
 

 

 

 

 

 

 

 

Selectivity and pharmacological effects of drugs that 

target cell surface proteins 

 

 

 

 

 

2014 2  

 

 

Yoshiyuki SUGUMOTO 
 

 

 

 

 



 

 

 

 

 

 

 

 

Selectivity and pharmacological effects of drugs that 

target cell surface proteins 

 

 

 

 

2014 2  

 

  

 

 

 

Yoshiyuki SUGUMOTO 



 

 1 

 

 

   4 

 

  10 

 

  13 

1-1  

1-2  

1-3  

 

  19 

2-1  

2-2  

2-2-1    

2-2-2   �1/�2 �AB  

2-2-3    

2-2-4    

2-2-5    

2-2-6    

2-3  

2-3-1  �1/�2 (-)-RO363  

2-3-2  �1AR (-)-RO363  

2-3-3  (-)-RO363 �1AR Leu110 Thr117 Phe359  

2-3-4  Leu110 Thr117 Phe359  

2-3-5   

2-4  

 

 



 

 2 

  39 

3-1  

3-2  

3-2-1    

3-2-2    

3-2-3   

3-2-4  PSMA PC-3  

3-2-5  2C9 ch-2C9  

3-2-6  IL-2 ch-2C9-IL-2  

3-2-7   

3-2-8   

3-2-9  PSMA  

3-2-10  ADCC  

3-2-11  CTLL-2  

3-2-12  IL-2  

3-2-13   

3-3  

3-3-1   ch-2C9  

3-3-2   ch-2C9 ADCC  

3-3-3   IL-2 ch-2C9-IL-2  

3-3-4   2C9 PSMA PSMA  

3-3-5   ch-2C9-IL-2  

3-3-6   PSMA in vivo  

3-4  

 

  59 

4-1  

4-2  



 

 3 

4-2-1    

4-2-2    

4-2-3   TRPV1  

4-2-4   Ca2+  

4-2-5   Ca2+  

4-2-6   Ca2+  

4-2-7    

4-2-8    

4-2-9   

4-2-10  

4-3  

4-3-1   hTRPV1 PKC  

4-3-2   K-685 TRPV1  

4-3-3  K-685 PKC  

4-3-4  PKC PKC  

4-3-5  K-685  

4-4  

 

  82 

 

  88 

 

  90 

 

 108



 

 4 

 

5-HT  5-hydroxytryptamine 5-  

 

A-425619 1-isoquinolin-5-yl-3-(4-trifluoromethyl-benzyl)urea 

A-784168 1-[3-(trifluoromethyl)pyridin-2-yl]-N-[4-(trifluoromethylsulfonyl)

phenyl]-1,2,3,6-tetrahydropyridine-4-carboxamide 

A-795614 N-1H-indazol-4-yl-N'-[(1R)-5-piperidin-1-yl-2,3-dihydro-1H-inden-

1-yl]urea 

AA  arachidonic acid  

AM  acetoxymethl ester  

ADCC  antibody-dependent cellular cytotoxicity  

ADCP  antibody-dependent cellular phagocytosis  

ANOVA  analysis of variance  

APC  antigen presenting cell  

AR  adrenergic receptor  

asialo-GM1 monosialotetrahexosylganglioside 

 

ATP  adenosine triphosphate  

 

B. anthracis Bacillus anthracis  

BCTC  N-(4-Tertiarybutylphenyl)-4-(3-chloropyridin-2-yl)tetra-

hydropyrazine-1(2H)-carbox-amide 

BiTE bispecific T cell engager 

Micromet  

BLyS  B-lymphocyte stimulator B  

BSA  bovine serum albumin  

 

CA  constitutively active  
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cAMP  cyclic adenosine monophosphate  

CCR4  C-C chemokine receptor type 4 CC 4  

CD  cluster of differentiation  

cDNA  complementary DNA DNA  

CFA  complete Freund’s adjuvant  

CGRP  calcitonin gene-related peptide  

CMC  complement-mediated cytotoxicity  

COMT  catechol O-methyl transferase 

O  

COX  cyclooxygenase  

CTLA4  cytotoxic T-lymphocyte antigen 4 T 4  

CYP  cyanopindolol  

 

DAG  diacylglycerol  

DEAE  diethylaminoethyl  

dhfr  dihydrofolate reductase  

DMEM  Dulbecco’s modified Eagle medium  

DNA  deoxyribonucleic acid  

 

EBNA  Epstein-Barr virus nuclear antigen 

 

EDTA  ethylenediaminetetraacetic acid  

ED50  50% effective dose 50%  

EGFR  epithelial growth factor receptor  

EGTA  ethyleneglycol bis(2-aminoethylether)tetraacetic acid 

2  

EpCAM  epithelial cell adhesion molecule  

ERK  extracellar signal-regulated protein kinase 
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FBS  fetal bovine serum  

FDA  Food and drug administration  

FDSS  Fuctional drug screening system 

FITC  fluorescein isothiocyanate  

FLAG  DYKDDDDK  

FLIPR  Fluorescence image plate reader 

Flt1  fms-like tyrosine kinase-1 fms 1  

 

GD2  disialoganglioside  

GDP  guanosine diphosphate  

GF 109203X 2-[1-(3-dimethylaminopropyl)indol-3-yl]-3-(indol-3-yl)maleimide 

GnRH  gonadotropin releasing hormone  

GPIIb/IIIa glycoprotein IIb/IIIa IIb/IIIa  

GPCR  G-protein coupled receptor G  

GTP  guanosine triphosphate  

 

HBSS  Hanks’ balanced salt solution  

hC�1  human C�1 C�1  

HEK  human embryonic kidney 

HEPES  4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid 

HER2  human epidermal growth factor receptor 2 

2  

hIgG1  human IgG1 IgG1  

hIL-2  human IL-2 IL-2  

hTRPV1 human TRPV1 TRPV1  

HTS  high throughput screening  

 

IC  immune complex  

IC50  50% inhibitory concentration 50%  
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ICI118551 (±)-1-[2,3-(dihydro-7-methyl-1H-iden-4-yl)oxy]-

3-[(1-methylethyl)amino]-2-butanol 

IgE immunoglobulin E E  

IGF-1 insulin-like growth factor 1 1  

IgG  immunoglobulin G G  

IL  interleukin  

IL-6R  IL-6 receptor IL-6  

IP3  inositol trisphosphate  

 

K-685  (2E,4Z)-N-[(3R)-3-hydroxy-2-oxo-1,2,3,4-tetrahydro-5-quinolyl]-

5-(4-isopropoxyphenyl)-5-(4-trifluoromethylphenyl)-

2,4-pentadienamide 

KIR  killer inhibitory receptor  

 

MAC  membrane attack complex  

MEK  MAPK/ERK kinase MAPK/ERK  

MHC  major histocompatibility complex  

mIgG  mouse IgG IgG  

MK-DTPA 1,4-methyl-benzyl isothiocyanate diethylenetriamine pentaacetic acid 

MLCK  myosin light chain kinase  

MMAE  monomethyl auristatin E E  

mRNA  messenger RNA RNA  

MTX  methotrexate  

 

NGF  nerve growth factor  

NK  natural killer cell  

NK2  neurokinin 2 receptor 2  

NSAID  non-steroidal anti-inflammatory drug  

 



 

 8 

PAGE  polyacrylamide gel electrophoresis  

PAP  prostate acid phosphatase  

PBMC  peripheral blood mononuclear cell  

PBS  phosphate buffered saline  

PCR  polymerase chain reaction  

PDBu  phorbol 12,13-dibutyrate 12,13-  

PEG  polyethylene glycol  

PGE2  prostaglandin E2 E2  

PGI2  prostaglandin I2 I2  

PI3K  phosphoinositide 3-kinase PI3  

PIP2  phosphatidylinositol 4,5-bisphosphate 

4,5-  

PK1  prokineticin 1 1  

PK2  prokineticin 2 2  

PKA  protein kinase A A  

PKC  protein kinase C C  

PLC  phospholipase C C  

PSA  prostate-specific antigen  

PSMA  prostate-specific memebrane antigen  

PVDF  polyvinylidene difluoride  

 

