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3-1. NF1-iPSC  

1) NF1-PBMC  

2)  
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2)  
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[2.] H-E PAS/Alcian blue  
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NF1 : Neurofibromatosis type I   

CT: Computed Tomography 

CNA: Copy number alterations  

CEQer: Comparative Exome Quantification analyzer  

ATAD5: ATPase Family, AAA Domain Containing 5 

iPSC : induced pluripotent stem cell 

ESC : Embryonic stem cell  

PBMC : Peripheral Blood Mononuclear Cell 

PCR : polymerase chain reaction 

RT-PCR : Reverse Transcription-Polymerase Chain Reaction 

ALP : Alkaline phosphatase  

PFA : paraformaldehyde 

CMF-PBS : Ca++, Mg++-free Dulbecco's phosphate buffered saline 

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

DAPI : 4’, 6-diamidino-2-phenylindole  

GAPDH : Glyceraldehyde 3-phosphate dehydrogenase 

ddPCR : Droplet Digital PCR  

α-SMA : α-smooth muscle actin  

AFP : α-fetoprotein 

H-E  : Hematoxilin & Eosin   

STR : Short Tandem Repeat 

MSC: Mesenchymal stem cell 

UPL : Universal Probe Libra 
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Neurofibromatosis type I (NF1)

1882 Friedrich Daniel von 

Recklinghausen von Recklinghausen's disease

 (von Recklinghausen, 1882) 1990

17  (17q11.2) NF1

 (Buchberg et al., 1990  Wallace et al., 1990 Xu et al., 1990)

NF1  (Neurofibromin: NF)  Ras

NF1 NF

iPSC  

 (induced pluripotent stem cell: iPSC) Klf4, Oct3/4, 

Sox2, c-myc 4  

(Takahashi and Yamanaka, 2006)

 (Embryonic stem cell : ESC) 

2007 iPSC  (Takahashi et al., 2007)

iPSC

 (Park et al., 2008 ; 

Matsumoto et al., 2013 ; Lee et al., 2015)

 (Barnes and Sato, 1980)

iPSC
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 (Okita et al., 2007)

DNA

iPSC

 (Yamasaki et al., 2014 ; Kishino et al., 2014 ; Yamasaki et al., 

2016) iPSC

 (Park et al., 2008 ; Matsumoto et al., 

2013 ; Lee et al., 2015 ; Yedid et al., 2016) iPSC

NF1 iPSC (NF1-iPSC)

 

 NF1

2

 ( -58 72 ) iPSC

 Peripheral Blood Mononuclear Cell: PBMC)

NF1-iPSC
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NF1  (NF1-iPSC)  
 

 
 
1.  

 (NF1)

 (Jett and Friedman, 2010)

3,000 1 40,000

4

 (Messiaen et al., 1999)  

 

 6 15mm  ( 5mm )  

 2 1  

   

   

 2 Liche  ( )   

  (

)  

  ( ) NF1   

7 2

2  
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< 1 (NF1-1)> 

1 (NF1-1) 37 2013 9

15 NF1

 ( 1) X CT

7 X

 ( 2) 26 

40  ( 3)  

 

< 2 (NF1-2)> 

2 (NF1-2) 48 8 54

2015 5

24 NF1

X  ( 4) 25

27 35

41 49

 ( 5)  

 

2.  

2-1  

1) Peripheral Blood Mononuclear Cell (PBMC)  

RPMI1640  (Sigma-Aldrich, T-1147, MO, USA) (George et.al, 1967) 
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Dulbecco’s Modified Eagle Medium (DMEM)  (Dulbecco and Freeman, 1959), 

(Sigma-Aldrich) 1:1 Ampicillin (90mg/ml) (Meiji, Tokyo, Japan), 

Kanamycin (90mg/ml) (Themo Fisher Scientific, Waltham, MA, USA), 

 (110mg/ml) (Sigma-Aldrich), 15mM HEPES (Dojindo, Kumamoto, Japan), 

 (2g/L) (Sigma-Aldrich) RD  (Sato et al., 1987) 

RD 6 insulin (10μg/ml) 

(CSTI 0105, Funakoshi, Tokyo, Japan), transferrin (5μg/ml) (T-1147, Sigma-Aldrich), 

2-ethanolamine (10μM) (E-0135, Sigma-Aldrich), 2-mercaptoethanol (10μM) 

(M-7522, Sigma-Aldrich), sodium selenite (10nM) (S-9133, Sigma-Aldrich), 

Oleic acid (4.7μg/ml) (O-1383, Sigma-Aldrich) conjugated with human recombinant 

albumin (500μg/ml) (Millipore, Darmstadt, Germany) RD6F 

(Sato et al., 1987 ; Myoken et al., 1989) human recombinant interleukin-2 (IL-2) 

(300ng/ml) ( , Osaka, Japan) 100mm dish (BD Falcon, 

CA, USA)  (Okamoto et al., 1996) ( 1)  

 

2) iPSC  

hESF9  (Furue et al., 2008) ( 1) PBMC iPSC

hESF9 hESF-GRO (Cell Science & Technology 

Institute, Inc, Sendai, Japan )  ( 2) human 

recombinant insulin (10μg/ml) (Funakoshi) human transferrin (5μg/ml) (T-1147, 

Sigma-Aldrich), 2-aminoethanol (10μM) (M-7522, Sigma-Aldrich), 

2-mercaptoethanol (10μM) (M-7522, Sigma-Aldrich), sodium selenite (20nM) 

