattern 4 13.3%  Pattern

28 33.7%  Pattern 7 77.8% Table 2-1  

MCT 14 Flt-1 Patnaik Grade

3 21.4% Grade 8 9.3% Grade 3 13.6%

Kiupel Low-grade 11 11.8% High-grade 3

10.3% c-Kit pattern  Pattern 3

10.0%  Pattern 9 10.8%  Pattern 2 22.2%

Tabele 2-1  

Flk-1 MC Figure. 

2-5 Flk-1 Patnaik Grade 4 28.6% Grade 36

41.9% Grade 12 54.6% Kiupel Low-grade

37 39.8% High-grade 15 51.72% c-Kit pattern

 Pattern 6 20.0%  Pattern 39 47.0%  Pattern

7 77.8%  

c-Kit pattern

x2 Grade VEGF-A Grade Grade
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p<0.05 c-Kit pattern VEGF-A

 Pattern p<0.005 Flk-1 Pattern

Pattern p<0.01 VEGF-A

7 p<0.01 Flt-1

Table 2-1

 

13 MCT VEGF-A 5 38.5% Flk-1 5

38.5% Flt-1 2 15.4% VEGF-A Flk-1

c-Kit pattern Pattern p<0.05 Table 2-2  

 

2-3-5  VEGF-A Flk-1  

VEGF-A Flk-1 MCT 22 Grade : 1 : 12

: 9 ; Low-grade: 12 High-grade: 10 ; c-Kit pattern :1

: 16 : 5 MCT5 VEGF-A Flk-1

VEGF-A Flk-1

VEGF-A Flk-1

97.9 6.9% Figure 2-6 VEGF-A

Flk-1  

MCT 22 VEGF-A Flk-1 Grade

c-Kit pattern x2 Patnaik Grade

Kiupel High-grade c-Kit pattern Pattern

p<0.001 MCT 5 c-Kit pattern

p<0.05  
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Figure 2-2 VEGF-A Flk-1  
A: VEGF-A  
B: Flk-1  
AB  A B : 20µm  

C-F: MC tryptase VEGF-A 	

MC tryptase C VEGF-A D F
 

G-J: c-Kit Flk-1 	 c-Kit G
Flk-1 H (I )  

C-J : 10µm  

VEGF-A MC-tryptase DAPI Merge 

C D E F 

VEGF-A+AB Flk-1+AB 

A B 

Merge c-Kit Flk1 DAPI 

G H I J 
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Fig re 2-3 c-Kit Pattern  
A: c-Kit pattern c-Kit  
B: c-Kit pattern c-Kit  
C: c-Kit pattern c-Kit  
( :  <  < : 20µm)

Pattern I Pattern II Pattern III 

A B C 

18 



Figure 2- MCT VEGF-AF  
A: MCT 4 VEGF-A F

 
B: VEGF-A(-) F  
(A B: : MCT : : 20µm) 
C-E: VEGF-A F 4 (DAPI: ) VEGF-A(

) F  
( : MCT : 20µm)

Merge 

C 

DAPI VEGF-A 

VEGF-A(+) 

A 

VEGF-A(-) 

B 

D E 

19 



Merge DAPI 

C 

Flk1 

Flk1(+) 

A 

D E 

Flk1(-) 

B 

Fig re 2-5 MCT Flk-1F  
A: MCT 4 	lk-1 F  
B: Flk-1(-) F  
(A B: : MCT : : 20µm) 
C-E: Flk-1 F 4 (DAPI: ) Flk-1( )
F  

( : MCT : 20µm)

20 



Merge Flk1 VEGF-A 

A B C 

Figure 2-6 MCT VEGF-A 4 Flk-1 F  
Flk-1(A ) 4 VEGF-A(B ) 4 (C

) : MCT : 20µm  

21 



N VEGF-A (%) Flt-1 (%) Flk-1 (%) VEGF-A/
Flk-1 (%) 

?HMCT� 122 34 (27.9) 14 (11.5) 52 (42.6) 22 (18.0) 

Patnaik+S� I 14  4 (28.6)   3 (21.4)  4 (28.6)   1 (  7.1) 

VGradeW� II 86 16 (18.6)   8 (  9.3) 36 (41.9) 12 (14.0) 

III 22  14 (63.6)a   3 (13.6) 12 (54.6)   9 (40.9)a 

Kiupel+S� Low 93 19 (20.4) 11 (11.8) 37 (39.8) 12 (12.9) 

High 29   15 (51.7)b   3 (10.3) 15 (51.7)  10 (34.5)b 

Mitotic figures 0≤N<7 101 22 (21.8) 11 (10.8) 42 (41.6) 14 (13.9) 

7≤N 21 12 (57.1)c   3 (14.3) 10 (47.6)   8 (38.1)c 

c-Kit pattern I 30   4 (13.3)   3 (10.0)  6 (20.0)   1 (  3.3) 

II 83 28 (33.7)   9 (10.8) 39 (47.0)e  16 (19.3)f 

III 9    7 (77.8)d   2 (22.2)   7 (77.8)e    5 (55.6)d 

Ki67 0 22   9 (40.9)   2 (  9.1) 12 (54.6)   6 (27.3) 

0<N<30 40   7 (17.5)   6 (15.0) 17 (42.5)   5 (12.5) 

30≤N 18   9 (50.0)   3 (16.7)   7 (38.9)   5 (27.8) 

PCNA 0 25   9 (36.0)   3 (12.0) 10 (40.0)   6 (24.0) 

0<N<5 64  11 (17.2)   5 (  7.8) 27 (42.2)   7 (10.9) 

5≤N 33  14 (42.4)   6 (18.2) 15 (45.5)   9 (27.3) 

Table. 2-1 SZJ�'MCTI:=PVEGF-A6Flt-1:NLFlk-1J���

a) p<0.05 vs  Grade I and II, b) p<0.01 vs Low-grade,  c) p<0.01  vs Mitotic counts 0≤N<7, d) p<0.005 vs c-Kit 
pattern I and II,  e) p<0.01 vs c-Kit pattern I,   f) p<0.05 vs c-Kit pattern I 
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N VEGF-A(%) Flt-1(%) Flk-1(%) VEGF-A/
Flk-1(%) 

?%MCT 13   5 (38.5)   2 (15.4)   5 (38.5)   5 (38.5) 

Mitotic figures 0≤N<7 10   4 (40.0)   1 (10.0)   3 (30.0)   4 (40.0) 

7≤N 3   1 (33.3)   1 (33.3)   2 (66.7)   1 (33.3) 

c-Kit pattern I 5   0 (  0.0)   0 (  0.0)   0 (  0.0)   0 (  0.0) 

II 8     5 (62.5)*   2 (25.0)     5 (62.5)*     5 (62.5)* 

III 0   0 (  0.0)   0 (  0.0)   0 (  0.0)   0 (  0.0) 

