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Figure 1-1. Tumor growth and angiogenesis.

(A) Scanning electron microscopic (SEM) imaging of normal microvasculature (left) and 

tumor microvasculature (right) [7]. White arrows indicate arteriole, capillary, and venule, 

respectively. (B) The mechanism of tumor growth through HIF-1α-mediated 

angiogenesis.
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[15]

 (vasculogenic mimicry: VM) 
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Figure 1-2. Structure of vasculogenic mimicry of cancer cells. 
(A) Image of vasculogenic mimicry (VM) in a malignant tumor. (B) In vitro VM 

formation of cancer cells. Red arrows indicate vascular-like tubes. Bar, 100 μm. 
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VM HIF-1α

VM [20,21] HIF-1α  

twist1 [22] twist1  (epithelial-mesenchymal 

transition : EMT) [23,24] EMT E-cadherin

VM [25] VM
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VM [31,32] VM

(Figure 1-3) VM

VM  

Figure 1-3. Predicted mechanism of VM formation. 
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4  Integrin β1 

1) Integrin  

Integrin - -ECM
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 talin FAK  

(Figure 1-4) [35-41]  (focal adhesion: FA) ECM

FA ECM

[40]  
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Figure 1-4. Structures of inactive- or active-integrin dimers. 
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2) integrin β1 

Integrin 24 [43] Figure 1-

5

integrin β1 (ITGB1) 

[44] integrin β5

[45]

 

ITGB1 12 α-integrin integrin

 (Figure 1-5) integrin

ITGB1

[46,47]
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[50,51] ITGB1 VM
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ITGB1 VM
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 (KO) VM
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Figure 1-5. Variety of integrin heterodimers [43]. 
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5  ErbB4 

1) ErbB  
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 (v-erbB) 
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ErbB3/HER3 ErbB4/HER4) 

ErbB /

 (Figure 1-6)
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Figure 1-6. Ligand-dependent dimerization and phosphorylation of ErbB receptors. 
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2) ErbB4  

ErbB ErbB4

[58,59] ErbB4

[60,61] ErbB4 PI3K/Akt mitogen-activated 

protein kinase (MAPK) ErbB4

[62,63]  

ErbB4

[64-66] Prickett

20 ErbB4  (Figure 1-7) [65]

ErbB4 ErbB4

 

ErbB4

ErbB4 ErbB4

4 ErbB4

VM ErbB4

VM  

 

Figure 1-7. ErbB4 mutations in melanoma [65]. 

Black arrows are missense mutation sites. SP and Cys indicate signal peptide and 

cysteine-rich domain, respectively. Black box expresses transmembrane domain. 
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2  Integrin β1  

 (VM)  (ECM) 

ECM VM

ECM integrin integrin VM

2 integrin

integrin β1 (ITGB1) ITGB1

VM  

 

1  integrin  

Integrin 2

integrin

[67-69]

HT1080 EGTA

VM EGTA VM

EGTA CaCl2  

(Figure 2-1A,B) WST assay

EGTA EGTA CaCl2

 (Figure 2-1C) integrin

VM  
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Figure 2-1. Chelation of calcium ion suppresses VM formation in HT1080 cells.

(A and B) HT1080 cells were suspended and treated with 3 mM EGTA with or without 

3 mM CaCl2, and seeded onto Matrigel-precoated 96 well plates (1.6 × 104 cells/well). 

Then the cells were cultured for 3 hours and photographs were taken under a microscope 

(A). The number of tubes were counted in randomly selected 5 independent fields (B). 

(C) HT1080 cells were suspended and treated with 3 mM EGTA with or without 3 mM 

CaCl2, and seeded onto Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Cell 

Counting Kit-8 was added into each well at 1 hour after cell seeding, and then cell culture 

was continued for an additional 2 hours. Subsequently, absorbance at 450 nm was 

measured and living cell numbers were normalized to the control cells. Bar, 100 μm. Data 

shown are means ± SD. P value < 0.01 is indicated by **. N.S., not significant. 
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2  Integrin β1  

1) CRISPR/Cas9 integrin β1  

EGTA integrin VM

ITGB1 VM CRISPR/Cas9

ITGB1  (KO) HT1080  

(Figure 2-2) ITGB1-KO HT1080 DNA

3  (61 31 19 )  (Figure 2-3)

3n+1

N

HT1080 ITGB1 KO  
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Figure 2-2. Establishment of ITGB1-KO HT1080 cells. 

(A) Total RNAs of parental and ITGB1-KO HT1080 cells were isolated and semi-

quantitative reverse transcription-polymerase chain reaction was performed. (B) Parental 

and ITGB1-KO HT1080 cells were lysed and western blot was performed. 
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Figure 2-3. Genetic alterations in ITGB1-KO HT 1080 cells. 

The genomic region around the target sequence of the CRISPR/Cas9 in ITGB1-KO 

HT1080 cells was amplified and cloned into pUC19 vector. Randomly selected 10 clones 

were sequenced and 3 patterns of genetic alteration (61 bp depletion, 31 bp depletion, and 

19 depletion) were observed. Each genetic alteration causes frameshift mutation and 

generates immature stop codon (*). 

  

5’..ATAGAAAATCCCAGAGGCTCCAAAGATATAAAGAAAAATAAAAATGTAACCAACCGTAGCAAAGGAACAGCAGAGAAGCTCAA..3’
5’..ATA-------------------------------------------------------------GAACAGCAGAGAAGCTCAA..3’
5’..ATAGAAAATCCCAGAGGCTCCAAAGATATA-------------------------------AAGGAACAGCAGAGAAGCTCAA..3’
5’..ATAGAAAATCCCAGAGGCTCCAAAGATATAAAGAAAAATAAA-------------------AAGGAACAGCAGAGAAGCTCAA..3’

I  E  N  P  R  G  S  K  D  I  K  K N  K  N  V  T  N  R  S  K  G  T  A  E  K  L

K  E  Q  Q  R  S  *
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2) Integrin β1 KO  

ITGB1-KO HT1080

3 ITGB1 KO

 (Figure 2-4A,B)

24

ITGB1-KO  (Figure 2-

4C) HT1080 ITGB1 VM

 

ITGB1

MDA-MB-231 CHL-1

CRISPR/Cas9 ITGB1

 (Figure 2-5)

ITGB1 VM  
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Figure 2-4. KO of ITGB1 completely abolishes VM formation in HT1080 cells. 

(A-C) Parental and ITGB1-KO HT1080 cells were suspended and seeded on Matrigel-

precoated 96 well plates (1.6 × 104 cells/well), and photographs were taken at 3 hours 

after seeding (A) and the number of tubes was counted in 5 randomly selected 

independent fields (B). These cells were also photographed at 24 hours after seeding (C). 

