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    1)  

2)   

  ONEC-TS  

3)  

4)  

5)  

6)  STR  

7) EGFR  



 

8) EGF EGFR  

9) ONEC  

 

 ONEC-TS  

 

 ONEC-TS  

 

 Western blot ONEC-TS  

 

10) Transcriptome  

11) ONEC  

12) Ponatinib Everolimus Sunitinib  

 

13) qRT-PCR Western blot FGFR  
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4 38 

 



 

           40 

            50 

 



 

1 

 

ABP           Alcian blue and PAS stain 

BSA Bovine Serum Albumin 

CD56 CD56 molecule 

CDDP          cis-diamminedichloro-platinum(II) 

cDNA Complementary deoxyribonucleic acid 

CT             Computed tomography 

DAB  Diaminobenzidine 

DAPI 4’, 6-diamidino- 2-phenylindole 

DMEM Dulbecco’s modified Eagle’s medium 

DT             Doubling time 

EDTA Ethylene Diamine Tetra Acetic acid 

EGF           Epidermal growth factor 

EGFR          Epidermal growth factor receptor 

FGFR Fibroblast growth factor receptor 

H-E            Hematoxylin and eosin stain 

HRP Horseradish peroxidase 

kDa Kilo Dalton 



 

2 

pKRT          Pan keratin 

mRNA Messenger RNA 

NET           Neuroendocrine tumor 

NGFR          Nerve growth factor receptor 

OASCC         Oral adenosquamous cell carcinoma 

ONEC          Oral neuroendocrine carcinoma 

OSCC Oral squamous cell carcinoma 

PBS Phosphate-buffered saline 

PCR            Polymerase chain reaction 

PET-CT        Positron emission tomography 

PVDF Polyvinylidene difluoride 

qRT-PCR      quantitative Real time protein chain reaction 

RPMI          Roswell park memorial institute media 

SCC Squamous cell carcinoma 

SDS Sodium dodecyl sulfate 

STR            Short tandem repeat 

TBS           Tris-buffered saline 

Tris Tris(hydroxyl methyl) amino methane 



 

3 

TritonX-100 Octylphenol ethoxylate 

Tween20 Polysorbate 20 

VP-16          Etoposid 

5-FU           5-Fluorouracil 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4 

1  

Gey HeLa  (Gey, et 

al., 1952)  (Eagle, 1955; Rangan, 1972)

Moore H.Ep3  (Moore, et al., 1955)

Ca9-22  ( , 1974) Ho-1-u1 Ho-1-n1  (  et al., 1985; 

Miyauchi, et al., 1988)  

 (Easty, et al., 1981)

 

 (Eun, et al., 2005)

 (Rebecca, et al., 2014)

 (Ganjibakhsh, et al., 2017) Sato

 (Hayashi and Sato, 1976; 

Barnes and Sato, 1980)



 

5 

 (Sato, et al, 2002)  

 

 

exosome

 



 

6 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

7 

2  

1  

(1)  

 (

58 191 )  

Dulbecco’s Modified Eagle’s Medium (Dulbecco and Freeman, 

1959)(Sigma-Aldrich, St. Louis, MO, USA) RPMI1640 (Moore, et al., 1967)(Sigma-

Aldrich) 1:1 RD  (Sato, et al, 1987) 

 (ELIX ; Merck Millipore, MA, USA) 90mg/L 

 (Meiji Seika , Tokyo, Japan) 90mg/L  (GIBCO, KS, 

USA) 110mg/L  (Wako, Osaka, Japan) 15mM N-2 

-N’-2-  (HEPES; , Kumamoto, Japan)

 (Wako) 2g/L NaOH (Wako) pH 7.4 0.22 m

 (Milipore, MA, USA)  (Barnes and Sato, 1980)

RD 10 M 2- 10 M 2- 20nM 

 ( , Osaka, Japan) 5 g/ml 

5 g/ml oleic acid conjugated with fatty acid-free bovine serum albumin 



 

8 

(4.7 g/ml)(Sigma-Aldrich) 6  (6F) RD6F  (Okamoto, et al., 

1996)( 1)  

2

RD RD6F Type collagen ( , 

Osaka, Japan) 60mm dish 1ml 37 5%CO2 

100-200 l RD6F  ( 1A) explant culture

outgrowth  ( 1B) 

0.05% trypsin (Sigma-Aldrich) 0.04%  

(EDTA ) Dulbecco’s Ca2+ Mg2+-free phosphate-buffer saline 

(PBS(-))(Trypsin/EDTA) 0.05%trypsin inhibitor (Sigma-Aldrich) 

trypsin  

 