QOL  quality of life  

 

RANKL  receptor activator of nuclear factor �-B ligand  

rIgG  rat IgG IgG  

RI  radioisotope  

RIPA buffer radioimmunoprecipitation assay buffer 

 



 

 9 

RNA  ribonucleic acid  

(-)-RO363 (-)-1-(3,4-dimethoxyphenetylamino)-3-(3,4-dihydroxy)-2-propanol 

rpm  rotation per minute  

RSV  respiratory syncytial virus RS  

 

SCID  severe combined immune deficiency  

SD  Sprague-Dawley rat  

SDS  sodium dodecyl sulfate  

 

T-0509  (-)-(R)-1-(3,4-dihydroxyphenl)-2-[(dimethoxyphenyl)amino]ethanol 

TCR  T cell receptor T  

TMD  transmembrane domain  

TNF  tumor necrosis factor  

TNFR  TNF receptor TNF  

TriomAb Trion Pharma trifunctional antibody  

Tris  tris(hydroxymethyl)aminomethane  

TRPV1  transient receptor potential vanilloid 1 

1  

TRH  thyrotropin releasing hormone  

 

VEGF  vascular endothelial growth factor  

 

WT  wild type 
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1-1  Drugbank database 989  

1-2  1996 2010  

1-3   

1-4   

1-1  

 

 

2-1   �AR  

2-2   �2AR  

2-3   �1  

2-4    

2-5   �1/�2  

2-6   �1AR �2AR TMD2 TMD7  

2-1   �1/�2 (-)-RO363  

2-2   TMD2 �1AR  

(-)-RO363  

2-3   TMD7 �1AR  

(-)-RO363  

2-7   [125I]CYP �1AR (-)-RO363 Leu110  

Thr117 Phe359  

2-4   Leu110 Thr117 Phe359 �1AR 

(-)-RO363  

2-8   [125I]CYP �1AR (-)-RO363 Leu110  

Thr117 Phe359  

2-5   �1AR CA-�1AR Leu110 Thr117 Phe359  
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(-)-RO363  

2-9   �1AR �1AR Leu110 Thr117 Phe359  

(-)-RO363  

2-10  (-)-RO363 �1AR  

 

 

3-1   

3-1  

3-2   

3-3  

3-4 PSMA  

3-5  PSMA ADCC  

3-6  IL-2 PSMA ch-2C9-IL-2  

3-7  PSMA PSMA  

3-2  PSMA PSMA  

3-8  ch-2C9-IL-2  

3-3  LNCaP  

 

 

4-1  

4-2 TRPV1  

4-3 K-685  

4-4  

4-5 293EBNA/hTRPV1 PDBu Ca2+  

4-6 293EBNA/hTRPV1 Ca2+ K-685  

4-1 293EBNA/hTRPV1 Ca2+ K-685  

4-7 PKC ERK  

4-8 TRPV1  
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4-9 PKC TRPV1  

4-10 K-685  

4-11 CFA K-685  

4-12 CFA K-685  

4-13 CFA K-685  

 

 

5-1   

5-2 
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1-1  

2004

 

 

G G-protein coupled receptor: GPCR

 

1-1 Rask-Andersen M et al., 

2011 4%

22%

12%

Rask-Andersen M et al., 2011  
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G GPCR 19%
9%
5%
5%
3%
4%

44%

29%

15%

12%

22%
6%  

1-1 Drugbank database 989  

Rask-Andersen M et al., 2011

 

 

1-2  

1-2 Mullard A et al., 2011
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1-2 1996 2010  

FDA Mullard A et al., 

2011  

 

Arrowsmith J, 

2011a; Arrowsmith J, 2011b; 2012

1-3

3
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2008 2010 2007 2010

51% 66%
29%

19%

21%

1% 6%

7%

 
1-3  

Arrowsmith J, 2011a; Arrowsmith J, 2011b; 2012

 

 

1-3  

3

1-4  
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A Bdrug

X
Y
Z

X
Y
Z

drug

GPCR

 
1-4  

 

GPCR �

�AR �1 �1

 

1-1

Prostate-specific membrane antigen: PSMA
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IL-2  

Transient receptor potential vanilloid 1: TRPV1

TRPV1

 

 

1-1  

*EMD-273063 #catumaxomab catumaxomab

 

PEG certolizumab pegol (PEG TNFα ) 
Fc etanercept (TNFR Fc ) 

Nab-paclitaxel (paclitaxel ) 
liposomal doxorubicin

trastuzumab emtansin (maytansin HER2 ) 
RI ibritumomab tiuxeten (RI CD20 ) 

EMD-273063* (IL-2 GD2 ) 
catumaxomab# (EpCAM CD3 ) 
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2-1  

� �AR GPCR �1 �2 �3 3

Rohrer DK and Kobilka BK, 1998 3

�AR norepinephrine

epinephrine G

G�s 2-1 3 �AR

2-1 �1AR

�2AR

2-1 �3AR

2-1

�AR �1

�2

2-1

�2

COMT Catechol O-Methyl 

Transferase �2

�1
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norepinephrine

�s

� �

GDP ATPcAMP

Protein kinase A (PKA) 

Adenylyl 
cyclase

G

GTP-GDP

� �

GTP

�s

norepinephrine

Ca2+

Ca2+↑

�1
MLCK
�2 �3

 
2-1 �AR  

�AR G�s GTP-GDP

G�s G�� GTP G�s

adenylyl cyclase

cAMP A PKA PKA 3

 

 

�AR 2-2

isoproterenol

TMD Dixon RA et al., 1987; Ji TH et al., 

1988 �2AR TMD3 Asp113

Strader CD et al., 1988 �2AR

TMD5 Ser204 Ser207

Strader CD et al., 1989 �2AR TMD6 Phe290 Strader CD et al., 1994

Asn293 Wieland K et al., 1996 �

�AR
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TMD1

TMD2TMD3
TMD4

TMD5

TMD6
TMD7Ser207

Ser204

Asn293

Asp113

Phe290

 
2-2 �2AR  

�2AR 7 TMD

 

 

�AR

�1

ICI118551 �2

betaxolol �1 �2AR �1AR TMD6 TMD7

Frielle T et al., 1988

Kurose H et al., 1998  

�2 �2

�2AR TMD2 TMD7 �2

TMD7 Tyr308

Kikkawa H et al., 1998; Isogaya M et al., 1998; Isogaya 
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M et al., 1999 Tyr308 �2

Isogaya M et al., 1998; Isogaya M et al., 1999 �1AR TMD2

�1 Isogaya M et al., 1999

�1AR TMD2 TMD7

Isogaya M et al., 1999

T-0509 denopamine �1 Ki 

(�2) / Ki (�1) 10 TMD7 �1

 

(-)-RO363 (-)-1-(3,4-dimethoxyphenethylamino)-3-(3,4-dihydroxy)-2-propanol

T-0509 3,4-dimethoxhyphenethylamine

2-3 Ki (�2) / Ki (�1) 100 Ki (�3) / Ki (�1) 3000

�1 McPherson GA et al., 1984; Molenaar P et al., 

1997  

 

 
2-3 �1  

 

�1AR TMD7
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(-)-RO363 �1

 

 

2-2  

2-2-1  

2-4  

 

�1 ���2 �1 �2

TM

�2�1

 
2-4  

Sugimoto Y et al., 2002

 

 