Bars, 100 μm. Data shown are means ± SD. N.D., not detected. 
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Figure 2-5. Deletion of ITGB1 suppresses VM formation in MDA-MB-231 and 

CHL-1 cells. 

(A and C) Parental and ITGB1-KO cells (A, MDA-MB-231; C, CHL-1) were lysed and 

western blot was performed. (B and D) Cells (B, MDA-MB-231; D, CHL-1) were 

suspended and seeded on Matrigel-precoated 96 well plates (1.6 × 104 cells/well), and 

photographs were taken at 3 hours after seeding. Bars, 100 μm. 
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3) Integrin β1 KO  

ITGB1 HT1080

ITGB1 KO WST assay

ITGB1-KO  

(Figure 2-6A) poly hydroxyethyl methacrylate (poly-HEMA) 

ITGB1 KO

 (Figure 2-6B)

ITGB1-KO  (Figure 2-7)

ITGB1 VM
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Figure 2-6. KO of ITGB1 affects cell growth in HT1080 cells. 

(A) Parental and ITGB1-KO HT1080 cells were seeded into 96 well plates (600 

cells/well) and cultured for 96 hours. Then, WST assay was performed at every 24 hours. 

Cell numbers were normalized by the number of parental cells at 24 hours. (B) Parental 

and ITGB1-KO HT1080 cells were seeded onto poly-HEMA-precoated 96 well plates 

(4000 cells/well) and cultured for 2 weeks. Then, WST assay was performed. Data shown 

are means ± SD. P values < 0.001 and < 0.0001 are indicated by *** and ****, 

respectively. 
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Figure 2-7. KO of ITGB1 affects cell morphology in HT1080 cells. 

(A and B) Parental and ITGB1-KO HT1080 cells were cultured for 48 hours, and 

photographs were taken under a microscopy (A). Cell circularity was determined by the 

calculating formula: Circularity (%) = 100 × (4  × area)/(perimeter)2, using ImageJ 

software (B). In each cell line, 100 cells were calculated. Bar, 50 µm. Data shown are 

means ± SD. P value < 0.05 is indicated by *. 
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3  Integrin β1  

HT1080 MDA-MB-231 CHL-1 3

ITGB1 VM CRISPR/Cas9

ITGB1 KO ITGB1

VM ITGB1

ITGB1 CRISPR/Cas9

Cas9 ITGB1

ITGB1-KO ITGB1 VM

 (Figure 2-8) ITGB1-KO HT1080 VM

ITGB1  
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Figure 2-8. Reexpression of ITGB1 recovers VM formation in ITGB1-KO HT1080 

cells. 

(A) ITGB1-KO and ITGB1-rescued HT1080 cells were lysed and immunoblotted with 

the indicated antibodies. (B and C) Cells were suspended and seeded on Matrigel-

precoated 96 well plates (1.6 × 104 cells/well), and photographs were taken at 3 hours 

after seeding (B) and the number of tubes was counted in 5 randomly selected 

independent fields (C). Bar, 100 μm. Data shown are means ± SD. N.D., not detected. 
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4  Integrin β1-FAK  

ITGB1 focal adhesion kinase (FAK) 

Integrin FAK Y397 [38]

ITGB1 FAK ITGB1 KO

FAK Y397 ITGB1

FAK Y397  (Figure 2-9) FAK

PF-573228 VM  (Figure 2-10) FAK

VM VM
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Figure 2-9. ITGB1 expression correlates with FAK activation. 

(A) Parental and ITGB1-KO HT1080 cells were cultured in Matrigel-precoated dishes, 

and the cell lysates were immunoblotted with the indicated antibodies. (B) ITGB1-KO 

and ITGB1-rescued HT1080 cells were cultured in Matrigel-precoated dishes. Then, the 

cells were lysed and western blot was performed. 
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Figure 2-10. FAK inhibition does not suppress VM formation. 

(A-C) HT1080 cells were pre-treated with 10 μM PF-573228 in serum free medium for 

1 hour, and subsequently seeded on Matrigel-precoated 96 well plates (1.6 × 104 

cells/well). After 1 hour, Cell Counting Kit-8 (CCK-8) was added to each well, and 

culture was continued for an additional 2 hours. Three hours after seeding, photographs 

were taken under a microscope (A), and the number of tubes was counted in randomly 

selected 5 independent fields (B). Then, absorbance at 450 nm was measured. Living cell 

numbers were normalized to the control cells (C). Bar, 100 μm. Data shown are means ± 

SD. N.S., not significant. 
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Figure 2-1 VM
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VM ITGB1 KO VE-cadherin
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Figure 2-11. Effect of neutralizing antibodies treatment on the VM formation.

(A-C) HT1080 cells were suspended and treated with anti-integrin αv (ITGAV) antibody 

(10 µg/mL), anti-integrin β1 (ITGB1) antibody (2 µg/mL), or anti-E-cadherin antibody 

(12 µg/mL). Then, the cells were seeded on Matrigel-precoated 96 well plates (1.6 × 104 

cells/well). At 1 hour after cell seeding, CCK-8 was added to each well, and cell culture 

was continued for an additional 2 hours. Three hours after seeding, photographs were 

taken under a microscope (A), and the number of tubes was counted in randomly selected 

5 independent fields (B). Then, absorbance at 450 nm was measured. Living cell numbers 

were normalized to the control cells (C). Bar, 100 μm. Data shown are means ± SD. P 

values < 0.05 and < 0.001 are indicated by * and ***, respectively. N.S., not significant. 
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Figure 2-12. Treatment with RGD peptide does not affect the VM formation. 

(A-C) HT1080 cells were pre-treated with 10 μM RGD peptide in serum free medium for 

1 hour, and subsequently seeded on Matrigel-precoated 96 well plates (1.6 × 104 

cells/well). After 1 hour, CCK-8 was added to each well, and culture was continued for 

an additional 2 hours. Three hours after cell seeding, photographs were taken under a 

microscope (A), and the number of tubes was counted in randomly selected 5 independent 

fields (B). Then, absorbance at 450 nm was measured. Living cell numbers were 

normalized to the control cells (C). Bar, 100 µm. Data shown are means ± SD. N.S., not 

significant. 
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2  

1)  

HT1080 HEK293T

MDA-MB-231 DMEM 7% (v/v) fetal bovine serum (FBS) 100 

units/mL penicillin G 100 mg/L kanamycin 600 mg/L 2.25 g/L NaHCO3 

37°C 5% CO2 CHL-

1 FBS 10%

 

 

2) In vitro VM formation assay 

Matrigel® Growth Factor Reduced (Corning #354230 ( )) 

DMEM 1.5 96 well plate

 (40 μL/well)

