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1  

 

 

Tumor endothelial marker 8 (TEM8) 

TEM 1 Anthrax toxin receptor (

ANTXR1) TEM8

 (St Croix et al., 2000; Bradley et al., 

2001; Carson Walter et al., 2001; Friebe et al., 2016)

TEM8

 (Davies et al., 2006; 

Cullen et al., 2009; Chen et al., 2013; Cao et al., 2016; Gong et al., 2018)  

TEM8 alternative splicing isoforms

5 TEM8 splicing variants

 (Vargas et al., 2012) Variants 1 2 4

±

metal-ion-dependent adhesion site (MIDS) von Willebrand factor type 

A (vWA) 

Variants (V) 3 5

V 1 2 4

C 13 TEM8 vWA

 (Col- )  (Col- ) α3  (α3) 

 (Werner et al., 2006) Nanda et al. (2004) α3 C5

Endotrophin (ETP) TEM8



 2 

 

TEM8 2

TEM8 knock-out (KO) TEM8-KO

TEM8

TEM8-KO 

 (ECM) 

TEM8 ECM  (Cullen et 

al., 2009)  TEM8-KO

TEM8

 

(Besschetnova et al., 2015)  

TEM8

TEM8

 (Davies et al., 2006; Gong et al., 2018; Gutwein et al., 2011; 

Nanda et al., 2004; Rmali et al., 2004; Sakai et al., 2009; Yang et al., 2017)

TEM8-KO TEM8

 

(Høye et al., 2018) TEM8

TEM8

ERK1/2  (Cao et al., 2016)

ETP TEM8 Wnt

 (Chen et al., 2013) Høye et al. (2018) 

TEM8
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TEM8

TEM8

Triple-negative breast 

cancer (TNBC) TEM8 CAR T

 (Byrd et al., 2018)

TEM8

TEM8

 

tublar papirary solid

luminal basal/myoepithelial

TEM8

 

2 TEM8

TEM8 RT-PCR

TEM8-isoform

Western blot  

3 TEM8

TEM8

Notch-1 c-MET TEM8

 



 4 

4 TEM8

91 TEM8 luminal

basal/myoepithelial

luminal basal 2 TEM8

Notch-1 c-MET p-c-MET TEM8

 

5 TEM8 ETP

ETP Col Col  α3  (α3) 

C5-domain ETP

ETPΔ

TEM8

Hypoxia-induce-factor (HIF) -1α TEM8-isoform in vitro

 

6 TEM8 ETP
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2  

TEM8  

TEM8-isoform  

 

2-1  

 

Tumor endothelial marker 8 (TEM8) 

 (SAGE)  (St Croix et al. 2000)

TEM8 mRNA

Bradley et 

al. (2001) TEM8  (ANTXR1) 

TEM8

in vitro in vivo

TEM8

 (St Croix et 

al., 2000; Carson-Walter et al., 2001; Nanda et al., 2004)  

TEM8 van Willebrand factor type A (vWA) Ig-like

1 type 

±  (Deuquet et al., 2012) TEM8 vWA

metal-ion-dependent adhesion site (MIDS) 

Collagen  (Col- )

Collagen  (Col- ) α3  (α3)  (Scobie et 

al., 2003; Nanda et al., 2004; Hotchkiss et al., 2005) TEM8

 (ECM) Hotchkiss et al. 
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(2005) TEM8

TEM8 ECM

 

St Croix et al. (2000) TEM8 3 splicing variants (V1

V2 V3) V1; long isoform V2; medium isoform V3; short isoform

± Long 

isoform 564

± Medium isoform long 

isoform COOH 4

368 ±

short isoform V1 V2

13 C 333

Bradley et al. (2001) V2

V1 V3

 (Liu et al., 2003)

V1 V2 ±  ( ± ) V3 ±

 (Fig. 2-1) Bonuccelli et al. (2005) 

TEM8

TEM8 TEM8-isoform

Vargas et al. (2012) 

± V4 ± V5

mRNA TEM8 

variants

TEM8  

TEM8
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TEM8 RT-PCR

TEM8-isoform

TEM8 V1 V4

Western blot  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vWF�
Stem�

Extracellular domain�

Transmembrane domain�

Cytoplasmic domain�

Extracellular domain�

V1� V4� V3� V5�V2�

Fig.2-1. TEM8-splicing variants�

8�
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2-2  

 

2-2-1  

 

(  30K-10)  (3 ) 

23 2

55% 10% 12:12

 (50 mg/kg) 

±

10%

24 ± 3 µm

 (HE) 

mRNA ±

RT-PCR Western blot  

 

2-2-2  (Immunohistochemistry: IHC) 

0.01M  (pH 6.0) 

60 60 10%

 (Dako Japan) 60 TEM8

TEM8  (1:2,000 ab21270 Abcam

Cambridge UK) 4

 MAX-PO (Nichirei Biosciences Tokyo Japan) 30

DAB solution (EnVisionTM+ Dako) 
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2-2-3 Total RNA RT-PCR TOPO® TA  

Total RNA  

(Chomczynski & Sacchi, 1987)  (RT) ReverTra 

Dash RT-PCR Kit (Toyobo Osaka Japan) 

1 µg total RNA

RT-PCR ReverTra Dash RT-PCR Kit (Toyobo) Bio-Rad C1000 Touch 

Thermal cycler (Bio-Rad Hercules CA) RT-PCR

canine TEM8: Fw; CGTCTTAAGCGGGA

Rv; TTCCCGCTTAAG (Product 423bp) Thermal cycling parameter

Activation; 95  1 Denature; 95  1 Annealing; 60  1

Extend; 72  1 35 cycle Elongation step; 72  7

PCR DNA TOPO® TA  

(Thermo Fisher SCIENTIFIC Massachusetts USA) ligation

QIAGEN-TIP  (QIAGEN Hilden Germany) plasmid

 (FASMAC Kanagawa Japan)  

 

2-2-4 Western blot  

0.9% NaCl 10% /0.9% NaCl

30 0 8M /1% 2% Triton X-100

 (Frischholz et al., 1998) ± Bio-Rad DC protein assay 

kit (Bio-Rad Richmond CA) Lowry 10 µg total protein

sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

 (Millipore Corp Bedford MA) 

Tris /0.2% Tween 20 (TBST) 

1% ECL blocking reagent (GE Healthcare
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Chalfront St Giles England)/TBST 4 3

TBST TEM8  (1:5,000 Abcam) TEM8

 (1:1,000 200C1339 Abcam) β-actin

 (1:500 C4 Santa Cruz Biotechnology Santa Cruz

CA) 2 HRP- IgG

 (1:5,000 GE Healthcare Bio-Sciences AB Uppsala Sweden) 

HRP- IgG  (1:5,000 GE Healthcare Bio-Sciences AB) 

30 ECL prime detection reagents (GE 

Healthcare Bio-Sciences AB) Band density

Image J software (National Institutes of Health)  
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2-3  

 

2-3-1 TEM8-  

Table. 2-1  

:  (Fig. 2-2A-B)

 (Fig. 2-2C-D)  

: 

 (Fig. 2-2E-F Fig. 2-3A-B)  

:  (Fig. 

2-3C-D)  

: 

 (Fig. 2-3E-F Fig. 2-4A-B Fig. 2-4C-D)

 (Fig. 2-4E-F)  

:  (Fig. 2-5A-B)

 (Fig. 2-5C-D)

 (Fig. 2-5E-F)

 (Fig. 2-6A-B

Fig. 2-6C-D)  

± : ±  (Fig. 2-6E-F)

 (Fig. 2-7A-B)  

: 

 (Fig. 2-7C-F Fig. 2-8A-B)  

:  (Fig. 2-8C-D)

 (Fig. 2-8E-F)  

:  (Fig. 2-9A-B)  



A� B�

C� D�

E� F�

KC�

TE�

PE�

D’�

F’�

Fig. 2-2. ��!�*,	���TEM8-�%*,���(IHC) 

&0; (A) HE, (B) TEM8-IHC; 2�).�(KC) ��"��&).�(TE)

).4	����5����('6) �3�����/; (C) HE, (D) TEM8-
IHC, (E’) 7�$; �/�&).�(MC) 
).4	����5��� ('6)�
�3�����-; (E) HE, (F) TEM8-IHC, (F’) 7�$; 1#( �(LB) 

��+"�&).�(PE) 
).4	����5��� ('6) �3�����
A, B, C, D, E, F: Scale bars = 50µm�D’, F’: Scale bars = 25µm  

MC�

LB�

13�



B� B’�A�

E� F�

a�

GC�
PT�

F’�

A�

AB�

Fig. 2-3. TEM8- (IHC) 

D�C�

; (A) HE, (B) TEM8-IHC, (B’) ; (AB) �
( ) 	 ; (C) HE, (D) 

