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HS

GAG 1

HS N-

GlcNAc GlcA IdoA

2 50 100 GAG

CS DS

GAG

CS N- GalNAc GlcA

2 DS GalNAc IdoA 2

 

HS UDP- Xyl

Xyl

-I -II Gal 2

GlcA Gal GAG

4 2008

GlcNAc -I GlcNAc EXT

1 EXT2 GlcA GlcNAc HS 2

2008 EXT1 EXT2

Yamada S, et al., 2004 EXT1

Inatani M, et al., 2003

HS  

HS 2 HS 2

N- /N-

NDST GlcNAc N N

GlcNS C 5 GlcNS GlcA

IdoA HS 2-O- 2-OST-1 GlcA/IdoA

C 2 HS 6-O- 6-OSTs GlcNAc C 6

HS 3-O- 3-OSTs GlcNAc C 3

Varki A, et al. 2008 2-OST-1 C 5

Esko J D, 



 2 

et al., 2001 6-OSTs 3 6-OST-1, 

6-OST-2, 6-OST-3 Habuchi H, et al., 1995; Habuchi H, 

et al., 1998; Habuchi H, et al., 2000; Habuchi H, et al., 2003

NDST-1 Pan 

Y, et al., 2006 6-OST-1/6-OST-2

Sugaya N, et al., 2008

HS HS

 

HS  

 

HS

HS HS 6-O- Sulfs IdoA (2S) – GlcNS (6S) 
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IdoA – GlcNS (6S) 2 6- Dhoot G K, et al., 2001

Sulfs HS HS

HS

 

 

HS

David G, et al., 1992; Ledin J, et al., 2004

HS

HS

Bishop J R, et al., 2007

/ HS

Habuchi H, et 

al., 2004 FGF 23

FGF HS

Ishihara M, 1993 HS

Atha D H, et al., 1985; Atha D 

H, et al., 1987 HS HS

HS

HS

”heparanome” Turnbull J, et al., 2001; Lamanna W C, 

et al., 2007 HS HS 4

Yanagishita M, 1992

HS

DNA

/ HS

HS

 

 

HS HS

Inatani M, et al., 2003; Yamada S, et al., 

2004 Thompson S M, et al., 2010 Sugaya N, et al., 2008 Strunz C 
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M, et al., 2011 HS HS

HS

Bode L, et al., 2008 HS

HS Perreault 

N, et al., 2001; Yamamoto S, et al., 2013 HS

HS HS

HS

HS  

 

2 7

Crosnier C, et al., 2006

Reya T, et al., 

2005

Crosnier C, et al., 2006

 

Wnt

Reya T, et al., 2005 Wnt

Drosophila Wingless Wg

Int-1 Rijsewijk F, et al., 1987

Wnt Wnt

Wnt

19

van Amerongen R, et al., 2009

Wnt3a

Gregorieff A, et al., 2005 Wnt11

Ouko L, et al., 2004

Wnt2b Wnt4 Wnt5a Wnt5b

Gregorieff A, et al., 2005 Wnt
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HS Ai X, et al., 2003

HS Wnt3a Yamamoto S, 

et al., 2013 Wnt HS

 

 

Tasman-Jones 12

10%

, 

Tasman-Jones C, et al., 1982

McCullough

30%

McCullogh J S, et al., 1998

Langhout D J, et al., 

1999

Brown L, et al., 1999

 

 

Lunn J, et al., 2007

α-D- α-1, 

4- HG

65% Mohnen D, 2008 10%

-II RG-II 20-35% -I RG-I

Leclere L, et al., 2013 RG-II 1, 4- α-D-GalA

HG

Ridley B L, et al., 2001 RG-I -α-D-GalA-1, 2-α-L-Rha-1, 4-

Mohnen D, 2008 HG RG-I
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RG-II Mohnen D, 2008

hairy region smooth 

region

OCH3 7% 42.9%

HMP: high methoxy pectin 7%

LMP: low methoxy pectin

2004  

1) 2) 

3) pH

4) 

90~100%

Terpstra A H, et 

al., 1998; Tazawa K, et al., 1999; Lee J C, et al., 2004; Olano-Martin E, et al., 2002; 

Ohkami H, et al., 1995; 1990  

 

AIS AIS 50% AIS HCO3
-

DEAE-cellulose

NaHCO3 0.3 M NaHCO3 F3

2006 F3 20% hairy

2009 F3

F3  
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in vitro Caco-2

Caco-2

2009

2009; 2011

mRNA 2011

III1C FNIII1C

Caco-2 2011

Caco-2 HS

2011

Caco-2 HS

Caco-2 HS

HS

 

 

HS

HS

HS FGF-1 FGF-2 HS

Nurcombe V, et al., 1993 HS

HS

2005; 2009

HS

Caco-2 HS Caco-2

HS  
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HS

Nurcombe V, et al., 1993

L-M HS

2005; 

2009

HS L-M

Higuchi K, 1970 HS

L-M

HS HS

 

 

  

 

-   

 

1  

Mus musculus (mouse) L-M

American Type Culture Collection (ATCC)  

 

2  

180 mL BD 20 mg

10% Medium 199 Life Technologies 195 mL 10%

 5 mL L-M  

 

3 TE buffer, pH 8.0 

1 M Tris-HCl, pH 8.0 500 µL 0.5 M EDTA, pH 8.0 100 µL

50 mL  
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-  HS  

 

2-2-1.  

(1) 50 mM  

 L- 50 mM

20 4 1

 

 

(2)  

50 mM 0.01, 0.05, 0.10, 0.20 mM

 

 

(3) PBS 

KH2PO4 1 g, NaCl 40 g, Na2HPO4 12H2O 14.5 g, KCl 1 g 500 

mL 10 PBS 10 1 PBS

 

 

(4)  

1 1 4  

 

(5) 3 M  

49.2 g 200 mL

 

 

2-2-2.  

L-M 10.5 105 cell/10 mL 75 cm2

37 5% CO2 3  

 

2-2-3. GAG  

37 PBS  10 mL

37 5% CO2 3 6

10 mL  
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75cm2 10 PBS

2 Trypsin/EDTA 2 mL

30 37 10 10

1.5 mL 1 mL

PBS 0.5 mL

0.25 mL 4 1500 g 10

DNA

Showrak N W Shworak N W, et al., 1996  

 

2-2-4.  

2-2-3

1.5 mL 750 

µL

( 2000 g 10 )

200 µL

2000 g 10

 

 

2-2-5.  

GAG

GAG GAG

GAG

GAG

0.2 M 3 M 
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-20 2-

4 15000 g 60

 

 

2-2-6. CS  

GAG CS HS

ABC Proteus vulgaris, EC 4.2.2.4

N-

4-

HS GAG 

HS

CS 2-2-5 Table 1

 

 

Table 1 CS  

 

 

 

 

 

 

37 2-2-4 2-2-5

CS

 

 

 

-  HS  

 

HS GAG HPLC

HPLC DNA GAG

GAG Frazier, et al., 
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2008 GAG HS

 

4

GAG pH

GAG

Zhang Zhang, et al., 2001  

 

2-3-1.  

1 8 M  

 76.4 g 100 mL  

 

2 Dye  

Alcian Blue 8GX Fluka 1 g 18 M  20 µL 8 M

 1 mL 20 mL 50 mL

3000 rpm 1 100

600 nm 1.4  

 

3 Reagent 1 

10% TritonX-100 750 µL 18 M  20 µL 9.22 mL

 

 

4 Reagent A 

8 M Reagent 1 1 1  

 

5 Working dye 

Dye  250 µL 10% TritonX-100 125 µL 18 M  5 µL

4.62 mL  

 

2-3-2.  
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1.5 mL 10 µL ReagentA 10 µL

Working dye 100 µL 30

800 g 30

8 M 110 µL 100 µL

620 nm

0~100 µg/mL

HS  

 

-  DNA  

 

2-4-1.  

