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 (Induced pluripotent stem cells iPS cells)

4 (Oct4, Sox2, c-Myc Klf4)

iPS cells

iPS (embryonic stem cells ES cells)

(Leukemia inhibitory factor LIF)

LIF

ES iPS cells LIF

iPS cells (Angelica 

sinensis) n-Butylidenephthalide (BP) 10�g/ml Oct4

Sox2 BP (20�g/ml 40�g/ml)

3-[4,5-dimethylthiahiazo-2-y1]-2,4-diphenytetrazolium 

bromide (MTT assay)

80�g/ml BP BP (

LIF) BP ES iPS cells

(stem cell markers) (alkaline phosphatase)

SSEA1 Nanog BP LIF

embryoid body BP ES cells

BP ES iPS cells microarray 
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analysis BP BP

PPAR, ECM Jak-Stat pathway BP

phospholation-Jak2 phospholation-Stat3

Jak2-Stat3 pathway (Cytokines)

pou5f1-GFP MEF cells BP iPS cells

BP GFP positive clones

BP Jak2-Stat3 

pathway iPS cells BP iPS cells
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Abstract

The first induced pluripotent stem (iPS) cells were generated in 2006 from 

somatic cells by introducing Oct4, Sox2, c-Myc and Klf4. The original process 

was inefficient, and maintaining the pluripotency of embryonic stem (ES) and 

iPS cell cultures required leukemia induced factor (LIF) as an expensive reagent. 

Our goal is to find a pure compound that not only maintains ES and iPS cell 

pluripotency, but also increases iPS cell generation efficiency. From 15 candidate 

compounds we determined that 10 �g/ml n-Butylidenephthalide (BP), an 

Angelica sinensis extract, triggers up-regulation of Oct4 and Sox2 gene 

expression levels in MEF cells. We used ES and iPS cells treated with different 

concentrations of BP to test its usefulness for maintaining stem cell pluripotency. 

Results indicate higher expression levels of several stem cell markers in 

BP-treated ES and iPS cells compared to controls that did not contain LIF 

including alkaline phosphatase, SSEA1, and Nanog. Embryoid body formation 

and differentiation results confirm that BP containing medium culture is capable 

of maintaining ES cell pluripotency. Microarray analysis data identified PPAR, 

ECM and Jak-Stat signaling as the top three deregulated pathways. We 

subsequently determined that phospholation-Jak2 and phospholation-Stat3 

protein levels increased following BP treatment, and that cytokines associated 

with the Jak2-Stat3 pathway were up-regulated. Last, we used pou5f1-GFP MEF 
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cells to test iPS generation efficiency following BP treatment. Our data 

demonstrate the ability of BP to maintain stem cell pluripotency via the 

Jak2-Stat3 pathway by inducing cytokine expression levels, at the same time 

improving iPS generation efficiency. 
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1.1

1.1.1 iPS cells

 (Embryonic stem cell ES cells)

(1-3)

(4)

(3, 5) [hematopoietic stem cells 

(HSCs)] [Mesenchymal stem cells 

(MSCs)] (6)

(7)

 

(Induced pluripotent stem cells iPS cells) 

iPS cells Oct4, Sox2, c-Myc Klf4

(3, 8) iPS ES cells
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AP genetic site iPS cells

(9)

iPS cells

iPS cells iPS cells

(10) iPS cells

iPS cells iPS cells  

1.1.2 Leukemia Inhibitory Factor (LIF) Jak2-Stat3 signaling pathway 

 

(Leukemia inhibitory factor

LIF) (11-13) LIF IL-6

(14-16) LIF LIF receptor gp130 [IL-6 (IL-6, 

IL-11, CNTF, OSM  LIF)] (17-21) Janus kinase (Jak)

signal transducer and activator of transcription (Stat)

(22-24)  

Jak (Janus Kinases) Jak1 Jak2 Jak3 TYK2 (Tyrosine 

Kinase 2)

(nonreceptor protein kinases) 120~135 KDa Jaks

(JH domains 1~7) C JH1 domain N
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JH6 domain JH7 domain (25)  

Jak Jak2 Jak2

cytokine receptor signaling IL-6

cytokines gp130 LIFR� Jak2 (26-29)