2-2-2 �1/�2 �AR  

�1AR �2AR �1AR �2AR cDNA

Kikkawa H et al., 1998

2-5 cDNA pCMV5

pEF/myc/cyto  

CH1: �1 Met1-Ala84/�2 Lys60-Leu413 
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CH2: �2 Met1-Phe71/�1 Ile97-Cys131/�2 Glu107-Leu413 

CH3: �2 Met1-Val295/�1 Lys347-Pro381/�2 Asp331-Leu413 

CH4: �2 Met1-Phe71/�1 Ile97-Cys131/�2 Glu107-Val295/�1 Lys347-Pro381/ 

�2 Asp331-Leu413 

CH5: �2 Met1-Ala59/�1 Lys85-Val477 

CH6: �1 Met1-Phe96/�2 Ile72-Cys106/�1 Glu132-Val477 

CH7: �1 Met1-Val346/�2 His296-Pro330/�1 Asp382-Val477 

CH8: �1 Met1-Phe96/�2 Ile72-Cys106/�1 Glu132-Val346/�2 His296-Pro330/ 

�1 Asp382-Val477 

 
2-5 �1/�2  

TMD WT-�1AR WT-�2AR TMD

Sugimoto Y et al., 2002  

 

�1 �2 2-6 �1AR Quick 

Change™ site-directed mutagenesis Kit (Agilent Technologies, La Jolla, CA, USA) 

PCR

DNA

�1AR �1AR

Leu323 Lys L323K

Lattion A et al., 1999 DNA L323K-�1AR cDNA
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Dr. Susanna Cotecchia (University of Lausanne, Lausanne, Switzerland) 

Leu110 Thr117

�1AR cDNA

DNA pCMV5

pEF/myc/cyto  

 

 
2-6 �1AR �2AR TMD2 TMD7  

�1AR �2AR �2AR

�1AR Sugimoto Y et al., 2002  

 

2-2-3  

COS-7 10%

fetal bovine serum: FBS 10 �g/mL

Dulbecco’s modified Eagle medium: DMEM

100-mm 1.0 - 1.5 × 106 

DEAE- �AR

Cullen BR, 1987 3
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2-2-4  

3 COS-7

phosphate buffered saline: PBS 3 lysis 10 mM 

Tris/HCl (pH7.4), 5 mM EDTA, 5 mM EGTA, 5 �g/mL leupeptin, 10 �g/mL 

benzamidine, 10 �g/mL soybean trypsin inhibitor

45000×g 10 lysis

-80°C Lowry Lowry 

OH et al., 1951  

TME 75 mM Tris/HCl (pH7.4), 12.5 mM MgCl2, 2 mM 

EDTA [125I] [125I]cyanopindolol: 

[125I]CYP GE Healthcare Life Sciences, Piscataway, NJ, USA

[125I]CYP 0.1 mM GTP (-)-RO363 37°C 60

TM 25 mM Tris/HCl (pH7.4), 1 mM MgCl2

Brandel, Gaithersburg, MD, USA

Whatman GF/C filter Whatman, Maidstone, UK 2

�  

[125I]CYP Kd Bmax

5 �M (±)-propranolol

[125I]CYP 50 pM

(-)-RO363 IC50 Ki

(-)-RO363  

2-2-5  

GraphPad PRISM (GraphPad Software Inc., San Diego, CA, USA) 

IC50 Ki Cheng Y and Prusoff WH, 

1973  

1-way ANOVA
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Dunnett P < 0.05

JMP software (SAS Institute, Cary, NC, USA)  

2-2-6  

SYBYL software (Tripos, St. Louis, MO, USA) Bioploymer

Baldwin JM et al., 1997 �1AR �

(-)-RO363 �1AR

Tanimura R et al., 1994 SYBYL software

MAXIMIN2

 

(1) Asp138 �2AR Asp113

 

(2) Ser229 Ser232 �2AR Ser204 Ser207

 

(3) Phe341 �2AR Phe290

 

 

2-3  

2-3-1 �1/�2 (-)-RO363 �

�1AR �2AR TMD1 2 7 2-5

(-)-RO363 �1AR TMD2 TMD7

�2AR (-)-RO363

2-1 �2AR TMD2 TMD7 �1AR

(-)-RO363 2-1  
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2-1 �1/�2 (-)-RO363 Sugimoto Y et al., 2002  

Bmax Kd for [125I]CYP Ki for (-)-RO363

(pmol/mg protein) (pM) (nM)

WT-�1AR 38 5.7 57 13 22 6.2

CH1 2.1 0.26 54 17 1100 150a

CH2 12 1.5 46 6.4 42 5.8c

CH3 28 8.6 80 19b 240 110b

CH4 22 5.7 76 17 15 1.8c

CH5 41 2.3 120 12a,c 25 1.9c

CH6 7.2 0.77 72 10 720 190a

CH7 1.3 0.045 130 5.8a,c 120 7.8c

CH8 0.27 0.016 67 4.7 1200 200a

WT-�2AR 14 7.5 39 7.0 870 100
�

a �1AR WT-�1AR P < 0.01 b

c �2AR WT-�2AR P < 

0.05 P < 0.01 �

�

2-3-2 �1AR (-)-RO363  

�1AR TMD2 �2AR

2-6

TMD2 Leu110 Thr117 TMD7

Phe359 (-)-RO363 2-2

2-3 2-7  
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2-2 TMD2 �1AR

(-)-RO363 Sugimoto Y et al., 2002  

Bmax (pmol/mg protein) Kd (pM) for [125I]CYP Ki (nM) for (-)-RO363

WT 38 5.7 57 13 22 6.2

M98A 33 10 78 25 20 5.5

S102A 97 1.3 60 14 24 4.0

L110A 17 4.8 65 19 140 24**

T117A 13 2.0 75 12 54 4.9*

I118A 60 5.9 56 17 20 1.1

V119A 24 5.1 49 17 20 4.1

V120A 20 1.0 79 4.2 28 1.3

W121A 35 5.6 59 21 20 2.0  
* ** WT-�1 P < 0.05 P < 

0.01  

 

2-3  TMD7 �1AR

(-)-RO363 Sugimoto Y et al., 2002  

Bmax (pmol/mg protein) Kd (pM) for [125I]CYP Ki (nM) for (-)-RO363

WT 38 5.7 57 13 22 6.2

P355A 3.7 0.30 27 1.7* 22 2.8

D356A 4.6 0.096 47 1.9 36 5.0

R357A 25 4.2 40 6.6 32 0.51

L358A 3.7 0.015 25 1.9* 25 5.5

F359A 13 1.5 50 8.8 90 6.0**

V360A 19 4.0 37 8.1 40 0.058

F361A N.D. N.D. N.D.

F362A 2.5 0.061 27 0.50* 23 5.5

L365A 8.6 1.2 26 5.8* 22 3.0

I375A 12 1.4 31 6.3 19 1.9  
** WT-�1 P < 0.01 F361A

not determined: N.D.  
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2-7 [125I]CYP �1AR (-)-RO363 Leu110 Thr117

Phe359  

WT-�1AR Leu110-�1AR Thr117-�1AR Phe359-�1AR WT-�2AR

[125I]CYP (-)-RO363 Sugimoto Y et al., 2002  

 

2-3-3 (-)-RO363 �1AR Leu110 Thr117 Phe359  

Leu110 Thr117 Phe359 3 (-)-RO363 �1AR

3

(-)-RO363 �1AR

L110A/T117A L110A/F359A T117A/F359A L110A/T117A/F359A �1AR

TMD2 TMD7

(-)-RO363 �1AR 20 �2AR

Ki 2-4 2-8  
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2-4 Leu110 Thr117 Phe359 �1AR

(-)-RO363 Sugimoto Y et al., 2002  

Bmax Kd for [125I]CYP Ki for (-)-RO363

(pmol/mg protein) (pM) (nM)