TEM8-IHC, (F’) ; �(ZG) (ZF) 
( ) 	 ; �(PT) 
�( ) 	A, B, C, D, E, F: Scale bars = 50µm B’, 

F’: Scale bars = 25µm GC; 

ZG�

ZF�

14�



A B

DC

DT

AT

B’

D’

E F

TE

F’

Fig. 2-4. ����'(	���TEM8-�!'(�� (IHC) 

+-; (A,C) HE, (B,D) TEM8-IHC, (B’, D’) 5� ; 2��&% (DT) ��
.��&% (AT) 
&)1	����3��� (#4) �0�����,*; 
(E) HE, (F) TEM8-IHC, (F’) 5� ; $/�"&) (TE) 
&)1	����
3��� (#4) �0�����A, B, C, D, E, F: Scale bars = 50µm	B’, D’, 
F’: Scale bars = 25µm  

15



C� D�

E� F�

HT�

HC�

EC�

D’�

F’�

Fig. 2-5. �� �()	��TEM8-�#()���(IHC) 

+�; (A) HE, (B) TEM8-IHC, (B’) 4�"; &-�$', (MC) 
',1	
����2��� (%3) �0����*/; (C) HE, (D) TEM8-IHC, (D’) 
4�"; *��(�(HT) ��
*',�(HC) 
',1	����2����(%
3) �0����./; (E) HE, (F) TEM8-IHC, (F’) 4�"; .��!',�
(EC) 
',1	����2����(%3) �0����A, B, C, D, E, F: 
Scale bars = 50µm�B’, D’, F’: Scale bars = 25µm  

A� B� B’�

MC�

16�



C� D�

E� F�

GC�

P�
M�

D’�

Fig. 2-6. TEM8- �(IHC) 

; (A) HE, (B) TEM8-IHC, (B’) ; (AC) 
	 ; (C) HE, (D) TEM8-IHC, (D’) 

; (IC) 	
; (E) HE, (F) TEM8-IHC; 	GC; P; 

M; 
A, B, C, D, E, F: Scale bars = 50µm B’, D’: Scale bars = 25µm  

IC�

B�A� B’�

AC�

17�



E� F�

D�C� D’�

F’�

Fig. 2-7. TEM8- �(IHC) 

; (A) HE, (B) TEM8-IHC; 	 ; (C) HE, 
(D) TEM8-IHC, (D’) ; �(MC) 

	 ; (E) HE, (F) TEM8-IHC, (F’) ; �(CC) 
	A, B, C, D, E, F: Scale bars = 

50µm D’, F’: Scale bars = 25µm W; R; S; 

MC�

CC�

A� B�

W�

S�

R�

18�



C� D�

E� F�

MC�

LC�

F’�

D’�

Fig. 2-8. ��!�,-����TEM8-�%,-���(IHC) 

�#(; (A) HE, (B) TEM8-IHC, (B’) 4�$; �#(+. (SC) 	(�1��
���2 ���0
����'/; (C) HE, (D) TEM8-IHC, (D’) 4�
$; )"+.�(MC) 	+.1�����2 ���(&3) �0
���*
�; (E) HE, (F) TEM8-IHC, (F’) 4�$; ������+.�(LC) 	+.1�
����2 ���(&3) �0
���A, B, C, D, E, F: Scale bars = 
50µm�B’, D’, F’: Scale bars = 25µm  

A� B� B’�

SC�

19�



A�

Fig. 2-9. TEM8- �(IHC) 

; (A) HE, (B) TEM8-IHC, (B’) ; (CC) 
 ( ) 	A, B: Scale bars = 50µm B’: 

Scale bars = 25µm  

B� B’�

CC�

20�



Mucous cells�Prostate gland�

Table. 2-1. Summary of TEM8-tissue distribution�

Tissue Type� Distribution�

Skin�

Mammary gland�

Lung�

Adrenal gland�

Kidney�

Bladder�

Gallbladder�

Liver�

Jejunum�

Colon�

Lymph node�

Skeletal muscle�

Heart muscle�

Testis�

Pancreas�

Keratinocyte and Hair folicle epithelium�

Mammary gland epithelial cells�

Pseudostratified ciliated epithelium 
and Clara cells�

Cortex; zona glomerulosa, zona fasciculata�

Proximal tubules, Distal tubules  
and Attenuated tubules  

Transitional epithelial cells�

Mucosal epithelial cells�

Hepatocytes around hepatic triad�

Absorptive epithelial cells 

Intestinal superficial epithelial cells  

None�

Spleen� None�

Skeletal muscle cells�

Cardiac muscle cells�

Leydig cells 

Pancreatic exocrine cells 

Smooth muscle� Smooth muscle cells�

Brain� Nerve cells 

21�
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2-3-2 TEM8- RT-PCR PCR DNA  

±

TEM8 

mRNA PCR DNA Homo 

sapiens anthrax toxin receptor 1; mRNA (BLAST; BC012074) 91%

 (Fig. 2-10)  

 

2-3-3 TEM8-isoform Western blot  

TEM8-isoform TEM8

 (TEM8-pAb) V1 V4

 

(TEM8-mAb) Western blot TEM8

TEM8-isoform  

(Fig. 2-11 Table. 2-2) Long isoform (97kDa) 

medium isoform (66kDa) 

short isoform (45kDa) 

 

 

 

 

 

 

 

 

 



ACGACGTGGTGACCTTACTTTAGAT
AATGAAACACCTTGTCAACCGAGTA
TTTAAGTAGTCGGGTGTCGATTCTTA
CAGGAAATAACAGAAGAGATGTGCT
CCTTGATGGGAGTACTTCGACTGGC
TTCTGGCCCTTGTCTAAGCAGTCCC
GGATCTCCTCGACGTCTTCCAGGAC
GGCCCTCCTCTGTGAATGTACGTAC
TTCCTAAACTTTCCCGGTCGCTCGTC
TAAATAATACTTTTGTCAGTTCCTAT
GTCCTGCCGGTCGCAGTAGTAACGA
GACTGGCTACCCCTCGAGGTACTTC
TGGAGAAAAAGATAAGTCTCTCCCT
CCGATTGTCTAGGGCTCTAGAACCA
CGTTAACAAATGACACAGCCACACT
TCCTAAAGTTACTTTGTGTCGACCG
GGCCTAACGCCTGTCATTCC�

PCR-product sequence (423 bp)�

Fig. 2-10. TEM8 mRNA
PCR DNA

(PG)  (KD)  (LG)  (TS)  (AG)  (LN)
 (SM)  (ST)  (HT)  (JJ)  (CO)  (TR)

 (LV)  (SP)  (MG) TEM8 mRNA
	PCR DNA  anthrax 

toxin receptor 1 (BC012074) 91% 	

PG� KD� LG� TS� AG� LN� SM� ST� HT� JJ� CO� TR� LV� SP� MG�

23�



97 kDa -�

66 kDa -�

45 kDa -�

97 kDa -�

66 kDa -�

β actin�

← long isoform�

← medium isoform�

← short isoform�

← long isoform�
← medium isoform�

97 kDa -�

66 kDa -�

45 kDa -�

97 kDa -�

66 kDa -�

β actin�

← long isoform�

← medium isoform�

← short isoform�

← long isoform�

← medium isoform�

97 kDa -�

66 kDa -�

45 kDa -�

97 kDa -�

66 kDa -�

β actin�

← long isoform�

← medium isoform�

← short isoform�

← long isoform�

← medium isoform�

TEM8 pAb�

TEM8 mAb�

TEM8 mAb�

TEM8 pAb�

TEM8 mAb�

TEM8 pAb�

45 kDa -�

45 kDa -�

45 kDa -�

Fig.2-11. 
Western blot ��

TEM8 mAb pAb
2

TEM8-isoform
	

TME8-isoform
	

SK� MG� LG� AG� KD� BD� GB� LV�

JJ� CO� LN� SP� SM� HT� TS�

PG� BR� PC�
TEM8 mAb; TEM8-  
TEM8 pAb; TEM8- �

SK; MG; LG; 
AG; KD; BD;  
GB; LV; JJ;  
CO; LN; SP;  
SM; HT; TS;  
PG; BR; PC;  

24�



Table. 2-2. Summary of tissue-specific expression of TEM8 isoforms�

Tissue Type� TEM8 Isoform Prevalence�

Skin�

Mammary gland�

Lung�

Adrenal gland�

Kidney�

Bladder�

Gallbladder�

Liver�

Jejunum�

Colon�

Lymph node�

Skeletal muscle�

Heart�

Testis�

Prostate gland�

Brain�

Pancreas�

Medium > long and short�

Long and medium > short�

Long and medium > short�

Short > long and medium�

Short > long and medium�

Long > medium�

Long and medium�

Medium and short > long�

Long, medium and short�

Long, medium and short�

Short > long and medium�

Spleen� None�

Short�

Short > long and medium�

Long and short > medium�

Short�

Long and short�

Medium and short�

25�
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2-4  

 