Ki67 0 4   1 (25.0)   0 (  0.0)   1 (25.0)   0 (  0.0) 

0<N<30 4   3 (75.0)   1 (25.0)   3 (75.0)   3 (75.0) 

30≤N 3   1 (33.3)   1 (33.3)   1 (33.3)   1 (33.3) 

PCNA 0 4   3 (75.0)   1 (25.0)  2 (50.0)   2 (50.0) 

0<N<5 6   2 (33.3)   1 (16.7)  2 (33.3)   2 (33.3) 

5≤N 3   0 (  0.0)   0 (  0.0)  1 (33.3)   0 (  0.0) 

Table. 2-2 SZJ��MCTI:=PVEGF-A6Flt-1:NLFlk-1J���

*) p>0.05 vs c-Kit pattern I  

23 



Flk-1(+) VEGF-A(+)/
Flk-1(+) (%) 

VEGF-A(-)/
Flk-1(+) (%) 

?HMCT� 52 22 (42.3) 30 (57.7) 

Patnaik+S� I 4  1 (25.0)   3 (75.0) 

VGradeW� II 36 12 (33.3) 24 (66.7) 

III 12    9 (75.0)a   3 (25.0) 

Kiupel+S� low 37 12 (32.4) 25 (67.5) 

high 15   10 (66.7)b   5 (33.3) 

Mitotic figures 0≤N<7 42 14 (33.3) 28 (66.7) 

7≤N 10   8 (80.0)   2 (20.0) 

c-Kit pattern I 6   1 (16.7)   5 (83.3) 

II 39 16 (41.0) 23 (59.0) 

III 7    5 (71.4)c   2 (28.6) 

Table. 2-3 SZJ�'MCTI:=PVEGF-A/Flk-1J	�� 

a) p<0.05, vs Grade II, b) p<0.05,  vs Low-grade, c) p<0.05, vs c-Kit pattern I 

24 



Flk-1(+) VEGF-A(+)/
Flk-1(+) (%) 

VEGF-A(-)/
Flk-1(+) (%) 

?%MCT  5   4 (80.0)   1 (20.0) 

Mitotic figures 0≤N<7 3  3 (100.0)   0 (  0.0) 

7≤N 2   1 (50.0)   1 (50.0) 

c-Kit pattern I 0  0 (  0.0)   0 (  0.0) 

II 5   4 (80.0)  1 (20.0) 

III 0  0 (  0.0)  0 (  0.0) 

Table. 2-4 SZJ��MCTI:=PVEGF-A6Flt-1:NLFlk-1J���

25 



 26 

2-4  

MCT VEGF-A Patnaik Kiupel

c-Kit pattern MCT

Flk-1 c-Kit pattern MCT

Kiupel 2004 c-Kit pattern MCT

Costa 2007 c-Kit pattern

VEGF-A Flk-1 MCT MCT

 

VEGF-A

Boesiger et al., 1998; de Souza Junior et al., 

2015; Detoraki et al., 2009; McHale et al., 2019

VEGF-A E2 IgE

Boesiger et al., 1998; Abdel-Majid and Marshall., 

2004; Cao et al., 2005 SCF/c-Kit

VEGF-A McHale et al., 2019

MCT VEGF-A

Halsey 2017 MCT c-Kit

MCT SCF/c-Kit

VEGF-A

VEGF-A MCT

MCT VEGF-A

VEGF

Large-VEGF-A L-VEGF-A 180

± × VEGF

Rosenbaum-Dekel et al., 2005
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VEGF Li and 

Keller, 2000 Cheng 2018 L-VEGF144

L-VEGF-A VEGF-A

MCT VEGF-A

 

VEGF-A

Siemeister et al., 1998; Veikkola et al., 2000; Giles, 2001; Gerber 

and Ferrara, 2003; Shinkaruk et al., 2003 MCT

VEGF-A MCT

VEGF-A Flt-1 Flk-1 ±

Siemeister et al., 1998; Veikkola et al., 2000; Giles, 2001; Gerber and Ferrara, 

2003 VEGF-A Flk-1

VEGF-A Flk-1

VEGF-A - /Flk-1 + MCT

VEGF-A VEGF-A ±

Flk-1  

B ±

VEGF-A/Flk-1 Dias 

et al., 2000 Flk-1

Rebuzzi et al., 2007; Detoraki et al., 2009; Thompson et al., 2015; Da Silva et 

al., 2017 subMCT Flk-1 Flk-1

Flk-1 MCT

Da Silva et al., 2017

VEGF-A/Flk-1
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Santos and 

Dias, 2004; Detoraki et al., 2009 MCT Ki67

PCNA VEGF-A Flk-1 VEGF-A/Flk-1

MCT Flk-1 +  MCT

Flk-1 VEGF-A

±

 

Flk-1

MCT Flk-1

Gampel et al., 2019 Flk-1 VEGF-A

eNOS shear stress

Dougher and Terman, 1999; Feng et al., 1999; Santos 

et al., 2007 B ± Flk-1

Alberto et al, 2005; 

Giatromanolaki et al, 2008; Pisacane and Risio, 2005 Pisacane Risio 2005

VEGF Flk-1

MCT Flk-1

 

VEGF-A + /Flk-1 +

VEGF-A Flk-1 c-Kit pattern

VEGF-A - /Flk-1 +

VEGF-A + /Flk-1 + MCT

VEGF-A/Flk-1 MCT
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VEGF-A/Flk-1

Santos and Dias, 2018

±

Dias et al., 2000; Gerber et al., 2002; 

Santos and Dias, 2018 Kampen 2012 Flk-1 VEGF-A/Flk-1

VEGF-A + /Flk-1 + MCT VEGF-A

Flk-1 MCT

VEGF-A/Flk-1

 

VEGF-A Flk-1 VEGF-A Flk-1

MCT

MCT VEGF-A Flk-1

VEGF-A Flk-1

MCT VEGF-A Flk-1

VEGF-A Flk-1

MCT  

  



 30 

VEGF-A VEGF

-2  

 

 

Abhimanyu, 

2017 MCT N/C

Simoes 

and Schoning, 1994 MCT

MC

SCF SCF c-Kit

MCT c-Kit MCT

c-Kit MCT c-Kit

c-Kit

London et al.,1999

MCT

MCT  

HSCs HSCs GATA-1/-2

PU.1 Harigae et al., 1998; Walsh 

et al., 2002

Tshori and Nechushtan., 2012

Fate mapping model yolk 

sac aorta-gonad-mesonephros (AGM) HSCs
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Dahlin and 

Hallgren, 2015  

Tryptase MCT Tryptase

chymase MCTC Irani et at., 1986

2

CTMC

MMC Enerbäck, 1974

CTMC

± MMC Seldin et al., 1985; 