(S-9133, Sigma-Aldrich) Oleic acid (4.7μg/ml) (O-1383, Sigma-Aldrich) 

conjugated with human recombinant albumin (500μg/ml) (9301, Millipore) 
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hESF6F L-ascorbic acid-2-phosphate (100μg/ml) (013-196411, Wako, 

Osaka, Japan),  heparin sodium salt (100ng/ml) (H7640, Sigma-Aldrich) 

recombinant human fibroblast growth factor-2 (10ng/ml) (rh-FGF-2: 3718FB, R&D, 

MN, USA) laminin-E8 (0.5μg/cm2) (Nippi, iMatrix, 

Tokyo, Japan) 35mm dish (BD Falcon) CO2

 (Astec, APM-30D, Fukuoka, Japan ) 37 5 CO2/95%

 ( 6)  

 

2-2  

RNA 8

Clone.151 2

Klf4, Oct3/4, Sox2, c-myc 4

SeVdp (KOSM302L)  

( ) (Yoshida et 

al., 1982 ; Nishimura et al., 2011) 3 5

10

RNA mRNA

Poly-A Cap  

 

3. NF1 iPSC (NF1-iPSC)  

3-1 NF1-iPSC  

1) NF1-PBMC  
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 (

-58 72 ) NF1 Ficoll-Hypaque

 (histopaque 1077 1077-1: Sigma-Aldrich) 

2-1-1) IL-2 RD6F 100mm dish (BD Falcon) 

PBMC CO2 37 5 CO2/ 95%

 

 

2)  

IL-2 RD6F PBMC 6 4  (Klf4, Oct3/4, 

Sox2, c-Myc) SeVdp (KOSM302L) MOI=6

32 2 human recombinant laminin-E8 

(0.5μg/cm2) (iMatrix, Nippi) 6 well plate (BD Falcon) 1.0 105 cells /ml

hESF9 2

PBMC IL-2 RD6F 6 SeVdp 

(KOSM302L) iPSC (WT-iPSC)  ( 7)  

 

3) NF1-iPSC  

14 pick up 4 

well dish (Thermo Fisher Scientific, Inc.) passage 1

iPSC pick up

laminin-E8 dish hESF9 rh-activin A (R&D System, MN, USA) 

(10ng/ml) hESF9  

 

 



- 8 - 
 

3-2 NF1-iPSC  

1)  

ALP  

dish /  (4.5mM

2.25mM 3mM 65 3

)  (

Nichirei, Tokyo, Japan)

15 ALP

6 well dish well 105 PBMC ALP

 

 

 NF1-iPSC  

NF1-iPSC 4 paraformaldehyde (PFA) 

Oct3/4 , Nanog, SSEA-3  ( 3) 4  12

1% /PBS (Phosphate buffered saline) 5

3 2 Alexa Flour 488 IgG  (1/300

: Invitrogen , Massachusetts, US) Alexa Flour 488

IgG  (1/300 : Invitrogen ) 30 1%

/PBS 10 3 4’, 6-diamidino- 2-phenylindole (DAPI) 

0.5%  

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

 

 

 



- 9 - 
 

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

 

1) RNA  

NF1-iPSC total RNA TRIZOL  (Thermo Fisher Scientific, MA , 

USA) 

TRIZOL 1ml  (Wako, Osaka, Japan) 0.2ml

2-3 12,000 g 5

0.5ml  (Wako) 10 12,000

g 15 75  (Wako) 1ml

4 7,500 g 5 Nuclease-free water

40μl RNA Nano Drop (Nano Drop Technologies, Inc., USA) 

 

 

2) RT-PCR  

1) total RNA (1μg) SuperScript VILO Master 

Mix (Invitrogen ) cDNA OnePCR (GeneDirex, Inc., 

USA) Oct3/4, Sox2, Nanog, Rex1 GAPDH  (Glyceraldehyde 

3-phosphate dehydrogenase)  ( 4) NF1-PBMC

cDNA NF1-iPSC cDNA 98  10 59  30

72  90 1 32 PCR

PCR 1.5 SYBR Safe
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3)  

  

NF1-iPSC

96 well  (SUMILON Prime surface U Plate : 

, Japan) 1.0 105 cells/well/ 100 l hESF6

NF1-iPSC 3 0.1 gelatin 35mm 

dish (BD Falcon) 5 /dish 21

2 3  

 

  

21 NF1-iPSC

 ( 3) β tubulin 

(Milipore) smooth muscle actin (α-SMA) (Dako Cytomation, 

CA, USA) α-fetoprotein AFP (R&D)  

4 PFA 5% 4  12

1 /PBS 5 3 2 Alexa

Flour 488 IgG  (Invitrogen) 30

1 /PBS 5 3 DAPI 0.5

 (Carl Zeiss, Hannover, 

Germany)  

 

 teratoma ( )  

[1] NF1-iPSC  

NF1-iPSC  (CB17/Icr-PrkdNF1cid/CriCrlj
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Yokohama Japan) teratoma

NF1-iPSC 1.0 106 cells type  collagen (0.3mg/ml) PBS 100μl

 

[2] H-E PAS/Alcian blue  

NF1-iPSC teratoma 4%PFA 4

5μm H-E

Alcialn-Blue  (Nikon Eclipse E800 Nikon  Tokyo

Japan) H-E

 (Wako)  ( Tokyo, 

Japan) PAS/Alcian blue

3%  (Wako) Alcian blue (Wako) 0.5%

 (Wako)  (Wako) 

 

[3] STR  

NF1-iPSC STR NF1-PBMC

DNA NF1-iPSC DNA QIAamp DNA Mini kit (QIAGEN, Hilden, 

Germany) Powerplex 16 System (Promega, WI, USA) 