1 DNA SDS-  

150 mM NaCl 10 mM Tris-HCl(pH 8.0) 10 mM EDTA  

 

2 Proteinase K 

20 mg/mL

-20  

 

2-4-2. DNA  

2-2-3 -20 PBS 500 mL

4 5000 g 10

DNA SDS- 1 mL

10% SDS 10 µL 10 mg/mL 

A 1 µL 37 1

20 mg/mL Proteinase K 5 µL

50 PCI

30

2000 g 10

TE buffer, pH 8.0 200 µL

2000 g 10  600 

µL 3 M  60 µL 2- 660 µL

-20 1 4 16000 g 10
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70% 100 µL

4 16000 g 10

TE buffer, pH 8.0 300 µL

 4 260 nm 280 nm

OD A260 /A280 DNA DNA 1 A260 

= 50 µg/mL DNA

DNA  

 

-  HS  

 

2-5-1.  

HPLC

 

ΔDi-0S 2-acetoamido-2-deoxy-4-O-(4-deoxy-α-L-threo-hex-enopyranosyluronic 

acid)-D-glucose 

ΔDi-NS 2-deoxy-2-sulfamino-4-O-(4-deoxy-α-L-threo-hex-4-enopyranosyluronic 

acid)-D-glucose  

ΔDi-6S 2-acetoamido-2-deoxy-4-O-(4-deoxy-α-L-threo-hex-4-enopyranosyluronic 

acid)-6-O-sulfo-D-glucose 

ΔDi-diS1 2-deoxy-2-sulfamino-(4-deoxy-α-L-threo-hex-4-enopyranosyluronic 

acid)-6-O-sulfo-D-glucose  

ΔDi-diS2

2-deoxy-2-sulfamino-(4-deoxy-2-O-sulfo-α-L-threo-hex-4-enopyranosyluronic 

acid)-D-glucose 

ΔDi-triS

2-deoxy-2-sulfamino-(4-deoxy-2-O-sulfo-α-L-threo-hex-4-enopyranosyluronic 

acid)-6-O-sufo-D-glucose 

 

 

2-5-2. HS HS  

2.2-6 HS 3  [

Flavobacterium heparinum, EC 4.2.2.7 F. 

heparinum, EC 4.2.2.8 F. heparinum, no number 
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assigned ] HS

Table 2  

 

Table 2 Composition of enzyme reaction solution 

  

 

 

 

 

 

 

37 2-2-4

CC-105, TOMY 16 mM

 30 µL  

 

2-5-3. HPLC 

1.0 mL/min D 1

16 mM 1.0 mL/min D

1 538 mM 

16 mM

1.0 mL/min 538 mM 

100 µL

HS 10 µL

YMC-Pack PA-G HPLC

HS UV JASCO UV-2075 

Plus JASCO JASCO PU-2089 Plus JASCO Table 3

Chromato-PRO

Yoshida

Yoshida K, et al., 1989  
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Table 3 HPLC condition 

 

 

 

 

 

 

 

 

 

 

-  6-OSTs mRNA  

 

2-6-1.  

1 DEPC  

400 mL DEPC 400 µL

37 1

2  

 

2 70%  

99% DEPC 70%  

 

3 3M  

0.1% DEPC 2

 

 

4 1 TAE 

Tris 121 g  28.55 mL EDTA 2Na 3.715 g 500 mL

50 TAE

50 1 TAE  

 

2-6-2.  

L-M 6 1.6 105 3 mL
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37 5%CO2 3

 

 

2-6-3. RNA  

RNA

UV 30 RNase Quit

 

6

10 1 PBS 1 mL PBS

2 PBS RNAiso Plus

1 well 1.2 mL 20 1.5 mL

5

0.24 mL 4 12000 g

10 2-

10 4

12000×g 10 70% 1 mL

4 12000×g 10

RNA DEPC 43.5 µL 1.0 µL 1.5 mL

DNA

RNA  42.5 µL Table 4 37 30

 

 

Table 4 Composition of DNase reaction 

 

 

 

 

 

DEPC 350 mL PCI 400 mL 12000 g

5 400 µL 400 µl

4 12000 g 10 350 mL

3 M 35 µL 2-



 18 

385 µL -20 1 4 12000

g 10 70%

4 12000 g 10 DEPC

20 µL  

 

2-6-4. RNA  

2-6-3 RNA 1.0 µL 260 nm 280 nm

OD A260/A280 RNA  

 

2-6-5. RNA  

RNA 1.0 µL 260 nm RNA

A260 40 µg/mL RNA

 

 

2-6-6. RNA  

1.5% 0.6 g

1 TAE 40 mL

2 3

0.44 mg/mL

1  

1 TAE 1 2 mm

2-6-3 DNA RNA RNA 1.0 µL 6

Loading Buffer 1 µL

100 V 30 30

LAS-3000 UV mini Multi Gauge

 

 

2-6-7. cDNA  

1.5 mL Table 5 cDNA

Total RNA 1 µg DEPC total RNA
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4.5 µL  

 

Table 5 Reaction composition of cDNA synthesis 

 

 

 

 

 

 

42 30 99 5

-20  

 

2-6-8. RT-PCR 

RT-PCR Table 6  

 

Table 6 Sequences of primers for RT-PCR 

 

 

 

 

 

 

 

 

iCycler Bio-Rad PCR

0.2 ml THIN-WALL TUBES MJResearch  

 

2-6-9. PCR  

1 TAE

2.0% TAE

PCR 15 µL 6 Loading Dye 3 µL

18 µL Low MW DNA Ladder New 

England Biolabs 5 µL 100 V 30
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LAS-3000 UV mini Multi Gauge

 

 

2-6-10. real time RT-PCR 

PCR ABI Step One Plus Applied Biosystems

RT-PCR Fast Reaction Tube 

With Cap Applied Biosystems FAST SYBR Green Master 

Mix Applied Biosystems THUNDERBIRD qPCR Mix Toyobo

 

RT-PCR Run method Table 7

40 cycles extend

StepOne Software v2.2.2  

CT CT

CT CT (Threshold Cycle)

CT

PCR 100%

RT-PCR

CT mRNA

CT ,  

CT  CT  PCR CT  PCR 

 = 2CT CT =  

CT -  CT  CT 

 CT CT =

CT - CT (

) CT =2- CT 

CT  Threshold  0.2 

Table 7 anneal 2-6-8

6-OST-1 GAPDH anneal 62
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Table 7 Reaction condition of real-time RT-PCR 

 

 

 

 

 

 

 

 

 

 

-  6-OST-1  

 

2 7 1  

4  

 

1 Nicergoline α 1, 2 Sigma-Aldrich  

Nicergoline 4.84 mg DMSO 200 µL 0.22 µm

50 mM  

 

2 Propranolol hydrochloride β 1, 2

 

Propranolol hydrochloride 14.79 mg  1 mL 0.22 µm

50 mM  

 

3 ICI 118,551 hydrochrolide β 2 Santa Cruz 

Biotechnology  

ICI 118,551 hydrochrolide ICI 118,551 4.43 mg  1412 

µL 0.22 µm 10 mM

 

 

4 L-748,337 β 3 Tocris Bioscience  

L-748,337 3.89 mg DMSO 781.7 µL 0.22 µm
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10 mM  

 

2 7 2  

L-M 6 1.6 105 3 mL

37 5% CO2 3

2 0.20 mM

1.5  

 

2 7 3 RNA  

2 2 2-6-3  

 

2 7 4 RNA  

2 2 2-6-4  

 

2 7 5 RNA  

2 2 2-6-5  

 

2 7 6 RNA  

2 2 2-6-6  

 

2 7 7 cDNA  

2 2 2-6-7  

 

2 7 8 RT-PCR 

2 2 2-6-8  

 

2 7 9 PCR  

2 2 2-6-9  

 

2 7 10 real time RT-PCR 

2 2 2-6-10  
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-  6-OST-1  

 

2 8 1  

2  

 

1 PP2 c-Src Calbiochem  

PP2 5 mg DMSO 1655 µL 0.22 µm

10 mM  

 

2 FR180204 ERK1/2 Calbiochem  

FR180204 1 mg DMSO 305.5 µL 0.22 µm

10 mM  

 

2-8-2  

L-M 6 1.6 105 3 mL

37 5% CO2 3 PP2 FR180204

2 0.20 mM

1.5  

 

2 8 3 RNA  

2 2 2-6-3  

 

2 8 4 RNA  

2 2 2-6-4  

 

2 8 5 RNA  

2 2 2-6-5  

 

2 8 6 RNA  

2 2 2-6-6  

 

2 8 7 cDNA  

2 2 2-6-7  
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2 8 8 RT-PCR 

2 2 2-6-8  

 

2 8 9 PCR  

2 2 2-6-9  

 

2 8 10 real time RT-PCR 

2 2 2-6-10  

 

-   

 

2-9-1.  