WT-�1 38 5.7 57 13 22 6.2

L110A/T117A-�1 4.8 0.56 35 1.7 78 5.8

L110A/F359A-�1 15 1.4 77 12 580 58**

T117A/F359A-�1 3.5 0.61 110 21 470 100**

L110A/Thr117A/F359A-�1 2.8 0.52 95 24 560 95**

WT-�2 14 7.5a 39 7.0a 870 100a

 
** WT-�1 P < 0.01 a

2-1  
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2-8 [125I]CYP �1AR (-)-RO363 Leu110 Thr117

Phe359  

WT-�1AR Leu110/Thr117-�1AR Leu110/Phe359-�1AR

Thr117/Phe359-�1AR Leu110A/Thr117/Phe359-�1AR WT-�2AR [125I]CYP

(-)-RO363 Sugimoto Y et al., 2002  

 

2-3-4 Leu110 Thr117 Phe359  

GPCR G
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Lebon G et al., 2012 Leu110 Thr117 Phe359

constitutively active �1AR CA-�1AR Lattion 

A et al., 1999 WT-�1AR 3

cAMP (-)-RO363 3.5

2-5 �1AR

CA-�1AR Leu110 Thr117 Phe359

(-)-RO363  

CA-�1AR Leu110 Thr117 Phe359

CA-L110A CA-T117A CA-F359A (-)-RO363

5 6 13 2-5 WT-�1AR

L110A 7 T117A 2.5 F359A 4

2-2 2-3 L110A T117A

F359A

2-9  

 

2-5 �1AR CA-�1AR Leu110 Thr117 Phe359

(-)-RO363 Sugimoto Y et al., 2002  

Bmax (pmol/mg protein) Kd (pM) for 125I-cyanopindolol Ki (nM) for (-)-RO363

WT-�1 38 5.7a 57 13a 22 6.2a

CA-�1 1.6 0.2 86 20 6.1 1.1

CA-L110A-�1 0.64 0.086 97 28 29 7.8

CA-T117A-�1 0.21 0.043 39 6.6 35 3.9*

CA-F359A-�1 2.9 0.26 100 5.4 77 5.8**

 
* ** CA-�1 P < 0.05 P < 

0.01 a 2-1  
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2-9 �1AR �1AR Leu110 Thr117 Phe359

(-)-RO363  

(-)-RO363 Ki 2-2 2-3 2-5

Sugimoto Y et al., 2002  

 

2-3-5  

�1AR A GPCR Audet M and Bouvier M, 2012

Baldwin JM et al., 1997 GPCR

�1AR (-)-RO363

�1AR 2-2-5

2-8 Asn344 �2AR Asn293

(-)-RO363 �

Asn344 (-)-RO363 �

Isogaya M 

et al., 1999 TMD2 TMD7

Leu110 Phe359

2-10 Phe359 (-)-RO363

2-10 Thr117 (-)-RO363

2-10  
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2-10 (-)-RO363 �1AR  

2-2-6 A

B Sugimoto Y et al., 2002  
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2-4  

�1AR �1

TMD

Frielle T et al., 1988; Isogaya M et al., 1999

T-0509 �1AR TMD2 Leu110

Thr117 Val120 �1 Isogaya 

M et al., 1999 Ki 10 �1

 

T-0509

2-3 �1AR (-)-RO363

McPherson GA et al., 1984; Molenaar P et al., 1997 �1AR �2AR

2-5 �1AR TMD2 TMD7

�2AR (-)-RO363

�2AR TMD2 TMD7 �1AR

(-)-RO363 2-1

TMD2 TMD7 (-)-RO363 �1

�1AR TMD2 TMD7 �2AR

2-6

Leu110 Thr117 Phe359 (-)-RO363

2-2 2-3 2-7 Leu110

Thr117 (-)-RO363 T-0509

Isogaya M et al., 1999 L110A

T117A F359A Ki 3 �1AR �2AR Ki

2-2 2-3 2-7  

(-)-RO363 �1

�2AR TMD7 Tyr308 �2

�2 key residue Kikkawa 

H et al., 1998; Isogaya M et al., 1998; Isogaya M et al., 1999
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2-1 TMD2 TMD7 �1AR

�2AR

TMD Leu110 Thr117 Phe359 3

2

Leu110 Thr117 Phe359

L110A/T117A L110A/F359A T117A/F359A L110A/T117A/F359A

�1AR TMD2 TMD7

(-)-RO363 �2AR Ki

2-4 2-8 Leu110 Thr117 Phe359 3

 

�1AR TMD2 TMD7 (-)-RO363 �1

�1AR

GnRH Zhou WZ et al., 1994; Ballesteros J et al., 1998

NK2 Donnelly D et al., 1999 TRH

Perlman JH et al., 1997 5-HT2A Sealfon SC et al., 1995

GPCR TMD2 TMD7

GPCR TMD2 TMD7

Gether U and Kobilka BK, 

1998 2 TMD2 TMD7

TMD2 TMD7 GPCR

TMD1 TMD3

TMD3 3 GPCR

GPCR DRY

Ballesteros J et al., 1998; Gether U and Kobilka BK, 1998 G

G � GTP-GDP Acharya 

S and Karnik SS, 1996 TMD7 GPCR

NPXXY Konvincka K et al., 1998; 
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Abdulaev NG et al., 1998

TMD1 2 3

7 GPCR

�1BAR Scheer A et al., 1996; Scheer A et al., 1997 �2AR Rasmussen 

SG et al., 1999 Sheikh SP et al., 1996; 

Farrens DL et al., 1996 �2AR Gether U et al., 1997 TMD3 TMD6

 

(-)-RO363 TMD2 TMD7 �1

TMD1 2 3 7

�1AR �2AR

�1  

cAMP

L323K-�1AR Lattion A et al., 1999 Leu110

Thr117  Phe359 CA-L110A

CA-T117A CA-F359A

(-)-RO363

CA-L110A CA-T117A CA-F359A CA-�1AR

CA-L110A CA-T117A

2-5 2-9 CA-F359A

2-5 2-9

Leu110 Thr117 (-)-RO363

Phe359 (-)-RO363
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Phe359 �1

 

�1AR

�1AR �1
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3-1  

Siegel R et al., 2012

Kawachi MH et al., 2010 3-1

Kawachi MH et al., 2010 3-1

Aggarwal R and Ryan CJ, 2011

docetaxel Tannock IF, 

2004; Petrylak DP, 2004

Mathew P and DiPaola R, 2007

3-1  

 

docetaxel

 
3-1  



 

 40 

Welner LM et al., 2012 3-1

Welner LM et al., 2012 3-1

prostate-specific membrane antigen: PSMA

II Israeli RS, 1994 PSMA

Israeli RS, 1994; Wright 

GL Jr  et al., 1996; Bostwick DG et al., 1998; Sweat SD et al., 1998

prostate-specific antigen: PSA prostate acid 

phosphatase: PAP

PSMA

Israeli RS, 1994; Wright GL 

Jr et al., 1996; Bostwick DG et al., 1998; Sweat SD et al., 1998

PSMA 717 Israeli RS et al., 1994

PSMA

PSMA  
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3-1  

2013 US EU JP

 http://www.nihs.go.jp/dbcb/TEXT/Mab-T1.pdf

mIgG rIgG IgG IgG IgG

IgG NA not approved

2013

 