Razin et al., 1983 CTMC MMC

AB - O SO

CTMC SO MCM AB

CTMC CTMC AB

SO CTMC

SO Scott et al., 1964  

IgE Fc

Okayama et al., 2008

GTP ±  

Gαi1

Tryptase

chymase A3 Pejler et al., 2007; 2010; 

Lundequist et al., 2011 Tryptase

Gruber et al., 1989

PAR-2 Akers et al., 2000

Abe et al., 1998
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Tryptase α β γ α-Tryptase

β-Tryptase ±

β-Tryptase

Tryptase γ-Tryptase

Caughty, 2006

β-Tryptase m MCP-6 mMCP-7

mMCP-6 mMCR-7 mRNA CTMC Reinolds et al., 1991

MMC mMCP-2 mRNA Serafin et al., 1990

MC Tryptase

 

2 VEGF -A VEGF-A Flk-1

MCT VEGF-A Flk-1 MCT

 

VEGF-A Flk-1 MCT

GTP ± Gαi1

MC Tryptase VEGF-A Flk-1
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3-2  

 

3-2-1   

2 MCT  

 

3-2-2  AB-SO  

± 2 3% 1% AB/ 3% pH 

2.5 30 3% 0.1N SO

10  

 

3-2-3  Gαi1 MC Tryptase  

2 Table 3  

 

3-2-4 α  

AB-SO Gαi1 MC Tryptase c-Kit pattern

x2 AB-SO

Gαi1 MC Tryptase VEGF-A Flk-1

x2  

 

  



Antibody Blocking Host species Dilution  Supplier Article No. 

Anti-Gαi1 10% goat serum Rabbit,  
polyclonal 1:500 ABCAM, 

Cambridge, U.K. ab228623 

Anti-MC Tryptase 2% Block Ace Mouse, 
monoclonal 1:200 Santa Cruz, Dallas, 

TX., U.S.A.  sc-59587 

Table 3. 

�4�
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3-3  

 

3-3-1 AB-SO Gαi1 MC Tryptase  

AB-SO AB AB>SO SO

AB<SO Fig. 3-1  

MCT AB-SO Negative AB>SO

AB<SO Fig. 3-2  

AB-SO c-Kit pattern

MCT Patnaik Grade

(p<0.05) Kiupel High-grade p<0.05 AB>SO Negative

Negative

Table 3-1 MCT AB-SO

Table 3-2  

Gαi1 MC Tryptase

MCT MCT

Table 3-3 3-4  

 

3-3-2 AB-SO MC Tryptase Gαi1 VEGF-A  

MCT 122 AB<SO 38 31.1% AB>SO 42 34.4%

Negative 15 12.2% AB<SO VEGF-A 5 13.2%

Flt-1 3 7.9% Flk-1 9 23.7% VEGF-A Flk-1

VEGF-A/Flk-1 1 2.6% AB>SO VEGF-A

17 40.5% Flt-1 5 11.9% Flk-1 26 61.9%

VEGF-A/Flk-1 15 35.7% Negative VEGF-A

7 46.7% Flt-1 4 26.7% Flk-1 9 60.0%

VEGF-A/Flk-1 5 33.3% VEGF-A Flk-1
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VEGF-A/Flk-1 AB>SO Negative

AB<SO Table 3-5  

MCT MC Tryptase

Gαi1 Fig. 3-1 3-2 118

MC Typtase 42 VEGF-A 13 31.0% Flt-1

8 19.0% Flk-1 17 40.5% MC Tryptase VEGF-A

Table 3-5  

110 Gαi1 46 VEGF-A 6

13.0% Flt-1 4 8.7% Flk-1 16 34.8%

Gαi1 VEGF-A  Flk-1 α Gαi1

VEGF-A Flk-1 VEGF-A

p<0.005 Flk-1 p<0.05 Table 3-5  

MCT AB-SO MC Tryptase Gαi1

VEGF-A Table 3-6



A� B�

AB>SO� AB<SO�

Figure 3-1 AB-SO  
AB>SO AB<SO  

A: AB>SO  
B: AB<SO  
C: MC Tryptase  
D: Gαi1 Gαi1  

0µm

C� D�

MC Tryptase � Gαi1�

37�



Figure 3-2 MCT AB-SO Gαi1 MC Tryptase  
MCT AB-SO Negative AB>SO AB<SO 3

MCT 60% 	  
A: Negative MCT  
B: AB>SO MCT  
C: AB<SO MCT  
D: Gαi1 MCT  
E: MC Tryptase MCT  
A-E 50µm

B�

AB>SO� AB<SO�

C�

Negative�

A�

D� E�

Gαi1� MC Tryptase�

38�



AB-SO staining�

N� AB<SO (%)� AB>SO (%)� Negative (%)�

Patnaik I� 8�   4 (50.0)�   4 (50.0)   0 (  0.0)�

II� 66� 31 (47.0)� 26 (39.4)�   9 (13.6)�

III� 21�   3 (14.3)�  12 (57.1)a�       6 (28.6)b, c�

Kiupel Low� 65� 31 (47.7)� 28 (43.1)�   5 (  7.7)�

High� 27�   4 (14.8)�  14 (51.9)d� 10 (37.0)e�

Mitotic figures� 0≤N<7� 75� 36 (48.0)� 34 (45.3)�   5 (  6.7)�

7≤N� 20�   2 (10.0)�   8 (40.0)�  10 (50.0)f�

c-Kit pattern� I� 27� 13 (48.2)� 11 (40.7)�   3 (11.1)�

II� 59� 23 (39.0)� 26 (44.1)� 10 (17.0)�

III� 9�   2 (22.2)�   5 (55.6)�   2 (22.2)�

Ki67� 0� 18�   7 (38.9)�   8 (44.4)�   3 (16.7)�

0<N<30� 37� 17 (46.0)� 17 (46.0)�   3 (  8.1)�

30≤N� 16�   4 (25.0)�   9 (56.2)�   3 (18.8)�

PCNA� 0� 19�   7 (36.8)�   9 (47.4)�   3 (15.8)�

0<N<5� 50� 25 (50.0)� 20 (40.0)�   5 (10.0)�

5≤N� 26�   6 (23.1)� 13 (50.0)�    7 (26.9)g�

Table 3-1 MCT AB-SO

a: p<0.05 vs Grade II, b: p<0.05 vs Grade I, c: p<0.01 vs Grade II, d: p<0.05 vs 
Low-grade, e: p<0.001 vs Low-grade, f: p<0.001 vs 0≤N<7, g: p<0.05 vs 0<N<5 �

39�



Table 3-2 -MCT AB-SO

AB-SO staining�

N� AB<SO (%)� AB>SO (%)� Negative 
(%)�

Mitotic figures� 0≤N<7� 7�   5 (71.4)�   1 (14.3)�   1 (14.3)�

7≤N� 1�   0 (  0.0)�   0 (  0.0)�     1 (100.0)�

c-Kit pattern� I� 4�    4 (100.0)�   0 (  0.0)�   0 (  0.0)�

II� 4�   1 (25.0)�   1 (25.0)�   2 (50.0)�

III� 0�   0 (  0.0)�   0 (  0.0)�   0 (  0.0)�

Ki67� 0� 2�   2 (100.0)�   8 (44.4)�   3 (16.7)�

0<N<3
0� 3�   2 (66.7)�   0 (  0.0)�   1 (33.3)�

30≤N� 2�   0 (  0.0)�   1 (50.0)�   1 (50.0)�

PCNA� 0� 3�   2 (66.7)�   0 (  0.0)�   1 (33.3)�

0<N<5� 5�   3 (60.0)�   1 (20.0)�   1 (20.0)�

5≤N� 0�   0 (  0.0)�   0 (  0.0)�   0 (  0.0)�

�0�



N� Gαi1(%)� N� MC Tryptase (%)�

Patnaik I� 11�   7 (63.6)� 13�   5 (38.5) 

Grade II� 78� 33 (42.3)� 85� 31 (36.5)�

III� 21�   6 (28.6)� 20�   6 (30.0)�

Kiupel Low� 82� 35 (42.7)� 91� 33 (36.3)�

High� 28�  11 (40.7)� 27�  9 (33.3)�

Mitotic figures� 0≤N<7� 64� 38 (59.3)� 28� 37 (37.8)�

7≤N� 7�   7 (100.0)� 81�   5 (25.0)�

c-Kit pattern� I� 26� 11 (42.3)� 9� 10 (35.7)�

II� 75� 32 (42.7)� 98� 24 (29.6)�

III� 9�   5 (55.6)� 20�   5 (55.6)�

Ki67� 0� 28�   8 (28.6)� 29�   5 (25.0)�

0<N<3
0� 36� 20 (55.5)� 38� 14 (48.3)�

30≤N� 13�   5 (38.5)� 51�  11 (21.6)�

PCNA� 0� 18�   3 (16.7)� 23�  10 (43.5)�

0<N<5� 60� 32 (53.3)� 62� 18 (29.0)�

5≤N� 30� 11 (36.7)� 32� 14 (43.8)�

Table 3-3  MCT Gαi1 MC Tryptase 6

�1�



N� Gαi1(%)� N� MC Tryptase(%)�

Mitotic figures� 0≤N<7� 9�   6 (66.7)� 10�   3 (30.0)�

7≤N� 2�    3 (100.0)� 3�   0 (  0.0)�

c-Kit pattern� I� 4�   3 (75.0)� 5�   2 (40.0)�

II� 7�   5 (71.4)� 8�   1 (12.5)�

III� 0�   0 (  0.0)� 0�   0 (  0.0)�

Ki67� 0� 3�   2 (66.7)� 4�   2 (50.0)�

0<N<30 4�   3 (75.0)� 4�   0 (  0.0)�

30≤N� 3�   2 (66.7)� 3�   0 (  0.0)�

PCNA� 0� 3�   3 (100.0)� 4�  2 (50.0)�

0<N<5� 6�   4 (66.7)� 6�  1 (16.7)�

5≤N� 2�   1 (50.0)� 3�  0 (  0.0)�

Table 3-	 -MCT Gαi1 MC Tryptase 6

42�



N� VEGF-A(%)� Flt-1(%)� Flk-1(%)� VEGF-A/
Flk-1(%)�

AB-SO staining� AB<SO� 38�   5 (13.2)�   3 (  7.9)�   9 (23.7)�   1 (  2.6)�

AB>SO� 42�  17 (40.5)a�   5 (11.9)�  26 (61.9)c�  15 (35.7)c�

Negative� 15�    7 (46.7)b�   4 (26.7)�    9 (60.0)d�    5 (33.3)e�

Gαi1� (+)� 46�   6 (13.0) �   4 (  8.7)� 16 (34.8)�   3  (  6.5)�

(-)� 64�  24 (37.5)f�   7 (10.9)�  35 (54.7)g� 19 (29.7)�

MC Tryptase� (+)� 42� 13 (31.0)�   8 (19.0)� 17 (40.5)�   7 (16.7)�

(-)� 76� 19 (25.0)�   6 (  7.9)� 34 (44.7)� 14 (18.4)�

a: p<0.01 vs AB<SO, b: p<0.01 vs AB<SO,c: p<0.001 vs AB<SO, d: p<0.05 vs AB<SO, 
e: p<0.005 vs AB<SO, f: p<0.005 vs Gαi1(+), g: p<0.05 vs Gαi1(+)�

Table 3-5 MCT AB-SO Gαi1 MC Tryptase 6  
VEGF-A 6 4

43�



N� VEGF-A(%)� Flt-1(%)� Flk-1(%)� VEGF-A/
Flk-1(%)�

AB-SO staining� AB<SO� 5�   1 (20.0)�  0 (  0.0)�  1 (20.0)�  1 (20.0)�

AB>SO� 1�   0 (  0.0)�  0 (  0.0)�  0 (  0.0)�  0 (  0.0)�

Negative� 2�   2 (100.0)�  2 (100.0)�  2 (100.0)�  2 (100.0)�

Gαi1� (+)� 8�   4 (50.0) �   2 (25.0)�   3 (37.5)�   3 (37.5)�

(-)� 3�   1 (33.3)�   0 (  0.0)�   1 (33.3)�   1 (33.3)�

MC Tryptase� (+)� 2�   1 (50.0)�  0 (  0.0)�  0 (  0.0)�  0 (  0.0)�

(-)� 0�   0 (  0.0)�  0 (  0.0)�  0 (  0.0)�  0 (  0.0)�

Table 3 -MCT AB-SO Gαi1 MC Tryptase 6  
VEGF-A 6 4

44�
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3-4  

MCT

AB>SO AB-SO Negative

MCT

VEGF-A Flk-1 MCT AB>SO AB-SO Negative 

MCT VEGF-A Flk-1

MCT

Gαi1 VEGF-A Flk-1

Gαi1 G ±

Takano et al., 2004 VEGF-A

Flk-1

VEGF-A Flk-1 MCT

MCT  

Kiupel 2004 MCT MC Tryptase

MCT

MC Tryptase VEGF-A Flk-1

AB-SO ±

Tryptase PAR-2 Xiang et al., 2006 Tryptase

VEGF Masuko et 

al., 2007 PAR-2 Aker et 

al., 2000; Gruber et al., 2004 2 VEGF-A

VEGF-A Tryptase MCT

VEGF-A

Tryptase

Abe et al., 1998 MCT
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MCT

 

