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1 

 

1   

1-1  

1-1-1  

[1]

[2]

 

[4], [5]

[6]–[8]

[3]



 

2 

 

[18]  

[19]

in vivo

[18]  

 

1-1-2 PP2A SET  



 

3 

 

 

40 Phosphoprotein phosphatase

2A PP2A

90 [9] PP2A

PP2A

[10]–[12] PP2A

SET PP2A

PP2A SET

PP2A [13]–[15]

[16], [17]

SET

2 SET

 

 

1-2  



 

4 

 

2010 9

2006 2021

 

1

[20]

[21]

 

40 kg

[21]

[22]

25 kg



 

5 

 

[20]

 

WHO 2019 1

2 20

[23]

[24] 3

1 2 4

[25]

 

[26]

LDL

[27]–[29]



 

6 

 

LDL

3

 

 

1-3  

 2 3

  



 

7 

 

2  SET/I2PP2A  

 

1   

  

40

[30]

[31], [32]

[6], [7]

[8] HER2

HER2

/

 

PP2A



 

8 

 

[10] PP2A

c-

Myc, Akt/PKB, ERK1/2, mTORC1/p70 S6 kinase (p70S6K), Wnt/ -catenin, NF B 

[33]–[35]

SET CIP2A PME-1 PP2A

PP2A [13]  

SET set-can

[36] 2 SET

[37] SET

4 SET SET

SET 94 [38]

B

SET SET

[14], [15]

SET c-Myc

[15]  

SET

2 SET

SET

SET PP2A

SET SET-KD

 

  



 

9 

 

2   

2-2-1  

 2015 1 2016 11

13

1

WHO-TNM [39]

5 mm

 

  



 

10 

 

 

1  

 

 

 
  

T N M Clinical Stage

1 10 Female Chihuahua 1 0 0 I

2 7 Female Welsh Corgi 3 0 0 III

3 11 Female Miniature Dachshund 1 0 0 I

4 11 Female Chihuahua 2 0 0 II

5 12 Female Papillon 1 0 0 I

6 12 Female Maltese 1 0 0 I

7 10 Female Miniature Dachshund 1 0 0 I

8 5 Female Japanese Chin 1 0 0 I

9 13 Female Welsh Corgi 3 1 1 V

10 16 Female Miniature Dachshund 3 0 1 V

11 8 Female Mixed 1 0 0 I

12 8 Female Shiba 3 0 0 III

13 15 Female Afghan 1 1 0 IV

WHO Classification
Dogs Age Sex Breed



 

11 

 

2-2-2  

 CIP-p  CIP-m  

[40] 1% antibiotic-antimycotic (Life Technologies, Carlsbad) 10% fetal bovine 

serum FBS RPMI1640 5% CO2

MCO-5AC SANYO  

 

2-2-3  

 2  

  



 

12 

 

2  

 

  

Akt Cell Signaling 2920

E-cadherin BD Biosciences 610181

ERK p42/p44 Cell Signaling 9107

Santa Cruz Biotech sc-9166

Cell Signaling 4814

N-cadherin Cell Signaling 13116

Phospho ERK p42/p44 Cell Signaling 9101

Cell Signaling 5558

Phospho-Ser473 Akt Cell Signaling 4060

Cell Signaling 3033

Phospho-Tyr307 PP2Ac Abcam ab32104

Phospho-Thr389 p70S6K Cell Signaling 9234

PP2Ac Merck Millipore 07-324

SET Santa Cruz Biotech sc-5655

Thermo Scientific RB-9281-P0

c-Myc Cell Signaling 5605

p97/VCP GeneTex GTX113030

Santa Cruz Biotech sc-372

p70S6K Santa Cruz Biotech sc-230

BD Biosciences 610153
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2-2-4  

2-2-4-1  

SET shRNA SET

mCherry pLVmC ClaI/MluI

[41] shRNA  

shNonTarget (shNT): 5’- CAACAAGATGAGAGCACCA -3’   

shSET (shSET): 5’- GGATGAAGGTGAAGAAGAT -3’ 