US EU JP

muromonab-CD3 Otrhoclone OKT3 IgG2a CD3 1986 NA 1991

Zevalin IgG1� (MX-DTPA: 90Y ) B

Zevalin IgG1� (MX-DTPA: 111In ) ibritumomab tiuxetan

iodine 131 tositumomab Bexxar IgG2a	 (131I ) CD20 2003 NA NA

catumaxomab Removab mIgG2a� (EpCAM), rIgG2b	 (CD3) EpCAM, CD3 NA 2009 NA

abciximab ReoPro IgG1 (Fab) GPIIb/IIIa 1994 NA NA

rituximab Rituxan / MabThera IgG1� CD20 B 1997 1998 2001

basiliximab Simulect IgG1� CD25 1998 1998 2002

infliximab Remicade IgG1� TNF� 1998 1999 2002

cetuximab Erbitux IgG1� EGFR 2004 2004 2008

brentuximab vedotin Adcetris IgG1 (MMAE ) CD30 2011 2012 2013

daclizumab Zenapax IgG1� CD25 1997 1999 NA

palivizumab Synagis IgG1� RSV F protein RS 1998 1999 2002

trastuzumab Herceptin IgG1� HER2 1998 2000 2001

gemtuzumab ozogamicin Mylotarg IgG4� (calicheamicin ) CD33 2000 refused 2005

alemtuzumab Campath IgG1� CD52 B 2001 2001 NA

omalizumab Xolair IgG1� IgE 2003 2005 2009

efalizumab Raptiva IgG1� CD11 2003 2004 NA

bevacizumab Avastin IgG1� VEGF 2004 2005 2007

natalizumab Tysabri IgG4� �4 integrin 2004 2006 NA

tocilizumab Actemra IgG1� IL-6R 2010 2009 2005

ranibizumab Lucentis IgG1� Fab VEGF-A 2006 2007 2009

eculizumab Soliris IgG2/4� C5 2007 2007 2010

certolizumab pegol Cimzia Fab' (PEG ) TNF� 2008 2009 2012

mogamulizumab Poteligeo IgG1� CCR4 CCR4 T NA NA 2012

pertuzumab Perjeta IgG1� HER2 HER2 2012 2013 2013

trastuzumab emtansine Kadcyla IgG1� (maytansine ) HER2 HER2 2013 NA 2013

obinutuzumab Gazyva IgG1 CD20 2013 NA NA

adalimumab Humira IgG1� TNF� 2002 2003 2008

panitumumab Vectivix IgG2� EGFR 2006 2007 2010

golimumab Simponi IgG1� TNF� 2009 2009 2011

ustekinumab Stelara IgG1� IL-12/23-p40 2009 2009 2011

canakinumab Ilaris IgG1� IL-1� 2009 2009 2011

ofatumumab Arzerra IgG1� CD20 2009 2010 2013

denosumab Prolia / Xgeva / Ranmark IgG2 RANKL 2010 2010 2012

ipilimumab Yervoy IgG1� CTLA4 2011 2011 NA

belimumab Benlysta IgG1	 BLyS 2011 2011 NA

raxibacumab Raxibacumab IgG1	 B. anthracis  toxin 2012 NA NA

ibritumomab tiuxetan CD20 2002 2004 2008
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LNCaP 2C9

PSMA

Kato K et al., 2003 2C9 PSA PAP

Kato K et al., 2003 2C9

PSMA PSA PAP

Kato K et al., 2003 2C9 PSMA

Kato K et al., 2003 2C9

 

2C9 IgG1 hIgG1

antibody-dependent cellular cytotoxicity: ADCC

ADCC

Welner LM et al., 2012 3-2

Ortiz-Sánchez E et al., 2008; Kendra et al., 1999; Becker et al., 1996a, 

1996b, 1996c; Lode HN et al., 1998; Xiang R et al., 1999; Imboden M et al., 2001

Ortiz-Sánchez E et al., 2008; Holden SA et al., 2001; Neal ZC et al., 2004; Osenga KL 

et al., 2006; King DM et al., 2004; Ko YJ et al., 2004; Connor JP et al., 2004 2C9

hIgG1 ADCC

NK 2C9

IL-2  
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3-2  

Welner LM et al., 2012

T

T

ADCC NK
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3-2  

3-2-1  

3-3  

 

PBMC
ADCC

ADCC

Human IL-2

ch-2C9-IL-2

IL-2

PSMA
2C9

ch-2C9

Human �1

2C9 VH

2C9 VL

Human �

 
3-3  

 

3-2-2  

Tokyo, Japan SCID Fox CHASE 

C.B-17/Icr-scid Jcl  

3-2-3  

2C9 Kato K et al., 

2003 YB2/0  LNCaP CTLL-2 ATCC Manassas, VA, USA

PC-3 DS Pharma Biomedical (Osaka, Japan) 

HEK-293F Invitrogen Carlsbad, CA, USA  

3-2-4 PSMA PC-3  

PSMA cDNA pKANTEX93 Nakamura K et al., 2000

pKANTEXPSMA12 pKANTEXPSMA12 Aat II
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PC-3 0.2 

mg/mL G418 PSMA PSMA

G418 PSMA

PSMA/PC-3  

3-2-5 2C9 ch-2C9  

2C9 mRNA Fast Track mRNA Isolation Kit (Invitrogen) 

Eco RI-Not I cDNA TimeSaver cDNA 

Synthesis Kit (GE Healthcare Biosciences, Pittsburgh, PA, USA) 

� cDNA Eco RI

	ZAPII Gigapack III Gold Packaging Extracts (Agilent 

Technologies, Santa Clara, CA, USA) 	 2C9

cDNA HybondN+

ECL Direct Nucleic Acid Labelling and Detection Systems (GE 

Healthcare Biosciences) in vivo 

excision  cDNA pKANTEX93

pKANTEX2C9 hIgG1

 

pKANTEX2C9 Aat II YB2/0

1.0 mg/mL G418

G418

methotrexate: MTX dehydrofolatereductase: 

dhfr  

ch-2C9 5% Daigo’s GF21 (Nippon Pharmaceutical, Tokyo, Japan) 

Hybridoma SFM (Invitrogen) H-SFM(GF5) 1 - 2 × 105 mL

5 - 7 ch-2C9 Prosep-A

Millipore, Billerica, MA, USA  

3-2-6 IL-2 ch-2C9-IL-2  

pKANTEX2C9 C�1 hC�1 hC�1 C IL-2 hIL-2
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hIL-2 ch-2C9 ch-2C9-IL-2

pKANTEX2C9-hIL-2 pKANTEX2C9-hIL-2 Aat II

YB2/0

1.0 mg/mL G418

G418 MTX dhfr

IL-2  

ch-2C9-IL-2 H-SFM(GF5) 1 - 2 × 105 mL

6 ch-2C9-IL-2 Prosep-A

 

3-2-7  

 1 mg/mL PBS 1/4 pH9.2

1/4 NHS-LC-biotin Thermo Scientific, Rockford, IL USA

N,N-dimethylformamide 1 mg/mL 3

150 mM NaCl 10 mM

pH6.0  

3-2-8  

1% bovine serum albumin: BSA PBS

BSA-PBS 10 �g/mL 4°C 30

PBS 3 BSA-PBS FITC

FITC

4°C 30 PBS 3

PBS EPICS Elite (Beckman Coulter, Brea, CA, USA) 

 

3-2-9 PSMA  

PSMA N FLAG FLAG-PSMA

HEK-293F FLAG Sigma, St. Louis, 

MO, USA FLAG-PSMA

 Biacore T100 (GE Healthcare Biosciences) PSMA
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Series S CM5 GE Healthcare Biosciences

HBS-EP buffer: 0.01 M HEPES pH 7.4, 150 mM 

NaCl, 3 mM EDTA, 0.005% surfactant P20 GE Healthcare Biosciences

FLAG-PSMA 3

30 3 mM MgCl2

 (ka)  (kd)   (KD) 

Biacore T100 evaluation software (GE Healthcare Biosciences) 

1:1 Binding Model  

3-2-10 ADCC  

Lymphoprep Axis-Shield, Oslo, Norway

peripheral blood mononuclear cells: PBMCs

PC-3 PSMA/PC-3 LNCaP 1 × 106

Na2
51CrO4 Perkin Elmer, Waltham, MA, USA 37°C 1

3 51Cr 96

1 × 104 2 × 105

ch-2C9 37°C 4 �
51Cr

 