2 VEGF-A Flk-1 MCT

MCT AB-SO MCT

VEGF-A Flk-1

VEGF-A Flk-1 MCT

VEGF-A

Flk-1  
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4 VEGF- A

 

 

4-1  

2 A VEGF-A

VEGF 2 Flk-1

MCT

Abhimanyu, 2017 3

AB - O SO MCT

VEGF-A/Flk-1 MCT

 

VEGF-A

Flk-1 Flt-1

 

VEGF-A

AB-SO

c-Kit MC Tryptase Ki67   
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4-2  

 

4-2-1  

: 2019-44 Wistar rat

0 E0 E13 20 1 7 14 28 60 90

Day 1 90 4%± /0.1M 

PB ± 3µm

 

 

4-2-2 AB  

± 2 3% 1%

/3% 30 AB 3%

 

4 1mm2 AB

MC 10  

 

4-2-3 AB - O SO  

3  3-2-2 MC

AB>SO AB AB=SO AB SO AB<SO

SO Figure. 4-1-A C 3

100 AB SO MC AB>SO AB=SO AB<SO

4  

 

4-2-4 c-Kit MC Tryptase Ki67 VEGF-A Flk-1 Flt-1  

2 2-2-5 2 3%
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1% /3% 10

Table 4  

4 100 AB MC

4  

 

4-2-5 α  

AB AB-SO one-way ANOVA

Tukey’s post hoc α P<0.05

α  

  



Antibody Blocking Host species Dilution  Supplier Article No. 

Anti-c-Kit 10% goat serum Rabbit,  
polyclonal 1:500 Agilent, Santa 

Clara, CA., U.S.A. A4502 

Anti-VEGF-A 5% goat serum Rabbit,  
polyclonal 1:100 Cloud-Clone, 

Katy, TX., U.S.A. LAA143Ca71 

Anti-Flk1 4% Block Ace Mouse, 
monoclonal 1:100 Santa Cruz, Dallas, 

TX., U.S.A.  sc-393163 

Anti-Flt1 4% Block Ace Rabbit,  
polyclonal 1:100 Santa Cruz, Dallas, 

TX., U.S.A.  sc-316 

Anti-MC Tryptase 10% goat serum Mouse, 
monoclonal 1:500 (1:100)� Santa Cruz, Dallas, 

TX., U.S.A.  sc-59587 

Anti-Ki67 10% goat serum Rabbit,  
polyclonal 1:500 ABCAM, 

Cambridge, U.K. ab15580 

Table 4. 

�0�

*() 	
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4-3  

 

4-3-1 AB-SO MC  

E16 AB MC AB MC

E16 Day 14

AB-SO

Day1 MC AB>SO D7 AB=SO

AB<SO MC Figure 4-1-D E  

 

4-3-2 MC c-Kit MC Tryptase Ki67  

c-Kit AB MC MC Tryptase MC E17

E19 MC  

Ki67 MC E17 Day 21

Figure 4-2  

 

4-3-3 MC Flk-1 Flt-1  

VEGF-A MC

Day 14 Flk-1

VEGF-A/Flk-1 MC Flk-1 MC

VEGF-A MC Fig. 4-3 4-4  

Flk-1 MC E17 Day 90 Flk-1 MC

E20 Day 28 Flk-1 MC

cytFlk-1 MC nuc/cytFlk-1

MC cytFlk-1 MC E20 Day 28

Flk-1 MC Day 60 90 Flk-1 MC

nuc/cytFlk-1 MC E19 Day21
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30%  Day 28 Day 60 90

Flk-1 Day 1 21

 MC Flk-1 c-Kit Figure 4-3  

Flt-1 MC E19 Day 90 Flk-1 Flt-1 MC

cytFlt-1 nuc/cytFlt-1 MC

E19 Day14 cytFlt-1 MC Flt-1

MC Day21 28 nuc/cyt Flt-1 MC

Day 60 90

E19 Day90 MC Tryptase MC Flt-1

Day 1 28 cytFlt-1 MC

nuc/cytFlt-1 Figure 5  

Flk-1 Flt-1 Day1 28

AB MC Flk-1 Flt-1

Day28 Flk-1/Flt-1

MC Flk-1  
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Figure 4-1 MC AB-SO  
A: AB>SO MC Day 1  
B: AB>SO AB=SO MC Day 14  
C: AB<SO MC  

A-C J : 20µm  
D: 1mm2 MC E16 Day 90  
E: AB>SO AB=SO AB<SO MC E16 Day 90 ±SD
*p<0.001 vs Days 7-21; **p<0.001 vs Days 21-90; †p<0.001 vs Days 1 and 90; 
#p<0.001 vs Days 7; ##p <0.001 vs Days 7 and 14 
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Figure 4-2 c-Kit MC Tryptase Ki67 MC  
A: c-Kit Day 1 AB MC

 
B: MC Tryptase E19 AB MC

 
C: Ki67 Day 14 M MC

Ki67 MC  
A-C J : 20µm  

D: E16 Day 90 MC Tryptase MC ±SD
*p<0.001 vs E17 and 18  
E: E16 Day 90 Ki 67 MC ±SD *p<0.001 vs 
E17 and Days 28-90
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Figure 4-3 MC VEGF-A  
VEGF-A MC

VEGF-A MC
 

A-D:VEGF-A Flk-1  
A-C: Day 14 MC / Flk-1 VEGFA T

Flk-1  
D: Day 14 MC AB

 
J : 20µm

Flk1� Flk1/VEGF-A�VEGF-A� AB�

E	20� Day	14�
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Figure 4-5 MC Flk-1  
A, B: Flk-1 Day 14 MC

Flk-1 MC  
C: Flk-1 Day 28 MC  
D-G: Flk-1 c-Kit Day 14 
c-Kit MC Flk-1 D-F c-Kit MC

Flk-1 G; Flk-1: :  
H: E16 Day 90 Flk-1 MC ±SD *p<0.001 vs 
E17-19 and Days 60-90; †p<0.001 vs Days 60-90.  
I: E16 Day 90 Flk-1
MC ±SD *p<0.001 vs E17-19 and Days 60-90; 
**p<0.001 vs Days 60-90; #p<0.001 vs E19-Day 14 and Days 28-90.  
-M: Flk-1 Ki67

Flk-1 Ki67T MC MC AB M  
A-G J-K J : 20µm  

Flk1� Flk1/Ki67�Ki67�

J� K� L� M�

AB�
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Figure 4-6 MC Flt-1  
A: Day 14 MC Flt-1  
B: Day 28 MC Flt-1  
C-E: MC Tryptase Flt-1 Day 
14 MC ryptase MC Flt-1  
F-K: MC Tryptase Flt-1 Day 
28 MC ryptase MC Flt-1 MC Tryptase MC

Flt-1 H; K; 
 