Stat3  

Stats (signal transducer and activator of transcription) Jak2

(30, 31) Stats

Stat1 Stat2 Stat3 Stat4 Stat5a Stat5b Stat6

75~95 KDa Stats SH2 

domain Linker domain DNA binding domain Coiled-coil domain

Stats C TAD(transcriptional 

activation domain) (32, 33)  

Stats Stat3 gp130 (31, 

34-37) (38)

(39, 40) LIF IL-6 M1 cells (41-43)

(44-46)  

Jak/Stat

Jak/Stat  
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1.1.3 n-Butylidenephthalide (BP) 

Angelica sinensis

 (47)

 (48)

(E)-liguistilide, (Z)-ligustilide, (Z)-n-butylidenephthalide, palmitic 

acid, beta-sitosterol ferulic acid (47) n-Butylidenephthalide ( )

( 30%)  

BP

BP p53-dependent  

-independent (49, 50)  

BP cyclo-oxygenase

(51) (52, 53) BP hydroxyl 

molecules (54)

BP BP

 

1.2

ES cells iPS cells
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LIF iPS cells

Angelica sinensis BP

Jak2/Stat3 ES cells iPS cells

BP iPS cells  
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2.1

2.1.1  (Mouse Embryoic Fibroblasts)  

Mouse Embryoic Fibroblasts (MEF) C57BL / 6 13.5

MEF 10% FBS 1% penicillin-Streptomycin (Invitrogen)

1% NEAA (Invitrogen) 1% L-glutamine DMEM (Invitrogen) 

37 5% CO2

7~8 PBS ( NaCl 8g KCl 0.2g Na2HPO4 

1.44g KH2PO4 0.24g 5N NaOH pH 7.4) 

trypsin-EDTA 37 5

trypsin  (1000rpm

5 ) 1:3~1:4

 

2.1.2 iPS mES cells 

 6 well well 1mL  0.2% Gelactin (Sigma)

37 5% CO2 30 0.2% Gelactin

well 2mL DMEM Feeder cells (1×106)

37 5% CO2 over night

DMEM stem cell  [42.5mL 1% L-glutamine
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DMEM (Invitrogen) + 7.5mL Hyclon FBS (Thermo) + 0.5mL NEAA 
(Invitrogen) + 91�l �-mercaptoethanol (Invitrogen) + 5�l leukemia inhibitory 

factor (Millipore) ] 37 5% CO2 1 stem 

cells feeder cells 37 5 % CO2

 

2.2  (MTT Assay) 

3- (4,5-dimethyl-thiazol-2-yl) -2,5-diphenyl tetrazolium bromide (Sigma)

MTT tetrazolium salt tetrazolium bromide

 (mitrchondrial succinate dehydrogenases) 

formazan Isopropaonal

well 5×103 96-well culture plate 24

N-Butylidenephthalide (BP) 

well 10�l MTT

(0.5mg/mL) 37 5% CO2 2~4

well 100�l Isopropaonal 570nm

 (DMSO) 
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2.3 RNA cDNA

 7~8 1mL TRIzol (Invitrogen)

5 TRIzol

1.5mL tube tube 0.2mL Chloroform

15 2~3   (12000g 15 4 )

1.5mL tube 0.5mL Isopropyl-alcohol

10  (12000g 10 4 ) 

1mL 75% ethanol-DEPC H2O RNA  (7500g 5 4

) RNA 0.01mL ~ 

0.02mL DEPC H2O RNA -80 RNA

260nm OD  ( OD = 1 RNA = 40 ng/�l) 2 �g

RNA RNA free water 10�l 2�l (100ng/�l) oligo 

(dT) 1�l (10mM) dNTP 65 5 spin 

down 6.5�l  [4�l 5X Buffer 1�l 0.1 M DTT 1�l RNase 

out 0.5�l SSIII (Invitrogen)] 50 30~60 75

15 spin down -80  

2.4  (Real-time Polymerase Chain Reaction) 

 real-time PCR Oct4, Sox2, c-Myc, Klf4, Jak2, Stat3, LIF, 

EGF, IL5, IL11, EPO OSM 4�l
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cDNA 96-well 6�l  [0.5�l 