ABI PRISM 3100-Avant Genetic Analyzer (Applied Biosystems , Thermos Scientific, 

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

DNA Nano Drop (Nano Drop Technologies, Inc.)  
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1. NF1-iPSC  

 

NF1  (PBMC) RD6F IL-2

4  (Klf4, Oct3/4, Sox2, c-Myc) 

SeVdp (KOSM302L) 14 ES

iPSC pick up  

laminin-E8 dish hESF9  

ALP 105 ALP

 ( 8A) WT-iPSC 0.05

NF1-iPSC NF1-1 0.124 , NF1-2 0.088%

WT-iPSC  ( 8B)  

NF1-iPSC WT-iPSC

 

 

2 NF1-iPSC  

1)  

hESF9 activin A hESF9A

NF1-iPSC Oct3/4, Nanog, 

SSEA3 NF1-iPSC

 ( 9)  
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 (Oct3/4, Nanog, Sox2, Rex1) RT-PCR

PBMC

NF1-iPSC Oct3/4, Nanog, Sox2, Rex1

 ( 10)  

 

2) NF1-iPSC  

   (in vitro) 

hESF9A NF1-iPSC

β tubulin αSMA

α-fetoprotain AFP

NF1-iPSC in vitro  

( 11)  

 

  Teratoma  (in vivo) 

NF1-iPSC (NF1-1-iPSC, NF1-2-iPSC)

H-E PAS/Alcian blue

teratoma

NF1-iPSC  in vivo  

( 12)  
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  STR  

NF1-1-iPSC NF1-2-iPSC

NF1-iPSC NF1-PBMC DNA STR 16

locus NF1-iPSC NF1-PBMC

 ( 13 14)  
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Neurofibromatosis type I (NF1)

 

 

  

 

1.   

1-1 DNA  

72

QIA Blood mini kit (QIAGEN ) 

DNA DNA Nano Drop 

(Nano Drop Technologies), , Qubit dsDNA HS Assay Kits (Thermo Fisher 

Scientific)  

 

1-2. MiSeq   

1-1 DNA NGS  (MiSeq, 

illumina, CA, USA) 

 

 

1) Tagmented DNA  

DNA 50ng Tagment buffer (illumina) 25μl

Tagment Enzyme 1 (illumina) 5μl (BI-536 

ASTEC, Oosaka, Japan) 58  10 Stop tagment 

buffer (illumina) 15μl  
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2) Tagmented DNA  

 (illumina) 65μl Magnetic stand (Thermo Fisher 

Scientific, USA) 2 80 200μl 

Magnetic stand (Thermo Fisher Scientific) 2

Resuspension Buffer (illumina) 22.5μl Magnetic stand

20μl 1st PCR  

 

3) 1st PCR  

2) , Index Primer (illumina) 5μl Library Amplification  

Buffer (illumina) 20μl Thermal Cycler (PTC- DNA Engine Dyad, Bio-Rad, 

California, USA) 98  30 60  30 72  30 1

10 PCR  

 

4) PCR  

3) PCR  (illumina) 90μl Magnetic 

stand (Thermo Fisher Scientific) 2 80

200μl Magnetic stand (Thermo Fisher Scientific) 

2 Resuspension Buffer (illumina) 27.5μl

Magnetic stand (Thermo Fisher Scientific) 25μl

 

Qubit® Protein Assay Kit (Themo Fisher Scientific)

Agilent Technologies 2200 TapeStation (Agilent Technologies, Hachioji, 

Japan)  
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5) 1st Hybridization 

3) Resuspension Buffer (illumina) Enrichment 

Hybridization buffer (illumina) 50μl Trusight One Oligos (illumina) 10μl

Themal Cycler (PTC- DNA Engine Dyad, Bio-Rad) HRC 

HYB Program 95  10 93  1 91  1 89  1  60  1

58 95 60  2  

6) 1st Capture 

5) Streptavidin-magnetic beads (illumina) 250μl

Magnetic stand (Thermo Fisher Scientific) 

Enrichment Wash Solution (illumina) 200μl 50  30

Magnetic stand (Thermo Fisher Scientific) 

Enrichment Wash Solution (illumina) 200μl 50  30

Magnetic stand (Thermo Fisher Scientific) 

Enrichment Elution Buffer1 (illumina) 28.5μl 2N NaOH 1.5μl

Magnetic stand (Thermo Fisher Scientific) Elute Target Buffer

 

 

7) 2nd Hybridization  

3) Resuspension buffer (illumina) 15μl Enrichment hybridization 

Buffer (illuminea) 50μl Trusight One Oligos (illumina) 10μl Themal 

Cycler (PTC- DNA Engine Dyad) NRC HYB program
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8) 2nd Capture 

7) 6)  

 

9) Capture Clean up 

8) 80 200μl

2 Resuspension Buffer (illumina) 27.5μl Magnetic stand 

(Thermo Fisher Scientific) 2nd PCR  

 

10)  2nd PCR 

25μl PCR  (illumina) 5μl Thermal 

Cycler (PTC- DNA Engine Dyad) 98  10 60  30 72  30

10 72  5 PCR  

 

11)  2nd PCR Clean up 

10) 90μl Magnetic stand (Thermo 

Fisher Scientific) 80 200μl 2

Resuspension Buffer (illumina) Magnetic stand (Thermo Fisher 

Scientific) 

Qubit® Protein Assay Kit (Thermo Fisher Scientific) Agilent Technologies 

2200 TapeStation (Agilent Technologies, CA, USA)  

 

12)  Sequencing on MiSeq 

Resuspension Buffer  (illumina) 1.25nM 

10μl 0.1N NaOH 10μl 5 980μl
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HT1 Buffer (illumina) DNA 600μl MiSeq Reagent kit 