A-K J : 20µm  
L: E16 Day 90 Flk-1 MC ±SD *p<0.001 vs 
E19 and Days 60-90  
	: : E16 Day 90 Flk-1
MC ±SD *p<0.001 vs E19 and Days 28-90; #p<0.001 vs 
E19-Day 7 and Days 60-90  
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AB�Flk1� Flk1/Flt1�Flt1�

A� B� C� D�

E� F� G� H�

AB�Flk1� Flk1/Flt1�Flt1�

Figure 4-7 Flk-1 Flt-1  
A-C: Day 21 MC / Flk-1 / Flt-1
T Flk-1 / Flt-1 T

 
E-G: Day 28 MC Flk-1 / Flt-1 T

 
D, H: Day 21 Day 28 MC AB
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4-4  

MC VEGF-A Flk-1 Flt-1

MC VEGF-A E18 Day 

90 VEGF-A MC Day 14 Day 21

Flk-1 Flt-1 Day 1 Day 28

Day 60 MC

Flk-1 Flt-1 MC

MC MC Flk-1 Flt-1

 

MC MC

MC AB MC

AB SO Coms et al, 1965

AB-SO E16 Day 1 AB>SO MC

Day 7 AB<SO MC  Day 7

Day 7 Day 28 MC

Day 60 Day 90 AB>SO MC

MC

MC Flk-1 Flt-1 MC

 

Flk-1 VEGF-A B

± VEGF-A/Flk-1

Doughter et al, 

1999; Huang et al, 2007 Flk-1 MC AB MC E17

Day 90 VEGF-A MC Day 

14 Day 21 Flk-1 MC E20 Day 21

Ki67 MC
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VEGF-A/Flk-1 MC

Detraki 2004 VEGF-A Flk-1 MC

MC

MC VEGF-A/Flk-1

MC MC

Gentek et al, 2018 MC

MC

VEGF-A Flk-1

 

MC Flk-1

Flk-1 endosomal strage 

pool Cai et al, 2006; Cai et al, 2011; Gampel et al, 

2006 eNOS shear stress Flk-1 VEGF-A

Dougher et al, 1999; Feng et al, 1999; Santos 

et al, 2007 VEGF-A/Flk-1

Flk-1 Frago et al, 2007

Flk-1

Blazquez et al, 2006; Domingues et al, 2011; Fox et al, 2004; Stewart et 

al, 2003; Zhang et al, 2005 Domingues 2011 VEGF-A Flk-1

Flk-1

Flk-1 MC Flk-1

Flk-1  

Flt-1 Flk-1 Flt-1 Flk-1

VEGF-A Bahramsoltani et al, 2010; Cai et al, 

2012 Flt-1 VEGF-A
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Flk-1 Ahmed et al, 1977; Bussolati et 

al, 2001; Rahimi et al., 2000; Zeng et al., 2002 Flt-1

VEGF-A decoy receptor

VEGF-A/Flk-1 Fuh et al., 1998; Park et al., 

1994; Roeskl et al., 1998 Flt-1 Flk-1

Flk-1 Cudmore et al., 

2012; Huang et al., 2007; Kendall et al., 1996 Flk-1 Flt-1

α Huang 2007 ProB

PreB Flt-1 Flk-1

VEGF-A/Flt-1

Gerber et al., 2002; Hattori et al.

VEGF-A/Flk-1 Dias et al., 2000, 

Gerber et al., 2002; Hattori et al. MC

Flt-1 Flk-1 2 VEGFRs MC

 

Flt-1 Day 14 Day 28

Flt-1

± Cai et al., 2006; Decaussin et al., 1999; Lee et al., 

2007; Mittar et al., 2009; Mousavi et al., 2019

Andersson et al., 2010, Cai et al., 2006; 

Cai et al., 2011; Lee et al., 2007; Vincent et al., 2005 Flt-1

Flk-1

Lee et al., 2007; Vincent et al., 2005 Flt-1

Day 14 Day 28 MC Flt-1

Lee (2007) 

VEGF-A Flt-1
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Flk-1 Flt-1 ×

VEGF-A/Flt-1

Flt-1 Flk-1

VEGF-A Flk-1 Flt-1

Cai et al., 2012 Cai Flt-1 Flt-1

VEGF-A/Flk-1

Cai et alk., 2011; 2012

Flt-1 Flk-1

Cai et alk., 2012 Flt-1 Flk-1

 

VEGF-A MC

VEGF-A Flk-1

MC MC

VEGF-A/Flk-1  

Flt-1 Day 28 Flk-1

Ki67 MC AB<SO MC

MC Flt-1 Flk-1

VEGF-A Flk-1

MC

 

MC VEGF-A

Flk-1 Flt-1 MC

MC

VEGF-A Flk-1 MCT

MC VEGF-A Flk-1

MCT VEGF-A Flk-1
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MCT  
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5 VEGF-A VEGF

-2  

 

5-1   

GATA-1/2 MITF PU.1

Tsai et al., 1994 GATA-1 GATA-2

Harige et al., 

1998 GATA-2 lineages Harige et al., 

1998; Matsuda et al., 2007 c-Kit MC

Maeda et al., 2010; Minami et al., 2004

Jippo et al, 1996  

4 MCT VEGF-A Flk-1

VEGF-A Flk-1

MCT VEGF-A Flk-1

 

mBMMC

IL-3 SCF

Michael et al., 1992  

mBMMC

VEGF-A Flk-1 VEGF-A Flk-1 

inhibitor VEGF-A/Flk-1
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5-2  

 

5-2-1  

4 ICR

100ug/ml streptomycin Meiji Tokyo Japan 100ng/ml peniccilin

RPMI-1640 Medium Sigma-Aldrich USA /10% fetal bovine serum FBS

Hyclone Logan UT mouse recombinant IL-3 5ng/ml

mouse recombinant SCF 20ng/ml 35mm dish 37

5%CO2 8 3  

 

5-2-2 mBMMC  

mBMMC 0.01M PBS 1,500rpm 5

mBMMC 4%±

4%± 1% mBMMC

1500rpm 5 1M

Basch, 1986 3µm ±

 

 

5-2-3 mBMMC  

2-8  mBMMC c-Kit VEGF-A Flk-1 Flt-1

2 Table 5  

 

5-2-4 mBMMC total RNA RT-PCR real time RT-PCR

 

GATA2 MITF

c-Kit MCP6 FcεR1 VEGF-A Flk-1 Flt-1
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mRNA Reverse transcript;tion PCR RT-PCR  

mBMMC total RNA

Chomczynski and Sacchi, 1987 2 3 4 5 6 7

8  

RT Rever Tra Dash RT-PCR Kit Toyobo, Osaka, Tokyo

1ug total 

RNA  

PCR Rever Tra Dash RT-PCR Kit Toyobo Bio-Rad C1000 

Touch Thermal cycler Bio-Rad Hercules CA RT-PCR

Table 5-1 Thermal cycling parameter Activation; 