% cytotoxicity = 100 × (E–S) / (M–S) 

E S M 

1 M HCl  

3-2-11 CTLL-2  

CTLL-2 5 × 104 96

ch-2C9-IL-2 hIL-2 Pepro Tech, Rocky Hill, NJ, USA 72

WST-1 3 OD450

 

3-2-12 IL-2  

3-2-10 5 × 104 96
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Flt1 ch-2C9 ch-2C9-IL-2

37°C 72 3-2-8 51Cr 1 

× 104 37°C 4

� 51Cr 3-2-10

 

3-2-13  

NK 5

SCID asialo-GM1 Wako Pure Chemical Industries, Osaka, Japan

asialo-GM1 2 Matrigel BD Biosciences, 

San Jose, CA, USA LNCaP 1 × 107

19 177 - 178 mm3  

 

 Tumor volume (mm3) = 0.5 × (major diameter) × (minor diameter)2 

ch-2C9 (70 �g: 467 nmol) ch-2C9-IL-2 (84 �g: 467 nmol) 

1 1 5 56

 

 

3-3  

3-3-1 ch-2C9  

PSMA 2C9 hIgG1

ch-2C9

PC-3 PC-3 PSMA

PSMA/PC-3 3-4A B ch-2C9 PSMA

LNCaP 3-4C  
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BA

Ch-2C9

Anti-Flt1

C

Fluorescence Intensity

Ev
en

ts

Fluorescence Intensity
Ev

en
ts

Fluorescence Intensity

Ev
en

ts

Anti-Flt1 
Ch-2C9

Ch-2C9Anti-Flt1

 
3-4 PSMA  

PC-3 A PC-3/PSMA B LNCaP C PSMA ch-2C9

10 �g/mL Flt1

Sugimoto Y et al., 2014  

 

3-3-2 ch-2C9 ADCC  

ADCC ch-2C9

ADCC PBMC

ch-2C9 PC-3 ADCC PSMA/PC-3

ADCC 3-5A B
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ch-2C9 PSMA LNCaP ADCC

3-5C  

ch-2C9 PBMC LNCaP

 

 

A B

C

antibody (��g/mL)

cy
to

to
xi

ci
ty
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)

0 0.016 0.08 0.4 2 10
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Anti-Flt1

ch-2C9
Anti-Flt1

ch-2C9
Anti-Flt1

 
3-5 PSMA ADCC  
51Cr PC-3 A PC-3/PSMA B LNCaP C

PSMA ch-2C9 ADCC 51Cr 

Flt1 Sugimoto Y et al., 2014  
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3-3-3 IL-2 ch-2C9-IL-2  

ch-2C9 hIL-2 ch-2C9 C

ch-2C9-IL-2

ch-2C9-IL-2 PC-3 LNCaP

ch-2C9 3-6  

 

ch-2C9-IL-2 ch-2C9

Anti-Flt1

ch-2C9-IL-2ch-2C9

Anti-Flt1

Fluorescence Intensity

Ev
en

ts

Fluorescence Intensity

Ev
en

ts

A B

 
3-6 IL-2 PSMA ch-2C9-IL-2  

LNCaP A PC-3 B PSMA ch-2C9 IL-2

ch-2C9-IL-2 10 �g/mL

Flt1 Sugimoto Y et al., 2014  

 

3-3-4 2C9 PSMA PSMA  

PSMA PSMA Biacore ch-2C9

ch-2C9-IL-2 PSMA

3-7A ch-2C9 PSMA

KD 11.2 nM kd  5.93 × 10-5 1/s

3-2 ch-2C9-IL-2 PSMA

3-7B KD kd 9.39 nM 5.17 × 10-5 1/s

3-2  
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A

B
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20 nM

10 nM

5 nM
2.5 nM

1.25 nM

 
3-7 PSMA PSMA  

ch-2C9 A ch-2C9-IL-2 B CM5 anti-human IgG

PSMA FLAG-PSMA ch-2C9 ch-2C9-IL-2

Biacore Sugimoto Y et al., 2014  

 

3-2  PSMA PSMA  

3-4

Sugimoto Y et al., 2014  

 ka (1/Ms) kd (1/s) KD (nM) 

ch-2C9 5.29 × 103 5.93 × 10-5 11.2 

ch-2C9-IL-2 5.51 × 103 5.17 × 10-5 9.39 
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3-3-5 ch-2C9-IL-2  

IL-2 ch-2C9-IL-2 hIL-2

IL-2 T CTLL-2 ch-2C9-IL-2 hIL-2

ch-2C9-IL-2 CTLL-2

hIL-2 3-8A  

3-3-3 ADCC

ch-2C9-IL-2 ADCC ch-2C9-IL-2

ch-2C9 ADCC PBMC 

ch-2C9 ch-2C9-IL-2

LNCaP PBMC

ch-2C9-IL-2 LNCaP ch-2C9 3-8B  
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0
5
10
15
20
25
30
35
40
45
50 ch-2C9

ch-2C9-IL-2
Anti-Flt1

antibody (nM)

C
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 (%
)

0

0.1

0.2

0.3

0.4

0.5

10-2 10-1 100 101 102 103

hIL-2 concentration (pM)

O
D

45
0

hIL-2
ch-2C9-IL-2

A

B

 
3-8 ch-2C9-IL-2  

A hIL-2 ch-2C9-IL-2 CTLL-2 72

WST-1 B PBMC ch-2C9 ch-2C9-IL-2 72
51Cr LNCaP 4 LNCaP

Sugimoto Y et al., 2014  
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3-3-6 PSMA in vivo  

ch-2C9 ch-2C9-IL-2

LNCaP SCID ch-2C9

ch-2C9-IL-2 ch-2C9-IL-2 saline

467 nmol ch-2C9 56

ch-2C9 ch-2C9-IL-2

0% 20% 60% 3-3  

 

3-3 LNCaP  

SCID LNCaP ch-2C9 ch-2C9-IL-2

1 1 5 56

Sugimoto Y et al., 2014  

Saline ch-2C9 ch-2C9-IL-2
0% (0/5) 20% (1/5) 60% (3/5)

 
 

3-4  

2C9 LNCaP PSMA

Kato K et al., 2003 2C9 PSMA Kato K et al., 

2003 2C9 2C9

2C9 hIgG1 ch-2C9 ch-2C9

PSMA PSMA/PC-3 PSMA LNCaP

3-4 2C9 PSMA

ch-2C9 PBMC ADCC

3-5 ch-2C9 PSMA

3-7 3-2 rituximab

CD20 veltuzumab Goldenberg DM et al., 
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2009 Veltuzumab rituximab

Goldenberg DM et al., 2009 Veltuzumab in vivo

Raji ADCC

rituximab Goldenberg DM et al., 2009

2009 ch-2C9

 

PSMA

Ma D et al., 

2006; Milowsky MI et al., 2004 PSMA

Liu H et al., 1998

PSMA

Milowsky MI et al., 2004; Bander NH et al., 2005

Ma D et al., 2006; Kantoff P et al., 2010; Petrylak DP et al., 2011; 

Petrylak DP et al., 2012; Mega AE et al., 2012

Ortiz-Sánchez E et al., 2008 IL-2

Antony GK and Dudek AZ, 2010 PSMA HuJ591

IL-2 PSA

Nanus DM et al., 2003 IL-2 T NK

IL-2

IL-2 IL-2
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Ortiz-Sánchez E et al., 2008; Atkins MB et al., 