37°C 30

1.6 × 104 cells/well

37°C 5% CO2 VM  (Leica) 

 ”tube” 1

5 tube VM

 

 

3) CRISPR/Cas9 ITGB1-KO  

CRISPR/Cas9 ITGB1-KO [72]

Cas9 (D10A ) Single guide 

RNA DNA  

 

1: forward, 5’-CACCGAATGTAACCAACCGTAGCAA-3’ 

 reverse, 5’-AAACTTGCTACGGTTGGTTACATTC-3’ 
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2: forward, 5’-CACCGCTTTATATCTTTGGAGCCTC-3’ 

 reverse, 5’-AAACGAGGCTCCAAAGATATAAAGC-3’ 

 

forward reverse DNA BbsI

pSpCas9n(BB)-2A-Puro (PX462) V2.0 plasmid

2 LipofectamineTM 3000 Transfection Reagent (Thermo Fisher 

Scientific) HT1080 MDA-MB-231 CHL-1 2 µg/mL

puromycin dihydrochloride (Merck KGaA) 

western blot ITGB1 KO

 

 

4) Western blot 

PBS lysis buffer (50 mM Tris-HCl, pH 7.5, 

150 mM NaCl, 0.1% [w/v] sodium dodecyl sulfate (SDS), 1% [v/v] Triton X-100, 1% 

[w/v] sodium deoxycholate, and 1 mM phenylmethylsulfonyl fluoride) 

PhosSTOP TM 

(Merck KGaA) lysis buffer

Coomassie Brilliant Blue G-250 (Bio-Rad Laboratories) 

loading buffer (350 mM Tris-HCl, pH 6.8, 30% [w/v] glycerol, 0.012% [w/v] 

bromophenol blue, 6% [w/v] SDS, and 30% [v/v] 2-mercaptoethanol) 98°C

3 SDS-PAGE

PVDF 1

integrin β1  (Abcam #ab52971)  p-FAK (Y397) (Abcam #ab81298)

-α-tubulin  (Merck KGaA #T5168) Western 

Lightning Plus-ECL (PerkinElmer)  Immobilon Western Chemiluminescent HRP 

substrates (Merck KGaA)  
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5) ITGB1-KO HT1080 ITGB1  

ITGB1 cDNA HT1080 cDNA PCR

PCR  

 

Forward, 5’-TTTTCTCGAGATGAATTTACAACCAATTTTCTGG-3’ 

Reverse, 5’-TTTTGCGGCCGCTCATTTTCCCTCATACTTCGG-3’ 

 

ITGB1 CRISPR/Cas9

ITGB1

 

 

Forward, 5’-GGGAAGTAAGGACATCAAGAAAAATAAAAACGTTACGAATAG

GTCTAAAGGAACAGCAGAG-3’ 

Reverse, 5’-AGACCTATTCGTAACGTTTTTATTTTTCTTGATGTCCTTACTTCCC

CTGGGATTTTCTATG-3’ 

 

PCR

Cas9 ITGB1 XhoI NotI CSII-CMV-

MCS plasmid (RIKEN BioResource Center) 

Lentivirus High Titer Packaging Mix (Takara Bio) Polyethylenimine “MAX” (PEI) 

(Polysciences) HEK293T 6

48

ITGB1-KO 

HT1080 western blot

ITGB1  

 

6) WST assay 
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Cell Counting Kit-8 (CCK-8; FUJIFILM Wako)  ( 1/10 )

37°C 5% CO2 2 450 nm  

 

7) 96 well plate poly-HEMA  

95% poly-HEMA 5 mg/mL

37°C 2 poly-HEMA

96 well plate 50 μL/well 37°C 2

[73]  

 

8)  

48

100 ImageJ (version 1.51s; National Institutes of 

Health) [74]

 

 

 (%) = 100 × (4π × ) / ( )2 

 

9)  

Student t P<0.05

 

 

10)  

 

 

• PF-573228 (FAK inhibitor): Cayman Chemical  

• Arg-Gly-Asp (RGD peptide): Merck KGaA 

•  Integrin αv  (#ab16821; Mouse monoclonal IgG1): Abcam  

•  Integrin β1  (#ab24693; Mouse monoclonal IgG1): Abcam 

•  E-cadherin  (#ab11512; Rat monoclonal IgG1): Abcam 
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3  ErbB4  

2 ITGB1  (VM) 

VM

VM

ErbB

ErbB4 VM  

 

1  ErbB4  

VM ErbB

ErbB4 VM

MCF-7 MDA-

MB-231 T47D ErbB4 western blot

MCF-7 T47D ErbB4

MDA-MB-231 ErbB4  (Figure 3-1A)

VM MDA-MB-231

VM MCF-7 T47D VM  (Figure 3-

1B) ErbB4 VM

 

ErbB4 VM MDA-MB-231 (ErbB4-

negative) T47D (ErbB4-positive) ErbB4

ErbB4 ErbB ErbB

MDA-MB-231 EGFR

T47D ErbB3  (Figure 3-2)

MDA-MB-231 EGFR T47D ErbB3 ErbB4
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Figure 3-1. The endogenous expression of ErbB4 correlates with the VM-negative 

phenotype in human breast cancer cell lines.  

(A) MCF-7, MDA-MB-231, and T47D cells were lysed and western blot was performed. 

(B) Cells were suspended in serum-free medium and subsequently seeded onto the 

Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of VM 

formation were shown (3 hours after seeding). Bar, 100 μm. 
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Figure 3-2. The endogenous expression of ErbB receptors in MDA-MB-231 and 

T47D cells.  

MDA-MB-231 and T47D cells were lysed and western blot was performed. 
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2  ErbB4  

1) MDA-MB-231 ErbB4  

ErbB4 MDA-MB-231 ErbB4

VM ErbB4 MDA-MB-231

ErbB4  (Figure 3-3A)

VM Neo 2

VM VM

ErbB4  (Figure 3-3B,C)

ErbB4 VM ErbB4

VM  
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Figure 3-3. Overexpression of ErbB4 delays VM formation in MDA-MB-231 cells.  