TEM8 mRNA

TEM8-

TEM8

 (St Croix et al., 2000; Nanda et al., 2004)

TEM8 TEM8

 

(Bonuccelli et al. 2005) TEM8 Integrin α1 α2 αm α

vWA Col- Col-

 (Scobie et al., 2003; Nanda et al., 

2004; Hotchkiss et al., 2005) Werner et al. (2006) TEM8 Integrin

Col-

TEM8 vWA ECM

 

2 TEM8-isoform

TEM8-Western blot

3 isoform 80~85 kDa long isoform (V1) ~60 

kDa medium isoform (V2) 45 kDa short isoform (V3) 

 (Bonuccelli et al., 2005) TEM8-pAb

3 isoform V1 V4

TEM8-mAb Western blot
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TEM8 80~85 kDa  ~60 kDa

TEM8-isoform V4 V1

V2 V1

 (Vargas et al., 2012) V2

368 V1 (564 ) V3 (333 ) ±

V4 V2 V1 ±

TEM8-pAb ~60 kDa TEM8-mAb

long 

isoform V1 medium isoform V2 V4 short isoform V3 V5

V1 V4

V4

V1

 

(Bonuccelli et al., 2005; Friebe et al., 2016) V4

Bradley et al. (2001) V2

3  (long medium short 

isoform) long isoform (V1) short 

isoform (V3 V5) medium 

isoform V2

V4 medium isoform

V2 V4 TEM8

 

TEM8-isoform ±

isoform TEM8
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TEM8

long medium isoforms

short isoform

TEM8

TEM8 TEM8

TEM8 TEM8

TEM8

 

TEM8-isoform

TEM8

TEM8-isoform
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3  

TEM8  

 

3-1  

 

 (

mammary ridge) 

 (milk point) 

 ( )

 (Eguchi, 2006)  

ECM

 (Russo et al., 

1996)

 (Howlin et al., 2006)

 (Terminal 
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end buds; TEBs) TEBs

 (Masso-Welch et al., 2000)

 (Imagawa 

et al., 2002; Howlin et al., 2006; Sakakura et al., 2013) TEBs 2

21-28  (Hughes et al., 1990) TEBs 2

 (Alveolar buds; ABs) ABs

TEBs  (Forsyth et al., 1986; 

Masso-Welch et al., 2000; Russo et al., 2000) TEBs

TEBs  (Paine et al., 2017) ABs

 (Brisken et al., 2002)

ABs ±

±

 (McManaman & Neville, 

2003; Oakes et al., 2008) ABs

 (Monks et al., 2005; Monks et al., 2008)  “ ” 

virgin-like 

ABs - -  

2 TEM8
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isoform

long medium isoforms short isoform

TEM8

 

TEM8

1 TEM8

luminal Notch-1

c-MET TEM8

 

 

3-2  

 

3-2-1  

 

(  28J-52) 1 3 4

8 1 2 4 4  ( 3 )

21 Wister

23 2 55% 10% 12:12

 (50 mg/kg) 

4%±  / 0.1M 

 (PB pH 7.4) 

4 24

± 3 µm

 (HE)  
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3-2-2  

0.01M  (pH 6.0) 

60 60 10%

 (Dako) (for TEM8 c-MET) Block Ace (Snow Brand Milk Products Co.

Tokyo Japan) (for Notch-1) 60 2

TEM8  (1:2,000 Abcam) c-MET

 (1:300 B-2 Santa Cruz Bio.) Notch-1

 (1:100 sc-6014 Santa Cruz Bio.) 4

 MAX-PO MAX-PO (G) (Nichirei 

Biosciences Tokyo Japan) 30 DAB solution 

(EnVisionTM+ Dako)  
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3-3  

 

3-3-1 TEM8-  

1  (Fig. 3-1B)

8

 (Fig. 3-2B) 1 2

 

(Fig. 3-3B Fig. 3-4B) 4

 (Fig. 3-5B)  

 

3-3-2 Notch-1-  

1 TEM8  

(Fig. 3-1C) 8

 (Fig. 3-2C) 1 2

 (Fig. 3-3C Fig. 3-4C)

4  (Fig. 3-5C)  

 

3-3-3 c-MET-  

1 TEM8 Notch-1

 (Fig. 3-1D) 8

 (Fig. 3-2D) 1 2

 (Fig. 3-3D Fig. 

3-4D) 4

 (Fig. 3-5D)  

 



A� B�

C� D�

Fig. 3-1. 1 	  (IHC) 

(A) HE; ) (B) TEM8-IHC, (C) Notch-1-
IHC, (D) c-MET-IHC; ( ) A, 
B, C, D: Scale bars = 50µm 

HE�

Notch-1�

TEM8�

c-MET�

34�



A� B�

C� D�

B’�

D’�C’�

Fig. 3-2. *"8;@ (&2+) ����6�����,13�� (IHC) 

(A) HE; $:
�6�-4�7������6�.058 
059��
��<%�!(�7�����(B) TEM8-IHC, (C) Notch-1-IHC��� (B’, 
C’) ?�); -4���6�.05�059���	�=%�# (/>) �7
�����(D) c-MET-IHC, (D’) ?�); �6�.05�059���'�
��	�=%�# (/>) �7�����A, B, C, D: Scale bars = 50µm�
B’, C’, D’: Scale bars = 25µm  

HE�

Notch-1�

TEM8�

c-MET�

35�



A� B�

C� D�

B’�

D’�C’�

Fig. 3-3. 1  (IHC) 

(A) HE; 
	

(B) TEM8-IHC, (C) Notch-1-IHC  (B’, C’) ; 
 ( ) 	(D) c-MET-IHC, (D’) 

;  
( ) 	A, B, C, D: Scale bars = 50µm B’, C’, D’: 
Scale bars = 25µm  

HE� TEM8�

Notch-1� c-MET�

36�



A� B�

C� D�

B’�

D’�C’�

Fig. 3-4. %9-2K=��� G���#:AB'* (IHC) 

(A) HE; 1 !�� G�NH�0,�?	����� G�<@D�
 ������� EC8�$F��6;&5	������(B) 
TEM8-IHC, (C) Notch-1-IHC��� (B’, C’) O"7;  G�<@D�@DJ
��
�L/(. (>M) �I�����(D) c-MET-IHC, (D’) O"7; %
9-12= G�)4� G�<@D�@DJ���L/(.�+��
3���L/(. (>M) �NHI�����A, B, C, D: Scale bars = 
50µm�B’, C’, D’: Scale bars = 25µm  

HE� TEM8�

Notch-1� c-MET�

37�



A� B�

C� D�

B’�

D’�C’�

Fig. 3-5.  ,$4</����6����-34!# (IHC) 

(A) HE; >�����6��),+��(���6�.25�;8�1	
�����(B) TEM8-IHC, (C) Notch-1-IHC��� (B’, C’) A�*; ;8
�
�6�.25�25:����=&"% (0?) �9�����(D) c-
MET-IHC, (D’) A�*; �6�.25�25:���'����=&"% 
(0?) �@79�����A, B, C, D: Scale bars = 50µm�B’, C’, D’: 
Scale bars = 25µm  

HE� TEM8�

Notch-1� c-MET�

38�
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3-4  

 

 (MaSCs) basal

luminal myoepithelial luminal

 (Santoro et al., 2016) Notch-1

MaSCs (Dontu et al., 

2004; Bouras et al., 2008) ductal/alveolar

(Yalcin-Ozuysal et al., 2010) (HGF)

c-MET  (Trusolino et al., 2010; 

Garner et al., 2011) MET

 (Soriano et 

al., 1995; Yang et al., 1995; Haslam et al., 2008)  

TEM8 Notch-1 c-MET

Notch MET ductal/alveolar

TEM8

8

TEM8 Notch-1

Notch-1 ductal/alveolar (Yalcin-Ozuysal 

et al., 2010) Notch-1  

TEM8 Notch-1 ±

TEM8 Notch-1 MaSCs luminal

 

Werner TEM8 inltegrin Col-I
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Col-VI migration

 (Werner et al., 2006) TEM8 vWA

α2β1 integrin luminal

vWA Col-I luminal

 (Del Buono et al., 

1991; Saelman et al., 1995; Zutter et al., 1995; Klekotka PA et al., 2001)

TEM8 Col-I Col-VI

luminal

Hodkinson Notch-1 β1 integrin

Mitra a5b1-integrin

c-MET  

(Hodkinson et al., 2007; Mitra et al., 2011)