L-M 75 cm2 10.5 105 10 mL

37 5% CO2 3  

 

2-9-2  

1  

1 M Tris-HCl (pH 7.4) 2 mL 0.5 M EDTA 0.2 mL 100 mL

 

 

2 SDS 2  

40 mM Tris-HCl (pH 6.8) 2.5 mL 10% SDS 1.0 mL

2.0 mL EDTA-2Na 2H2O 18.6 mg

1.0 mg 4.0 mL

SDS 2- sigma 19 1

 

 

2-9-3.  

10 PBS

2

 1 mL

1.5 mL 
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TAITEC UltraS Homoginizer, VP-55

5 30 5

4 800 g 10

4 20000 g 60

Chernogubova

Chernogubova E, et al., 2005  

 

2-9-4. BCA  

BCA bicinchonic acid

Cys, Cys-Cys, Trp, Tyr 2 Cu2+

1 Cu+ BCA 562 nm

Smith P K, et al., 1985; 

Wiechelman K J, et al., 1988 BCA Protein Assay Kit Thermo 

Fisher Scientific

BSA

25 µL Protein Assay 

Reagent A B 50 1 Working Reagent 200 µL 37

30 540 nm  

 

2-9-5. SDS  

SDS

5  

 

2-9-6.  

10% 4%  

 

1  

A 30%  

29.2 g N, N’-

0.8 g 100 mL
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4  

 

B 1.5 M Tris-HCl pH 8.8  

Tris (hydroxymethyl) aminomethane Tris 18.15 

g HCl pH 8.8 100 mL

4  

 

C 0.5 M Tris-HCl pH 6.8  

Tris 6.06 g HCl pH 6.8 100 mL

4  

 

D 10%  

100 mg 1 mL

 

 

10% SDS 

Sodium Dodecyl Sulfate SDS BIO-RAD 5 g 5 mL  

 

 

2-Methyl-propanol

 

 

2 2  

10

A 4.0 mL B 3.0 mL 10% SDS 0.12 mL 4.9 mL

50 mL 15 D 60 µL

TEMED 6 µL

100 µL

1  

 

3 2  



 27 

A 0.4 mL C 1.0 mL 10% SDS 0.04 mL 2.6 mL 50 mL

15 D 20 µL

TEMED 4 µL

 

 

2-9-7.  

1  

 

BIO-RAD 14.4 g Tris 3 g SDS BIO-RAD 1 g 1 L

 

 

2  

3 BIO-RAD

SDS

Precision Plus Protein Standards (BIO-RAD)

20 mA

 

 

2-9-8.  

1  

 

Sigma 14.4 g Tris 3.6 g 40 mL

800 mL 4

10%  

 

20% Tween 20 

Tween 20 (BIO-RAD) 20 g 100 mL  

 

TBST ( 10) 

Tris 6.057 g NaCl 45 g HCl pH 7.4

20% Tween 20 25 mL 500 mL
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4  

 

1  BSA/TBST  

BSA (Roche) 0.3 g TBST 30 mL Pore Size 0.22 

μm  

 

0.2  BSA/TBST  

BSA (Roche) 0.02 g TBST 10 mL Pore Size 0.22 

µm  

 

CBB  

CBB 0.5 g 225 mL 50 mL 500 mL  

 

CBB  

225 mL 35 mL 500 mL  

 

2  

BIO-RAD  

PVDF MILLIPORE

10

2 2 1

10  

10

 

PVDF

200 mA

1  
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CBB 10

CBB  

 

3  

SNAP id (MILLIPORE)

SNAP i.d 

PVDF

SNAP 

i.d. 30 mL

300 3 M20, Santa 

Cruz Biotechnology 1 mL 15

ON 1 TBST 30 mL 3

OFF 2000

HRP-conjugated rabbit anti-goat IgG heavy and light chain secondary antibody

Bethyl Laboratories 1 mL 15

ON TBST 30 mL 3

 

PVDF

PVDF

ImmobilonTM Western Chemiluminescent HRP 

Substrate Merck Millipore

LAS-3000 UV mini Multi Gauge

Photoshop  
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-  Phostag  

 

2-10-1.  

L-M 6 well 1.6 105 3 mL

37 5% CO2 3 0.20 mM

0 5, 10, 20, 30, 40, 60  

 

2-10-2.  

 

1  

2 2 2-9-3  

 

2 BCA  

2 2 2-9-4  

 

3 SDS  

2 2 2-9-5  

 

2-10-3. Phostag  

Kinoshita Phostag

Kinoshita E, et al., 2011

12 4%  

 

1  

A 30%  

2 2 2-9-6 (1)  

 

D 10%  

2 2 2-9-6 (1)  

 

2 M Bis Tris-HCl (pH 6.8) 

Bis Tris 41.85 g HCl pH 6.8

100 mL  
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10 mM Zn(NO3)2 

Zn(NO3)2 148.74 mg 50 mL  

 

5.0 mM Phostag 

Phostag 2.0 mg 20 µL

640 µL 4  

 

 

2 2 2-9-6 (1)  

 

 

2 1  

10

A 2.4 mL 2M Bis Tris-HCl (pH 6.8) 1.07 mL 2.45 mL

50 mL 15 5.0 mM 

Phostag 24 µL 10 mM Zn(NO3)2 24 µL D 30 µL

TEMED 3 µL

100 µL

1  

 

3 1  

A 0.33 mL 2 M Bis Tris-HCl (pH 6.8) 0.45 mL 1.71 mL 50 mL

15 D 12.5 µL

TEMED 2.5 µL

Phostag Phostag
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2-10-4.  

1  

 

Tris 6.06 g, SDS 0.5 g, MOPS 10.46 g, Na 0.26 g

500 mL  

 

2  

2 2 2-9-7 2-9-7

SDS

 

 

2-10-5.  

1  

Zn  

3.6 g Tris 0.76 g 500 mM EDTA 4 mL

10 mL 200 mL  

 

2 2 2-9-8  

 

2  

Zn 10

3 2 2 2-9-8 (2)

 

 

3  

2 2 2-9-8 (3) ERK1/2

137F5 Cell Signaling Technology ECL peroxidase-labelled 

anti-rabbit IgG secondary antibody GE Healthcare 300

3000  

 

-  ERK1/2 HS  

 

2-11-1.  
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FR180204 ERK1/2 Calbiochem  

 

2-11-2.  

L-M 75cm2 10.5 105 10 mL

37 5% CO2 3 20 µM FR180204

2 0.20 mM

3  

 

2-11-3. HS  

2 2 2-2  

 

2-11-4. HS  

2 2 2-5  

 

-  HS NGF  

 

Surface Plasmon Resonance (SPR) 

 BIAcore J (GEHealthcare) BIAcore 

 

 

BIAcore  25  HBS-EP 

buffer (GE Healthcare)

 10  1 M 

NaCl/HBS-EP buffer, 2 M NaCl/HBS-EP buffer  1  

 1 

Resonance Unit (RU)

 BIAevaluation GE Healthcare)  

 

2-12-1.  