(A) MDA-MB-231 cells stably overexpressing ErbB4 were established, and the 

expression of the protein was confirmed by western blot. The pCI-neo empty vector (Neo) 

was used as a control. (B) Cells were suspended in serum-free medium and subsequently 

seeded onto the Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative 

images of VM formation were shown (3 hours after seeding). (C) VM formation was 

quantified every hour after seeding, and the number of tubes was counted in six randomly 

selected independent fields. Bar, 100 μm. P values <0.01 and <0.001 are indicated by ** 

and ***, respectively. N.D., not detected.
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2) T47D MCF-7 ErbB4  

Figure 3-4 ErbB4 MDA-MB-231 VM

ErbB4  (KO) 

VM T47D CRISPR/Cas9

ErbB4  (KO)  (Figure 3-4A) VM

ErbB4 KO  (Figure 3-4B,C)

T47D ErbB4 MCF-7 CRISPR/Cas9

ErbB4 KO  (Figure 3-5A) VM  (Figure 3-

5B) MCF-7 24

VM MCF-7 ErbB4 VM

 

 

3) ErbB4-KO T47D ErbB4  

T47D MCF-7 ErbB4 KO VM

CRISPR/Cas9 ErbB4 KO

ErbB4 VM ErbB4

ErbB4 VM  

(Figure 3-6) ErbB4-KO T47D VM

ErbB4 ErbB4 VM

 

 

ErbB4 VM
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Figure 3-4. KO of ErbB4 promotes VM formation in T47D cells.  

(A) ErbB4-knockout (ErbB4-KO) T47D cell lines were established by CRISPR/Cas9 

system, and depletion of the ErbB4 protein was confirmed by western blot. (B) Cells were 

suspended in serum-free medium and subsequently seeded onto the Matrigel-precoated 

96 well plates (1.6 × 104 cells/well). Representative images of VM formation were shown 

(3 hours after seeding). (C) VM formation was quantified at 3 hours after seeding, and 

the number of tubes was counted in six randomly selected independent fields. Bar, 100 

μm. P value <0.05 is indicated by *.
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Figure 3-5. KO of ErbB4 promotes VM formation in MCF-7 cells.  

(A) ErbB4-knockout (ErbB4-KO) MCF-7 cell lines were established by CRISPR/Cas9 

system, and depletion of the ErbB4 protein was confirmed by western blot. Mock cells 

were generated by transfection with pSpCas9n(BB)-2A-Puro (PX462) V2.0 empty vector. 

(B) Cells were suspended in serum-free medium and subsequently seeded onto the 

Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of VM 

formation were shown (5 hours after seeding). Bar, 100 μm. 
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Figure 3-6. Reexpression of ErbB4 attenuates VM formation in ErbB4-KO T47D 

cells. 

(A) ErbB4-KO T47D cells were transfected with the ErbB4-expression vector, and 

ErbB4-rescued T47D cell lines were established. The rescue of the ErbB4 protein was 

confirmed by western blot. (B) Cells were suspended and seeded on Matrigel-precoated 

96 well plates (1.6 × 104 cells/well). Representative images of VM formation were shown 

(3 hours after seeding). (C) VM formation was quantified at 3 hours after seeding, and 

the number of tubes was counted in six randomly selected independent fields. Bar, 100 

μm. Data shown are means ± SD. P value <0.05 is indicated by *. 
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3  ErbB4  

ErbB4

PI3K/Akt

MAPK ErbB [62]

3 MDA-MB-231 T47D ErbB4

VM

 

 

1) MDA-MB-231 ErbB4  

MDA-MB-231 ErbB4 VM

ErbB4

western blot PI3K/Akt MAPK (Erk1/2) 

ErbB4

MDA-MB-231 ErbB4

 

2 FAK VM

PI3K/Akt MAPK FAK Y397

ErbB4 FAK  (Figure 3-7)

VM FAK  

  



 49 

 

 

 

 

 

 

Figure 3-7. FAK signaling was attenuated by ErbB4 overexpression in MDA-MB-

231 cells. 

Neo and ErbB4-overexpressing MDA-MB-231 cells were lysed and western blot was 

performed.
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2) T47D ErbB4 KO  

T47D ErbB4 KO VM  (Figure 3-4)

ErbB4

western blot PI3K/Akt MAPK FAK

 (Figure 3-8) Akt ErbB4 KO total Akt

MAPK

ErbB4 KO p-Erk1/2 ErbB4 KO

FAK Figure 3-7 VM

FAK  

ErbB4-KO ErbB4  

(Figure 3-9) ErbB4 VM

total Akt ErbB4

p-Akt MAPK

ErbB4 Erk1/2

FAK ErbB4 KO ErbB4

 

T47D ErbB4 Akt

Akt ErbB4 MAPK

FAK ErbB4

 

 

ErbB4 PI3K/Akt

MAPK VM

FAK VM
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Figure 3-8. KO of ErbB4 activates FAK signaling in T47D cells. 

Parental and ErbB4-KO T47D cells were lysed and western blot was performed. 
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Figure 3-9. Reexpression of ErbB4 does not suppress FAK signaling in ErbB4-KO 

T47D cells. 

ErbB4-KO and ErbB4-rescued T47D cells were lysed and western blot was performed. 
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4   

 (estrogen receptor: ER)  

(progesterone receptor: PR) HER2 Table 3-1

[75] MCF-7 T47D

ER+ PR+

luminal A

VM MCF-7 ER

fulvestrant PR mifepristone 3 μM

MCF-7 VM  

(Figure 3-10) T47D

fulvestrant VM mifepristone

 (Figure 3-11)  

 

MCF-7 VM

ER PR T47D PR ER VM

ER PR VM
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Table 3-1. Subtype of human breast cancer cell lines [75]. 
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Figure 3-10. Antagonists of hormone receptors does not affect VM formation in 

MCF-7 cells. 

MCF-7 cells were suspended and treated with DMSO, 3 μM fulvestrant, or 3 μM 

mifepristone. Then the cells were seeded on Matrigel-precoated 96 well plates (1.6 × 104 

cells/well). Representative images of VM formation were shown (5 hours after seeding).

Bar, 100 μm. 

  



 56 

 

 

Figure 3-11. An estrogen receptor antagonist suppresses VM formation in T47D 

cells. 

(A) T47D cells were suspended and treated with DMSO, fulvestrant (1 or 3 μM), or 

mifepristone (1 or 3 μM). Then the cells were seeded on Matrigel-precoated 96 well plates 

(1.6 × 104 cells/well). Representative images (3 μM treatment) of VM formation were 

shown (5 hours after seeding). (B) VM formation was quantified at 5 hours after seeding, 

and the number of tubes was counted in six randomly selected independent fields. Bar, 

100 μm. Data shown are means ± SD. P value <0.05 is indicated by *. N.S., not significant. 
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5  Neuregulin 1 ErbB4  

2 ErbB4 VM

ErbB4

5 ErbB4 neuregulin 1 (NRG1) 

[76] ErbB4 VM  

 

1) ErbB4  

MDA-MB-231 ErbB4 NRG1

ErbB4 

(ErbB4/wt) E872K ErbB4 

(ErbB4/E872K) K751M ErbB4 (ErbB4/K751M) 

 (Figure 3-12)  

 

Figure 3-12. Establishment of wild-type or mutant ErbB4-overexpressing MDA-

MB-231 cell lines. 