V3 Variant Studio  

(illumina) 4813 exon

 

 

1-3. CEQer CNA (Copy number alterations)  

NGS CEQer CNA

illumina TrusightOne

 

 

1-4. Droplet Digital PCR (ddPCR)  

NF1-PBMC WT-PBMC  NF1-iPSC WT-iPSC 17

NF1 Droplet Digital PCR (ddPCR

CEQer

CNA ATP ATAD5( ATPase 

Family, AAA Domain Containing 5)  ( 15)  

ddPCR DNA (20pmol) ddPCR  supermix for Probes 

(Bio-Rad) Universal Probe Library (UPL) Probe (Roche Diagnostics, Basel, 

Switzerland) (5pmol) primer Droplet 

Generator (Bio-Rad)  

C1000 Touch™ Thermal Cycler 

(Bio-Rad) PCR PCR 94 30 54 90 1

40 QX100 droplet droplet

droplet DNA
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Universal Probe Library Human 

Gene Assay (Roche) 5  

ATAD5 DNA ATAD5 DNA NF1

DNA  

 

1-5. NF1-2  

NF1-2-PBMC NF1-2-iPSC total RNA illustra 

RNA spin Mini isolation kit (GE Healthcare, UK) 

 - iPSC

11,000 g 1 flow-through

70

DNase  wash buffer RNase-free water

RNA  (WT) -iPSC

RNA Total RNA Nano Drop (Nano Drop Technologies, 

Inc.) total RNA (1μg) Super Script® VILO Master Mix 

(Invitrogen ) Thermal Cycler (PTC- DNA Engine Dyad) 

cDNA  

NF1-2 NGS NF1

NF1-2-PBMC NF1-2-iPSC DNA

cDNA 98  10 60  30 68  30 1

35 PCR 5  

PCR CEQ800  genetic analyze system (Beckman Coulter, 

CA, US)  
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. NGS  

DNA NGS NF1-1 NF1-2

NF1 1  

NF1-1 exon18 2034 G A

(c.2034 G>A) 678 proline

proline silent mutation  (CCG CCA) NF1-1

 

NF1-2 exon40

(NCBI:SNP:rs137854552C>T) 5902 C T 

(c.5902C>T) 1968  arginine stop codon

nonsense mutation  (CGA TGA)   

NF1 17 TP53 

(17q13.1) BRCA1 (17q21.31) ERBB2 (HER2) (17q12.2) TOP2A (17q21.2) STAT3 

(17q21.2) NF1-1 NF1-2

 

 

2. CEQer CNA  

NF1-1 NGS

NF1-1 CEQer CNA 17

NF1 CNA 60

 ( 16)  

17 TP53 (17q13.1)
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BRCA1 (17q21.31) ERBB2 (HER2) (17q12.2) TOP2A (17q21.2) STAT3 (17q21.2)

CNA  

SLC52A1 (17p13.2), SLC2A4  (17p13.1), 

PIK3R5 (17p13.1), GRN (17q21.31), GHI (17q23.3), PFAS (17p13.1), MYH13 

(17p13.1), LLGL1 (17p11.2), SLC47 (17p11.2) , ACLY  (17q21.2), GIT1 (17q11.2)

11 CNA  

 

3. Droplet Digital PCR (ddPCR)  

CEQer CNA NF1-1 NF1

ddPCR PBMC DNA NF1

ATAD5 NF1-1  

NF1-2 NF1-1 NF1

ATAD5 NF1

NF1-1 NF1-1-iPSC WT-iPSC DNA

 ( 17)  

 

4. NF1-2 NF1  

NF1-2-PBMC NGS NF1 exon 40

NGS

 ( 18A C)  (c.5902C>T) 1968

arginine CCG CCA stop codon

NF1 C  (1968 2801) 

 ( 19) mRNA

 ( 18B D)
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NF1-2-iPSC DNA cDNA  
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NF1-iPSC NF1 mRNA NF1

 

 

 

 

. NF1-iPSC NF1 mRNA  

1) RNA cDNA  

NF1-iPSC illustra RNA spin Mini isolation kit (GE Healthcare, UK) 

total RNA  -

iPSC 11,000 g

1 flow-through 70

DNase  wash buffer 

RNase-free water RNA  (WT) -iPSC

RNA Total RNA Nano 

Drop (Nano Drop Technologies, Inc.) total RNA (1μg) 

Super Script® VILO Master Mix (Invitrogen ) Thermal Cycler (PTC- 

DNA Engine Dyad Japan) cDNA  

 

2) Droplet Digital PCR (ddPCR ) NF1-iPSC

NF1mRNA  

NF1-iPSC WT-iPSC NF1m RNA ddPCR

 

ddPCR  cDNA (20pmol) ddPCR  supermix for Probes 

(Bio-Rad) Universal Probe Library (UPL) Probe (Roche) (5pmol) primer 
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Droplet Generator (Bio-Lad) 

 

C1000 Touch  Thermal Cycler (Bio-Rad) PCR

PCR 94  30 54  90 40

QX100 droplet droplet droplet

mRNA

Universal Probe Library Human Gene Assay (Roche) 

5  

GAPDH mRNA GAPDH mRNA NF1mRNA

mRNA  

 

2. NF1-iPSC NF1 mRNA  

1)  

NF1-iPSC WT-iPSC

96 well  (SUMILON) NF1-iPSC

WT-iPSC 1.0×105  /well/ 100 l hESF6

3 0.1 gelatin 35mm dish (BD Falcon)