TEM8 Notch TEM8

c-MET MaSCs luminal

 

TEM8 Notch-1 c-MET

 

 

 

 

 

 

 

 

 



	 	

		

TEM8/Notch-1/c-MET (-/-/-) 	

TEM8/Notch-1/c-MET (+/+/+) 	

Cell proliferation ↑ 
Apoptosis ↑

Lactogenesis ↑

TEM8/Notch-1/c-MET (+/+/+) 	

Fig. 3-6. ���������TEM8, Notch-1, c-MET
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4  

TEM8  

TEM8  

 

4-1  

 

 (mammary gland tumor: MGT) 

1 50%

tublar papirary solid

 (Sorenmo et al., 

2003; Sleeckx et al., 2011; Sorenmo et al., 2011; Goldschmidt et al., 2011, Peña 

et al., 2014)  

luminal basal/myoepithelial

Sassi et al. (2010)  Im et al. (2014) luminal

basal/myoepithelial

  (Gama et al., 2008; Rasotto et al., 2014) luminal

basal tubular/papillotubular

solid  (Sassi et al., 2010; Im et al., 

2014)  

TEM8  (Nanda et al., 2004; Rmali et al., 2004)

 (Davies et al., 2006; Gutwein et al., 2011)  (Nanda et al., 2004; 

Yang et al., 2017)  (Nanda et al., 2004; Gong et al., 2018)  (Sakai 
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et al., 2009)  (Nanda et al., 2004) 

 (Gong et al., 2018)

 (Davies et al., 2006; Chen et al., 2013)  (Cao et al., 2016) 

 (Cullen et al., 2009) 

2 TEM8

TEM8 TEM8

Wnt

 (Chen et al., 2013)

TEM8

 (Davies et al., 2006) TEM8

TEM8

 

2 TEM8

isoform TEM8

long medium isoforms

short isoform

TEM8

3 TEM8

luminal

Notch-1 c-MET  

TEM8

91 TEM8-

TEM8

luminal basal/myoepithelial CK19 p63
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αSMA- TEM8 luminal

TEM8

luminal basal 2

TEM8 Notch-1 c-MET p-c-MET Western 

blot Notch-1 c-MET

 

 

4-2  

 

4-2-1  

2013 2018

91 10%

24 ±

3 µm  (HE) 

 

 

4-2-2  

Goldschmidt et al. (2011)  3

Peña

 (grade )  (Peña et al., 2014)

3

1 2 3

3-5 : grade 6-7 : grade 8-9 : grade  
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4-2-3  

0.01M  (pH 6.0) 

60 60 10%

 (Dako) (for TEM8 c-MET) Block Ace (Snow Brand Milk Products Co.) (for 

CK19 p63 αSMA Notch-1) 60 TEM8

 (1:2,000 Abcam) luminal CK19

 (1:1,000 A53-B NeoMarkets California USA)

basal/myoepithelial p63  

(1:2,000 N2C1 GeneTex) myoepithelial αSMA

 (1:500 1A4 Dako Glostrup Denmark) c-MET

 (1:300 Santa Cruz Bio.) Notch-1

 (1:100 Santa Cruz Bio.) 4

 MAX-PO (Nichirei Biosciences) 30

DAB solution (EnVisionTM+ Dako) 

TEM8 CK19 αSMA Notch-1

c-MET p63 60%

 

 

4-2-4  

± 0.01M  (pH6.0) 60

60 Block Ace (Snow Brand Milk Products Co.) 

TEM8  (1:500) CK19  (1:500) 4

Alexa Fluor 594- IgG  (1:250 Invitrogen

California USA) Alexa Fluor 488- IgG  (1:250
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Invitrogen) 2 DP2-BSW software (Olympus Tokyo

Japan)  

 

4-2-5  

Uyama et al. (2006) CHMp CIPp

Table. 4-1. 

4.0	104 cells/ml Dish 100 µg/ml streptomycin (Meiji Tokyo Japan) 

1,000 U/ml Penicillin G (Sigma-Aldrich Saint Louis USA) Δ

RPMI-1640 medium (Sigma-Aldrich)/10% fetal bovine serum (FBS HyClone

Logan UT) 37 5%CO2  

 

4-2-6 Western blot  

0.9% NaCl 10% /0.9% 

NaCl 30 0 8M /1% 2% 

Triton X-100  (Frischholz et al., 1998) ± Bio-Rad DC 

protein assay kit (Bio-Rad Richmond CA) Lowry 10 µg

total protein sodium dodecyl sulfate-polyacrylamide gel electrophoresis 

(SDS-PAGE)  (Millipore 

Corp Bedford MA) Tris /0.2% Tween 

20 (TBST) 1% ECL blocking 

reagent (GE Healthcare Chalfront St Giles England)/TBST 4

3 TBST TEM8  

(1:5,000 Abcam) CK19  (1:3,000 NeoMarkets)

p63  (1:2,000 GeneTex) c-MET

 (1:500 Santa Cruz Bio.) p-MET  
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(1:1,000 sc-34085 Santa Cruz Bio.) Notch-1  

(1:1,000 Santa Cruz Bio.) β-actin  (1:500

Santa Cruz Bio.) 2 HRP-

IgG  (1:5,000 GE Healthcare Bio-Sciences AB) HRP-

IgG  (1:5,000 GE Healthcare Bio-Sciences AB) HRP-

IgG  (1:5,000 DAKO) 30

ECL prime detection reagents (GE Healthcare Bio-Sciences AB) 

Band density Image J software (National 

Institutes of Health)  

 

4-2-7  

TEM8 CK19

p63 Pearson’s test two-way ANOVA

 

Western blot S.D. Student’s 

t-test  

 

 

 

 

 

 

 

 

 



Table. 4-1 Profiles of cell lines �

Patients� Clinical stage 
TMN�

Mixed�

Age 
(years)�Gender�

Name of  
cell line�

Histopathological 
view�

Source of the  
tumor cells�

Shih Tzu�

12�

10�

Female�

Female�

CHMp�

CIPp�

Inflammatory AC�

AC�

T4N1(+)M1 
Stage 

T1cN1(+)M1 
Stage 

Primary mass�

Primary mass�

AC; adenocarcinoma 
CHMp; CK19/p63 (+/-) luminal 	
CIPp; CK19/p63 (-/+) basal 	

48�
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4-3  

 

4-3-1  

91 adenoma - simple 

(25 ) carcinoma - simple (43 ; tubular type 14 tubulopapillary 29

) carcinoma - micropapillary invasive (5 ) carcinoma - solid (18

) Peña grade  (22 ; 

33%) grage  (29 ; 44%) grade  (15 ; 23%) TEM8

 (Table. 4-2. p = 

0.604)  

 

4-3-2  

TEM8- 2

 (Fig. 4-1)

luminal CK19-

p63- luminal basal/myoepithelial 

TEM8  

adenoma - simple (n=25) carcinoma - simple (n=43) carcinoma - 

micropapillary invasive (n=5) TEM8

carcinoma - solid (n=18)  (Fig. 4-2A Table 4-3. p < 

0.05) adenoma - simple (23/25 ) carcinoma - simple (40/43 ) 

carcinoma - micropapillary invasive (2/5 ) CK19

 (Fig.4-2B) TEM8 p63 αSMA

 (Fig. 4-2C-D)  
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carcinoma - solid (6/18 ) solid 60%

TEM8  (Fig. 4-3A) carcinoma - solid (12/18 ) 

solid luminal 30%

TEM8 p63 carcinoma - solid (12/18 ) solid

60%  (Fig. 4-4C)

TEM8 CK19  (Fig. 4-4A-B)

p63 carcinoma - solid (6/18 ) solid

p63 carcinoma - solid (12/18 ) solid

luminal TEM8 CK19  

(Fig. 4-3A-B Fig. 4-4A-B) carcinoma - solid αSMA

 (Fig. 4-3D Fig. 4-4D) Notch-1 c-MET

solid luminal TEM8

 (Fig. 4-5A-F)  

 

4-3-3  

adenoma - simple carcinoma - simple carcinoma - micropapillary 

invasive TEM8 CK19  (Fig. 

4-6A-C) carcinoma - solid solid luminal

TEM8 CK19  (Fig. 