6�M Forward Primer ( ) + 0.5�l 6�M Reverse Primer ( ) + 5�l SYBR 

Green PCR Master mix (Roche)] spin down  

StepOnePlus Real-Time PCR System (Applied Biosystems) 95  

10 40 95  15 60  60

cycle threshold (CT) EXCEL  

2.5  (Alkaline Phosphatase Staining) 

 iPS cells ES cells 6-well culture plate 48

N-Butylidenephthalide (BP) 

PBS

2 PBS 1mL 80% ethanol 

4 2~24 80% ethanol

Distilled Water Distilled Water

2~3 100mM Tris-HCl buffer (pH 8.2~8.5) 

5 Leukocyte Alkaline Phosphatase kit (Vector) 

20~30 Alkaline Phoshatase Substrate working solution

100mM Tris-HCl buffer (pH 8.2~8.5) 

alkaline phosphatase

alkaline phosphatase  
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2.6  (Immunofluence stain) 

 iPS cells ES cells 24-well culture plate 48

BP

PBS 4% 

paraformaldehyde 10 4% paraformaldehyde

0.1% Tween-20 / 1X PBS 3 10 0.3% 

Triton-X 100 / 1X PBS 30

0.1% Tween-20 / 1X PBS 3 5% FBS / 1X PBS

blocking 2 1:100 [Nanog 

(Novus) SSEA1 (Millipore)] over night 0.1% Tween-20 / 

1X PBS 5 1:500

1 0.1% Tween-20 / 1X PBS 10 DAPI 

UltraCruz™ Mounting Medium  

2.7 (Embryoid body (EB) formation and 

differentiation) 

 ES cells BP EB formation 

medium [DMEM (GIBCO BRL) 20% fetal bovine serum (FBS) (GIBCO 

BRL), 1mM �-mercaptoethan (GIBCO BRL), 1% L-glutamin (GIBCO BRL), 

1% insulin-transferin-selenium-Gsupplement (ITSG)(GIBCO BRL), 1% 

non-essential amino acids (NEAA) (GIBCO BRL)] Ultra Low Cluster 
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Plate (Costar) 2~3 ES cells EB  EB

differentiation medium [DMEM 20% fetal bovine serum (FBS)(GIBCO 

BRL), 1% L-glutamine (GIBCO BRL), 1% non-essential amino acids 

(NEAA)(GIBCO BRL), 1% penicillin and streptomycin (p/s)(GIBCO BRL), 

1mM �-mercaptoethanol (GIBCO BRL)] coating Gelactin

24-well well 5~6 EB 3 EB

  

2.8

1X PBS 2

1ml PBS

1.5ml  (1000rpm 10 )

500�l  (cell lysis buffer) [50mM 

Tris-HCl (pH 7.5) 1mM EDTA  0.5M NaCl 1mM beta-Mercaptoethanol

1% NP40 1% Glycerol 1% Protein Kinase inhibitor] 30 5

Vortex 4 (13,000rpm 20 )

1.5ml  

“Bio-Rad Protein Assay” BSA  (

0 0.25 0.5 0.75 1 1.25�g/�l)

10�l 1.5ml 490�l 1

Bio-Rad protein assay 96-well 
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plate 595nm

R2>0.99

Laemmli sample buffer [2% SDS 50mM 

Tris-HCl (pH 6.8) 0.2mg/mL Bromphenol Blue 0.1M DTT 10% Glycerol

7.5mL H2O] 30�l 40�g loading sample

100 10 -80

 

2.9 — SDS-PAGE

SDS-PAGE (SDS-polyacrylamide gel eletrophoresis)

sample buffer 100 3

Bio-Rad System glass plate sandwiches running gel 

(8%) 5% stacking gel 8% running gel [4mL 1.5M Tris-HCl (pH 

8.8) 0.2mL 10% SDS 4mL 40% acrylamide 0.2mL 10% ammonium persulfate 

(APS) 0.012mL TEME 10.6mL H2O ] 

running gel running gel

comb running gel  5% stacking gel 

[1.5mL 0.5M Tris-HCl (pH 6.8) 0.06mL 10% SDS 0.75mL 40% acrylamide

0.06mL 10% APS 0.006mL  TEMED 3.6mL H2O] stacking gel

comb running buffer (0.025M Tris 0.192 M 
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glycine 3.5 mM SDS) 30�l 4

stacking gel 50 running gel

110   

2.10 Western Blotting Analysis

“ECL Western Blotting Protocols”