5 /dish 2 3 21

 

2) NF1-iPSC  NF1 mRNA ddPCR  

21 NF1-iPSC WT-iPSC RNA

ddPCR NF1 mRNA 2-1) 

GAPDH  
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3. NF1-iPSC NF  

1)  

2-1)  

2)  

21 NF1-iPSC 1 TBS buffer protease 

inhibitor cocktail p8340 (Sigma-Aldrich) phosphatase inhibitor 

(Sigma-Aldrich) 1:100 RIPA buffer (20mM Tris-HCl 150mM NaCl

1mM EDTA 1 TritonX-100,  pH7.4)  (UD-100 

TOMY SEIKO, Tokyo, Japan) 13,000 g  10

WT-iPSC

Pierce BCA Protein Assay kit (Thermo Fisher Scientific) 

 

3) NF1-iPSC NF Western blot  

2-1) 25μg

load 200V 40 6%SDS-PAGE

PVDF  (Bio-Rad)  ( Electrotranfer

) 5  ( , Gunma, Japan) 30

TBS-T wash buffer (0.1% Tween20) 

NF1 -actin 1

TBS-T wash buffer 3 TBS-T wash buffer HRP

IgG  (57.5ng/ml) (GTX221666-01 GeneTex) HRP

IgG  (0.2μg/m) (GTX221667-01 GeneTex) 30

TBS-T wash buffer 5 3  ECL  

(Bio-Rad) ChemiDoc Imaging System 



- 27 - 
 

(Bio-Rad)  
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1. NF1-iPSC NF1 mRNA  

WT-iPSC NF1-iPSC NF1 ddPCR

WT-iPSC NF1-iPSC NF1

 ( 20A)  

 

2. NF1-iPSC NF1 mRNA

 

WT-iPSC NF1-iPSC NF1 ddPCR

NF1-1-iPSC NF1 WT-iPSC 

1/2 NF1-2-iPSC NF1 WT-iPSC 

 ( 20B)  

 

3. NF1-iPSC NF  

Western blot NF1-iPSC NF WT-iPSC

 ( 21)  
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NF1-iPSC

  

 

1  

 

1. iPSC  

NF1-iPSC

96 well plate (Prime surface) well 1.0 105 cells/100 l

hESF6F Wnt3a (10ng/ml) FGF2 (10ng/ml) SB431542 (10μM)   Noggin 

(200ng/ml)  (R&D) 7 Recombinant 

human laminin-521 (10ng/ml) (Corning R  ) dish hESF6F  

Wnt3a (10ng/ml)  FGF2  (10ng/ml) SB431542 (10μM) 14

 ( 22)  

 

2.  NF1-iPSC

 

10 21 NF1-iPSC

tubulin (Milipore) Nestin (Santa Cruz Biotechnology, California, USA) S100 

(abcam) Pax6 (abcam, Cambridge, UK) NF1 (abcam)  

4 PFA 5% 4  12

1 /PBS 5 3 2 Alexa

Flour®488 IgG  (Invitrogen) 30
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1 /PBS 5 3 DAPI 0.5

 (Carl Zeiss)

 

 

3. Western blot NF1-iPSC Ras/MAP  

NF1 NF1 Ras/MAP RasGAP

Ras/MAP

 

FGF2 hESF-5F 3 FGF2

0 15 30 60 total ERK ERK

ERK  

2-1) ERK  (Cell Signaling 

Technology, Massachusetts, USA)  (Cell Signaling Technology) ERK

50μg load 10%SDS-PAGE 200V

40 PVDF (Bio-Rad) 

Electrotranfer 5

 ( ) 30 TBS-T wash 

buffer (0.1% Tween20) tERK

ERK (pERK) 1 TBS-T wash buffer 

3 TBS-T wash buffer HRP IgG  

(57.5ng/ml) (GTX221666-01 GeneTex) HRP IgG  (0.2μg/m) 

(GTX221667-01 GeneTex) 30

TBS-T wash buffer 5 3  ECL  (Bio-Rad) 

ChemiDoc Imaging System (Bio-Rad) 
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 1. WT NF1-iPSC  

WT NF1-iPSC

 ( 23) WT

NF1-iPSC  

 

2. WT NF1-iPSC

 

10 WT NF1-iPSC NF1 S100

NF1 WT NF1-iPSC

S100 WT-iPSC

NF1-1 NF1-2-iPSC  ( 24)  

21

Nestin Pax6  ( 25)

21 NF1 S100 10

NF1-iPSC S100 21 WT NF1-iPSC

S100 NF1  (

26)  

 

3. WT NF1-iPSC Ras/MAP  

WT-iPSC ERK NF1-1

NF1-2-iPSC 1  ( 27)  
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NF1-iPSC  

 

1  

 

1. WT NF1-iPSC  

1)  (in vitro) 

WT NF1-iPSC

96 well plate ( ) 1x105 cells/100 l/well

hESF-GRO  6 factor 1

2  (Millipore) 35mm dish (BD Falcon) 5-7 /dish

4 hESF-GRO 6 factor FGF-2  heparin

out growth hESF6 FGF2 heparin

 (MSC) MSC

60mm dish 1x105 

MSCcells/ml/well hESF6 4.5

hESF-GRO 6 factor Wnt3a (10ng/ml) Activin(10ng/ml)

4.7  hESF-GRO  6 factor BMP2 

(50μg/ml) TGFβ1 (10ng/ml) GDF5 (10ng/ml) FGF2 (10ng/ml) LDL (10ng/ml)

6  

(Corning, NewYork, USA) 1.5ml 

tube 7 g 5min /day

10 SCID  ( 28)  

2) MSC  

CD73 CD90 CD105



- 34 - 
 

MSC

Trypsin/EDTA (BD DifcoTM/Dojin, Tokyo, Japan) Trypsin inhibitor 

(Sigma-Aldrich) Running buffer (PBS (-), 0.5% BSA, EDTA 

2mM)   40 μm CD73

 (BD Bioscience, New Jersey, USA) CD90  (BD Bioscience) CD105

 (e BioScience, CA, USA) 1:100 1

SH800  (SONY , Japan)

CD73 CD90 CD105  

 

2.   