4-6D-F) TEM8 CK19

 (Table. 4-3. p < 0.05) TEM8 p63

 (Table. 4-3. p < 0.05)  
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4-3-4 in vitro luminal basal TEM8

 

CK19/p63 (+/-) luminal ; CHMp CK19/p63 (-/+) 

basal/myoepithelial ; CIPp TEM8 Notch-1

c-MET p-c-MET Western blot TEM8 long 

isoform short isoform CHMp CIPp CHMp

CIPp  (Fig. 4-7. p < 0.05) CHMp CIPp

TEM8-medium isoform CHMp

Notch-1 c-MET p-c-MET CIPp

 (Fig. 4-7. p < 0.05)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table. 4-2. Histologic grade of malignant MGTs and TEM8 
expression in the carcinoma cells�

Histologic grade�

	

TEM8 positive� TEM8 negative�

22�

18�

11�

0�

11�

4�

22 (33%)�

29 (44%)�

15 (23%)�

Total�

52�



αSMA�TEM8� Merge�

A� B�

C� D� E� E’�

Fig. 4-1. ��'#.0����TEM8-�).0�!�(IHC) 

(A, B) TEM8-IHC; �2�*-1-15���
�8%�$�3�����
(C, D, E) TEM8 (6) �αSMA (/) �"	��7&4�).0�!�(E’) 9
�(; TEM8-8%�2�*-1������αSMA8%,�*-1� �	
����+	�Scale bars = 50µm 

TEM8� TEM8�

53�



A� B�

C� D�

A’� B’�

Fig. 4-2. Carcinoma - simple�����$)*���(IHC) 

(A) TEM8-IHC, (A’) 3�#; ',�� ��-%(+�(+0���	�1
����/�����(B) CK19-IHC, (B’) 3�#; TEM8
�"��-%(
+�(+0���	�1����/�����(C) p63-IHC, (D) αSMA-
IHC; -%(+��.�������p63!�αSMA(+0���	1
��� (&2) �/�����Scale bars = 50µm 

TEM8� CK19�

p63� αSMA�

54�



A� B�

C� D�

A’� B’�

Fig. 4-3. TEM8- Carcinoma - solid �(IHC) 

(A) TEM8-IHC, (A’) ; 
	(B) CK19-IHC, (B’) ; TEM8

	(C) p63-IHC, (D) αSMA-
IHC; 	
Scale bars = 50µm 

TEM8� CK19�

p63� αSMA�

55�



A� B�

C� D�

Fig. 4-4. TEM8-4! Carcinoma - solid�����&,-���(IHC) 

(A) TEM8-IHC; ��!�%�)�0'+.�����5!� 1���

�����!0'��������*/#3�)�0'+.�+.2�
����5!�  ((6) �1�����(B) CK19-IHC; TEM8	�$��
*/#3�)�0'+.�+.2�����5!�  ((6) �1�����
(C) p63-IHC; ��!�%�)�0'+.�"�����5!� �1��
���(D) αSMA-IHC; 0'+.�����5!� 1���
��
Scale bars = 50µm 

TEM8� CK19�

p63� αSMA�

56�



Table. 4-3. Expression of TEM8, CK19, p63, αSMA in canine mammary gland tumor �

Histological type�

Adenoma - simple�

Carcinoma - simple�

Carcinoma - micropapillary invasive�

Carcinoma - solid�

Tubular�

Tubulopapillary�

Solid structure�

Luminal structure a)�

TEM8 
positive 

(%)�

CK19 † 

positive 
(%) 

p63 ‡ 

positive 
(%)�

αSMA 
positive�

Number  
of samples 

(%)�

25* (100)�

43* (100)�

14 (100)�

29 (100)�

5* (100)�

6 (33.3)�

12 (100)�

23 (92)�

40 (93)�

11 (78.5)�

28 (96.5)�

2 (40)�

6 (33.3)�

12 (100)�

0�

0�

0�

0�

0�

12 (66.7)�

0�

0�

0�

0�

0�

0�

0�

0�

25 (27.5)�

43 (47.2)�

14 �

29�

5 (5.5)�

18�

12�

a): luminal structures within the solid structures �

18 (19.8)�

TEM8+ carcinoma cells were significantly more often present in simple adenomas, 
simple carcinomas and invasive micropapillary carcinomas compared with solid 

carcinomas (*: p < 0.05). TEM8 expression significantly correlated with CK19 
expression (†: p < 0.05) and absence of p63 expression (‡: p < 0.05) in carcinoma cells.�
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A B

DC

B’

D’

E F

Fig. 4-5. ���65-����Notch-1���c-MET-�,12�! (IHC) 

(A) Notch-1-IHC, Carcinoma - simple (A’) ;�+; /4(9�.�5-03
038���	�:&�%�7�����(B) c-MET-IHC, Carcinoma - 
simple (B’) ;�+; Notch-1��)��/4(9�.�5-03038�
��	�:&�%�7�����(C) Notch-1-IHC, Carcinoma - solid (C’) 
;�+; �"& *�.�5-03038���	�:&�%�7���
��(D) c-MET-IHC, Carcinoma - solid (D’) ;�+; Notch-1��)���
"& *�.�5-03038���	�:&�%�7�����(E) 
Notch-1-IHC, Carcinoma - solid (F) c-MET-IHC, Carcinoma - solid (G) 
TEM8-IHC, Carcinoma - solid; �"& *�.�5-03���	�:&
�%�7����5-3#����	/4�$'��5-03
:&�%
�7�����A, B, C, D, E, F, G: Scale bars = 50µm	A’, B’, C’, D’: Scale 
bars = 25µm  

Notch-1

A’

C’

c-MET

Notch-1

Notch-1

c-MET

c-MET TEM8

G
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CK19� TEM8� Merge�

CK19� TEM8� Merge�

A� B� C�

D� E� F�

A’� B’� C’�

D’� E’� F’�

Fig. 4-6. Carcinoma - simple���Carcinoma - solid ����-�+�!&(�� 

(A, B, C); Carcinoma - simple���CK19 (') �TEM8 (,) �	��
-�+�!&(���
��CK19-.�*"%)�TEM8�# ����
���$	�(A’, B’, C’); *"%)�/����$	�(D, E, F); Carcinoma 
- solid�������CK19-.�*"%)�TEM8�# ������
�$	�(D’, E’, F’); *"%)�/����$	�Scale bars = 20µm 
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c-MET�

← p-c-MET�

← Notch-1�

β-actin�

CHMp� CIPp�

TEM8�

← p63�

← CK19�

← α subunit�50 kDa -�

131 kDa -�

120 kDa -�

77 kDa -�

40 kDa -�

97 kDa -�

66 kDa -�

45 kDa -�

← long isoform�

← short isoform�

0	

0.5	

1	

CHM-P CIP-P 

CK19�

0	

1	

2	

CHM-P CIP-P 

0	

10	

20	

CHM-P CIP-P 

p63�

c-MET�

0	

0.5	

1	

CHM-P CIP-P 

p-c-MET�

0	

1	

2	

CHM-P CIP-P 

Notch-1�

0	

2	

4	

CHM-P CIP-P 

TEM8 
long isoform�

0	

1	

2	

CHM-P CIP-P 

TEM8 
short isoform�

��

��

�� ��

��

��

��

R
el

at
iv

e 
Pr

ot
ei

n 
le

ve
l�

Fig. 4-7. luminal basal Western blot  

A; CHMp CK19 (40 kDa) c-MET (α subunit; 50 kDa) p-c-MET (131 
kDa) Notch-1 (120 kDa) TEM8 (long isoform; 97 kDa short 
isoform; 45 kDa) 	B; β-actin

	
 ±S.D. (n=10) Student’s t-test  (* p < 

0.05)	 

A� B�

← medium isoform�

60�
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4-4  

 

TEM8

in vitro TEM8

Davies et al. (2006) TEM8

TEM8

TEM8

Gutwein et al. (2011) TNBC

TEM8

TEM8

 

TEM8

adenoma - simple carcinoma - simple carcinoma - 

micropappillary invasive TEM8

carcinoma - solid solid

TEM8

adenoma - simple carcinoma - simple carcinoma - 

mincropappillary invasive TEM8

CK19/p63/αSMA (+/-/-) luminal carcinoma - solid

TEM8

TEM8 CK19/p63/αSMA (-/+/-) basal

TEM8 luminal
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basal

TEM8

TNBC TEM8

 (Gutwein et al., 2011) TNBC

CK5/6 CK14 CK17 p63 basal  (Kim et 

al., 2013; Perou et al., 2000; Sotiriou et al., 2003; Sørlie et al., 2001)

p63 basal TEM8

 

p63 basal/myoepithelial

p63

 (Candi et al., 2007; Senoo et al., 2007; Li et al.,2008; Memmi et al., 2015)

Yalcin-Ozuysal et al. (2010) Notch p63

luminal

p63 luminal

basal

 (Wuidart et al., 2018) Western blot luminal

 CHMp basal  CIPp

TEM8 Notch-1 p63

TEM8 Notch-1

TEM8 Notch-1 p63

3

Notch p63

luminal

TEM8  

TEM8
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TEM8 luminal CHMp c-MET

p-c-MET TEM8 c-MET

3

TEM8 c-MET TEM8

in vitro in vivo

MET

TEM8 luminal

TEM8 long isoform

TEM8 Col-I Col-VI 

TEM8 vWA β1 integrin

vWA Col-I luminal

 (Del 

Buono et al., 1991; Klekotka PA et al., 2001; Saelman et al., 1995; Zutter et al., 

1995) β1-integrin c-MET

Mitra et al, 2011

TEM8 vWA Col-I Col-VI

c-MET

luminal  

carcinoma - solid TEM8

heterogeneity TEM8

solid TEM8 luminal

luminal TEM8 CK19/p63/αSMA 

(+/-/-) luminal solid TEM8

CK19/p63/αSMA (-/+/-) basal heterogeneity
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(Yoshimura et al., 2014; Skibinski & Kuperwasser, 2015) Molyneux et al. 