95  1 Denature Annealing Extend

cycle Elongation; 72  7 Fig 5-1

 

real-time RT-PCR TB Green® Fast qPCR Mix TakaRa Bio Inc. Shiga

Japan TaKaRa Thermal Cycler Dice TP800 TaKaRa

real time RT-PCR Table 5-2 Thermal cycling 

parameter Activation; 95  2 Denature; 95  3 Annealing/Extend; 

60  30 40cycle dissociation step 95 15 60 30

95 15 GAPDH 2 Ct

 

 

5-2-5 mBMMC VEGF Flk-1 inhibitor  

Flk-1 3.5 mBMMC IL-3 SCF

mBMMC IL-3+/SCF+ mBMMC IL-3-/SCF-

VEGF-A 50ng/ml; FUJIFILM Wako, Osaka, Japan; VEGF-A

Flk-1 inhibitor 70nM; Merck, NJ, USA; Flk-1 inhibitor
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24 Control mBMMC IL-3+/SCF+

mBMMC IL-3-/SCF- 0.01M PBS 24

total RNA

VEGF-A Flk-1 real-time RT-PCR

5-2-2 5-2-4  

 

  



Antibody Blocking Host species Dilution  Supplier Article No. 

Anti-c-Kit 10% goat serum Rabbit,  
polyclonal 1:500 (1:300)* Agilent, Santa 

Clara, CA., U.S.A. A4502 

Anti-VEGF-A 	0% goat serum Rabbit,  
polyclonal 1:100 Cloud-Clone, 

Katy, TX., U.S.A. LAA143Ca71 

Anti-Flk1 10% goat serum Mouse, 
monoclonal 1:100 Santa Cruz, Dallas, 

TX., U.S.A.  sc-393163 

Anti-Flt1 10% goat serum Rabbit,  
polyclonal 1:100 Santa Cruz, Dallas, 

TX., U.S.A.  sc-316 

Anti-MC Tryptase  10% goat serum Mouse, 
monoclonal 1:500 (1:100)  Santa Cruz, Dallas, 

TX., U.S.A.  sc-59587 

Table 5. 

68

*() 	
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5-3  

 

5-3-1 mBMMC mRNA c-Kit VEGF-A Flk-1

Flt-1  

mBMMC 8 lineages

c-kit mitf fcεrI mRNA 3 RT-PCR

mBMMC 3

lineages vegf-a mRNA

3 8 flk-1 mRNA 3

6 flt-1 mRNA 3 5 Fig. 5-1

real-time RT-PCR c-kit gata 2 mitf mcp6 MC Tryptase vegf-a

flk-1 mRNA Fig. 5-2 vegf-a flk-1 

mRNA 4 3 5 8

 

c-Kit VEGF-A Flk-1 Flt-1 RT-PCR

mRNA c-Kit

3 4

5

7 Fig. 5-3 VEGF-A

3 5

6

Fig. 5-4 Flk-1 4 5

3 6 8 4 5

Fig. 5-5 Flt-1 3 5
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6

7 Fig. 5-6  

 

5-3-2 mBMMC VEGF Flk-1 inhibitor  

mBMMC IL-3+/SCF+ Flk-1 inibitor Gata2 mRNA

p<0.05 c-kit mRNA mBMMC

IL-3-/SCF- Flk-1 inibitor Mitf mRNA

Fig. 5-7 VEGF-A Gata2 mRNA c-kit mRNA

 

VEGF-A Flk-1 inhibitor VEGF-A Flk-1

DAPI

Fig. 5-8  

  



Name 
(cycle ) Sequence(5’-3’) Product 

(bp)
Dnature 
( /M)

Annealing 
( /M)

Extend 
( /M)

c-kit 
(35)

Fw.  AGC AAG AGT TAA CGA TTC CGG AG
344 95/1 60/1 72/1

Rev. CCA GAA AGG TGT AAG TGC CTC CT

mitf 
(35)

Fw.  CTA GAG CGC ATG GAC TTT CC
246 95/1 65/1 72/1

Rev. AAG TTG GAG CCC ATC TTC CT

vegf 
(30)�

Fw.  TTT ACT GCT GTA CCT CCA CCA
320, 520 95/1 65/1 72/1

Rev. ATC TCT CCT ATG TGC TGG CTT T

flk-1 
(30)�

Fw.  GCC AAT GAA GGG GAA CTG AAG AC
547 95/1 60/1 72/1

Rev. TCT GAC TGC TGG TGA TGC TGT C

flt-1 
(30)

Fw.  TTCAACACCTCTGTGCATGTGT  
490 95/1 60/1 72/1

Rev. ATACACGGTGCAAGTGAGGACTT 

fcεRI 
(35)

Fw.  TTGGTCATTGTGAGTGCCACC
428 95/1 60/1 72/1

Rev.	GTGTCCACAGCAAACAGAATC 

gapdh 
(35)�

Fw.  TCC ACC ACC CTG TTG CTG TA
397 95/1 55/1 72/1

Rev. ACC ACA GTC CAT GCC ATC AC

M: minute

Table. 5-1 RT-PCR
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Name Sequence(5’-3’) Product 
(bp)

c-kit Fw.  AGC AAG AGT TAA CGA TTC CGG AG
344

Rev. CCA GAA AGG TGT AAG TGC CTC CT

mitf 
Fw.  CTA GAG CGC ATG GAC TTT CC

246
Rev.  AAG TTG GAG CCC ATC TTC CT

gata2 
Fw.  CCA GCA AAT CCA AGA AGA GC

193
Rev. AGA CTG GAG GAA GGG TGG AT

vegf 
Fw.  TTT ACT GCT GTA CCT CCA CCA

320
Rev.  ATC TCT CCT ATG TGC TGG CTT T

flk-1�
Fw.  GCT TGC TCC TTC CTC ATC TC

273
Rev. CCA TCA GGA AGC CAC AAA GC

mmcp6�
Fw.  GCC CAG CCA ATC AGC G

64
Rev. CCA GGG CCA CTT ACT CTC AGA

gapdh 
Fw.  TCC ACC ACC CTG TTG CTG TA

397
Rev. ACC ACA GTC CAT GCC ATC AC

Table. 5-2 real-time RT-PCR
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Figure 5-1. IL-3 SCF mBMMC VEGF Flk-1
 

 
c-Kit MITF GATA2 FcεRI mRNA 	

 

	2w			3w				4w				5w					6w				7w					8w	
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MITF

c-Kit

Flt-1
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3w 4w 5w

8w7w6w

Figure 5-3 mBMMC c-Kit  
3 8 mBMMC c-Kit 54  
3 4

4 5 7
mBMMC  

20µm  
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Figure 5- mBMMC VEGF-A  
3 8 mBMMC VEGF-At 54  
3 5

mBMMC 6
mBMMC  

20µm  

3w 4w 5w

8w7w6w
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Figure 5-5 mBMMC Flk-1  
3 6 mBMMC Flk-1 54  
4 5 mBMMC