SDS-PAGE

PVDF membrane (polyvinylidene 

difluoride membrane) 100% methanol PVDF 

membrane PVDF membrane  [25 mM Tris 192 mM 

glycine 20% (v/v) methanol pH 8.3] 2 filter paper 2 Blotting 

Pad 1 Blotting Pad filter paper

gel PVDF membrane 1 filter paper

Blotting Pad

 400mA  4 90 1X PBS/Tween-20 (PBS-T) 

PVDF membrane 1 10% ( )

PBS-T PVDF membrane

blocking 2 4  

blocking PBS-T PVDF membrane 3

10 PBS-T 1:1000 (primary antibody) 
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[phospho-Jak2 (cell signaling) Jak2 (cell signaling) phospho-Stat3 (cell 

signaling) Stat3 (BD)] 2 ( 4 )

PBS-T PVDF membrane 30

Horseradish Peroxidase (mouse 1:10000; rabbit 

1:5000) 1 PBS-T PVDF 

membrane 1 PVDF membrane ECL  

(Amershan International, England) 3 PVDF 

membrane PVDF membrane

X hyperfilm-MP (Amershan 

International, Sweden)

bands

 

2.11 DNA (DNA Microarray Analysis) 

MEF cells 10�g/ml 40�g/ml BP 24 total 

RNA  (Cy3) protocol

Agilent Mouse G3 Whole Genome Oligo 8×60K Microarray (Agilent) 

Arrays Microarray Scanner System (Agilent)

GeneSpring GX  (Agilent)  
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2.12 iPS cells

 Pou5f1-GFP (The Jackson Lab) MEF cells

iPS cells

Trypsin

MEF cells

pcDNA-Oct4  pcDNA-Sox2  pcDNA-c-Myc pcDNA-Klf4 Pou5f1-GFP 

MEF cells ( ) 20�g/ml 

BP feeder cells GFP clones

BP 20μg/ml 

BP (BP(T+P)) iPS cells (BP(T))  

2.13

 one-way ANOVA Tukey 

HSD p<0.05  
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3.1

iPS cells

MEF cells 18 24

real-time PCR Oct4 Sox2

BP

Oct4 Sox2

Oct4 Sox2 BP

BP  

3.2 BP MEF cells

 MEF cells BP  (5�g/ml 10�g/ml 20�g/ml

40�g/ml 80�g/ml 160�g/ml 320�g/ml 640�g/ml) 24 72

MTT assay BP MEF cells

BP 24 72 80�g/ml 160�g/ml 320�g/ml

640�g/ml MEF cells

5�g/ml 10�g/ml 20�g/ml 40�g/ml  

3.3 BP Oct4 Sox2 c-Myc Klf4

 BP iPS cells

MEF cells 5�g/ml 10�g/ml 20�g/ml 40�g/ml BP
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24 Oct4, Sox2, c-Myc Klf4 MEF 

cells 10�g/ml BP  Oct4 Sox2

BP (20�g/ml 40�g/ml) 

Oct4 Sox2

10�g/ml 20�g/ml 40�g/ml Oct4

Sox2 c-Myc Klf4

ES cells

BP 72 Oct4, Sox2, c-Myc Klf4

ES cells BP Oct4, Sox2, c-Myc Klf4

 

3.4 BP ES iPS cells

 BP Oct4 Sox2

BP ES iPS cells

ES iPS cells LIF ES

iPS cells BP

LIF ES iPS cells AP ES

iPS cells A B ES cells

10�g/ml 20�g/ml 40�g/ml BP AP

LIF OUT ES cells 5�g/ml BP AP
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LIF OUT C 

ES cells BP ES 

cells A B iPS cells

10�g/ml 20�g/ml 40�g/ml BP AP

LIF OUT iPS cells 5�g/ml BP AP

LIF OUT C

iPS cells BP

iPS cells  

ES cells

5�g/ml 10�g/ml 20�g/ml 40�g/ml BP LIF

Nanog SSEA-1 BP

ES cells A ES cells

10�g/ml 20�g/ml 40�g/ml BP Nanog

LIF OUT ES cells 5�g/ml BP Nanog

LIF OUT SSEA-1

B Nanog  

iPS cells Nanog-GFP (8)