(2010) basal basal

luminal luminal

luminal basal

luminal

 (Tao et al., 2014)

solid luminal luminal

basal

Col-I Col-VI ETP TEM8

luminal luminal

 (Fig. 4-8.)  

 

 

 

 

 

 

 

 

 

 

 

 

 



Luminal cell (CK19/p63/αSMA; +/-/-)�

Notch-1�

Luminal formation� Solid formation�

Basal cell (CK19/p63/αSMA; -/+/-)�

Tumorigenesis�

MaSCs�

ECM�

TEM8�

vWA�

inhibit�

promote�

Fig. 4-8. ��&DC7����TEM885���=?*�F) 

��&DC7�����TEM885�Notch-1���c-MET�$ ��2.
�85
�luminal<A3C7<A (CK19/p63/αSMA; +/-/-) ����E�
����TEM8G-C7<A�vWA�"�$����<A+!�#��� 
(ECM) 9'(6�:
���&D�,/>1 (4�;B,0) �F%	
�����@����� 

TEM8 positive� TEM8 negative�

(c-MET/p-c-MET/Notch-1; +/+/+)� (c-MET/p-c-MET/Notch-1; -/-/-)�
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5  

Col- α3 C5-domain  

Endotrophin  

TEM8 HIF-1α  

 

5-1  

 

VI Col-

Col- von 

Willebrand Factor A (vWA) short 

triple helical

 (Cescon et al., 2015) Col- 6 α  (α1~α6) 

α1~α3 α4~α6

α3  (Gara et al., 2008; 

Fitzgerald et al., 2008; Maaß et al., 2016) Col- α3  (α3) 

±  (Fitzgerald et al., 2001; 

Aigner et al., 2002; Beecher et al., 2011; Park et al., 2012) α3 C

2 vWA  (C1 C2)  (C3)  type 

 (C4) Kunitz  (C5)  

(Fig. 5-1.) C5-domain Col- 3 3

Col- Endotrophin (ETP)  (Aigner et 

al., 2002; Lamandé et al., 2006; Beecher et al., 2011) ETP
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C5-domain TEM8  (Nanda 

et al., 2004) TEM8

ETP TEM8 ETP

Col- α3

C5-domain  

TEM8 ETP

ETP TEM8 Wnt

 (Epithelial-mesenchymal 

trasition; EMT) 

 (Park et al., 2012; Chen et al., 2013; Sun et al., 2014) ETP

 (Fig. 5-2.) (Park & Scherer et al., 2013)

ETP

ETP

luminal basal

luminal basal

luminal luminal basal

luminal

 (Tao et al., 2014) 4 TEM8 luminal

luminal  (CHMp) 

ETP  

 (Hypoxia-inducible 

factor 1α; HIF-1α) TEM8
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HIF-1

 (Zagórska & Dulak, 2004) HIF-1 HIF-1α

HIF-1β/Aryl hydrocarbon receptor-nuclear translocator (ARNT) 

2 Basic helix-loop-helix perid (Per)/Arnt/single-minded 

(Sim) (bHLH-PAS) 826  (

120kDa) 789  ( 91~94kDa)  (Wang 

& Semenza, 1995; Wang et al., 1995) HIF-1α

Oxygen-dependent degradation (ODD) 

Prolyl-hydroxylase (PHD)-2 HIF-1α

 (Maxwell et al., 1999)

PHD-2 HIF-1α

HIF-1β 2

 (Vascular endothelial growth factor; VEGF) 

 (Sharp & Bernaudin, 2004)

Deferoxamine (DFO)  (CoCl2) 

HIF-1α  (Maxwell et al., 1999; 

Prass et al., 2002)  

TEM8  (Vascular endothelial growth 

factor receptor 2; VEGFR2) VEGF

 (Jinnin et al., 2008; Verma et al., 

2011)

 (Kerbel et al., 2008)

Høye et al. (2018) TEM8-KO 
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MDA-MB-231 TEM8

TEM8 TEM8

TEM8

TEM8-isoform

HIF-1α TEM8

luminal  (CHMp) DFO

CoCl2 HIF-1α

TEM8-isoform Western blot HIF-1α

TEM8 Col  (α3) C5-domain

 

 

 

 

 

 

 

 

 

 

 

 

 

 



α1�

α2�

α3�

VWA�

UNIQUE� FN3� Ku�

VWA�

N10� N1�

C1� C2�

C1� C2�

Triple helix�

α1�

α2�

α3�

Furin-like 
proprotein convertase  

BMP-1�

C1� C2� C3� C4� C5�

Endotrophin (C5-domain)�

TEM8�

cleavage  cleavage  

A�

B�

Fig. 5-1. Col-	 Endotrophin  

A; α1 α2 α3 short triple helical B; α3
C 2 vWA  (C1, C2)  (C3)

 type  (C4) Kunitz  (C5) 
α3 Furin C5-flagment (C2 - 

C5) BMP-1 Endotrophin (ETP; C5-domain) 
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ETP�

EMT�

Tissue fibrosis�

chemoattract�

macrophage�

endothelial cell�

TNFα�

IL-6�

CD31�

VEGFR2�

HIF-1α�

Inflammation�

Angiogenesis�

Tumor growth and progression�

cancer cell�

Fig. 5-2. ETP�A7;@���A7/-3*��$5 

ETP�A7;@�"8IB9D (EMT) �%G���()<?�>='��
���� ��C:&8;@�E,�.�F�
���26���C:
14�J#	���� 

Chen P et al., (2013) ��!H0+ 
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5-2  

 

5-2-1  

2013 2018

89 10%

24 ±

3 µm  (HE) 

 

 

5-2-2  

4  

 

5-2-3  

Canine Col- α3 C5-domain ( ; [H] 

TEPLAGDICKLPKEEGTCRKFMLKWYYDVETKSCMRFWYGGCSGNENRFD

SQKECETVCTPALVNPGVIAAMGT [OH]) 

(anti-C5-domain Ab) Sigma custom antibody service (Sigma-Aldrich) 

 

 

5-2-4  

0.01M  (pH 6.0) 

60 60 10%

 (Dako) (for TEM8 α3 C5-domain) Block Ace (Snow Brand Milk Products 

Co.) (for Col- ) 60 TEM8
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 (1:2,000 Abcam) C5-domain  (1:200

Sigma-Aldrich) Col-  (1:10,000 LB-1697 LSL

Tokyo Japan) α3  (1:100 orb223257 Biorbyt Ltd.

Cambridgeshire UK) 4

 MAX-PO (Nichirei Biosciences) 30

DAB solution (EnVisionTM+ Dako) 

TEM8 C5-domain

60%

 

 

5-2-5  

4 Uyama et al. (2006) 

CHMp 4.0	104 cells/ml Dish 100 µg/ml 

streptomycin (Meiji) 1,000 U/ml Penicillin G (Sigma-Aldrich) Δ

RPMI-1640 medium (Sigma-Aldrich)/10% fetal bovine serum (FBS HyClone)

37 5%CO2  

 

5-2-6 WST-1  

ETP 96-well/plate

CHM-P 1.5	103 cells/well (100 µl) 6

ETP  (Phoenix pharmaceuticals Inc., Burlingame, USA) 

10 ng/ml 100 ng/ml 1 µg/ml (PBS (-) ) Δ

37 5%CO2 ETP PBS (-) Δ

12

Premix WST-1 (Takara Bio Inc.) Cell proliferation 
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assay 12 100 µl/well 10 µl Premix 

WST-1 Δ 2 iMarkTM Microplate Reader (Bio-Rad

Hercules CA)  

(450 nm-750 nm)  

 

5-2-7 in vitro  (wound healing)  

Muniandy et al. (2018) Nakasaki et al. (2008) in vitro

CHMp

1ml pipette tip

PBS (-) 3 RPMI-1640 (Sigma-Aldrich)/ETP (1 µg/ml Phoenix 

pharmaceuticals Inc.) 37 5%CO2 0

24 4%±

 (  ×5) Image J software (National Institutes 

of Health)  