MDA-MB-231 cells stably overexpressing wild-type (wt), E872K, or K751M ErbB4 

were established, and the expression of the protein was confirmed by western blot. The 

pCI-neo empty vector (Neo) was used as a control. 
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2) ErbB4 NRG1  

ErbB4 ErbB4/wt

ErbB4/K751M MDA-MB-231

100 ng/mL NRG1 30 ErbB4/wt

ErbB4/K751M ErbB4 ATP

 (Figure 3-13) 100 ng/mL NRG1 ErbB4

NRG1

VM ErbB4/wt NRG1 VM

 (Figure 3-14A,B) ErbB4/K751M

NRG1 VM  (Figure 

3-14C,D) NRG1 ErbB4 VM

ErbB4/K751M NRG1  

NRG1 VM ErbB4

MDA-MB-231 NRG1

ErbB3 ErbB4 NRG1 NRG1

MDA-MB-231 NRG1 VM

 (Figure 3-15) NRG1 VM

ErbB4  
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Figure 3-13. NRG1 activates ErbB4/wt in MDA-MB-231 cells. 

wt or K751M ErbB4-overexpressing MDA-MB-231 cells were stimulated with vehicle 

control or 100 ng/mL NRG1 for 30 minutes in serum-free medium. The stimulated cells 

were lysed and western blot was performed. 
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Figure 3-14. NRG1 promotes ErbB4-mediated VM formation in kinase activity-

dependent manner. 

(A and C) wt or K751M ErbB4-overexpressing MDA-MB-231 cells were suspended in 

serum-free medium and treated with vehicle control or 100 ng/mL NRG1, then seeded 

onto Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of 

VM formation in wt (A) or K751M (C) ErbB4-overexpressing cells are shown (5 hours 

after seeding). (B and D) VM formation of wt (B) or K751M (D) ErbB4-overexpressing 

cells were quantified at 5 hours after seeding, and the number of tubes was counted in six 

randomly selected independent fields. Scale bars, 100 μm. Data shown are the means ± 

SD. P value <0.05 is indicated by *. N.S., not significant. 
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Figure 3-15. NRG1 does not affect VM formation in MDA-MB-231 cells. 

(A) MDA-MB-231 cells were suspended and treated with 100 ng/mL NRG1, then seeded 

on Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of VM 

formation were shown (3 hours after seeding). (B) VM formation was quantified at 3 

hours after seeding, and the number of tubes was counted in six randomly selected 

independent fields. Bar, 100 μm. Data shown are means ± SD. N.S., not significant. 
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3) E872K ErbB4 NRG1  

NRG1 ErbB4 VM ErbB4

VM

ErbB4 E872K E872K ErbB4

2,614

 (Figure 3-16A) [64,65] E872K ErbB4

[65] ErbB4/wt VM

western blot ErbB4/wt

ErbB4/E872K NRG1

 (= 0 ng/mL) ErbB4/E872K  

(Figure 3-16B) NRG1 ErbB4

ErbB4/wt NRG1

ErbB4/E872K NRG1  (Figure 3-16B)

ErbB EGFR EGFR

EGF EGFR

[77] ErbB4/E872K NRG1

ErbB4 E872K

NRG1

 

VM NRG1

ErbB4/E872K ErbB4/wt VM  (Figure 3-17)

ErbB4/wt NRG1 VM

 (Figure 3-18) ErbB4/E872K NRG1 VM

 (Figure 3-19) Figure 3-16 ErbB4

ErbB4 VM
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Figure 3-16. E872K mutation enhances ErbB4 phosphorylation in the absence of 

NRG1. 

(A) A schematic diagram of the functional domain of human ErbB4. Two cysteine-rich 

and tyrosine kinase domains are contained in the extracellular and intracellular regions, 

respectively. The partial nucleotide sequences of the wt and E872K ErbB4 are shown. 

(B) wt or E872K ErbB4-overexpressing MDA-MB-231 cells were stimulated with 

vehicle control or NRG1 (10, 30, or 100 ng/mL) for 30 minutes in serum-free medium. 

The stimulated cells were lysed and western blot was performed. 

GAA

AAA
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Figure 3-17. E872K mutation enhances ErbB4-mediated VM formation in the 

absence of NRG1. 

(A) wt or E872K ErbB4-overexpressing MDA-MB-231 cells were suspended and seeded 

on Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of VM 

formation were shown (5 hours after seeding). (B) VM formation was quantified at 5 

hours after seeding, and the number of tubes was counted in six randomly selected 

independent fields. Bar, 100 μm. Data shown are means ± SD. P value <0.05 is indicated 

by *. 

  



 65 

 

Figure 3-18. NRG1 promotes ErbB4/wt-mediated VM formation in a dose-

dependent manner. 

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were suspended in serum-free 

medium and treated with vehicle control or NRG1 (10, 30, or 100 ng/mL), then seeded 

onto Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of 

VM formation are shown (5 hours after seeding). (B) VM formation was quantified at 5 

hours after seeding, and the number of tubes was counted in six randomly selected 

independent fields. Scale bar, 100 μm. Data shown are the means ± SD. P values <0.01 

and <0.001 are indicated by ** and ***, respectively. 
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Figure 3-19. NRG1 attenuates ErbB4/E872K-mediated VM formation in a dose-

dependent manner. 

(A) ErbB4/E872K-overexpressing MDA-MB-231 cells were suspended in serum-free 

medium and treated with vehicle control or NRG1 (10, 30, or 100 ng/mL), then seeded 

onto Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of 

VM formation are shown (5 hours after seeding). (B) VM formation was quantified at 5 

hours after seeding, and the number of tubes was counted in six randomly selected 

independent fields. Scale bar, 100 μm. Data shown are the means ± SD. P value < 0.001 

is indicated by ***.
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4) MDA-MB-231 ErbB4  

ErbB4 VM

ErbB4/wt MDA-MB-231

NRG1 10 ErbB4

 (Figure 3-20)

ErbB4/wt ErbB4/E872K NRG1 ErbB/4E872K

PI3K/Akt  (Figure 3-21)

ErbB4/wt MDA-MB-231 NRG1 ErbB4

PI3K LY294002 VM

 (Figure 3-22) ErbB4/E872K MDA-MB-231

LY294002 VM  (Figure 3-23)

ErbB4 VM PI3K/Akt
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Figure 3-20. NRG1 does not activate the downstream signaling in ErbB4/wt-
overexpressing MDA-MB-231 cells. 