3
6 mBMMC 4 5

 
20µm  

3w 4w 5w

6w 7w
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Figure 5-6 mBMMC Flt-1  
3 	 mBMMC Flt-1 54  
3 5 mBMMC Flt-1 mBMMC

 
20µm  

3w 4w 5w

7w6w
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:	Control	
:	VEGF	50ng/ml	
:	Flk-1	inhibitor	70nM

Figure 5-7 mBMMC VEGF-A Flk-1 inhibitor  
mBMMC IL-3+/SCF+ mBMMC IL-3-/SCF- Control
VEGF-A Flk-1 inhibitor 24

total RNA real-time RT-PCR 54  
mBMMC IL-3+/SCF+ Flk-1 inhibitor Gata2 mRNA

4 p<0.05 4 c-�it mRNA 4 
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Control VEGF-A	50ng/ml lk-1	inhibitor70nM

Control VEGF-A	50ng/ml lk-1	inhibitor70nM

VEGF-A/DAPI VEGF-A/DAPI VEGF-A/DAPI

Flk-1/DAPI Flk-1/DAPI Flk-1/DAPI

Figure 5-8 VEGF-A Flk-1 inhibitor VEGF-A Flk-1  
VEGF-A Flk-1inhibitor 4mBMMC VEGF-A
Flk-1 5 4  

54  
20µm  

80



 81 

5-4  

4 Flk-1 Flt-1

IL-3 SCF

mBMMC 3 6 flk-1 mRNA 4

flt-1 mRNA 3 5

vegf-a mRNA 3 8 flk-1 

mRNA 4 Flk-1

Flt-1

Flk-1 Flt-1 VEGF-A

VEGF-A/Flk-1

VEGF-A/Flt-1

 

Flk-1 3-4 Flk-1

c-Kit GATA2

GATA2 Tsai et al., 

1994 GATA1 PU.1

Harigae et al., 1998; Walsh et al., 2002 Maeda

GATA2 Sp1 c-Kit c-Kit

Maeda et al., 2010 GATA2

MC

Minami et al., 2004 SCF/c-Kit

O

Tsai et al, 1991 Flk-1

GATA2 c-Kit
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mBMMC mRNA 3

flt-1 mRNA 4-8

gata2 mRNA flt-1 mRNA 6-8

Flk-1 GATA2

GATA2 STAT5

Li et al., 2015 STAT5 c-Kit

Shelburne et al., 2003 STAT5 DNA SCF/ c-Kit

Ryan et al., 1997 Flk-1

GATA2 c-Kit

c-Kit c-Kit

GATA2

 

c-Kit

c-Kit

MCT MCT c-Kit

MCT

Kiupel et la., 2004; Costa et al., 2007 MCT

c-Kit MCT

MCT c-Kit pattern I

MCT c-Kit pattern II III
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mBMMC VEGF-A Flk-1

Flk-1

GATA2 c-Kit

Flk-1 VEGF-A

VEGF-A/Flk-1 GATA2 c-Kit

Fig. 5-9 5-10  

  



Figure 5-9 VEGF-A/Flk-1  
Flk-1 Flk-1 5 �ata 2 
mRNA GATA2 c-Kit

5

Flk-1 c-Kit

SCF

differentiation

GATA2 mRNA

GATA2

ATA2	binding	region

Inlhibition

Inhibition

VEGF-A
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Figure 5-10  
Flk-1 Flk-1

�ata 2 mRNA GATA2 c-Kit
5

c-Kit

SCF

differentiation

GATA2 mRNA

GATA2

ATA2	binding	region

VEGF-A
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6  

 

MCT 1

MCT N/C

MCT

MC SCF SCF

c-Kit

MCT

VEGF -A VEGFRs Flt-1

Flk-1 α

VEGF-A Flk1

Flt1 MCT

 

MCT 

VEGF-A VEGFRs MCT

VEGF-A VEGFRs

MC VEGF-A VEGFRs

MC MC VEGF-A Flk-1 MC

 

MCT VEGF-A VEGFRs

VEGF-A

VEGFRs

MCT 135 Patnaik Grade Kiupel
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low-grade high-grade c-Kit

c-Kit pattern MCT

Ki67 PCNA

MCT VEGF-A Flk-1 Flt-1

MCT

VEGF-A MCT MCT Patnaik Grade III

Kiupel high-grade  c-Kit pattern MCT

Flk-1 MCT c-Kit pattern MCT

VEGF-A Flk1 Patnaik Grade Kiupel high-grade

c-Kit pattern Flt-1

MC VEGF-A

Flk-1 MCT

MCT VEGF-A Flk-1

VEGF-A Flk-1

MCT VEGF-A/Flk-1

MC VEGF-A Flk1

Flk1 VEGF-A/Flk-1 intracrine

MCT  

VEGF-A Flk-1 MCT

 

VEGF-A Flk-1 MCT

VEGF-A Flk-1

MC

AB  O SO MC

AB SO AB>SO SO
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SO AB AB<SO

GTP ± Gi 1 MC

MC MCT

AB-SO Gi 1 MC

MC MCT VEGF-A Flk-1

AB-SO AB>SO Gi1  MCT

VEGF-A Flk-1 VEGF-A Flk-1

VEGF-A/Flk-1 MCT

 

VEGF-A Flk-1 MCT

MC VEGF-A Flk-1

MC

VEGF-A VEGFRs

AB-SO c-Kit

MC Gi 1 MC

Ki67 VEGF-A Flk1 Flt1

MC 16 E16 7 D7 28

D28 AB>SO MC MC AB<SO MC MC

Ki67 MC D60 D90 AB<SO MC

Ki67  MC Flk-1 E17 Flt1

E19 MC D7 D28 MC D60

D90 VEGF-A E17 D90

MC Flk-1 Flt-1

MC VEGF-A /Flk-1 VEGF-A /Flt-1

MC  
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VEGF-A Flk-1 MCT MC

5

VEGF-A Flk-1 MC

VEGF-A/Flk-1

MC mBMMC MC VEGF-A

Flk-1 MC c-Kit MC MC

α GATA2 MITF

vegf Flk-1 mRNA 3 4

vegf Flk-1 mRNA 5 c-kit GATA2 

mRNA 3.5 mBMMC Flk-1 inhibitor

gata2 c-kit mRNA VEGF-A/Flk-1

GATA2 c-Kit MC

 

MCT

VEGF-A VEGFRs

VEGF-A VEGFRs Flk-1 MCT

Flk-1

MC GATA2

MC

MCT VEGF-A/Flk-1 MC GATA2 c-Kit

MC MCT

MCT

Fig. 6   
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