L-M 75cm2 10.5 105 10 mL

37 5% CO2 3 0.20 mM

6  
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2-12-2. HS  

2 2 2-2

HS aHS

HS cHS  

 

2-12-3. HS NGF  

2009 NGF

NGF sc-549; Santa Cruz Biotechnology

0.77 µM NGF mNGF 2.5 S; Alomone Labs 0.77µM NGF 0.77 

µM cHS 0.77µM NGF 0.77 µM aHS

HS HS 20,000

 

 

-  NGF 6-OST-1  

 

2-13-1  

L-M 6 well 1.6 105 3 mL

37 5% CO2 3 0 20 100

200 400 pM NGF 1.5  

 

2-13-2 RNA  

2 2 2-6-3  

 

2 13 3 RNA  

2 2 2-6-4  

 

2 13 4 RNA  

2 2 2-6-5  

 

2 13 5 RNA  

2 2 2-6-6  

 

2 13 6 cDNA  
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2 2 2-6-7  

 

2 13 7 RT-PCR 

2 2 2-6-8  

 

2 13 8 PCR  

2 2 2-6-9  

 

2 13 9 real time RT-PCR 

2 2 2-6-10  
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-  L-M HS  

 

L-M 24

HS 2005

2009 L-M HS

6 HS

HS

HS

HPLC HPLC

Fig. 2-1

HS

HS 6

( Di-6S) 15% 30% ( Di-0S)

55% 35% Fig. 2-2 0.01 mM

 

3 L-M HS

Fig. 2-3

HS Di-0S 45% 6 (

Di-6S 27%) N Di-NS N C 6

Di-diS1 0.05 mM

0.10 mM 0.20 mM

Di-0S 37% 29%

Di-6S 0.10 mM 0.20 mM 31%

35% 0.10 mM 0.20 mM
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Fig. 2-1 HS HPLC  

 

HS A 0.10 mM 6 HS B

YMC-Pack NH2PA 16 mM 538 mM
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Fig. 2-2 6 L-M HS  

 

L-M 6

HS HS

HPLC %

Tukey *: P < 0.05, **: P< 0.01

0.01 mM Ad.  
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**
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Fig. 2-3 3 L-M HS  

 

L-M 6

HS HS

HPLC %

Tukey *: P < 0.05, **: P< 0.01

0.01 mM Ad.  

 

**

*
**
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-  L-M HS  

 

L-M HS

6 HS

L-M

HS HS

(Alcian Blue) HS

HS DNA DNA HS

HS

25.1 9.7 pg/cell

Fig. 2-4 3 HS

21.2 2.1 

pg/cell Fig. 

2-5  
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Fig. 2-4 6 L-M HS  

 

L-M 6

HS HS Alcian Blue
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Fig. 2-5 3 L-M HS  
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-  6-OST-1  

 

HS 6

Fig. 2-3 HS GlcNAc C 6

6-OSTs

L-M 6-OSTs 6-OST-1, 2, 3 6-OST-2 splice 

variant 6-OST-2S L-M

6-OST-1 6-OST-2 3

Fig. 2-6, A 6-OST-1

 

L-M total RNA cDNA

6-OST-1 mRNA real time PCR

6-OST-1  GAPDH

0.2 mM 90 6-OST-1 mRNA 1.5 ± 0.3

Fig. 2-6, B  

L-M NGF

Furukawa S, et al., 1986 NGF

PC12 HS

Margolis R K, et al., 1987 L-M HS

NGF NGF L-M

HS NGF 1.5

6-OST-1 mRNA real time RT-PCR 20 pM

400 pM NGF 6-OST-1 mRNA

Fig. 2-7  

 



 44 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2-6 6-OSTs mRNA  

 

A 0.20 mM 90 L-M total RNA

6-OST-1 6-OST-2 6-OST-3 mRNA RT-PCR

GAPDH PCR

B 1.5 h 3.0 h

6.0 h 6-OST-1 mRNA real time RT-PCR

0 h 6-OST-1 1.0

Tukey *: P < 0.05, **: P< 0.01 
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Fig. 2-7 NGF 6-OST-1 mRNA  

 

20 100 200 400 pM NGF 90 6-OST-1 mRNA

real time RT-PCR ”Adrenaline” 0.20 mM
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-  Sulf1/2  

 

HS 6-O-endosulftases Sulfs HS C 6

Di-6S Sulfs

L-M Sulf-1/2 RT-PCR

Sulf1/2

1.5 Suf1/2 real time RT-PCR

Sulf-1/2

Fig. 2-8  
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Fig. 2-8 Sulf-1/2  

 

0.20 mM 1.5 h Sulf-1 Sulf-2 mRNA real 

time RT-PCR  
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-  L-M  

 

6-OST-1 mRNA Fig. 2-6, 

B L-M

L-M

Furukawa S, et al., 1986; Schroeder F, et al., 1981

0.20 mM

90 6-OST-1 mRNA

 

1, 2 1, 2, 3

Nicergoline 1, 2

Propranolol 1, 2 ICI 118,551 2

L 748,337 3 2

0.20 mM 90 total RNA

6-OST-1 mRNA real time RT-PCR Fig. 2-9, A, 

B 3 0.20 mM

6-OST-1 mRNA Fig. 2-9, B

L-M 3 6-OST-1

L-M

β3

47 kDa L-M

β3 Fig. 2-9, C

Fw: 

5’-TGTTGGTTCTGGAGGACTGA-3’ Rv: 5’-TCACAGCAGAAAGGTCCAAG-3’

RT-PCR β2 mRNA L-M

DUALXtract 

total Membrane Protein Extraction Kit Dualsystems Biotech L-M

β2 ab 61778 abcam

β2
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Fig. 2-9 6-OST-1  

 

A Nicergoline α1, 2 Propranolol β1, 2

ICI 118,551 β2

2 0.20 mM 1.5 h

6-OST-1 real time RT-PCR B L-748,337 β3

2 0.20 mM

1.5 h 6-OST-1 real time RT-PCR C

L-M β3

β3AR β3

Tukey  

**: P< 0.01 
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-  6-OST-1  

 

3

Robidoux J, et al., 2006

3 c-Src

ERK1/2

Soeder K J, et al., 1999 L-M 6-OST-1

Src ERK1/2  

PP2 Src FR180204 ERK1/2 2

0.2 mM 90 total RNA

6-OST-1 PP2 FR180204

, 0.20 mM 6-OST-1

Fig. 2-10, A, B 6-OST-1

Src ERK1/2

ERK1/2 Phostag

ERK1/2

np-ERK1/np-ERK2

ERK1/2 Fig. 2-10, C ERK1/2 2

pTpY-ERK1/2 5 60

1 pT/pY-ERK1/2

5  

ERK1/2 ERK1/2

6-OST-1 ERK1/2

ERK1/2 HS

ERK1/2

HS

FR180204 ERK1/2 0.20 mM

3 HS ERK1/2

HS Fig. 

2-11 6-OST-1 ERK1/2
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Fig. 2-10 6-OST-1  

 

A PP2 c-Src 2 0.20 mM

1.5 h 6-OST-1 real time RT-PCR

B FR180204 ERK1/2 2 0.20 mM

1.5 h 6-OST-1 real time RT-PCR

C 0.20 mM 0, 5, 10, 20, 30, 40 L-M

ERK1/2 Phostag

ERK1/2

β- Tukey

 **: P< 0.01 
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Fig. 2-11 HS ERK1/2  

 

FR180204 ERK1/2 2 0.20 mM

3

HS HS HPLC

% Tukey

 **: P< 0.01 

”Ad.” 0.20 mM ”Inh. + Ad.”
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-  HS NGF  

 

L-M NGF NGF

Furukawa S, et al., 1986

HS NGF NGF

NGF NGF

2009 Fig. 2-12, A

NGF HS NGF NGF

NGF HS cHS NGF

10 RU NGF

Fig. 2-12, B aHS NGF

10 RU NGF

cHS NGF

Fig. 2-12, B  
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Fig. 2-12 L-M HS NGF  

 

A 0.20 mM 6 L-M

HS cHS aHS HS 20,000
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HS

NGF L-M

L-M HS  

L-M HS

6 0.05 mM 0.10 mM 0.20 mM

6

L-M HS

6

6 0.05 mM

6

0.01 mM HS

L-M HS

0.05 mM

3 L-M HS

0.05 mM 6

0.10 mM 0.20 mM

L-M

HS C 6

6  

 

L-M HS

HS

FGF HS SPR

0.20 mM 6 HS aHS

FGF-1 151 ± 9 nM L-M

HS cHS 104 ± 4 nM

L-M HS

1 mol cHS FGF-1, 2, 10 0.21, 2.2, 

2.3 mol L-M HS

FGF-2 FGF-10
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 FGF-1, 2, 10 aHS cHS