ErbB4/wt-overexpressing MDA-MB-231 cells were stimulated with vehicle control or 

100 ng/mL NRG1 for 10 minutes in serum-free medium. The stimulated cells were lysed 

and western blot was performed. 
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Figure 3-21. E872K mutation of ErbB4 enhances PI3K/Akt signaling in MDA-MB-

231 cells. 

wt or E872K ErbB4-overexpressing MDA-MB-231 cells were lysed and western blot was 

performed.
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Figure 3-22. LY294002 significantly suppresses VM formation in ErbB4/wt-

overexpressing MDA-MB-231 cells. 

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were suspended and cotreated with 

100 ng/mL NRG1 and 10 μM LY294002, then seeded on Matrigel-precoated 96 well 

plates (1.6 × 104 cells/well). Representative images of VM formation were shown (5 

hours after seeding). (B) VM formation was quantified at 5 hours after seeding, and the 

number of tubes was counted in six randomly selected independent fields. Bar, 100 μm. 

Data shown are means ± SD. P value <0.001 is indicated by ***. N.D., not detected. 
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Figure 3-23. LY294002 significantly suppresses VM formation in ErbB4/E872K-

overexpressing MDA-MB-231 cells. 

(A) ErbB4/E872K-overexpressing MDA-MB-231 cells were suspended and treated with 

10 μM LY294002, then seeded on Matrigel-precoated 96 well plates (1.6 × 104 cells/well). 

Representative images of VM formation were shown (5 hours after seeding). (B) VM 

formation was quantified at 5 hours after seeding, and the number of tubes was counted 

in six randomly selected independent fields. Bar, 100 μm. Data shown are means ± SD. 

N.D., not detected. 

  



 72 

5) T47D NRG1  

T47D ErbB4

T47D 30 ng/mL NRG1 ErbB4

 (Figure 3-24A) NRG1 VM

T47D NRG1 VM  (Figure 3-24B,C)  

T47D ErbB3 NRG1 ErbB3

[78] NRG1 ErbB3 VM

T47D NRG1

PI3K/Akt MAPK  (Figure 3-25) ErbB4-

KO NRG1  (Figure 3-26)

NRG1 ErbB4-KO T47D VM

 (Figure 3-27) T47D NRG1 VM ErbB4

 

 

NRG1 ErbB4

VM

ErbB4 E872K ErbB4

VM ErbB4

PI3K/Akt VM  
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Figure 3-24. NRG1 promotes VM formation in T47D cells. 

(A) T47D cells were stimulated with vehicle control or 30 ng/mL NRG1 for 30 minutes 

in serum-free medium. The stimulated cells were lysed and western blot was performed. 

(B) T47D cells were suspended in serum-free medium and treated with vehicle control or 

30 ng/mL NRG1, then seeded onto Matrigel-precoated 96 well plates (1.6 × 104 

cells/well). Representative images of VM formation are shown (5 hours after seeding). 

(C) VM formation was quantified at 5 hours after seeding, and the number of tubes was 

counted in six randomly selected independent fields. Scale bar, 100 μm. Data shown are 

the means ± SD. P value <0.001 is indicated by ***. 
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Figure 3-25. NRG1 activates ErbB4 and its downstream signaling in T47D cells. 

T47D cells were stimulated with 30 ng/mL NRG1 for 10 minutes in serum-free medium, 

then lysed and western blot was performed. 
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Figure 3-26. NRG1 activates intracellular signaling in ErbB4-KO T47D cells. 

ErbB4-KO T47D cells were stimulated with 30 ng/mL NRG1 for 10 minutes in serum-

free medium, then lysed and western blot was performed. 

  



 76 

 

 

 

 

Figure 3-27. NRG1 does not promote VM formation in ErbB4-KO T47D cells. 

(A) ErbB4-KO T47D cells were suspended and treated with 30 ng/mL NRG1, then seeded 

on Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative images of VM 

formation were shown (3 hours after seeding). (B) VM formation was quantified at 3 

hours after seeding, and the number of tubes was counted in six randomly selected 

independent fields. Bar, 100 μm. Data shown are means ± SD. N.S., not significant. 
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6  Afatinib  

5 ErbB4 VM

EGFR HER2 ErbB

VM

pan ErbB

afatinib ErbB4 VM

 

 

1) ErbB4 VM afatinib  

MDA-MB-231 ErbB4 afatinib

EGFR  (Figure 3-2) ErbB4 VM

afatinib MDA-MB-231

afatinib 1 μM VM 3 μM VM

 (Figure 3-28) 10 μM afatinib VM

afatinib ErbB4 VM
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Figure 3-28. VM formation of MDA-MB-231 cells is suppressed by 3 μμM afatinib 

treatment. 

(A) MDA-MB-231 cells were suspended in serum-free medium and treated with dimethyl 

sulfoxide or afatinib (0.1, 0.3, 1, 3, or 10 μM), then seeded onto Matrigel-precoated 96 

well plates (1.6 × 104 cells/well). Representative images of VM formation are shown (3 

hours after seeding). (B) VM formation was quantified at 3 hours after seeding, and the 

number of tubes was counted in six randomly selected independent fields. Bar, 100 μm. 

Data shown are means ± SD. P value <0.001 is indicated by ***. N.S., not significant. 
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2) ErbB4 afatinib  

ErbB4 MDA-MB-231 afatinib

VM ErbB4/wt

NRG1 VM afatinib VM

ErbB4/wt 3 μM

VM  (Figure 3-29) ErbB4/E872K 0.1 

μM afatinib VM  (Figure 3-30) ErbB4/wt

ErbB4/E872K VM

afatinib  (Figure 3-31)

E872K ErbB4 afatinib VM

 

 

 (tyrosine kinase inhibitor: 

TKI) VM ErbB4

TKI  
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Figure 3-29. VM formation of ErbB4/wt-overexpressing MDA-MB-231 cells are 

suppressed by 3 μμM afatinib treatment. 

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were suspended in serum-free 

medium and co-treated with various concentrations of afatinib and 100 ng/mL NRG1, 

then seeded onto Matrigel-precoated 96 well plates (1.6 × 104 cells/well). Representative 

images of VM formation are shown (5 hours after seeding). (B) VM formation was 

quantified at 5 hours after seeding, and the number of tubes was counted in six randomly 

selected independent fields. Bar, 100 μm. Data shown are means ± SD. P values <0.05 

and <0.001 are indicated by * and ***, respectively. 
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Figure 3-30. VM formation of ErbB4/E872K-overexpressing MDA-MB-231 cells are 

suppressed by 0.1 μμM afatinib treatment. 

(A) ErbB4/E872K-overexpressing MDA-MB-231 cells were suspended in serum-free 

medium and treated with various concentrations of afatinib, then seeded onto Matrigel-

precoated 96 well plates (1.6 × 104 cells/well). Representative images of VM formation 

are shown (5 hours after seeding). (B) VM formation was quantified at 5 hours after 

seeding, and the number of tubes was counted in six randomly selected independent fields. 