 

2-2-4-2  

On ice E. coli Competent Cells XL10GOLD, Stratagene 10 µl

0.5 µl on ice 30 Dry Bath Incubator, Major 

Science 42°C 45 on ice 2

100 µl LB Broth 37°C 1 BioShaker BR-22FP,  

Taitec LB agar 100 µg/ml ampicillin

37°C LB Broth 100 µg/ml ampicillin

37°C 180 rpm

3,000 rpm 10 Himac CR20, HITACHI

Plasmid Mini Kit I Omega

 

 

2-2-4-3  

6 HEK293T

pLVSIN 3 g packaging plasmid

psPAX2: 2.3 g vesicular stomatitis virus G protein VSVG coat protein plasmid



 

14 

 

pMD2.G: 1.3 g 1 ml Opti-MEM l PEI 30

4.5 ml 10% FBS 1% AA DMEM 8

3 ml 48

m Millipore CIP-p CIP-m 8

SET shRNA

 

 

2-2-5  

 

2-2-5-1  

western blotting [42]

on ice HBS lysate buffer

on ice 5 4°C 15,000 rpm

15

BioRad DC protein assay kit (Bio-Rad) 

lowry  

lysate buffer 50 mM Tris-HCl pH 8.0  

5 mM EDTA 5 mM EGTA 1% Triton X-100 1 mM Na3VO4 20 mM sodium 

pyrophosphate protease inhibitor cocktail Roche 1 tablet/50 ml  

 

2-2-5-2 Western blotting  

SDS

AE6677, ATTO

Wako 0.5% 



 

15 

 

TBS-T 1 Wave-SI TAITEC

4°C

1 ECL Pro PerkinElmer

LAS3000mini, FUJIFILM

ImageJ National Institutes of Health

 

TBS-T 25 mM 2-Amino-2- hydroxymethyl-

1 3- propanediol (Tris) -HCl pH 7.4 150 mM NaCl 0.05% Tween20  

 

2-2-6  

Cell Counting Kit-8 CCK8, Dojindo

24 1.0 × 103 4

24 1.0 × 103

24 48 CCK8

 

4-OH-tamoxifen M carboplatin 1, 

M doxorubicin 10, 100, 1000 ng/ ml bortezomib M  

 

2-2-7  

HS BZ-9000, KEYENCE

4 4 chamber 

35-mm glass bottom dishes 1.0 × 104 24 37°C

5% CO2 HS 15 48

 



 

16 

 

 

2-2-8  

60 mm 3.0 × 102 1 HBS

99.5%

 

 

2-2-9  

2.5 ml bottom agar 10% FBS 2.8% NaHCO3 1% AA 0.75% 

 RPMI-1640 6 4°C 8

6.0 × 103 1.5 ml top agar 10% FBS 2.8% NaHCO3

1% AA 0.36%  RPMI-1640 3

Wako

 

 

2-2-9  

NOD/SCID NOD.CB17-Prkdcscid

shNT CIP-m shSET

CIP-m 3×106 27

((width + length) / 4)3 × 3 

× 4/3
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2-2-10 PP2A  

PP2A Ema

OP449 1 M 2 lysate buffer

type 2A protein 

phosphatase OA 10 nM 5

reaction buffer 20

60% HClO4 

PP2A  

lysate buffer 50 mM MOPS

pH7.4 0.1% NP-40 0.1 mM EGTA Roche’s complete protease inhibitor cocktail

Reaction buffer 50 mM MOPS pH7.4 24 mM 

MgCl2 2 mM MnCl2 0.03% 2-mercaptoethanol 2.9% glycerol 0.2 mM phospho-

peptides K-R-pT-I-R-R  

 

2-2-11  

 X MX-80 Labo, mediXtec Japan

0 - 80 kV, 0 - 1.25 mA 24 1.0 × 104

2 Gy 4 Gy 60 mm 3.0 

× 102 1 99.5%

 

 