   (Oral squamous cell carcinoma: OSCC) 

1 60 (T2N0M0 Stage ) cis-diamminedichloro-platinum 

(II) (CDDP) 

4

3 CT

PET-CT 15  



 

9 

2 71  (T4aN3bM0 Stage b) 

2 5  

3 61  (T2N1M0 Stage ) 

9

CDDP 5-Fluorouracil (5-FU) 18

Cetuximab Paclitaxel

 

4 40  (T1N0M0 Stage ) 1

2

CDDP 5-FU

 

5 80  (T4aN3bM0 Stage b) 

1

3  

  (Oral adenosquamous cell carcinoma: OASCC) 

1 30  (T2N0Mx) 

6



 

10 

CDDP 5-FU

 

2 80  (T2N0M0 Stage ) 

CDDP

15 16

 

  (Oral neuroendocrine carcinoma: ONEC) 

 (T4aN0M0 

Stage a) 

Docetaxel CDDP 5-FU

dish neuro sphere

2 Nivolumab

Nivolumab

CDDP Etoposid (VP-16) PE



 

11 

8.5 MRI

γ-

Carboplatin VP-16 13 PET-CT

17

 

 

(2)  

 1)   

Trypsin-EDTA 24well

(Corning, USA) 10,000 /ml/well 4well 1

1 6 Beckman Coulter Counter (Coulter Electronics, 

England)  (DT)  

DT = log2 × (t – t0) / (logN logN0) 

t0 4  

t 6  

N0 t0     

N t  

 



 

12 

 ONEC-TS  

ONEC-TS Laminin (nippi, Osaka, Japan) Fibronectin (Sigma-

Aldrich) Gelatin (Milipore) Type collagen ( ) 

dish  

 

2)  

60-80%

KaryoMax colcemid solution (10μg/ml, Nakalai Tesque, Tokyo, Japan) 0.25 g/ml 

colcemid 4 Trypsin-EDTA

0.075M KCl 20  (  = 3:1) 

 (400×g 5 ) 3

 (Nikon ECLIPSE E800 microscope) 

100  

 

3)  

4  (Balb C Nu) 

5x106 4

4
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Hematoxylin and eosin (H-E) Alcian blue and PAS (ABP) 

 

 

4)  

PCR 80

QIAamp® DNA mini kit (Qiagen, Valencia, CA) DNA

DNA RT-PCR Pre-mixture tubes (e-Myco Mycoplasma PCR Detection Kit, 

iNtRON BIO, MA, USA) 94  1 94  30 60  20 72  1

1 35 PCR PCR

1.5 SYBR®Safe

 (ChemiDoc Imaging System:Bio-Rad, CA, USA)  

 

5) Short tandem repeat (STR)  

80 QIAamp® 

DNA mini kit (Qiagen) DNA Nano Drop (Nano Drop Technologies, 

Inc.) DNA STR  (Tokyo, Japan)  



 

14 

Powerplex 16 system (Promega Corporation, Madison, WI) 

ABI PRISM 3100 Genetic analyzer (Applied Biosystems®, thermos Scientific, 

MA, USA) Gene Mapper v3.5 (Applied Biosystems®) DNA STR

 

 

6) epidermal growth factor receptor (EGFR) 

  

OSCC OASCC EGFR 24well

 (Corning) 0.2

 (Wako) 5%

EGFR 12-93  (Myoken, et al., 

1989) 1 1 /PBS 5 3

Alexa488-conjugated goat anti-mouse IgG 30

1 /PBS 5 3 4’, 6-diamidino- 2-phenylindole (DAPI) 

 (Carl Zeiss)  
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7) Epidermal growth factor (EGF) EGFR  

EGF 12-93 OSCC OASCC

24well  (Corning) 1well 1×104/ml/well

EGF (0.01, 0.1, 1, 3, 10nM) 12-93  (0.35, 0.7, 3.5, 7, 70nM) 

6  

 

8) ONEC  

 ONEC-TS  

4 2 1  6) 

12-93  ( ) S100b  (abcam, Cambridge, 

England) pKRT  ( , Tokyo, Japan) Nestin  (Santa 

Cruz Biotechnology, TX, USA) NGFR  (abcam) 4  12

Alexa Flour®488 IgG  (1/300 : Invitrogen™, 

Massachusetts, US) Alexa Flour®488 IgG  (1/300 : 

Invitrogen™) 30 DAPI

 (Flexible Confocal Microscope LSM 700 Carl Zeiss, GmbH, Germany) 
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Western blot

 

 