 

5-2-8 EndotorophinΔ Total RNA real time RT-PCR

 

CHMp 4.0	104 cells/ml Dish 100 µg/ml 

streptomycin (Meiji) 1,000 U/ml Penicillin G (Sigma-Aldrich) Δ

RPMI-1640 medium (Sigma-Aldrich)/10% fetal bovine serum (FBS HyClone)

37 5%CO2 80%

PBS (-) 2 RPMI-1640 (Sigma-Aldrich)/ETP (1 µg/ml) 

37 5%CO2 24

Total RNA

 (Chomczynski & Sacchi, 1987)  (RT) 
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ReverTra Dash RT-PCR Kit (Toyobo) 

1 µg total RNA

real-time RT-PCR TB GreenTM Fast qPCR Mix (Takara Bio Inc.) Takara 

Thermal Cycler Dice TP800 (Takara Bio Inc.) real time 

RT-PCR Table. 5-1. Thermal cycling 

parameter Activation; 95 30 Denature; 95 5

Anneal/Extend; 60 30 40cycle  (2 Step PCR); Dissociation

95 15 60 30 95 15

GAPDH 2- Ct  

 

5-2-9 HIF-1α  

5-2-1 70% confluence

PBS (-) 2 RPMI-1640 (Sigma-Aldrich)/100 µM deferoxamine 

(DFO Sigma-Aldrich) 150 µM Cobalt (CoCl2 Wako) 

37 5%CO2 24 (Nakamura et al., 2009) 

 

5-2-10 Western blot  

0.9% NaCl 10% /0.9% NaCl

30 0 8M /1% 2% Triton 

X-100  (Frischholz et al., 1998) ± Bio-Rad DC protein 

assay kit (Bio-Rad) Lowry 10 µg total protein sodium 

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) 

 (Millipore Corp) 

Tris /0.2% Tween 20 (TBST) 

1% ECL blocking reagent (GE Healthcare)/TBST 4
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3 TBST HIF-1α  

(1:5,000 Abcam) TEM8  (1:5,000 Abcam)

C5-domain  (1:1,000 Sigma-Aldrich)

β-actin  (1:500 Santa Cruz Bio.) 2

HRP- IgG  (1:5,000 GE 

Healthcare Bio-Sciences AB) HRP- IgG  

(1:5,000 GE Healthcare Bio-Sciences AB) 30

ECL prime detection reagents (GE Healthcare Bio-Sciences AB) 

Band density Image J software (National Institutes 

of Health)  

 

5-2-11  

C5-domain TEM8

Pearson’s test one-way ANOVA Tukey post hoc test

 

S.D. Student’s t-test

 

 

 

 

 

 

 

 

 



Table. 5-1. 	 real time RT-PCR

Name� Sequence (5’-3’)� Product  
(bp)�

Accession #�

TEM8�

CD49f�

CD49b�

CD61�

EpCAM�

CD133�

CD44�

Forward, CGTCTTAAGCGGGA	�

Reverse, TTCCCGCTTAAG �

Forward,	TCAGACCCTTAACTGCAGCA	 �

Reverse, CATAACCTCGAGCGCAGAA	�

Forward, TCTGATGCTGGGTGCAGTAG  

Reverse, AACCGAGCATTTTCAACACC  

Forward, GAGCCCATTTTCTTCTCCCG �

Reverse, GCAACACCATGAATCCATCCC  �

Forward, TGCTTCGTTCCATCAGGCTT �

Reverse, ATCGGAAAAGGCGTGGAAGT �

Forward, CTTTCTCATGGTCGGAGTTGG  

Reverse, TGGAATAGTTTCCTGTTCTGGTAAG  

Forward, AATGCTTCAGCTCCACCTG  

Reverse, CGGTTAACGATGGTTATGGTAATT  

423� BC012074 �

102�

483�

143�

136�

135�

92�

XM003640176�

XM005619334�

XM011240600 �

XM005626238�

NM001314109�

NM001197022�
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5-3  

 

5-3-1  

Col-

 (Fig. 5-3A) Col-

α3 C5-domain  (Fig. 

5-3B,C) C5-domain adenoma - simple (19/21 ) carcinoma - 

simple (45/45 ) carcinoma - micropapillary invasive (3/3 ) 

 (Table. 5-2.)

C5-domain carcinoma - solid  (Table. 

5-2. p < 0.05, p < 0.01) TEM8  (Table. 5-2. p < 

0.05 Fig. 5-3D) carcinoma - solid (8/20 ) C5-domain-

TEM8  

(Table. 5-2. p < 0.05)  

 

5-3-2 ETP  

ETP CHMp

ETP Δ WST-1 

 (Fig. 5-4 Control  vs. 

ETP-100ng/ml ; p < 0.05 Control  vs. ETP-1µg/ml ; p < 0.05) ETP

in vitro 

Control ETP-1µg/ml  (wound 

area)  (Fig. 5-5 24h Control  vs. ETP-1µg/ml ; p < 

0.05)  
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5-3-3 ETP luminal  

ETP ETP-1µg/ml 24

CHMp CD49f 

(Integrin alpha 6) EpCAM CD133 CD44 luminal

CD49b (Integrin alpha 2) CD61 mRNA real 

time RT-PCR  (Fig. 5-6) ETP-1µg/ml Control

CD44 luminal

CD49b mRNA  (CD44; p < 0.05 CD49b; p < 

0.01) ETP TEM8 mRNA ETP-1µg/ml

Control TEM8 mRNA  (p < 0.05)  

 

5-3-4 HIF-1α TEM8-short isoform  

DFO CoCl2 HIF-1α CK19/p63 (+/-) luminal

; CHMp (HIF-1α-induced ) CHMp 

(Control ) TEM8-isoform Western blot

HIF-1α-induced long isoform short 

isoform  (Fig. 5-7. p < 0.05) total 

TEM8 TEM8-isoform

HIF-1α-induced short isoform  (Fig. 

5-7. p < 0.05)  

 

5-3-5 HIF-1α Col- α3  

HIF-1α-induced Control α3 C5-domain ±

Western blot HIF-1α-induced α3

 (Fig. 5-8. p < 0.05) HIF-1α-induced
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C5-domain  (Fig. 5-8. Control  vs. DFO ; 

n.s. Control  vs. CoCl2 ; p < 0.05)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A� B�

C� D� D’�

B’�

C’�

MC�

Fig. 5-3. Col- 	α3	C5-domain 
TEM8- (IHC) 

(A) Col- -IHC;  (MC) 	  ( ) 
	 (B) α3-IHC, 

(B’) ; 	  ( ) 
(C) C5-domain-IHC, (C’) ; 	  (

) (D) TEM8-IHC, (D’) ; 	
 ( ) A, B, C, D: Scale bars = 50µm	B’, C’, D’: 

Scale bars = 25µm  

Col- α3�

C5-domain� TEM8�
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Table. 5-2. Expression of C5-domain and TEM8 in canine mammary gland tumor �

Histological type�

Adenoma - simple�

Carcinoma - simple�

Carcinoma - micropapillary invasive�

Carcinoma - solid�

C5-domain / TEM8 † 

positive 
(%)�

Number  
of samples�

19** (90.5)�

45** (100)�

3* (100)�

8 (40)�

21 �

45 �

3 �

20 �

C5-domain carcinoma cells were significantly more often present  
in simple adenomas, simple carcinomas and invasive micropapillary carcinomas 

compared with solid carcinomas (*: p < 0.05, **: p < 0.01).  
C5-domain expression significantly correlated with TEM8 (†: p < 0.05).�
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Endotrophin Dose�

0.56	

0.58	

0.6	

0.62	

0.64	

0.66	

0.68	

0.7	

cont 10ng/ml 100ng/mll 1µg/ml 

N.S.�

Fig. 5-4. ��#;@C�@C,7�.��ETP�$: 

CHMp�.��ETP�@C,7D'�6?��	���@C�3>�	64
H1�!��ETP)2 ����10 ng/ml, 100ng/ml, 1µg/ml���
Control (PBS) �8(��124H+I�	�ETP90%-<�@C,7D
�,(������=� (ControlB vs. ETP-100ng/mlB�ControlB vs. 
ETP-1µg/mlB; * p < 0.05	)��"�����/*& ± S.D. (n=3) �=��
AGF5�Student’s t-test�E
	� 
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ETP (1µg/ml, 24h) 	 Control (PBS(-), 24h) post 0

0	

5	

10	

15	

20	

ETP cont 

W
ou

nd
 A

re
a 

(%
 o

f 0
h 

C
on

tro
l)