85%, 62%, 45% FGF-1

IdoA2S-GlcNS6S-IdoA2S 8

Kreuger J, et al., 1999; Kreuger J, et al., 2001 FGF-2 N

C 2 5

Jemth P et al., 2002; Ashikari-Hada S, et al., 2004 FGF-10 3

HexA2S-GlcNS6S 8 Ashikari-Hada S, et al., 2004

FGF-1 HS HS

Kreuger J, et al., 1999 FGF HS

HS

0.20 mM 6

L-M HS FGF

 

 

3 HS HS

HS

12 Yanagishita M, 1992 HS

4

Yanagishita M, 

1992 HS 4

3 HS  

 

6 GlcNAc C 6

6-O-sulfotransferases 6-OSTs

RT-PCR mRNA L-M 6-OST

6-OST-1, 6-OST-2, 6-OST-3 6-OST-1

6-OST-1 mRNA

1.5

6-OST-1 3 6 6-OST-1

1.5

1.5

6-OST-1

Caldwell J, et al., 1991
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Sulf-1/2 Di-diS1 Di-TriS GlcNAc C 6

6

1.5 Sulf-1/2

6S 6S Sulf

6-OST-1  

 

Margolis PC12 NGF HS

Margolis R K, et al., 1987 L-M

NGF NGF L-M

HS 3 3T3

1 mL 0.49 ng NGF

Oger J, et al., 1974 L-M 1 mL 0.45 ng NGF

L-M 0.20 mM

NGF 20

Furukawa S, et al., 1986 20 pM 400 pM

NGF L-M 1.5 6-OST-1

NGF 6-OST-1

1.5 6-OST-1

3 6

4 NGF

Furukawa S, et al., 1986 L-M HS

NGF

L-M 6-OST-1

0.20 mM

HS

6-OST-1

6 HS

6-OST-1

 

 

6-OST-1

6-OST-1
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α1, α2, β1, β2, β3 Molinoff P B, 1984

L-M

Schroeder F, et al., 1981; Furukawa S, et al., 1986 L-M

β3 Fig. 2-9 C β3

β3

Li H, et al., 2010 L-M L-929 L-929

L L-M

β3

 

 

β3

Robidoux J, et al., 2006 β3

G Gs Gi Soeder K J, et al., 1999

Gi cAMP PKA Gs c-Src ERK1/2

Soeder K J, et al., 1999 L-M cAMP PKA

Furukawa S, et al., 1986

6-OST-1 Src ERK1/2

Src PP2 ERK1/2 FR180204

PP2 FR180204 6-OST-1

6-OST-1 Src-ERK1/2

PP2

FR180204 6-OST-1

6-OST-1 Src-ERK1/2

ERK1/2

ERK1/2 Mitogen-activated protein kinase kinase MEK ERK1

Thr-202 Tyr-204 ERK2 Thr-183 Tyr-185

Crews C M, et al., 1992; Seger R, et al., 1992 FR180204

L-M HS

6-OST-1 ERK1/2

6-OST-1 6

Do A T, et al., 2006

6-OST-1 6
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ERK1/2 FR180204

HS Fig. 2-11

6-OST-1 HS

HS

Molist A, et al., 1998 HS

HS

Bishop J R, et al., 2007

HS HS

 

 

HS 6-OST-1

6-OST-1

6-OST-1

HS

AP-2 Runx2

Brucato S, et al., 2002; Jackson R A, et al., 2007; Haupt L M, et 

al., 2009; Teplyuk N M, et al., 2009; Araujo A P, et al., 2010 6-OST-1

6-OST-1

National Center for Biotechnology Information 

(NCBI) mouse 6-OST-1 reference sequence NM_015818.2

non-coding region

Mammalian Promoter/Enhanced Database PEDB reference 

sequence

JASPAR database 6-OST-1

AP-1 c-Fos c-Jun

NF-kappaB Sox17 Klf4 10

6-OST-1

 

 

HS
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CS HS HS

GAG GAG

NaOH β-elimination β-elimination

L-M HS 2009 β-elimination

β-elimination

β-elimination HS

 

 

L-M NGF

HS NGF

NGF

L-M HS aHS NGF

HS cHS NGF

HS NGF

cHS NGF NGF C

NGF

Sakiyama-Elbert S E, et al., 2002 HS NGF

aHS

NGF cHS

HS NGF

HS NGF

L-M

PC12

L-M PC12

 

 

Interleukin-1β IL-1β Struyf S, et al., 1998

IL-1β IL-6

Frost R A, et al., 2004 IL-1β

Ramsden L, et al., 1992
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L-M IL-1β

HS heparan sulfate fast-moving fraction sodium salt from 

porcin intestinal mucosa, Sigma mouse 

IL-1β #5024, Cell Signaling technology Biacore

data not shown L-M

HS IL-1β HS

HS L-M FGF

 

 

NGF L-M

HS

HS
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HS

NGF L-M L-M

HS  

L-M HS

HS

6 HS

FGF HS

HS

HS  

L-M HS 6 6-OSTs 6-OST-1

6-OST-1 mRNA 1.5

L-M β3

6-OST-1 mRNA

Src ERK1/2

NGF  

L-M HS β3

Src ERK1/2 6-OST-1 mRNA 6
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2  
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 Cacao-2 HS  

 

  

 

2 L-M HS

L-M

HS

6-OST-1

Src-ERK1/2

HS

 

1

Tasman-Jones C, et al., 1982; McCullogh J S, et al., 1998; 

Langhout D J, et al., 1999

Caco-2

2009 2009 2011

2011 Caco-2

HS

Bishop J R, et al., 2007

Caco-2 Caco-2 HS

2

Caco-2 HS

HS  

 

Caco-2

IEC-6 Caco-2

IEC-6 Caco-2

2

HS
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2011

α5β1

Caco-2 IEC-6

Caco-2

Caco-2 HS
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-   

 

2-1-1.  

1 Caco-2 ATCC Manassas USA

Caco-2  

 

2 IEC-6 ATCC Manassas USA

IEC-6  

 

2-1-2.  

1 DMEM 

DMEM Dulbecco’s Modified Eagle Medium, Autocleavable Tissue Culture 

Medium Powdered L-Glutamine Nissui  

1.99 g 209.5 mL

121 20  

 

2 8% NaHCO3  

NaHCO3 16 g  200 mL 121 20

 

 

3 L  

L GIBCO 3 g 100 mL

15 mL -20  

 

4  

100 Minimal essential medium non-essential amino acids (MEM NEAA, Gibco)

15 mL 20  

 

5  

Penicillin-Stretomycin Mixed Solution Penicillin 10000 units/mL Streptomycin 

10000 µg/mL 15 mL 20
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6 Fetal Bovine Serum  

-30 FBS 37 56

30 50 mL -20

 

 

DMEM 84 mL 8% NaHCO3 2.4 mL L-  2 mL

 0.8 mL  1.0 mL  

10 mL 4  

 

7  

FBS

FBS 10%

Caco-2

FBS 10% FBS

(Ferruzza S et al. 2013)  

10 mg/L insulin, 5.5 mg/L transferrin, 6.7 µg/L sodium selenite  

 

8  

 0.5 g PBS( ) 100 mL  

 

2-1-3.  

2011 AIS -20 F3

2011 F3 10 mg/mL

20 mM NaCl 70 16

20 mM NaCl 1 mg/mL F3

 

 100 µL 5%  100 µL

 500 µL 30 490 nm
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2-1-3.  

 37

9 mL

1000 rpm 2

1 mL 9 mL

37 5% CO2

 

 

2-1-4.  

37 PBS 2 PBS

TrypLE Express, Life Technologies 2 mL 37 5% CO2

10 4 mL

15 mL

1000 rpm 5 6 mL

 50 μL

50 μL Neubauer 

4 6 105 cells/dish 5 7 105 cells/dish

4 12 105 cells/dish 3 10 cm2

10 mL

37 5% CO2 2 3

 

 

2-1-5.  

2-1-4

Neubauer

3 106 

cells/mL 10% DMSO Dimethyl Sulfoxide SIGMA

1 mL 5 -30 1

-80 12  
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-  in vitro  

 

2-2-1.  