 ONEC-TS  

4

0.5μm 100

70 citrate buffer  (2 137 15

) 15

PBS 5 3 CD56  

(abcam) ChromograninA  (Dako, Michigan, USA) 1

PBS 5 3 HRP IgG  

(57.5ng/ml)(GTX221666-01 GeneTex, PA, USA) (Dako Envision+ System-HRP Labelled 

Polymer Anti-Rabbit, Dako) 30 PBS 5

3 diaminobenzidine (DAB) 

70 100
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 Western blot ONEC-TS  

RD6F 60mm dish (Beckton Dickinson Falcon) 

80% PBS(-) 2  RIPA  

(20mM Tris-HCl, 150mM NaCl, 1mM EDTA, 1  TritonX-100, pH7.4) protease inhibitor 

cocktail P8340 (Sigma-Aldrich) phosphatase inhibitor (Sigma-Aldrich) 1:100

cell lysis buffer  (13,000×g, 15 ) 

Pierce BCA Protein Assay Kit (Thermo Fisher Scientific, USA) 

 (Bradford, 1976)  

 (20μg) 10 SDS-PAGE PVDF  

(Bio-Rad) 5  ( , Gunma, Japan) 1

 ( 2) TBS-T wash 

buffer (0.1 Tween20) 1 TBS-T wash buffer 

5 3 HRP IgG  (Cell Signaling Technology) 

TBS-T wash buffer 1 TBS-T wash 

buffer 5 3 ECL  (Bio-Rad)  

 (ChemiDoc Imaging System)  

 

 



 

18 

 9) Transcriptome  

ONEC OSCC OASCC

Transcriptome 80%

TRIZOL (InvitrogenTM) RNA  (NanoDrop ND-1000 

Spectrophotometer, , Tokyo, Japan) DNase DNA

RNA cDNA

RNA Transcriptome

Macrogen JAPAN (Kyoto, Japan)  

 

10) ONEC  

ONEC-TS 24well 1well 1×104/ml 1ml

VP-16 (Wako) CDDP (Wako) 5-FU (Wako) Irinotecan (Wako) Somatostatin (

, Osaka, Japan)  (1, 10, 100, 500, 1000nM) 6

50% inhibitory concentration (IC50)  

 

11) Ponatinib Everolimus Sunitinib  

ONEC OSCC

OASCC
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Ponatinib ( ) mTOR

Everolimus Sunitinib

24well 1well 1×104/ml  (0.1, 1, 

10, 100nM, 1μM) Ponatinib Everolimus Sunitinib 6

 

ONEC-TS 80

Ponatinib Sunitinib Everolimus 12 FGF2

15 2  1  8) Western blot

Akt pAkt  (Cell Signaling Technology) Akt

 (Santa Cruz Biotechnology, TX, USA) HRP IgG  (Cell 

Signaling Technology)  

 

12) qRT-PCR Western blot FGFR  

qRT-PCR Western blot FGFR

80% TRIZOL (InvitrogenTM) 

RNA  (NanoDrop ND-1000 Spectrophotometer,  ) 

total RNA (1μg) SuperScript®VILO™Master Mix (Invitrogen™) 



 

20 

cDNA cDNA AriaMx Real-Time PCR 

System (Agilent, C , USA) qRT-PCR FGFR1  (5’-

cgaccttgcctgaacaaga-3’ 5’-catacggtttggtttggtgttat-3’) 

Probe Finder GAPDH (5'-gctctctgctcctcctgttc-3', 5'-acgaccaaatccgttgactc-

3')  

ONEC-TS FGFR1 2  1  8) 

Western blot FGFR1  (Cell Signaling Technology)

HRP IgG  (Cell Signaling Technology)  
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2  

11)  

1 - 5

5 OSCC-SM OSCC-UN OSCC-KK OSCC-OS OSCC-MO

1 - 2 2

OASCC-MS OASCC-HT 1 -

ONEC-TS  

outgrowth

 ( 1B) OSCC OASCC

 ( 2 A G) ONEC-TS dish

neuro sphere  ( 2 H)  

 

2)   

OSCC-

KK 27.8 OSCC-MO 20.9 OSCC-OS 27.3 OSCC-SM 26.2

OSCC-UN 39.1 OASCC-MS 25.6 OASCC-HT 30.1 ONEC-TS 33.2

 ( 3)  
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22)  ONEC-TS  

ONEC-TS Laminin Fibronectin Gelatin Type collagen

dish ONEC-TS Laminin

Fibronectin Type collagen Laminin

Gelatin dish  

( 4)  

 

3)  

2 3 OSCC-UN

ONEC-TS 2 3  ( 5)  

 

4)  