2-2-12  



 

18 

 

 Sigma Plot HULINKS  ± 

2 Student’s t-test 3 one-way 

analysis of variance one-way ANOVA Fisher's Least Significant 

Difference (LSD) test P 5%

 

  



 

19 

 

3   

2-3-1 SET  

 

2-3-1-1 SET  

SET

SET

13

10 

g western blotting SET

1-A SET SET

100%

1-B SET  

      

  



20

1

SET

13 SET

western blotting A

SET 100% SET

B Stage I, n=6 Stage II – V n=7 : P < 0.05 Stage 



 

21 

 

2-3-1-2  

CIP-p CIP-m SET

CIP-p CIP-m

 

Epithelial-Mesenchymal 

Transition, EMT

E- N-

[43] 2 CIP-p

E- CIP-m N-

EMT
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2

CIP-p CIP-m

EMT E- N- western blotting

p97 /VCP

2



 

23 

 

2-3-1-3 SET shRNA  

SET

CIP-p CIP-m SET

3-A  

SET

SET shRNA shSET SET

CIP-p CIP-m 3-B SET

western blotting shSET CIP-p CIP-m

SET

SET

30  
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3 SET shSET

Normal CIP-p CIP-m SET

western blotting p97 /VCP VCP

A CIP-p CIP-m nontarget shRNA

shNT SET shRNA shSET Western blotting

shRNA Tublin

2 B
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2-3-2 SET  

 

2-3-2-1 SET  

 

SET

[15]

SET

CIP-p

CIP-m SET

4-A, 4-B 2

[44]

SET CIP-p

CIP-m

4-C, 4-D  
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4 SET

shNT shSET CIP-p

CIP-m 4 Cell Counting Kit-8 CCK8

A, B 3 2

: P < 0.05 shNT

shNT shSET CIP-p

CIP-m 24 C, D

15 17 : P < 0.05 shNT 



 

27 

 

2-3-2-2 SET  

SET

 

SET

CIP-p

SET CIP-m 5  

 

  



28

5 SET

shNT shSET CIP-p A CIP-m B

shNT

100% shSET

3 2 : P < 0.05

shNT 



 

29 

 

2-3-2-3 SET

 

SET

CIP-m SET

6 CIP-p

shNT

SET

 

  



30

6 SET

SET shNT

shSET CIP-m

shNT

100% shSET 3

2 : P < 0.05 shNT 



 

31 

 

2-3-2-4 SET xenograft

 

In vitro SET

CIP-m

shNT shSET CIP-m

xenograft

CIP-m 7 xenograft

in vivo SET CIP-m

 

  



32

7 SET xenograft

shNT shSET CIP-m xenograft

27

A 35 B N=7

: P < 0.05 shNT 



 

33 

 

2-3-2-5 SET  

SET

SET

FTY720

SET

PP2A [45] FTY720

FTY

CIP-m CIP-p

8

SET

 

  



34

8 SET

CIP-p CIP-m FTY720 48 CCK8

100% 2 2

: P < 0.05 CIP-p



 

35 

 

2-3-3  SET  

 CIP-m SET

SET

western blotting  

 

2-3-3-1 SET c-Myc Akt ERK1/2  

SET c-Myc Akt

[15], [46]

SET

CIP-m SET c-Myc Akt

9A B ERK1/2

SET

9C SET c-Myc Akt ERK1/2

 



36

9 SET

SET c-Myc (A) , Akt (B) ERK1/2 (C) 

shNT shSET

CIP-m western blotting VCP

A

shNT 100% shSET 2

2
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2-3-3-2 SET mTORC1 / p70S6K  

 / mTORC1

1

[47]

SET mTORC1

p70S6K p70S6

[41] CIP-m

SET p70S6K

p70S6K 10A SET

CIP-p

p70S6K CIP-m

p70S6K SET

CIP-p 10B  

  



38

10 SET mTORC1 / p70S6K

SET mTORC1 / p70S6K shNT shSET

CIP-m A CIP-p B western blotting

VCP

3 6 2

: P < 0.05 shNT 



 