ATCC IEC-6

Caco-2 IEC-6 Caco-2

 

24 well  Cell Culture Insert (Millicell 0.45 µm pore size 12 mm 

diameter 0.6 cm2 effective growth area) 600 

µL Caco-2 1.0 105 cells/mL

400 µL 20 2 1

Caco-2 20 Caco-2

IEC-6 24 well 2.0 104 cell 600 

µL 37 , 5% CO2 24

IEC-6 37 PBS 600 µL

Caco-2

IEC-6 24 well Caco-2

IEC-6 in vitro  

 

2-2-2.  

Caco-2 24

IEC-6 WST-8

NAD NADH

NADH 1-Methoxy PMS WST-8

450 nm

 

 

(1) WST-8  

3 2 2-1-3

0.05 0.10 mg/mL  
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0.05 mg/mL

0.10 mg/mL  400µL

IEC-6 10% Caco-2

37 , 5% CO2 24  

IEC-6

5% WST-8  600 µL 37 5% CO2

2 well 9 450 

nm  

 

-  HS 6-O-endosulfatases HS mRNA  

 

2-3-1.  

Caco-2 12 well 0.4 105 cell/mL

1 mL 37 , 5% CO2 3 1

20  

Caco-2 well 37 PBS 3 2

2-1-3 0.1 mg/mL 37 , 5% CO2

1 37 PBS

37 , 5% CO2 3, 6, 9, 12, 15, 18, 21, 24  

 

2-3-2. RNA  

2 2 2-6-3  

 

2-3-3. RNA  

2 2 2-6-4  

 

2-3-4. RNA  

2 2 2-6-5  

 

2-3-5.  RNA  

2 2 2-6-6  
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2-3-6. cDNA   

2 2 2-6-7  

 

2-3-7. RT-PCR 

Table 8  

 

Table 8 Primer sequences for PCR 

 

 

 

 

 

 

 

 

 

 

 

 

GAPDH 2 2 2-6-8  

 

2 3 8 PCR  

2 2 2-6-9  

 

2-3-9. real time RT-PCR 

2 2 2-6-10 HSulf-2 6-OST-1 6-OST-2

2-OST-1 anneal 58 62 62 58  

 

 

-  caco-2

 

 

2-4-1  
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1 50 mM buffer 0.15 M NaCl pH 7.0 

3.12 g

 7.17 g 100 mL

 39 mL  61 mL

200 mL 0.1 M buffer, pH 7.0 50 mL

2.5 M NaCl 6 mL 100 mL

 

 

2-4 2  

SPR 2011 Caco-2

 

3 2 2-1-3

200 μg/mL 1 mL  

2 M NH4Cl 8 μL  NaBH3CN 0.8 mg 70 2

NaBH3CN 1.0 mg 70 2

0.45 μm  

HiTrap Desalting (GE Healthcare) 3 2 2-4-1 1

buffer buffer 25 mL

1 mL

buffer 0.5 mL 0.5 mL

buffer 2.0 mL 2.0 mL

buffer 2.0 mL 1.0 mL

buffer 10 mL

20% 10 mL 4  

 

2-4-3  

 

3 2 2-4-2 100 µL

20 40 60 80 100 µg/mL

 100 µL  0.125 g
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 100 mL  21 µL  

500 µL 20

540 nm

 

 

2-4-4  

 

1  

3 2 2-4-3

2.5 mL 1.0 mL  

Sulfo-NHS-LC-Biotin Thermo Scientific

Sulfo-NHS-LC-Biotin 2.2 mg 400 µL

10 mM Sulfo-NHS-LC-Biotin 1.0 µL

30 4

 

 

2  

0.2 mL Mini Dialysis Kit 1 kDa Cut-off GE 

Healthcare

3 Amicon 

Ultra-4 Centrifugal Filter Devices Ultracel 3K Millipore

Amicon Ultra-4 1.5 mL

2000 g 60 250 µL

250 µL Amicon Ultra-4 2000 g

32 160 µL

 

2-4-5.  

 

1  

25 mM buffer, pH 8.3  

 0.5 g HCl pH 8.3

100 mL  
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Poly-L-Lys PLL  

5 mg/mL Poly-L-Lys 0.1 mL 25 mM buffer, pH 8.3 50 

mL  

 

10% PFA  

5 g 40 mL

1 1

1 N NaOH

50 mL pH pH 7~8

 

 

8% PFA  

10% PFA 8 mL  1 mL 10 PBS 1 mL  

 

4% PFA  

10% PFA 4 mL  5 mL 10 PBS 1 mL  

 

0.1% TritonX-100  

10% TritonX-100 20 µL 1.6 mL 10 PBS 0.2 mL  

 

2% BSA  

10% BSA 1 mL  3.5 mL 10 PBS 0.5 mL  

 

DAPI  

4’, 6’- -2- DAPI Sigma 2 µL 1

PBS 1998 µL  

 

 

2  

Lab-Tek II chamber slide system / 8 well Glass slide Nunc

PLL 200 µL 37 PLL

5 Caco-2 0.08 105 



 75 

cells/mL 400 µL 37 5% CO2 3

1 Caco-2 3

28  

Caco-2

400 µL 37 5% CO2

1 α5

Caco-2

0.1 mg/mL 400 µL 37 5% CO2

24  

Caco-2

8% PFA 400 µL 30

α5

1 PBS 3 4% PFA 500 µL

30  

PFA 1 PBS 500 μL 3 0.1% 

TritonX-100 400 μL 37 15

well 0.1% TritonX-100 PBS

2% BSA 500 μL 2

2% BSA 2% BSA 200

anti-fibronectin antibody (ab23750, abcam) anti-integrin alpha 5 antibody (EPR 

7854, abcam) 300 μL 3 4

 

1 PBS 5

Fluorescein Streptavidin Vector Laboratories, 500 µg/mL ZO-1, mouse 

monoclonal abtibody-Alexa Fluor 594 Invitrogen PBS 50

200 µL α5

Alexa Fluor 488, goat, 

anti-rabbit IgG abcam ZO-1, mouse monoclonal antibody-Alexa Fluor 594

PBS 200 50 200 µL

2 1 PBS 5

DAPI 200 µL 10  
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1 PBS 5

 Perma Fluor Aqueous mounting 

medium Thermo Scientific 1 well 1

1

30

4  

 

2-4-6.  

 OLYMPUS DP71

 OLYMPUS BX51 3 2

2-4-5 2  

 

2-4-5.  

3  

 LSM 710 (Carl Zeiss) 

ZEN 2009 (Carl Zeiss)  

 

-  Caco-2 HSulf-2  

 

2-5-1.  

1 FNIII1C  

first type III C 3 2

FNIII1C Sigma 0.5 mg PBS 0.5 mL 4  

 

2 0.1 N  

 10 µL  1016 µL  
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3 RGD  

RGD Sigma 5 mg 0.1 N 250 µL 20

 

 

2-5-2.  

Caco-2 12 well 0.4 105 cell/mL

1 mL 37 , 5% CO2 3 1

20  

F3 19 2011

0.1 mg/mL 0.526 µM FNIII1C

1 1 FNIII1C 2

Caco-2 FNIII1C

1.05 µM RGD 1.05 µM  

Caco-2 well 37 1 PBS 1.05 µM 

FNIII1C RGD 0.1 mg/mL 37 , 5% CO2

1 37 1 PBS

37 , 5% CO2 6  

 

2-5-3. RNA  

2 2 2-6-3  

 

2-5-4. RNA  

2 2 2-6-4  

 

2-5-5. RNA  

2 2 2-6-5  

 

2-5-6.  RNA  

2 2 2-6-6  

 

2-5-7. cDNA   

2 2 2-6-7  
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2-5-8. RT-PCR 

3 2 2-3-7  

 

2 5 9 PCR  

2 2 2-6-9  

 

2-5-10. real time RT-PCR 

3 2 2-3-9  

 

-  α5  (western blotting) 

 

2-6-1  

Caco-2 6.0 105 10 mL

37 5% CO2 3 3 1 20

 

 

2-6-2  

2 2 2-9-2 (2)  

 

2-6-3 BCA  

2 2 2-9-2 (3)  

 

2-6-4 SDS  

2 2 2-9-2 (4)  

 

2-6-5.  