1) WT NF1-iPSC  

6  1 -1-1) SCID

 

2)  PAS/Alcian blue SafraninO  

SCID 4 EDTA 1

PAS/Alcian blue SafraninO

Alcian-Blue 3%  (Wako) 

Alcian blue (Wako) 0.5%  (Wako)  (Wako) 

SafraninO Weigert’s Iron Hematoxylin Working Solution 

(1%Hematoxylin) 10 0.05% Fast Green ( , 

Tokyo, Japan) 5 1%  (Wako) 0.1%SafraninO

 (Wako)  

3)  STR  
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SCID NF1-1, NF1-2-iPSC

NF1-iPSC DNA NF1-iPSC

DNA 3-2 -3) STR

DNA Nano Drop (Nano Drop Technologies, Inc.)  
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 1. iPSC MSC

 

WT NF1-iPSC MSC 80%

CD73 CD90 CD105

WT NF1-iPSC MSC

 ( 29A) PAS/Alcian blue

 ( 29B)  

 

2.  

1) NF1-iPSC

 

WT-iPSC  ( ) 4.8mm 6.3mm

NF1-1-iPSC 2.5mm 4.8mm  NF1-2-iPSC

1.8mm 2.5mm  ( 29C)  

2)  PAS/Alcian blue SafraninO  

SCID PAS/Alcian blue

SafraninO NF1-1-iPSC 

WT-iPSC 

NF1-2-iPSC SafraninO

 ( 30)  

3)  STR  

NF1-iPSC DNA NF1-iPSC DNA STR
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16 locus SCID

NF1-iPSC  ( 13 14)  
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 (CCD) 

 (NS) iPSC (CCD-iPSC, NS-iPSC) Cowden

 (CS) iPSC (CS-iPSC) iPSC

CCD-iPSC, NS-iPSC

teratoma

CS-iPSC Pten

Cowden

Pten Pten

 

Neurofibromatosis type I (NF1) (von Recklinghausen's disease, 

) 2

iPSC (NF1-iPSC) NGS ddPCR

 

NF1

NF1-1

NF1-2

 

NGS

DNA
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 (Severin et al., 2014) NGS

 (Francesco et 

al., 2013)  

NF1-1 NGS

NF1-1 CEQer CNA 17

NF1 CNA 60

17 TP53 

(17q13.1) BRCA1 (17q21.31) ERBB2 (HER2) (17q12.2) TOP2A (17q21.2) STAT3 

(17q21.2) CNA  

NF1- NF1

PBMC iPSC

iPSC  

NF1 2  (NF1-1, NF1-2)

NGS NF1-1

CEQer CNA (Copy number alterations)

NF1-1 17 NF1 CNA

60 NF1-1 NF1

ddPCR WT NF1-1

NF1

CNA NF1-1

NF1 mRNA NF

NF1-1 17 NF1
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NF1 haploinsufficiency ( )

 

NF1-2 NGS NF1 exon 40

NGS

mRNA

NF 1968

stop codon 150kDa

NF1 N-

C-

NF

 

ddPCR NF1-2 NF1 mRNA

NF1-2 NF1

mRNA mRNA NF1 mRNA 

NF1-2 NF

NF1-2 NF1 haploinsufficiency (

)  

NGS NF1 17 TP53 

(17q13.1) BRCA1 (17q21.31) ERBB2 (HER2) (17q12.2) TOP2A (17q21.2) STAT3 

(17q21.2) NF1-1 NF1-2

NF1-1

CNA

SLC52A1 (17p13.2), SLC2A4 (17p13.1), PIK3R5 (17p13.1), GRN 
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(17q21.31), GHI (17q23.3), PFAS (17p13.1), MYH13 (17p13.1), LLGL1 (17p11.2), 

SLC47 (17p11.2), ACLY  (17q21.2), GIT1 (17q11.2) 11 CNA

NF1  

NF1-2 150kDa NF Western blot

NF NF

 (Leondaritis et al., 2009) NF

NF

 (Xeni et al., 2016) NF1-2

 

2 NF1 2

NF1-2

NF NF1-1 17

NF1

NF1-2 NF1-1

NF1-1 NF1-2

 

NF1 NF1 NF

 

NF1
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NF1 iPSC

 

S100

WT-iPSC NF1-iPSC 

NF1-iPSC WT-iPSC  

S100B

NF1-1 NF1-2 S100

iPSC NF1

 

NF1-iPSC MSC MSC in vitro

in vivo WT NF1-iPSC MSC

MSC CD73 CD90 CD105 80

iPSC MSC

NF1-1 15 NF1-2 24

NF1

 

NF1-1-iPSC WT-iPSC
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NF1-2-iPS SafraninO

NF1-1

NF1-2

NF1-1

NF1-iPSC

NF1

NF1

 

iPSC

 

 

(Rietman et al., 2017)

 (Rhodes et al., 2015)

 

Larribere NF1 iPSC

Larribere et al., 2015)

NF1-iPSC  

NF1 Ras/MAP

iPSC Ras/MAP

NF1-iPSC
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NF1-iPSC

 