Fig. 5-5. ETP�8���"'9<?��	�in vitro *)5:CG 

ETP�6+
����CHMp (Control)�����1µg/ml ETP�6+
�
CHMp (ETP) ����.F
��%#$�%!2�1���)�����
243D2�*)E-�7/
�� 
 &�����0,( ± S.D. (n=3) �;
�=BA4�Student’s t-test�
@�� (Control> vs. ETP-1µg/ml>; * p < 0.05)� 
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0	

1	

2	

3	

4	

5	

6	

cont ETP cont ETP cont ETP cont ETP cont ETP cont ETP cont ETP 

TEM8 CD49f CD49b CD61 EpCAM CD133 CD44 

R
el

at
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e 
m

R
N

A
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l�

��

���

����� ���

��

N.S.�

Fig. 5-6. ETP TEM8 mRNA
 

CHMp 80% RPMI-1640/ETP (1µg/ml) 
RPMI-1640/PBS (Control) 24 	

total RNA real time RT-PCR 	ETP TEM8 
mRNA 	
EpCAM CD133 mRNA CD44 mRNA

	 luminal
CD49b mRNA CD61 mRNA

	  ± S.D. (n=3) 
Student’s t-test  (Control vs. ETP; N.S. . * p < 0.05. ** 
p < 0.01)	 
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100 kDa -

97 kDa -

66 kDa -

45 kDa -

← HIF-1α

← long isoform

← short isoform

TEM8

0	

0.2	

0.4	

0.6	

0.8	

Control DFO 	
24h 

COCl2 	
24h 

HIF-1α

0	

0.1	

0.2	

0.3	

0.4	

Control DFO 	
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COCl2 	
24h 

TEM8-long isoform

0	

0.1	

0.2	

0.3	
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TEM8-short isoform

N.S.
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3	
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long isoform/Total TEM8
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A

B

Fig. 5-7. HIF-1α TEM8-isoform

A; DFO CoCl2
HIF-1α CHMp
TEM8-pAb western blot

	B; β-actin
HIF-1α TEM8-

long isoform TEM8-short 
isoform 	 
C; total 
TEM8 (long isoform short 
isoform) TEM8-long isoform

TEM8-short isoform
	

 ± S.D. (n = 5) 
Student’s t-test  (Control 

vs. DFO CoCl2; N.S. . 
* p < 0.05)	

C
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100 kDa -

250 kDa -

10 kDa -

β-actin

← HIF-1α

← Col-�α3

← C5-domain 0	

0.5	

1	

1.5	

2	

Control DFO 	
24h 

COCl2 	
24h 

0	

1	

2	

3	

Control DFO 	
24h 

COCl2 	
24h 

Col-�α3

N.S.
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Fig. 5-8. HIF-1α���Col-�α3���C5-domain52�)��-? 

A; DFO���CoCl2'3���HIF-1α<*��	CHMp�����/ C5-
domain/%�4��western blot:1�9
	�B; β-actin�#���
��
�$!"���	Col-�α3���C5-domain�# �=�6)>�7��
�$�����,(& ± S.D. (n = 5) �7��8;:1�Student’s t-test�
9
	 (Control vs. DFO���CoCl2; N.S. 0.+�. * p < 0.05)�
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5-4  

 

TEM8 C5-domain

89 TEM8 Col- α3

C5-domain TEM8 C5-domain

 (p < 0.05) α3

Col-

TEM8

ETP α3 C5-domain

α3 C5-domain Col-  3

Col- C5-domain  Col-  3

 (Aigner et al., 2002; Lamandé et al., 

2006) Col-  α3 Furin ±

C5-flagment (C5-domain )  (Heumüller et al., 

2019) C5-fragment Bone morphogenetic protein 1 (BMP-1) 

C5-domain ETP  (Fig. 5-1.)

α3 C5-domain

C5-domain Col-  α3

Col-

TEM8 ETP

TEM8 C5-domian

ETP/TEM8 /±

 

ETP Park & Scherer, (2012a) 
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 (Park & Scherer, 2012b) ETP

EMT

 (Bu et al., 2019) ETP

ETP

WST-1 in vitro ETP

real time 

RT-PCR Control ETP TEM8 mRNA

 (p < 0.05)

ETP TEM8 ETP/TEM8

 

ETP luminal

ETP luminal

real time RT-PCR

CD49f CD133 CD44 CD49b 

(Integrin alpha 2) CD61 luminal

EpCAM luminal

basal basal  (Stingl et al., 2006; 

Shackleton et al., 2006; Sleeman et al., 2006; Sleeman et al., 2007; 

Asselin-Labat et al., 2007; Asselin-Labat et al., 2011; Shehata et al., 2012)

luminal CD49b mRNA

CD133 mRNA luminal

EpCAM mRNA ETP

lumnal

luminal
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CD44

ETP CD44 mRNA  (CD44: p < 0.05)

luminal CD44+ luminal CD44- luminal

 (Knapp et al., 2017)

ETP CD61 mRNA CD61

luminal  (Stingl et al., 2006; 

Shackleton et al., 2006; Sleeman et al., 2006; Sleeman et al., 2007; 

Asselin-Labat et al., 2007; Asselin-Labat et al., 2011; Shehata et al., 2012)

Zhang et al. 2016 luminal CD61 low

CD61 luminal

luminal CD61

ETP CD49b CD61

luminal luminal

ETP/TEM8

luminal

luminal

EpCAM-/CD49b+/CD61- luminal

CD61

CD61

CD61 mRNA

 

± CD44 EMT

 (Al-Hajj et al., 2003; Jin et al., 2006; Dalerba et al., 2007; Fillmore 

& Kuperwasser, 2007; Li et al., 2008; Liu et al., 2007; Prince et al., 2007; Brown 

et al., 2011; Reinke et al., 2012) CD44 splicing variants
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exon

 (Ouhtit et al., 2007; Mima et al., 2012; Hiraga et 

al., 2013; Zhao et al., 2016) ETP

CD44

Rogez et al. 2018

CD44

CD44 ETP CD44

 

HIF-1α TEM8

HIF  (Brown et al., 2004)

HIF HIF

HIF

HIF-1 Lysyl oxidase (LOX) LOX ±

pre-metastatic 

niche  (Wong et al., 2012)  

DFO CoCl2 HIF-1α

TEM8 α3 C5-domain HIF-1α

TEM8-long isoform  (p < 

0.05) TEM8-short isoform  (p < 0.05) TEM8-short 

isoform V3 V5
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HIF-1α TEM8 Høye et al. 

(2018) TEM8

HIF-1α TEM8

α Control

HIF-1α-induced α3 C5-domain  (α3; p 

< 0.05 C5-flagment; n.s.) Col 

 (Paulus et al., 1988; Burchardt 

et al., 2003; Sherman-Baust et al., 2003; Iyengar et al., 2005; Motrescu et al., 

2008) α3

 (Iyengar et al., 2005; Arafat et al., 2011)

Col Col ETP

 (Han & 

Daniel, 1995; Wright et al., 2008; Park & Scherer, 2012b) Park & Scherer 

(2012b) ETP

HIF-1α mRNA ETP

HIF-1α

HIF-1α

α3 C5-domain HIF-1α

ETP

HIF-1α

TEM8

Col-  α3 C5-domain

ETP HIF-1α
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ETP TEM8

TEM8

 (Fig. 5-9)  

in vivo in vitro

ETP C5-domain TEM8

luminal

 (Fig. 5-10)

TEM8 HIF-1α

 

  



HIF-1α induced�
Col-�α3 ↓�

C5-domain ↓�

TEM8-short isoform ↑�

TEM8-long isoform ↓�
C5-domain – TEM8-long isoform  

interaction �

TEM8-short isoform 
activity �

TEM8-long isoform�

TEM8-short isoform�

Col-�α3�

C5-domain�

inhibit�

promote�

?�

?�

Fig. 5-9. 	
�������HIF-1α�TEM8���C5-domain���� 
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HIF-1α�

Tumorigenesis�

Mammary gland stem cells�

Basal progenitor cells� Luminal progenitor cells�

High-proliferation 
Luminal progenitor-like 
characteristics ↑�

Fig. 5-10. ���-14����TEM8���ETP� +�;���8 

���76,14�����TEM8�luminal(6,14�.*
����
���TEM8<&6,14�C5-domain.*�.*������>�$)
5�'�luminal!=14�%:�2'
������/#	������
6,14����TEM8���C5-domain.*�HIF-1α���90	��
��"5&�3����� 

Mature luminal cells�

Differentiation�

CD49b ↑ 

CD44 ↑ 
EpCAM ↓ 

CD133 ↓ 

Mature luminal cell 
           and/or 
Breast cancer stem cell 
characteristics ↓�

Regulatory  
factor ?�

TEM8 negative� TEM8 positive�

TEM8�
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