OSCC-KK OASCC-HT ONEC-TS OSCC-

KK  ( 6 A) OASCC-HT

 ( 6 B)  
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ONEC-TS

 ( 6C)

 

 

55)  

PCR

 ( 7)  

 

6) STR  

16 (D3S1358, TH01, D21S11, D18S51, Penta E, Amelogenin, VWA, D8S1179, 

TPOX, FGA, 5S818, D13S317, D7S820, D16S539, CSF1PO, Penta D) STR

OSCC-SM

OSCC-SM 17 100 STR  

( 3)  
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77) EGFR  

OSCC OASCC EGFR

 ( 8) OSCC OASCC

 

 

8) EGF EGFR  

EGF 12-93 EGF OSCC OASCC

0.1nM

12-93 OSCC OASCC  

( 9)  

 

9) ONEC  

 OSCC ONEC-TS

 

OSCC EGFR pKRT

ONEC-TS ONEC-TS S100

Nestin  ( 10 A)  
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 ONEC  

ONEC ChromograninA CD56

 ( 10 B)  

 

 Western blot ONEC-TS  

ONEC-TS ChromograninA CD56 Western blot

 ( 10 C)  

 

10) Transcriptome  

Transcriptome OSCC OASCC KRT

ONEC-TS

S100 Nestin OSCC OASCC  (

11) ONEC-TS OSCC OASCC Fibroblast growth factor (FGF) -3 -

13 -19 -20  ( 12 A) Fibroblast growth factor receptor 1 (FGFR1) 

 ( 12 B) ONEC-TS OSCC OASCC LAMC2

OASCC OSCC 2

OASCC PI3K/Akt

 ( 13)  
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111) ONEC-TS  

5-FU CDDP Irinotecan Etoposide (VP-16) Somatostatin

ONEC-TS 5-FU CDDP

Irinotecan Somatostatin Etoposide (VP-16) 

 ( 14) VP-16 IC50 278nM ONEC VP-16

 

 

12) Ponatinib Everolimus Sunitinib

 

Ponatinib Sunitinib OSCC OASCC

ONEC-TS  ( 15 A, B) Ponatinib OSCC

OASCC IC50 46.4nM 72.4nM ONEC-TS IC50

14nM Everolimus ONEC OSCC OASCC

IC50 5.72nM 60.8nM  ( 16)  

ONEC-TS Ponatinib Sunitinib Everolimus 12 Akt

Ponatinib Sunitinib Everolimus

FGF2 Akt Ponatinib Sunitinib

 ( 17)  
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113) qRT-PCR Western blot FGFR  

qRT-PCR mRNA ONEC-TS OSCC OASCC

FGFR1  ( 18 A) Western blot

ONEC-TS OSCC OASCC FGFR1  ( 18 B)
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3  

 (OSCC) 5

(OASCC) 2  (ONEC) 1  

OSCC OASCC

ONEC OSCC OASCC dish neuro sphere

anoikis apoptosis

 (Coates, et al., 2010)

sphere  (Hong, 

et al., 2016) ONEC sphere ONEC

ONEC

 

ONEC

2

dish neuro sphere

dish
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dish vitronectin

fibronectin laminin ECM ONEC dish

transcriptome OSCC OASCC ONEC laminin

LAMC2 ECM

LAMC2  (Robert, 2007) ONEC ECM

ECM ONEC

laminin

ONEC 

 

 ( , 1973)

3  (Rangan, 1972; Sykes, et al., 1970)

20 96

2 OSCC-UN ONEC-TS

3 2

2 4
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2 4 4

 (Levan, et al., 1958)

2 4  ( , 1974)

 

HeLa

 (Nelson-Rees, et al., 1974; 1980; 1981) 

International Cell line Authentication Committee

 (The obtained STR profile should be compared to a public database (e.g., 

ICLAC database (https://iclac.org/databases/cross-contaminations/)) G-6-PD

isozyme  (Auersperg, et al., 1970; Beckman, 

et al., 1971) STR

 (Thacker, et al., 1988; Lorenzi, et al., 2009; Dirks and Drexler, 

1993) STR STR

(Amos, 2018. The Cellosaurus STR Similarity Search Tool, CLASTR 1.4.3. 