12 4%

 

 

1  

A 30%  

2 2 2-9-6 (1)  
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B 1.5 M Tris-HCl pH, 8.8  

2 2 2-9-6 (1)  

 

C 0.5 M Tris-HCl pH, 6.8  

2 2 2-9-6 (1)  

 

D 10%  

2 2 2-9-6 (1)  

 

10% SDS 

2 2 2-9-6 (1)  

 

 

2 2 2-9-6 (1)  

 

2 2  

2 2 2-9-6 (2)  

 

3 2  

2 2 2-9-6 (3)  

 

2-6-6.  

1  

 

2 2 2-9-7 (1)  

 

2  

2 2 2-9-7 (2)  

 

2-6-7.  

1  

2 2 2-9-8 1  
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2  

2 2 2-9-8 2  

 

3  

PVDF 1% BSA/TBST 2 4

TBST PVDF

10 buffer 0.2% BSA/TBST 500

anti-integrin alpha 5 antibody (abcam) PVDF 2

4 4 PVDF TBST 10

buffer 10,000 HRP-conjugated rabbit anti-goat IgG heavy 

and light chain secondary antibody Bethyl Laboratories PVDF

1 4 4 PVDF TBST

10 2 2 2-9-8 (3)

 

 

-  Wnt mRNA  

 

2-7-1.  

Caco-2 12 well 0.4 105 cell/mL

1 mL 37 , 5% CO2 3 1

20  

Caco-2 well 37 1 PBS  0.1 mg/mL

37 , 5% CO2 1 37

1 PBS 37 , 5% CO2

3, 6, 9, 12  

 

2-7-2. RNA  

2 2 2-6-3  

 

2-7-3. RNA  

2 2 2-6-4  

 

2-7-4. RNA  
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2 2 2-6-5  

 

2-7-5.  RNA  

2 2 2-6-6  

 

2-7-6. cDNA   

2 2 2-6-7  

 

2-7-7. RT-PCR 

RT-PCR Table 9  

 

Table 9 Primer sequences for RT-PCR 

 

 

 

 

 

 

2-7-8 PCR  

2 2 2-6-9  

 

2-7-9 real time RT-PCR 

2 2 2-6-10 Wnt3a Wnt5a Wnt11

anneal 58 58 62  

 

-  Wnt IEC-6  

 

2-8-1  

Wnt3a Recombinant Human Wnt-3a, CF R&D Systems  

100 µg/mL 1 PBS 20  

 

Wnt5a Recombinant Human Wnt-5a, CF R&D Systems  

100 µg/mL 1 PBS 20  
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Wnt11 Recombinant Human Wnt-11, CF R&D Systems  

100 µg/mL PBS 20  

 

2-8-2  

IEC-6 96 well 0.2 104 cell/mL Caco-2

10% FBS 100 µL 37 , 5% CO2 24

well

well 100 µL 37 , 5% CO2 24

 

 

2-8-3  

3 2 2-2-2 1  

 

 

-  Wnt western blotting  

 

2-9-1  

1 20% CHAPS 

CHAPS 2 g PBS - 10 mL

 

 

2 PBS/ 1% CHAPS 

10 PBS 10 mL 20% CHAPS 5 mL 85 mL  

 

3 PBS/ 1% CHAPS/ 1 M NaCl 

10 PBS 10 mL 20% CHAPS 5 mL NaCl 5.84 g 100 mL

 

 

4 SDS 2  

2 2 2-9-2 (1)  

 

2-9-2  
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Caco-2 Wnt 6 well

20 Caco-2

Wnt 24 well  Cell Culture Insert (BD

1.0 µm pore size 10.5 mm diameter 0.9 cm2 effective growth area)

800 µL Caco-2 1.0 105 

cells/mL 300 µL 20

2 1  

 

2-9-3  

6 well Caco-2 0.1 mg/mL

37 , 5% CO2 24 2 2

2-10 2 whole lysate  

Wnt

37 1 PBS 800 µL

1 PBS 0.1 mg/mL 

 300 µL 37 , 5% CO2 24

300 µL

1%

CHAPS 4 Wnt

Stanford The Wnt homepage

http://www.stanford.edu/group/nusselab/cgi-bin/wnt/

Willert K, et al., 2003 Vivaspin 6 10 kDa MWCO, GE healthcare

Vivaspin 6 1 mL

2000 g 15 2

5.0 

mL Vivaspin 6 4 2150 g 60

0.1 mL

12.4 mL 0.2 mL CHAPS

1% Mini Dialysis Kit 1 kDa cut-off GE 

healthcare 1% CHAPS PBS 4 2

Wnt Wnt
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HiTrap Heparin HP Columns 1 mL GE Healthcare

1 mL/min PBS/ 1% CHAPS 5 mL

1 mL/min

5

PBS/ 1% CHAPS 1 mL/min 2 mL

PBS/ 1% CHAPS/ 1 M NaCl

1 mL/min 4mL 1 mL

 

 

2-9-4 BCA  

2-9-4

 

 

2-9-5  

Vivaspin6 4 2150 g 60 0.1 mL

 

 

2-9-6 SDS  

SDS 5

 

 

2-9-7.  

10 4%

 

 

1  

A 30%  

2 2 2-9-6 (1)  

 

B 1.5 M Tris-HCl pH, 8.8  

2 2 2-9-6 (1)  

 



 85 

C 0.5 M Tris-HCl pH, 6.8  

2 2 2-9-6 (1)  

 

D 10%  

2 2 2-9-6 (1)  

 

10% SDS 

2 2 2-9-6 (1)  

 

 

2 2 2-9-6 (1)  

 

2 2  

2 2 2-9-6 (2)  

 

3 2  

2 2 2-9-6 (3)  

 

2-9-8.  

1  

 

2 2 2-9-7 (1)  

 

2  

2 2 2-9-7 (2)  

 

2-9-9.  

1  

2 2 2-9-8 1  

 

2  

2 2 2-9-8 2  
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3  

3 2 2-6-8 3 anti-Wnt3a

ab81614 abcam anti-Wnt11 ab96730 abcam

ECL mouse IgG, HRP-linked whole Ab NA931 GE 

healthcare HRP-conjugated rabbit anti-goat IgG heavy and light chain secondary 

antibody TBST 10,000  
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-  Caco-2 IEC-6

 

 

Tasman-Jones C, et al., 1982; McCullogh J S, et al., 1998; Langhout D J, et al., 

1999

in vitro
in vitro

Caco-2

20

IEC-6 24 Caco-2

IEC-6  

Caco-2 IEC-6

Caco-2 24

IEC-6

WST-8 Caco-2

IEC-6 Fig. 3-1

Caco-2 Caco-2

IEC-6  
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Fig. 3-1 Caco-2 IEC-6  

 

Caco-2 20

IEC-6 1 Caco-2

IEC-6

0.05 mg/mL 0.10 

mg/mL 24

IEC-6 10% FBS 24

IEC-6 WST-8 Tukey

*: P< 0.05 **: P< 0.01 

250

200

150

100

50

0

C
el

l p
ro

lif
er
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io

n 
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)

FBS (%) 0 0 0 10
F3 (mg/ml) 0 0.05 0.10 0

*
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-  HSulf-1/2  

 

Fig. 3-1 Caco-2

Caco-2 HS

HS

ΔDi-diS1 ΔDi-triS

HS ΔDi-diS1 ΔDi-triS

HS 6-O-endosulfatases Lamanna 

W C, et al., 2008; Frese M A, et al., 2009

 

HSulf-1/2 Caco-2

Caco-2 total RNA cDNA HSulf-1/2

mRNA RT-PCR Caco-2

HSulf-1/2 Fig. 3-2, A

HSulf-1/2 0.1 mg/mL

Caco-2 1

total RNA 1 3, 9, 18, 24

HSulf-1/2 RT-PCR HSulf-1

Fig. 3-2, A HSulf-2

PCR 3 24

HSulf-2

Fig. 3-2, A HSulf-2

PCR 3

HSulf-2 mRNA 3 12

Fig. 3-2, B 15

24

Caco-2 HSulf-1

HSulf-2  
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Fig. 3-2 Caco-2 HSulf-1/2  

 

A Caco-2 0.1 mg/mL 1

3, 9, 18, 24 total RNA HSulf-1 HSulf-2

RT-PCR GAPDH

B Caco-2

0.1 mg/mL 1 3, 6, 9, 12, 15, 18, 21, 

24 total RNA HSulf-2 real time RT-PCR

Tukey **: P< 0.01 

B

A
0 3 9 18 24

HSulf-1

250
300

500

500

(h)

GAPDH

(bp)

0 3 9 18 24
HSulf-2

350
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500
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Time after sample removal (h)
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-  6-OST-1/2 2-OST-1  

 

HS

Caco-2 RT-PCR

6-OST-1, 2, 3 Caco-2 6-OST-1

6-OST-2 Caco-2 2-OST-1

6-OST-1, 2, 2-OST-1

PCR 6-OST-2

Fig. 3-3, B 6-OST-1 3

3 12 Fig. 3-3, A 2-OST-1

9, 12, 15 Fig. 