Bar, 100 μm. Data shown are means ± SD. P value <0.001 is indicated by ***. 
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Figure 3-31. Afatinib inhibits phosphorylation of ErbB4 in MDA-MB-231 cells. 

(A) ErbB4/wt-overexpressing MDA-MB-231 cells were cotreated with 100 ng/mL NRG1 

and 3 μM afatinib for 10 minutes in serum-free medium, then lysed and immunoblotted 

with the indicated antibodies. (B) ErbB4/E872K-overexpressing MDA-MB-231 cells 

were treated with 0.1 μM afatinib for 10 minutes in serum-free medium, then lysed and 

western blot was performed. 
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7  ErbB4  

ErbB4 VM

ErbB4  

 

1) ErbB4  

MDA-MB-231 ErbB4

 (Figure 3-32A) 48 Neo ErbB4/wt

ErbB4/K751M ErbB4/wt

96 ErbB4/E872K ErbB4/wt  

poly-HEMA well plate

 (Figure 3-32B) Neo ErbB4/wt

ErbB4/E872K ErbB4/wt

ErbB4/K751M ErbB4/wt ErbB4

E872K

 

 

2) ErbB4  

Wound-healing assay MDA-MB-231 ErbB4

 (Figure 3-33) Neo ErbB4/wt

ErbB4/E872K ErbB4/wt

ErbB4

ErbB4/E872K  

 

ErbB4 ErbB

ErbB4

VM ErbB4 VM
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Figure 3-32. ErbB4 regulates cell proliferation in MDA-MB-231 cells. 

(A) wt, E872K, or K751M ErbB4-overexpressing MDA-MB-231 cells were seeded on 

96 well plates (500 cells/well) and cultured for 96 hours. WST assay was performed at 

every 24 hours. (B) wt, E872K, or K751M ErbB4-overexpressing MDA-MB-231 cells 

were seeded on poly-HEMA-precoated 96 well plates (5 × 103 cells/well). After 10 days 

culture, WST assay was performed. Data shown are the means ± SD. P values <0.05, 

<0.01, and <0.001 are indicated by *, **, and ***, respectively. N.S., not significant. 
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Figure 3-33. ErbB4 regulates cell migration in MDA-MB-231 cells. 

(A and B) wt, E872K, or K751M ErbB4-overexpressing MDA-MB-231 cells were seeded 

on 12 well plates (2 × 105 cells/well). After 24 hours culture, cells were scratched and 

washed with PBS, and maintained with serum-free medium for 24 hours. The 

photographs were taken under phase-contrast microscopy at 0- and 24-hours after 

wounding (B). Migrated areas were quantified at four independent areas in each cell. Data 

shown are the means ± SD. P values <0.01 and <0.001 are indicated by ** and ***, 

respectively. N.S., not significant. 
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8   

3 ErbB4

VM ErbB4

VM ErbB4

MDA-MB-231 ErbB4 VM

ErbB4 MCF-7 T47D ErbB4 KO

VM ErbB4 VM

 

ErbB4 VM ErbB4

MDA-MB-231 ErbB4 NRG1 VM

K751M ErbB4 NRG1 VM

ErbB4

ErbB4 E872K

ErbB4 VM ATP

pan ErbB afatinib

E872K VM E872K

VM

 

ErbB4 VM

VM  

  



 87 

3  

1)  

MCF-7 MDA-MB-231 T47D DMEM 7% (v/v) 

fetal bovine serum (FBS) 100 units/mL penicillin G 100 mg/L kanamycin 600 mg/L

2.25 g/L NaHCO3 37°C 5% CO2  

 

2) In vitro VM formation assay 

DMEM 1.5

96 well plate  (40 μL/well)

37°C 30

1.6 × 104 cells/well

37°C 5% CO2 VM

 (Leica)  ”tube” 

1 6 tube

1 mm2 VM  

 

3) ErbB4  

ErbB4 cDNA Addgene ErbB4

CRISPR/Cas9

ErbB4

 

 

Forward, 5’-GTCTCTTTGCTGGTCGCCGCCGGGACCGTCCAGCCCAGCGATTC

TC-3’ 

Reverse, 5’-CCACACCCACAAGCCGGTGGCTGGCTTCATACGCGTGAATTCTC

G-3’ 
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E872K K751M

 

 

E872K 

Forward, 5’-GAAGGAGATAAAAAAGAGTACAATGCTGATGGAGG-3’ 

Reverse, 5’-ACTCTTTTTTATCTCCTTCCAAGAGTCTGGCTAGC-3’ 

K751M 

Forward, 5’-TGATTCTTAATGAGACAACTGGTCCCAAGG-3’ 

Reverse, 5’-TAATAGCCACAGGAATCTTCACAGTTTCTC-3’ 

 

PCR Cas9 ErbB4

MluI NotI pCI-neo plasmid (Promega) 

LipofectamineTM 3000 Transfection Reagent

MDA-MB-231 T47D 500 μg/mL G418 

(FUJIFILM Wako) 

 

 

4) CRISPR/Cas9 ErbB4-KO  

ITGB1 Cas9 (D10A ) ErbB4-KO

Single guide RNA DNA

 

 

1: forward, 5’-CACCGCAGACCCAAAGTCCTGTCGC-3’ 

 reverse, 5’-AAACGCGACAGGACTTTGGGTCTGC-3’ 

2: forward, 5’-CACCGGTGAGCCTTCTCGTGGCGGC-3’ 

 reverse, 5’-AAACGCCGCCACGAGAAGGCTCACC-3’ 
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forward reverse DNA BbsI

pSpCas9n(BB)-2A-Puro (PX462) V2.0 plasmid

2 LipofectamineTM 3000 Transfection Reagent T47D

2 µg/mL puromycin dihydrochloride

western blot ErbB4

KO  

 

5) Western blot 

PBS lysis buffer (50 mM Tris-HCl, pH 7.5, 

150 mM NaCl, 0.1% [w/v] sodium dodecyl sulfate (SDS), 1% [v/v] Triton X-100, 1% 

[w/v] sodium deoxycholate, and 1 mM phenylmethylsulfonyl fluoride) 

PhosSTOP TM

lysis buffer

Coomassie Brilliant Blue G-250

loading buffer (350 mM Tris-HCl, pH 6.8, 

30% [w/v] glycerol, 0.012% [w/v] bromophenol blue, 6% [w/v] SDS, and 30% [v/v] 2-

mercaptoethanol) 98°C 5 SDS-PAGE

PVDF

1 EGFR  (Cell Signaling Technology #2232)

HER2  (Santa Cruz Biotechnology #sc-7301) ErbB3  (Cell Signaling 

Technology #12708) ErbB4  (Cell Signaling Technology #4795) p-ErbB4 

(Y1284)  (Cell Signaling Technology ##4757) -α-tubulin  (Merck KGaA 

#T5168) FAK  (BD Biosciences #610087) p-FAK  (Abcam #ab81298)