(https://web.expasy.org/cellosaurus-str-search)) STR

STR
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OSCC OASCC 2 6 80

90

outgrowth

outgrowth  (

) in vitro

 

1 50 1 2) 

3) in vivo  ( , 1995) 4) STR

OSCC-KK OASCC-HT ONEC-TS

2

1

STR

 

 (Miller, et al., 2003)

PCR
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 (Ligasová, et al., 2019)

 

EGF Cohen (Cohen, 1962) 

6,021 53

 (Savage, et al., 1972; Gray, et al., 1983) EGF EGFR

 (Cohen, et al.,1980; Ushiro, et al., 

1980) EGFR 1,200 170,000  (Cohen, et 

al., 1982; Weber, et al., 1984)

 (Yarden, et al., 1988) EGFR EGF 2

 (Lemmon and Schlessinger, 1994) MEK p38MAPK JNK Ras-MAPK 

(Singletary, et al., 1987) PI3K/Akt (Schlegel et al., 2000) 

EGFR

EGFR EGF

 (Gill and Lazar, 1981; Barnes, 1982; Kamata, et al., 1986)

EGF EGF

Cyclin A Cyclin D1
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 (Cao, et al., 2000) EGF EGFR

A431  (Kawamoto, et al., 1984)  

EGFR

 (Maguire, et al., 1989) EGFR

EGFR Cetuximab

 (Sato, et al., 1989; Baselga, et al., 2000; Herbst, et 

al., 2001; Peron, et al., 2012)

EGFR

EGF EGF

in 

vivo in vitro EGFR

EGFR  (

, et al., 1991) OSCC OASCC EGFR

EGF OSCC OASCC 1nM

10nM EGF

EGFR 12-93  (Myoken, et al, 1989) 

OSCC OASCC in vitro in vivo 12-93
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 (Yamamoto, et al., 2014)

 

MM  (Kishimoto, et al., 2000) TYS  (Yanagawa, et al., 1986) 

L.Jiang CAL27  (Jiang, et al., 2009) MM

TYS

 (Sato, et al., 1997) CAL27

OASCC2

OSCC EGFR OASCC

EGFR  

 (Endocrine tumor) 2000

WHO  

(Neuroendocrine tumor: NET)  (Hamilton and Aaltonen, 2000)

2010 Ki-67 3 grade neuro-endocrine 
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carcinoma (NEC) NET grade 3  (Bosman, et al., 2010; , 2012)

2017 NET 3 grade

NEC  (Lloyd, et al., 2017)  

NET 10 5.25  (Yao, et al., 

2008)  ( , et al., 2019; Ming, et al., 2015)

CDDP

Irinotecan PI CDDP VP-16 PE  

(Walenkamp, et al., 2009)  

PE ONEC-TS

VP-16

ONEC-TS  

ONEC-TS CDDP 5-FU

Transcriptome FGFR1 FGFR ONEC

FGFRs

FGFs MAPK PI3K/Akt/mTOR

 (Turner and Grose, 2010)

FGFR



 

36 

 (Baeriswyl and Christofori, 2009) FGFR

 (Touat, et al., 2015) Ponatinib

Ponatinib FGFR1

 (Ren, 

et al., 2013) ONEC-TS CDDP 5-FU

Transcriptome FGFR1

FGFR FGFR ONEC

FGFR

Ponatinib Sunitinib ONEC-TS Ponatinib

Sunitinib OSCC OASCC ONEC-TS

Ponatinib Sunitinib FGF2 Akt ONEC-TS 

FGFR1 autocrine pathway Ponatinib Sunitinib

ONEC-TS  

Everolimus Sunitinib 2011 NET mTOR

mTOR (mammalian Target Of Rapamycin) 

 (Lee, et al., 2018) mTOR

PI3K (Phosphoinositide 3-kinase) 289,000

PI3K/Akt/mTOR Ser2448
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 (Nave, et al., 1999; Shaw and 

Cantley, 2006) OSCC mTOR  (Naruse, 

et al., 2015) Everolimus OSCC

 

OSCC 5 OASCC 2

1 OSCC

OASCC 2
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4  

 

 

1. OSCC OASCC ONEC 

dish neuro sphere ONEC  

 

2. OSCC-KK 27.8 OSCC-MO

20.9 OSCC-OS 27.3 OSCC-SM 26.2 OSCC-UN 39.1

OASCC-MS 25.6 OASCC-HT 30.1 ONEC-TS 33.2   

3. STR  

 

4. 2 3  

5. OSCC-KK OASCC-HT ONEC-TS  

6. OSCC OASCC EGFR EGF EGFR  

 

7. ONEC EGFR pKRT  

S100 Nestin  
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8. Transcriptome OSCC OASCC S100 Nestin      

ONEC OSCC OASCC   

 

9. Western blot  

ChromograninA CD56  

10. ONEC VP-16  

11. Ponatinib Sunitinib ONEC OSACC OASCC  

Everolimus  

12. Ponatinib Sunitinib FGF2 Akt  

 

OSCC 5 OASCC 2

1 OSCC

OASCC ONEC
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