Nanog-GFP A ES cells

Nanog BP 10�g/ml 20�g/ml 40�g/ml
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LIF OUT  B ES cells SSEA-1

 

 BP 10�g/ml

BP LIF ES cells

Tuj1 

�-SMA Gata4  

3.5 BP MEF cells

 BP Oct4 Sox2

ES iPS cells

BP ES iPS cells

 

 MEF cells 10�g/ml 40�g/ml BP 24

DNA Microarray BP KEGG 

pathways MEF cells BP

PPAR signaling 

pathways ECM-receptor interaction Jak-Stat signaling pathways

Jak-Stat signaling pathways stem cells

Jak-Stat signaling pathways  
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3.6 BP Jak2 Stat3 

 Jak-Stat signaling pathways Jak2 Stat3

ES cells 5�g/ml 10�g/ml

20�g/ml 40�g/ml BP 72 real time PCR Jak2

Stat3 ES cells BP BP 

10�g/ml Jak2 Stat3   

3.7 BP Jak2 Stat3 

Jak2 Stat3 BP Jak2

Stat3 ES cells

5�g/ml 10�g/ml 20�g/ml 40�g/ml BP 72 Jak2 Stat3

( A) ES cells BP 72 Jak2

phosphorylation-Jak2 LIF OUT

B ES cells BP 72 Stat3

phosphorylation-Stat3 LIF OUT

 

3.8 BP cytokine

 BP Jak2-Stat3 

signaling pathways BP cytokine Jak2-Stat3 

signaling pathways real time PCR Jak2-Stat3 signaling 
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pathways cytokine ES cells

5�g/ml 10�g/ml 20�g/ml 40�g/ml BP 72 LIF, 

EGF, IL5, IL11, EPO OSM ES cells 10�g/ml

BP 72 LIF, EGF, IL5, IL11, EPO OSM

LIF OUT  

3.9 BP iPS cells

 BP Oct4 Sox2

MEF cells Oct4, 

Sox2, c-Myc, Klf4 BP iPS cells

MEF cells Oct4-GFP

Oct4-GFP MEF cells 20�g/ml BP

Oct4-GFP BP(T+P) (seeding

BP) Oct4-GFP BP(T) (seeding

BP) BP iPS cells
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(55) ES cells

2006 Takahashi Oct4, Sox2, c-Myc

Klf4 iPS cells (8) iPS cells ES 

cells

ES  iPS cells

LIF Jak-Stat pathway (39) iPS cells

iPS cells

LIF ES iPS cells iPS cells

 

 BP

(49, 50) BP

50 �g/ml 100 �g/ml (56, 57) BP

BP

BP 40 �g/ml BP

MTT 40 �g/ml BP

( ) 40 �g/ml BP
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BP  

iPS cells 18 MEF cells

MEF cells Oct4 Sox2 (8) 18

BP Oct4 Sox2

MEF cells 10 �g/ml BP Oct4 Sox2

(10 �g/ml) (20 �g/ml 40 

�g/ml) BP

50 �g/ml (49, 50)

40 �g/ml BP

20 �g/ml 40 �g/ml 10 

�g/ml BP Oct4 Sox2 ( ) BP

Oct4 Sox2 BP iPS cells

BP iPS cells

iPS cells  

Oct4 Sox2 ES cells (58)

1. BP ES iPS cells

2. BP BP LIF
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ES cell BP Oct4, Sox2, c-Myc Klf4

( ) BP ES iPS cells

AP Nanog SSEA1 BP LIF ES

iPS cells 10 20 �g/ml ( ) Oct4

Sox2 10 �g/ml BP LIF

ES iPS cells embryoid body (EB)

(3, 8) BP LIF

ES iPS cells  

BP microarray BP

PPAR signaling pathway  ECM-receptor 

interaction Jak-Stat signaling pathway ( ) 2010 Mo et al.