39 

 

2-3-3-3 SET Wnt/ -catenin  

Wnt/ -catenin NF B

[48], [49] Wnt/ -catenin

-catenin -catenin

-catenin GSK3 -catenin

GSK3 PP2A

GSK3 Ser9 PP2A -catenin

[50] PP2A

SET Wnt/ -catenin SET

-catenin GSK3

SET -catenin GSK3

11A B -catenin

cyclin D1 SET

11C SET

PP2A GSK3 Wnt/ -catenin

 

 

  



40

11 SET Wnt/ -catenin

SET -catenin A GSK3 B Cyclin D1

C shNT shSET CIP-m

western blotting VCP

3 6

2 : P < 0.05 shNT 



 

41 

 

2-3-3-4 SET NF B  

 NF B p65 RelB c-Rel p50 p52 5

PP2A NF B p65 Ser536

NF B [35] NF B

I B I B

NF B PP2A SET

NF B CIP-m

SET NF B p65 I B NF B 

p65 SET NF B p65 I B

NF B p65

12A B CIP-p SET NF B p65

I B

12C D  
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12 SET NF B

SET NF B p65 I B NF Bp65

shNT shSET CIP-m A

B CIP-p C D western blotting VCP

3 6 2 : P < 

0.05 shNT 



 

43 

 

2-3-3-5 SET PP2A  

SET

mTORC1 / p70S6K -catenin NF B

SET PP2A SET

PP2A Active PP2A DuoSet IC kit

CIP-m shSET SET

PP2A 13A PP2A Tyr307

PP2A [51] SET

PP2A Tyr307 western blotting

SET PP2A Tyr307

13B  

SET PP2A mTORC1 / p70S6K -

catenin NF B  

 

  



44

13 SET PP2A

A shNT shSET CIP-m SET PP2A

3 2

: P < 0.05 shNT B PP2A Tyr307

shNT shSET CIP-m western 

blotting shNT CIP-m PP2A Tyr307

100%

VCP 4

2 : P < 0.05 shNT 



 

45 

 

2-3-4  SET  

 

SET

 

 

2-3-4-1 SET

 

7 ER

tamoxifen

[52] SET A549 cisplatin

[53]

SET 26S

bortezomib PP2A CIP2A

[54]

SET SET

4-OH-tamoxifen M carboplatin M doxorubicin 

10, 100, 1000 ng/ ml bortezomib M 48 CCK8

14 SET CIP-m

4-OH-tamoxifen carboplatin bortezomib

doxorubicin doxorubicin

SET  



46

14 SET

shNT shSET CIP-m 4-OH-tamoxifen (A) carboplatin

(B) doxorubicin (C) bortezomib (D) 48 CCK8

100 3

2 : P < 0.05 shNT 



 

47 

 

2-3-4-2  SET  

SET CIP-

m 2 Gy 4 Gy

SET

15

SET

 

  



48

15 SET

shNT shSET CIP-m 2 Gy 4 Gy

100 3 2



 

49 

 

4   

SET SET

 

 

2-4-1 SET  

SET

CIP-m SET

SET

[15] CIP-p

SET

SET  

SET c-Myc Ser62

c-Myc  [15] MCF-7

siRNA c-Myc

[55] SET c-

Myc SET

ERK1/2 Akt [56]

MDA-MB-231 ERK1/2 Akt

[57]



 

50 

 

SET ERK1/2 Akt

SET c-Myc

SET

C SET [38] SET

 

 SET PP2A mTORC1 / p70S6K -

catenin NF B PP2A mTORC1

p70S6K PP2A

p70S6K Thr389 [34], [58] -catenin

GSK3 -catenin

GSK3 PP2A

[50] PP2A NF B p65 Ser536

NF B [35] NF B

I B SET NF B p65

SET PP2A mTORC1 / p70S6K -

catenin NF B

SET -catenin NF B

SET



 

51 

 

SET

 