1999; Rosenberg SA et al., 1998 IL-2

Ortiz-Sánchez E et al., 2008  PSMA IL-2

Ortiz-Sánchez E et al., 2008  

IL-2 PSMA

in situ EpCAM huKS-IL-2

EMD-273066 King DM et al., 2004; Ko YJ et al., 2004 GD2

hu14.18-IL-2 EMD-273063 Holden SA et al., 2001; Neal ZC et al., 2004; Osenga KL 

et al., 2006 IL-2 IL-2

King DM et al., 2004; Ribas A et al., 2009 IL-2

PSMA ch-2C9 C hIL-2

IL-2 ch-2C9-IL-2 ch-2C9-IL-2 ch-2C9

3-6 ADCC T CTLL-2

3-8A ch-2C9-IL-2 IL-2 IL-2

ch-2C9-IL-2 ADCC ch-2C9-IL-2

72 ADCC 3-8B LNCaP

T

NK

ch-2C9-IL-2 ch-2C9 3-8B IL-2 NK

IL-2 ch-2C9-IL-2

 

ch-2C9-IL-2 LNCaP in vivo

ch-2C9 3-3

asialo-GM1 NK

Tsuchiya Y et al., 1993

19 NK NK
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Uchida J et al., 2004; Biburger 

M et al., 2011; Nimmerjahn F and Ravetch JV, 2008 IL-2

IL-2 NK

 

ch-2C9-IL2 IL-2 PSMA

PSMA

IL-2

 



 

 59 

 

 

4-1  

Transient receptor potential vanilloid 1 (TRPV1) Ca2+

Tominaga M et al., 

1998; Palazzo E et al., 2012; Caterina MJ et al., 1997 TRPV1

Tominaga M et al., 1998; Caterina MJ et al., 1997

anandamide Zygmunt PM et al., 1999 Hwang SW et 

al., 2000 N- N-oleoyldopamine Chu CJ et al., 2003 pH6.0

43ºC TRPV1

P CGRP: 

calcitonin gene-related peptide C A


Palazzo E et al., 2012; Holzer P et al., 1988

TRPV1 Huang J et al., 2006  

NSAID: non-steroidal anti-inflammatory drug

NSAID Kitagawa Y et al., 2013

TRPV1

Huang J et al., 2006 TRPV1

Davis JB et al., 2000; Caterina MJ et al., 2000

nerve growth factor: NGF Chuang HH et al., 2001

bradykinin Moriyama T et al., 2005 Amadesi S et al., 

2009 ATP Tominaga M et al., 2001

4-1

TRPV1 Huang J et al., 2006 4-1

4-2 C phospholipase C: 

PLC C protein kinase C: PKC
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4-2 TRPV1 PKC TRPV1

Crandall M et al., 2002; Premkumar LS et 

al., 2000; Vellani V et al., 2001; Numazaki M et al., 2002 4-2

37ºC 4-2

TRPV1

Vellani V et al., 2001; Numazaki M et al., 2002  

 

 
4-1  

Huang J et al., 2006

TRPV1
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Inflammatory
mediators

PKC

TRPV1
A B

 
4-2 TRPV1  

TRPV1 A

PKC TRPV1 B A: 

Tominaga M, 2004; B: Numazaki M et al., 2002 PIP2

IP3 DAG

 

 

PKC PKC� TRPV1

Numazaki M et al., 2002; Khasar SG et al., 1999; Srinivasan R et al., 2008

PKC� Khasar 

SG et al., 1999 PKC� TRPV1

Srinivasan R et al., 2008 PKC

TRPV1

TRPV1

TRPV1

HTS HTS Ca2+

TRPV1

43ºC

Ca2+
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Ca2+ PKC

TRPV1 Ca2+ HTS

TRPV1 A-425619 TRPV1

El Kouhen R et al., 2005 Ca2+ HTS

TRPV1

A-425619

50ºC

TRPV1

TRPV1

Honore P et al., 2005; Pomonis JD et al., 2003; Watabiki 

T et al., 2011; Kitagawa Y et al., 2013 PKC

TRPV1

 

TRPV1

5,5-diarylpentadienamide Saku O et al., 

2012 TRPV1 Ca2+

PKC TRPV1 PKC

TRPV1 TRPV1 in vitro

40ºC TRPV1

TRPV1 Saku O et al., 2012
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TRPV1  (2E,4Z)-N-[(3R)-3-hydroxy-2-oxo-1,2,3,4-tetrahydro-5- 

quinolyl]-5-(4-isopropoxyphenyl)-5-(4-trifluoromethylphenyl)-2,4-pentadienamide 

(K-685: 4-3 Saku O et al., 2012) 

TRPV1 34ºC

CFA K-685

 

 

NN
H

OH

O

O

OCF3  
4-3 K-685  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 64 

4-2  

4-2-1  

4-4  

 

PKC TRPV1

P
Ca2+

TRPV1

TRPV1

P
Ca2+

TRPV1

NN
H

OH

O

O

OCF3

?

TRPV1

NN
H

OH

O

O

OCF3

?

TRPV1

NN
H

OH

O

O

OCF3

?

FDSS6000

 
4-4  

 

4-2-2  

Yokohama, Japan Sprague-Dawley

SD  

4-2-3 TRPV1  

TRPV1 hTRPV1 cDNA GeneCopoeia Rockville, MD, USA

pcDNA3.1(+)/Hygro Hind III Bam HI

hTRPV1  

293EBNA hTRPV1 Lipofectamine 2000 transfection reagent 

(Invitrogen) 300 μg/mL
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B hygromycin B B

4-2-4

hTRPV1

293EBNA/hTRPV1  

4-2-4 Ca2+  

-D- 384 293EBNA/hTRPV1 2.5 × 104

 Ca2+ FLIPR 

Calcium 3 assay kit (Molecular Devices, Sunnyvale, CA, USA) 37°C 1

TRPV1 30  37ºC

fluorometric 

imaging plate reader (FLIPR) (Molecular Devices, Sunnyvale, CA, USA) 

Functional Drug Screening System 6000 (FDSS6000) (Hamamatsu Photonics, 

Hamamatsu) IC50 Microsoft Excel 

(Microsoft, Redmond, WA, USA) XLfit ID 

Business Solutions, Guilford, UK 4

 

4-2-5 Ca2+  

Valenzano KJ et al., 2003

-L- 96 293EBNA/hTRPV1 3 × 104

PBS

Hanks’ Balanced Salt Solution (HBSS) Ca2+ Fluo-4 

acetoxylmethyl ester (Fluo-4-AM) 1 Fluo-4-AM 10 

mM 3.5 mM CaCl2 HBSS TRPV1

5 37ºC 37ºC pH 5.0

FDSS6000 IC50 XLfit

4  

4-2-6 Ca2+  

-L- 96 293EBNA/hTRPV1 3.2 × 104
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FLIPR Calcium 3 assay kit (Molecular 

Devices) 37°C 1 TRPV1

30 39ºC FDSS6000

40ºC phorbol 12,13-dibutyrte (PDBu) 

IC50 XLfit 4

 

4-2-7  

293EBNA/hTRPV1 6 4 × 105

DMEM 24 PKC

GF 109203X MEK MAPK/ERK PD98059

TRPV1 30 PDBu 10

PBS

Nakalai Tesque, Kyoto, Japan RIPA buffer 

(radioimmunoprecipitation assay buffer) (ThermoScientific) 

4ºC 15,000 rpm 20

SDS-PAGE polyvinylidene difluoride (PVDF) 

PVDF 1 2

extracellular signal-regulated protein kinase 1/2: ERK1/2

Promega, Madison, WI, USA ERK phospho-ERK

Promega

GE Healthcare

SuperSignal West Pico Chemiluminescent Substrate: 

ThermoScientific LAS-1000 Fujifilm, Tokyo, Japan  

4-2-8  

SD L4-L6 35-36°C 0.1%

10 35-36°C 0.1% 40

12-mm

-D- 35-mm
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37°C 95% 5% CO2 60

150 mM NaCl, 5 mM KCl, 2.5 mM CaCl2, 1 mM MgCl2, 10 mM D-

, 10 mM HEPES (NaOH pH 7.4 ) 

2 PP-83: Narishige, Tokyo, Japan

GDC1.5: Narishige

140 mM KCl, 1 mM CaCl2, 2 mM MgCl2, 11 mM EGTA, 10 

mM HEPES (KOH pH 7.4 ) 3-5 MΩ

Axopatch 1D instrument (Axon Instruments, Inc., Foster City, CA, 

USA) pClamp6 data acquisition software package (Axon Instruments, Inc.) 