PPAR� LIF Tyk2-Stat3

(59) ES cells BP PPAR�

PPAR�

Jak-Stat signaling pathway BP

phosphorylation-Jak2 phosphorylation-Stat3 ( )

LIF Jak Stat3 (39) ES 

cells LIF (31)

BP Jak2 Stat3 ES cells
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Jak-Stat signaling pathway LIF, EGF, EPO, IL5, IL11 OSM (17-21)

10 �g/ml BP

10 

�g/ml BP BP Jak-Stat signaling 

pathway Jak2 Stat3

 

BP iPS cells

iPS cells (60)

[valproic acid (VPA)] iPS cells

(10) VPA Oct4 Sox2

(10) 2010 Esteban et al. C

iPS cells (61)

iPS cells pou5f1-GFP

MEF cells Oct4, Sox2, c-Myc Klf4 MEF cells

BP BP iPS cells

BP iPS cells BP iPS cells

  

BP Jak2-Stat3 signaling pathways

Jak2 Stat3
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BP iPS cells BP

BP iPS cell
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Primer Forward Sequence (5’-3’) Reverse Sequence (5’-3’) Taqman Probe 

Sox2 AGGGCTGGACTGCGAACTG TTTGCACCCCTCCCAATTC  

c-Myc CATTCAAGCAGACGAGCA CGAGTTAGGTCAGTTTATGCAC  

Klf4 CCTTTCAGTGCCAGAAGT ACTACGTGGGATTTAAAAGTGC  

Jak2 CAATGATAAACAAGGGCAAATGAT CTTGGCAATCTTCCGTTGCT  

Stat3 CCCCGTACCTGAAGACCAAGT CCGTTATTTCCAAACTGCATCA  

EGF GAGTCTGCCTGCGGATGGT GCTGCAGGGAGGGAGACA  

EPO CCCCCACGCCTCATCTG TGCCTCCTTGGCCTCTAAGA  

IL5 TCCCTGCTACTCTCCCCAAA CAACCTTCTCTCTCCCCAAGAA  

IL11 CATGCCACACCCCAAACAA  CCCCTCACCCAGGTCTACTG  

LIF CCTACCTGCGTCTTACTCCATCA  TGTTTTCCCCAAAGGCTCAA   

OSM CGGTCCACTACAACACCAGATG GCGATGGTATCCCCAGAGAA  

-Actin GTGCGTGACATCAAAGAGAAGC TGGATGCCACAGGATTCCATAC  

Taqman-Oct4 GAGGCTACAGGGACACCTTTC  GTGCCAAAGTGGGGACCT Roche Universal Probes 6 

Taqman- -Actin CTAAGGCCAACCGTGAAAAG ACCAGAGGCATACAGGGACA Roche Universal Probes 64 
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KEGG Babelomics 

 

 
 
I: number of upregulated genes; D: number of downregulated genes. 
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LIF Jak/Stat3 signaling pathways
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real-time PCR MEF cells 18

24 Oct4 Sox2
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MTT assay BP MEF cells MEF cells

BP 24 72

*P � 0.05 versus control (DMSO  
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real-time PCR MEF cells BP 24

Oct4, Sox2, c-Myc, Klf4 *P � 0.05 versus control (DMSO
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real-time PCR ES cells BP 72

Oct4, Sox2, c-Myc, Klf4 *P � 0.05 versus control (LIF OUT). 
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(A)                                (B) 

 (C) 

(A) ES cells BP 72 alkaline 

phosphatase staining (B) � SD *P � 

0.05 versus LIF OUT. (C) ES cells BP 72 alkaline 

phosphatase staining 40  

LIF OUT LIF BP 5 

BP 40 BP 20 BP 10 
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(A)                                (B) 

  (C) 

(A) iPS cells BP 72 alkaline 

phosphatase staining (B) � SD *P � 0.05 

versus LIF OUT. (C) iPS cells BP 72 alkaline 

phosphatase staining 40  
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real-time PCR ES cells BP 72

Jak2 Stat3 *P � 0.05 versus LIF OUT. 
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 (A) 

 (B) 

(A) ES cells BP 72 western blot

Jak2 phosphorylation-Jak2 (B) ES cells

BP 72 western blot Stat3 phosphorylation-Stat3
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real-time PCR ES cells BP 72

LIF, EGF, IL5, IL11, EPO, OSM *P � 0.05 versus LIF OUT. 
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