NF1 iPSC TALEN (Christian et al., 2010) 

CRISPR/Cas9 (Cong et al., 2013) NF1-iPSC NF1

NF1-iPSC NF1

 

 

2 NF1

NF1 -iPSC NF1-iPSC

2

NF1 haploinsufficiency ( )

NF1-iPSC
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Neurofibromatosis type I ( ) NF1-iPSC  

iPSC
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1 RD6F hESF9  

 

2  hiPS hESF-GRO  

 

3  

 

4 SeVdp (NP) GAPDH primer  

 

5  ddPCR primer  

 

1 NF1 1 (NF1-1)  

A  B  

C        D  ( ) 

 

 

2  NF1-1 X CT  

A 7  (30 ) X  

B  (37 ) X  

C CT  

7  (30 ) NF1-1 X

 (37 )  
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3  NF1-1  

15 26 37

38 40  

 

4 NF1 2 (NF1-2)  

A  ( ) B  ( ) 

C X  

X  

 

5  NF1-2  

24 25 27

35 41 48

49  

 

6   

 

7  NF1-iPSC  

PBMC NF1-iPSC  

PBMC IL-2 RD6F 6 4

PBMC 1.0 105 cells MOI 6

NF1-iPSC  
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8 NF1-iPSC WT-iPSC ALP iPSC  

A:  (WT) iPSC ( ) NF1-1-iPSC ( ) NF1-2-iPSC ( ) ALP

 

B: WT-iPSC ( ) NF1-1-iPSC ( ) NF1-2-iPSC ( )

WT-iPSC NF1-iPSC  

 

9 NF1-iPSC  

NF1-iPSC Oct4,  Nanog SSEA3

 

 

10 NF1-iPSC  (SeV)

RT-PCR  

PBMC NF1-1 Nanog NF1-2 Rex1

NF1-iPSC

 

 

11  (in vitro) 

NF1-iPSC

 

tubulin -SMA

AFP in vitro 2
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12 teratoma  (in vivo) 

NF1-iPSC  tetatoma  (in vivo) 

NF1-iPSC SCID teratoma ( ) 

2

teratoma  

 

13  NF1-1 STR (short tandem repeat)  

NF1-1-iPSC, teratoma PBMC

16 Locus NF1-1-PBMC

 

 

14  NF1-2 STR (short tandem repeat)  

NF1-2-iPSC teratoma PBMC

16 locus NF1-2-PBMC

 

 

15  ATAD5 (ATPase Family, AAA Domain Containing 5) 17

locus 

 

16  NF1-1 CNA (Copy number alterations)  

A: NF1-1

17  

B: 17

log2  
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17  ddPCR  ATAD5  NF1  

A: WT NF1-PBMC DNA 

B: WT NF1-iPSC DNA ATAD5  NF1 

ATAD5 WT NF1-1.NF1-2

NF1 NF1-1  

C: WT NF1-PBMC DNA WT NF1-iPSC DNA 

ATAD5  NF1 NF1-1  

 

18  NF1-2  NF1  

A NF1-2 DNA C WT DNA  

B NF1-2 mRNA D WT mRNA  

NF1-2 NGS NF1

NF1-2-PBMC DNA NF1-2-iPSC DNA

NGS mRNA

 

 

19  NF1-2 NF1 direct sequencing

NF  

NF1-2 NF .

NF  

 

20  NF1mRNA  

ddPCR NF1mRNA iPSC NF

iPSC NF1mRNA
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NF1-1 NF1mRNA NF1-2

 

 

21  iPSC NF  

A Western blot  

B NF  / -actin  (A WB

)  

NF NF1 2 1/2

 

 

22 iPSC  

 

23 iPSC  

WT NF1-1 NF1-2  

A: iPSC 

B: 10  

C: 21  

 

 

24  NF1 S100  (10 ) 

10  

WT NF1-1 NF1-2 10  

A: NF1   

B: S100  
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C: NF1 S100 DAPI  

NF1 WT NF1-iPSC  

S100 WT NF1-iPSC  

 

25  Nestin Pax6 (21 ) 

WT NF1-1 NF1-2 21  

A: Nestin 

B: Pax6 

C: Nestin Pax6 DAPI  

Nestin Pax6  

 

26  NF1 S100 (21 ) 

WT NF1-1 NF1-2 21  

A: NF1   

B: S100  

C: NF1 S100 DAPI  

10  ( 24) NF1-iPSC S100 21

WT NF1 S100  

 

27  iPSC Ras/MAP  

FGF2 hESF-5F 3 FGF2

0 15 30 60 ERK  

A WT, NF1-1, NF1-2 iPSC pERK, tERK Western blot 

B WT, NF1-1, NF1-2 iPSC pERK  (A WB
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) WT-iPSC

NF1-iPSC 1  

 

28 NF1-iPSC  

 

29  

A iPSC MSC 80

CD73 90 105 WT

NF1-iPSC MSC  

B MSC PAS/Alcian blue  

C  

 

30  

A,B: SCID PAS/Alcian blue  

C,D: SCID SafraninO  

NF1-1 NF1-2 SafraninO

 

 



 
 

1 RD6F hESF9  

 
 
 



 
 

2  hiPS hESF-GRO  

  



     

anti-Oct3/4  
1:200 Millipore  

anti-Nanog  
1:500 R&D  

anti-SSEA4  
1:100 Stemgent  

anti-Tra-1-81  
1:200 Stemgent  

anti-Nestin   
( ) 1:200 Millipore 

anti-MAP-2   
( ) 1:100 Millipore 

anti-α-SMA
 

( ) 1:1 Dako Cytomation 

anti-AFP   
( ) 1:100 R&D  

 