CIP-p CIP-m

[40]

[59] SET

CIP-m

CIP-p

[38]

CIP-m SET

CIP-p

CIP-p CIP-m

CIP-p CIP-m SET

SET

SET

CIP-m SET

 

  



 

52 

 

2-4-2  SET  

SET OP449 FTY720

[15], [60] FTY720 CIP-m

OP449 FTY720

PP2A

[41], [61] SET

NDRG1 PP2A A549

cisplatin

[53] FTY720 oxaliplatin

[62] Carboplatin

N-7 DNA

DNA [63] SET carboplatin

CIP-m  

FTY720 doxorubicin

[60], [62] SET

doxorubicin FTY720

Doxorubicin

HDAC DNA DNA

RNA II DNA RNA

doxorubicin

[64], 

[65] SET PP2A

[66], [67]



 

53 

 

FTY720 PP2A SET PP2A

 

 

2-4-3  

PP2A SET

SET

PP2A mTORC1 / p70S6K -catenin NF B

SET

4-OH-tamoxifen carboplatin bortezomib X

doxorubicin

SET  
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3  

HMGB1   

 

1   

 

 

[68]

[69]

 

High Mobility Group Box-1

HMGB1 HMGB1 DAMP

IL-1 TNF
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[70] HMGB1

[71]  

 

[26]

LDL

[27]–[29]

[20], [22]  

Total Thrombus 

Formation Analysis System: T-TAS®

[72]

LDL

[73]

12 5 0.7 12

[74], [75]  



 

56 

 

3

HMGB1  

  



 

57 

 

2   

3-2-1  

 25

24±3

50±20% 12

2 25

5 5 ND Kodakara 

73 9.0%

15.0% 2.0% 9.0%

12% 

Low, 0.2%

Mid, 0.5% High, 1.5% 3

0.7% sodium cholate

High+SC 5 1.6 ~ 3% 1

8  
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3-2-2  

 8

HMGB1 ELISA Kit II Shino-test HMGB1

Total 

thrombus-formation analysis system: T-TAS®

3.2% sodium citrate

T-TAS 1.25 mg/ml

20 l 0.3 M CaCl2

10 l/min

80 kPa 

(T80) 16  
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16 T-TAS

T-TAS

TF



 

60 

 

3-2-3  

 Prism 7.0 JMP13.0  ± 

3 one-way analysis of variance (one-way ANOVA)

P 5%  
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3   

 

3-3-1 HMGB1  

HMGB1 HMGB1

HMGB1

High+SC 2

17  

  



62

17 HMGB1

Fat

12% Low 0.2% Mid 0.5%

High 1.5%

0.7% High+SC 8

HMGB1 N = 4 

5
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3-3-2  

Mid

High+SC

18  
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18

Fat

12% Mid 0.5% High 1.5%

0.7% High+SC 8

80 kPa

OT N = 3 5



 

65 

 

3-3-3 HMGB1  

HMGB1

HMGB1

19 r = 0.835 p < 0.0001  

  



66

19 HMGB1

HMGB1 OT



 

67 

 

 

4   

HMGB1

 

 

3-4-1 HMGB1   

HMGB1  DNA 

HMGB1 p53 NF-

[76], [77] HMGB1

[70], [78]–[80]

HMGB1 IL-1 TNF

[70]  

HMGB1

[71]

HMGB1

HMGB1 [81]

HMGB1
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3-4-2 HMGB1  

LDL HMGB1

LDL

HMGB1

[82]

HMGB1

HMGB1

HMGB1

T-TAS

HMGB1

HMGB1

 

HMGB1

 

 

3-4-4   



 

69 

 

HMGB1 T-TAS T-

TAS

HMGB1
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4   

 

Zoobiquity

 

2

PP2A SET

SET

PP2A -catenin NF B

SET

SET SET

SET

doxorubicin



 

71 

 

SET doxorubicin

SET

SET

 

3

HMGB1

HMGB1 HMGB1

HMGB1

 

PP2A SET

HMGB1
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