3.3 Hz 10 Hz 22-26°C

-60 mV pH

pH 150 mM 

NaCl, 5 mM KCl, 2.5 mM CaCl2, 1 mM MgCl2, 10 mM D- , 10 mM HEPES 

(NaOH pH 5.5 ) 37°C

34°C

 

4-2-9  

100 �L CFA: DIFCO Laboratories, Detroit, MI, USA

SD CFA 24

K-685 diclofenac

Chaplan Chaplan SR et al., 1994

von Frey

50% 4 g

Hot/Cold Plate 35100: Ugo Basile, Comerio, Italy 48°C

70%
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plethysmometer TK-101: Muromachi Kikai, Tokyo, Japan

 

4-2-10  

SAS 

(Release 9.1.3: SAS Institute, Cary, NC, USA) 

2 Student’s t Wilcoxon

1-way ANOVA Dunnett

Kruskal-Wallis

Steel

P < 0.05  

 

4-3  

4-3-1 hTRPV1 PKC  

TRPV1 40ºC 293EBNA/hTRPV1

PKC PDBu 1 µM

293EBNA/hTRPV1 Ca2+ PDBu

Ca2+ 4-5A C E PDBu  

Ca2+ TRPV1 capsazepine BCTC

PKC GF 109203X 4-5A C E PKC GF 

109203X TRPV1 BCTC

293EBNA/hTRPV1 Ca2+

4-5B D F PDBu

PDBu

4-5A C E   

hTRPV1 293EBNA PDBu

Ca2+
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4-5 293EBNA/hTRPV1 PDBu Ca2+  

Calcium-3 293EBNA/hTRPV1 30

40ºC PDBu A C E B D F

Sugimoto Y et al., 2013  
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4-3-2 K-685 TRPV1  

4-3-1 TRPV1

Saku O et al., 2012 PDBu 1 �M

293EBNA/hTRPV1 Ca2+

K-685 100 nM

293EBNA/hTRPV1 Ca2+ 0.206 ± 0.041 nM IC50

4-6 4-1 PDBu 293EBNA/hTRPV1

Ca2+ 0.136 ± 0.027 nM IC50 4-4 4-1  

K-685 pH 5.0 293EBNA/hTRPV1 Ca2+

IC50 0.261 ± 0.042 nM 4-6 4-1  

 

-20
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4-6 293EBNA/hTRPV1 Ca2+ K-685  

293EBNA/hTRPV1 K-685 100 nM pH 5.0 1 �M 

PDBu Ca2+ K-685 Sugimoto Y et 

al., 2013  
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4-1 293EBNA/hTRPV1 Ca2+ K-685  

4-4 IC50 Sugimoto Y et al., 2013  

Capsaicin 

(100 nM) 

Acid 

(pH 5.0) 

PDBu 

(1 �M) 

0.206 ± 0.041 0.261 ± 0.042 0.136 ± 0.027 

 
 

 

4-3-3 K-685 PKC  

4-3-2 PDBu TRPV1 K-685

PKC PDBu

ERK ERK phospho-ERK

K-685 TRPV1 BCTC

PDBu ERK 4-7  

PKC GF 109203X MEK PD98059

PDBu ERK 4-7  

 

phospho-ERK

ERK

(-) (+)PDBu

 
4-7 PKC ERK  

293EBNA/hTRPV1 30 PDBu 37ºC 10

Cell lysate ERK phospho-ERK

Sugimoto Y et al., 2013  
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4-3-4 PKC TRPV1  

PKC TRPV1

TRPV1

Ca2+

4-8

TRPV1  

 

Ca2+

TRPV1

TRPV1
TRPV1

TRPV1

TRPV1
Ca2+

Ca2+

 
4-8 TRPV1  

TRPV1 Ca2+

TRPV1  

 

PDBu 1 µM 34ºC

PDBu
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PDBu 4-9A

B PDBu TRPV1 BCTC 1 

µM 4-9C  

PDBu

K-685 1 nM K-685 4-10

K-685

4-10  
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4-9 PKC TRPV1 Sugimoto Y et al., 

2013  

A 34ºC 15 3 3

B A 3 *** PDBu

P < 0.001  
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4-10 K-685  

K-685

BCTC 2

1 Sugimoto Y et al., 2013

*** Dunnett vehicle P < 0.001 # Steel

vehicle P < 0.05  

 

4-3-5 K-685  

CFA

K-685  

K-685 10 mg/kg

22.5% 68.9% 4-11 4-12

NSAID diclofenac 15 mg/kg

39.0% 4-12  

K-685 CFA

4-13  
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Steel vehicle P < 0.05 # Wilcoxon

vehicle P < 0.05

norrmal  
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4-13 CFA K-685  

24 CFA

Sugimoto Y et al., 2013 * t

vehicle P < 0.05  

 

4-4  

TRPV1 K-685

5,5-diarylpentadienamide Saku O et al., 2012

TRPV1 12 7 K-685

K-685 1000 TRPV1

TRPV1 TRPV1

K-685 in vitro

PKC TRPV1

4-5 PKC TRPV1 43ºC

37ºC Vellani V et al., 2001; Numazaki M et 

al., 2002 PKC

TRPV1 HTS

FDSS6000

40ºC PDBu Ca2+ 4-5A
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C E

293EBNA/hTRPV1 40ºC in vitro

PDBu 293EBNA/hTRPV1 Ca2+ 4-5A

C E PDBu 40ºC 293EBNA/hTRPV1

Ca2+ 4-5A C E PKC GF 109203X

4-5A Ca2+ GF 109203X

4-5B PDBu Ca2+ TRPV1

4-C E PDBu Ca2+

PKC TRPV1

GF109203X 4-5A

GF109203X PDBu

4-5A

PDBu Ca2+ PKC PDBu

TRPV1  

in vitro TRPV1 K-685 0.136 ± 0.027 

nM IC50 PDBu Ca2+ 4-6 4-1 PDBu

Ca2+ K-685 potency

4-6 4-1

K-685 potency PDBu TRPV1

pIC50 8.70 A-425619 El Kouhen R et al., 2005

K-685 PDBu ERK PKC

Wang W et al., 2010 4-7 K-685 PDBu

Ca2+ PKC TRPV1

K-685 PKC TRPV1

 

293EBNA/hTRPV1 PDBu TRPV1

4-9

K-685 PDBu
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4-10 PDBu

34ºC K-685

PKC TRPV1

K-685

4-10 K-685 TRPV1

 

TRPV1 PKC

30ºC Vellani V et al., 

2001; Numazaki M et al., 2002 PDBu 22-26ºC

4-9B

TRPV1 BCTC 4-9C TRPV1

30ºC

PKC TRPV1

TRPV1 PKC

TRPV1 PKC

TRPV1

PKC TRPV1 K-685

 

K-685 CFA K-685

4-11 4-12 K-685

3 4-11 4-12 K-685

K-685

K-685 4-13

K-685 TRPV1

K-685

4-12 TRPV1
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Cui M et al., 2006

TRPV1 A-784168

ED50 ED50 9 Cui M 

et al., 2006 TRPV1 A-795614

Cui 

M et al., 2006 TRPV1 CFA

TRPV1 CFA

TRPV1 PKC

TRPV1 K-685 Saku O et al., 

2012  

K-685

K-685 TRPV1

in vitro PKC TRPV1 in vivo CFA

PKC TRPV1

TRPV1

TRPV1

in vitro TRPV1
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