3   

  



 
 

4 SeVdp (NP) GAPDH primer

 

  



 

5 ddPCR

primer  

  



 
 

 

1 NF1 1 (NF1-1)  

A  B  

C        D  ( ) 

  

A B

C D



 
 

 

2  NF1-1 X CT  

A 7 30 X  

B 37 X  

C CT  

  

B

A

C



 

3  NF1-1  

 
  



  
 
 

4 NF1 2 (NF1-2)  

 

A  ( ) B  ( ) 

C X         

  

A

B

C



 
5  NF1-2  

  



 

6   

  



 

 

 

 

 

 

 

 

 

 
 

7 NF1-iPSC  

 
  

RD6F+IL-2 hESF9/Laminin-E8

 

(SeVdp302L)  
    

MOI=6 / PBMC : 1 105 

   
  

Ficoll-Hypaque

(PBMC)

Alkarine 
phosphatase  

 



 
 

 
 

 

8  NF1-iPSC WT-iPSC ALP iPSC

 

A ALP  B  

  

B

A

(%)



 
 

 
 

9 NF1-iPSC  

A NF1-1-iPSC Oct4 Nanog SSEA3  

B NF1-2-iPSC Oct4 Nanog SSEA3  

 
  

BA



 
 

 
 

10 NF1-iPSC

 (SeV) RT-PCR  

A NF1-1-iPSC Nanog, Oct3/4, Sox2, Rex1 SeV

  

B NF1-2-iPSC Nanog, Oct3/4, Sox2, Rex1 SeV

 

 
  

BA



 
 

 
11 in vitro  

tubulin 

-SMA 

AFP 

A NF1-1-iPSC tubulin -SMA AFP  

B NF1-2-iPSC tubulin -SMA AFP  

 
 
 
 
 
 
 
 
 
 

BA



 
 

 
 

12 teratoma (in vivo) 

NF1-iPSC  tetatoma  

 (in vivo) 

A NF1-1-iPSC teratoma SCID

H-E    

B NF1-2-iPSC teratoma SCID

H-E  

  

A B



 

13  NF1-1 STR short tandem repeat  

  



 

14  NF1-2 STR short tandem repeat   



https://onecs-live.azureedge.net/api/upx/ja-JP/html/index

 

15 ATAD5 (ATPase Family, AAA Domain Containing 5)  

17 locus 

  



  

 
 

 

16 NF1-1 CNA  (Copy number alterations  

A NF1-1    B 17  

 
 
 

B

A



 
 

 

 
 
 

 

17  ddPCR  ATAD5  NF1

 

A WT NF1-PBMC  

B WT NF1-iPSC 

C ATAD5  NF1  

A B

C

R
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e 
ex

pr
es

si
on

 
C

op
y 

nu
m

be
rs

 

C
op

y 
nu

m
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18  NF1-2  NF1  

 

A NF1-2 DNA  C WT DNA  

B NF1-2 mRNA D WT mRNA  

  

A C

B D



 

 
 

19  NF1-2 NF1 direct sequencing

NF  

  



 
 

 

20  NF1mRNA  

A: iPSC NF1mRNA  

B: iPSC NF1mRNA  

  

A B

R
el

at
iv

e 
ex

pr
es

si
on

 

NF1/GAPDH



 
                                                      NF  / -actin  

  
 
 

21  iPSC NF  

A Western blot  

B NF  / β-actin  A WB

 

 
  

A B

R
el

at
iv

e 
ex

pr
es

si
on

 



 
22 iPSC  

  



  

 

23 iPSC  

A iPSC (WT, NF1-1, NF1-2 iPSC) 

B (WT, NF1-1, NF1-2 iPSC) 10  

C (WT, NF1-1, NF1-2 iPSC) 21  

  

A

B

C



 

 
 
 

24 NF1 S100  

(10 ) 

A NF1  (WT, NF1-1, NF1-2 iPSC) 

B S100 (WT, NF1-1, NF1-2 iPSC) 

C (WT, NF1-1, NF1-2 iPSC) 

 
  

A

B

C

(Bar indicates 100μm)



 
 
 

25 Nestin Pax6

(21 ) 

A Nestin (WT, NF1-1, NF1-2 iPSC) 

B Pax6 (WT, NF1-1, NF1-2 iPSC) 

C (WT, NF1-1, NF1-2 iPSC) 

 
  

A

B

C

(Bar indicates 100μm)



 
 
 

26 NF1 S100

(21 ) 

A NF1(WT, NF1-1, NF1-2 iPSC) 

B S100(WT, NF1-1, NF1-2 iPSC) 

C (WT, NF1-1, NF1-2 iPSC) 

  

A

B

C

(Bar indicates 100μm)



 
 
 

 

27  iPSC Ras/MAP  

A WT, NF1-1, NF1-2 iPSC pERK, tERK Western blot 

B WT, NF1-1, NF1-2 iPSC pERK A

WB  

 
  

A

B



 

28 NF1-iPSC

 

  



 

 
 
 

 
 

29  

A WT, NF1-1, NF1-2 iPSC MSC  

B WT, NF1-1, NF1-2 iPSC

PAS/Alcian blue  

C  

A B

C



 

30  

A  WT, NF1-1, NF1-2-iPSC

PAS/Alcian blue  

B  WT, NF1-1, NF1-2-iPSC

PAS/Alcian blue  

C  WT, NF1-1, NF1-2-iPSC SCID

Safranin-O  

D  WT, NF1-1, NF1-2-iPSC SCID

Safranin-O  

A

B

C

D