Akt  (Cell Signaling Technology #9272) p-Akt (S473)  (Cell Signaling 

Technology #4060) Erk2  (Santa Cruz Biotechnology #sc-1647) p-Erk1/2 

(T202/Y204)  (Cell Signaling Technology #9101) 
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Western Lightning Plus-ECL (PerkinElmer)  Immobilon Western Chemiluminescent 

HRP substrates (Merck KGaA)  

 

6) WST assay 

Cell Counting Kit-8  ( 1/10 ) 37°C 5% CO2

2 450 nm  

 

7) 96 well plate poly-HEMA  

95% poly-HEMA 5 mg/mL

37°C 2 poly-HEMA

96 well plate 50 μL/well 37°C 2

[73]  

 

8) Wound-healing assay 

24 well plate 2 × 105 cells/well 24

200 μL pipette tip (WATSON) PBS

FBS 24 4

ImageJ  (version 1.51s; National Institutes of 

Health) [74]  

 

9)  

2 Student t

3 one-way ANOVA

Tukey SPSS  (version 

27; IBM) P<0.05  

 

10)  
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• Neuregulin 1-β1: R&D Systems 

• Fulvestrant: Cayman Chemical 

• Mifepristone: Cayman Chemical 

• LY294002: Cayman Chemical 

• Afatinib (BIBW2992): Tokyo Chemical Industry 
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4  

 (VM) 

VM

VM
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VM  (ECM) 

VM

VM

VM

VM  

2 VM

1 integrin β1 (ITGB1) ECM

2 ErbB4

1 2

VM

VM

 

ITGB1 VM
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1) Integrin

HT1080 EGTA VM EGTA CaCl2

VM integrin

VM  

2) CRISPR/Cas9 ITGB1 KO HT1080

VM MDA-MB-231

CHL-1 ITGB1 KO

VM VM ITGB1

 

3) ITGB1-KO HT1080 ITGB1 VM

ITGB1-KO VM CRISPR/Cas9

ITGB1

 

4) ITGB1 FAK ITGB1

FAK VM

FAK HT1080 FAK

VM FAK VM

 

5) ITGB1 integrin αv (ITGAV) E-cadherin

HT1080 VM

ITGB1 VM E-cadherin

VM ITGAV VM

VM

ITGB1 VM

 

6) ECM Arg-Gly-Asp (RGD) 

HT1080 RGD RGD ECM

VM
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RGD ECM VM

 

 

3  ( ) ITGB1 VM

ITGB1 12 α-integrin

ECM  (Figure 1-5) VM

IV

ECM ITGB1 VM

5γ2 MMPs

2 γ2’ γ2x VM

[79] ITGB1

MMPs ITGB1

VM ECM  

IV [80] ITGB1

IV

ITGB1 integrin

(Figure 1-5) ITGB1

VM

ITGB1 VM  

RGD ITGAV VM

RGD VM

ECM RGD integrin

ITGAV

ECM ECM-ITGAV

RGD ECM

VM [49,50]  VM

3-D collagen
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ITGB1 collagen-induced 

network phenotype VM [81]

ECM ITGB1

VM

VM ITGB1 ITGB1

 

 

ErbB4 VM

 

1) MCF-7 MDA-MB-231 T47D ErbB4

MCF-7 T47D ErbB4

3 VM MCF-7 T47D

VM MDA-MB-231 VM

ErbB4 VM

 

2) MDA-MB-231 T47D ErbB

T47D ErbB3 MDA-MB-231 EGFR

 

3) MDA-MB-231 ErbB4 VM

ErbB4 VM

ErbB4 MCF-7

T47D ErbB4 KO

ErbB4 KO VM ErbB4-KO T47D

ErbB4 VM

ErbB4 VM  

4) ErbB PI3K/Akt MAPK

MAPK Erk1/2

MDA-MB-231 ErbB4
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T47D ErbB4 KO MAPK

Akt  

5) MDA-MB-231 ErbB4 FAK

T47D ErbB4 KO FAK 2

VM FAK  

6) MCF-7  (ER) fulvestrant

 (PR) mifepristone

VM T47D

fulvestrant VM mifepristone

ER PR VM T47D

ER VM  

7)  ErbB4 (ErbB4/wt) MDA-MB-231 ErbB4

NRG1 ErbB4 VM

K751M ErbB4 (ErbB4/K751M) 

NRG1 VM  

8) E872K ErbB4 

(ErbB4/E872K) MDA-MB-231 VM

ErbB4/E872K NRG1 ErbB4/wt

ErbB4/E872K NRG1

NRG1 ErbB4/E872K

ErbB4/wt VM ErbB4/wt

NRG1 VM E872K

NRG1 VM ErbB4 E872K

VM  

9) ErbB4 E872K PI3K/Akt

ErbB4/E872K PI3K VM

ErbB4 VM PI3K/Akt
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10) T47D ErbB4 NRG1 MDA-

MB-231 VM NRG1 PI3K/Akt

MAPK  

11) MDA-MB-231 ErbB-KO T47D NRG1

VM NRG1 ErbB4

VM  

12) EGFR HER2 ErbB4

afatinib MDA-MB-231 VM

NRG1 ErbB4/wt

3 μM afatinib VM

ErbB4/E872K 0.1 μM afatinib VM

 

13) ErbB4/wt 3 μM afatinib

ErbB4/E872K 0.1 μM afatinib

ErbB4 VM afatinib

ErbB4  

14) MDA-MB-231 ErbB4/wt

E872K ErbB4

ErbB4/E872K ErbB4/wt

 

 

ErbB4 VM

ErbB4 VM VM

ErbB4

NRG1 ErbB4 VM

ErbB4 MDA-MB-231  T47D

NRG1 ErbB4 VM

T47D NRG1 ErbB3
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NRG1 NRG1

ErbB3/ErbB4 ErbB

MDA-MB-231 EGFR

EGFR-integrin αvβ3 VM

[82] EGFR VM NRG1

EGFR-ErbB4 VM  

ErbB TKI afatinib VM

ErbB4/E872K

afatinib VM ErbB

ATP

E872K ErbB4 ATP

afatinib

ATP ErbB4/E872K afatinib ATP

VM

ErbB4/E872K VM afatinib

ATP

VM  

 

2

VM ITGB1

VM ErbB4

VM

VM

VM

 

VM

VM
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VM

MCF-7 VM

HT1080 MDA-MB-231

ECM

VM

VM VM
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