3-3, C Caco-2

6-OST-1, 6-OST-2, 2-OST-1  
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Fig. 3-3 Caco-2 HS  

 

Caco-2 0.1 mg/mL 1 3, 6, 

9, 12, 15, 18, 21, 24 total RNA A 6-OST-1 B

6-OST-2 C 2-OST-1 mRNA real time RT-PCR Tukey

*: P< 0.05 **: P< 0.01 

B

A
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Pectin
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*
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-  α5  

 

Caco-2 HS

Caco-2

Biacore 2011 Caco-2

α5 Caco-2

Caco-2 4

α5

ZO-1  

Fig. 3-4 ZO-1

Caco-2

ZO-1

α5

Caco-2 α5

 

α5 Caco-2

Z Z

Z

Caco-2 23

5 10 Fig. 3-5

Fig. 3-6 Fig. 3-5 (A) ZO-1

(B) α5

(C)

Fig. 3-6

10 ZO-1 Fig. 3-5 (A)

Fig. 3-6 (B) α5 Fig. 3-5 (B)

Fig. 3-6 (C) Fig. 3-5 (C)

Caco-2 α5
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Caco-2 0.1 mg/mL 24

α5

α5

ZO-1 Fig. 3-7

Fig. 3-8 24

ZO-1

Caco-2 α5
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Fig. 3-4 Caco-2 α5 ZO-1

 

 

4 Caco-2

TritonX-100 α5 ZO-1

α5 ZO-1

10 63  
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Fig. 3-5 Caco-2 α5 ZO-1

5  

 

 

Fig. 3-6 Caco-2 α5 ZO-1

10  

 

4 Caco-2

TritonX-100 α5 ZO-1

α5 ZO-1

10 63 Z

23 5 Fig. 3-5 10 Fig. 

3-6  



 97 

 

 

Fig. 3-7 Caco-2 α5 ZO-1

 

 

4 Caco-2

24 TritonX-100 DAPI α5

ZO-1 α5 ZO-1

10 20 merge  
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Fig. 3-8 Caco-2 α5

ZO-1  

 

4 Caco-2 0.1 

mg/mL 24 TritonX-100

DAPI α5 ZO-1 α5 ZO-1

10 20 merge  
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-   

 

Caco-2

2011 Caco-2

4 Caco-2

ZO-1

 

Caco-2 TritonX-100

Caco-2

24 Caco-2 0.1 

mg/mL 24 Fig. 3-9

Fig. 3-10 Fig. 3-9 3-10

Fig. 3-9 Fig. 3-10

Caco-2

 

TritonX-100

Caco-2

24 Caco-2 0.1 mg/mL

24 Fig. 3-11, 3-12, 3-13 Fig. 3-11

ZO-1

Fig. 3-12 3-13 Fig. 3-11

Fig. 3-12 Fig. 3-11

Fig.3-13

ZO-1

Caco-2
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Fig. 3-9 Caco-2 ZO-1

 

 

4 Caco-2

24 TritonX-100 DAPI

ZO-1 ZO-1

10 20 merge  
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Fig. 3-10 Caco-2

ZO-1  

 

4 Caco-2 0.1 

mg/mL 24 TritonX-100

DAPI α5 ZO-1 α5 ZO-1

10 20 merge  
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Fig. 3-11 Caco-2 ZO-1

 

 

4 Caco-2

24 DAPI

ZO-1 ZO-1

10

20  
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Fig. 3-12 Caco-2

ZO-1  

 

4 Caco-2 0.1 

mg/mL 24 DAPI

ZO-1 ZO-1

10 20  
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Fig. 3-13 Caco-2

ZO-1  

 

Fig. 3-12  
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-  Caco-2  

 

Biacore

2011 3 3 3-4 3-5 Caco-2

α5

α5 Caco-2

Caco-2

Caco-2

 

3 2 2-4-1 2-4-2

 

Caco-2 1

8% PFA

ZO-1 TritonX-100

Fig. 3-14 Fig. 3-15

Fig.3-14

Fig. 3-14

Fig. 3-15
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Fig. 3-14 Caco-2 ZO-1  

 

4 Caco-2

1

ZO-1 ZO-1

10

63  
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Fig. 3-15 Caco-2

ZO-1  

 

4 Caco-2

1 TritonZ-100

ZO-1 ZO-1

10 63  
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-  HSulf-2  

 

3 3 3-2 Caco-2

HSulf-2 HSulf-2

3 3 3-4 3-5

α5 Caco-2

HSulf-2  

III1C FNIII1C

2011 FNIII1C

Caco-2

FNIII1C

6 HSulf-2

HSulf-2 FNIII1C Fig. 3-16 A

Caco-2

HSulf-2  

α5β1

α5β1

HSulf-2

α5β1 III10 RGD

α5β1

RGD RGD

6 HSulf-2 HSulf-2

RGD Fig. 3-16 B

α5β1 HSulf-2  

Caco-2 α5

55 cm2 Caco-2

3 2 2-5-14 α5

α5 150 kDa

19 kDa Caco-2 α5

Fig. 3-16, C  
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Fig. 3-16 HSulf-2 FNIII1C RGD

 

 

A Caco-2 0.1 mg/mL FNIII1C

1 6 Total RNA

HSulf-2 mRNA Real Time RT-PCR B

Caco-2 0.1 mg/mL RGD

1 6 Total RNA

HSulf-2 mRNA Real Time RT-PCR C Caco-2

α5

Tukey

**: P< 0.01 

C
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-  HSulf-2 ERK  

 

3 3 3-7 α5

Caco-2 HSulf-2 Caco-2

α5β1 ERK1/2

Kuwada S K, et al., 2000; Kuwada S K, et al., 2005

ERK1/2 Phostag-western blotting 0.1 

mg/mL Caco-2 0 2 5 10 30 whole 

lysate Phostag

ERK1/2 ERK1/2

2 ERK1/2 5 30

Fig. 3-17 A ERK1/2

5 ERK1/2 PD98059

PD98059 2 Caco-2

5 ERK1/2 Fig. 3-17 B

Caco-2 ERK1/2

HSulf-2 ERK1/2

ERK1/2 FR180204 2 Caco-2

1 6 HSulf-2 PCR

HSulf-2 FR180204

ERK1/2 HSulf-2
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Fig. 3-17 HSulf-2 ERK1/2  

 

A 0.1 mg/mL 0, 2, 5, 10, 30 Caco-2

ERK1/2 Phostag

ERK1/2 β B

PD98059 MEK Caco-2 1.5 0.1 

mg/mL 5 ERK1/2

Phostag ERK1/2

β C FR180204 ERK1/2

Caco-2 2 0.1 mg/mL 1

6 HSulf-2 mRNA Real Time RT-PCR

Tukey **: P< 0.01 
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-  Wnt IEC-6  

 

3 3 3-1 Caco-2

IEC-6

Wnt

IEC-6 3

2 2-7  

Wnt3a Wnt11 IEC-6

Fig. 3-18, A, C Wnt5a IEC-6

Fig. 3-18, B Caco-2

IEC-6

Wnt3a Wnt11  
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Fig. 3-18 Wnt3a, Wnt5a, Wnt11 IEC-6  

 

96 well 1 IEC-6 A Wnt3a

(B)Wnt5a C Wnt11 1 IEC-6 WST-8

Tukey **: P< 0.01 vs control 

B
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-  Wnt IL-8  

 

3 3 3-9 Wnt3a Wnt11 IEC-6

Caco-2

Caco-2 Wnt Wnt3a, Wnt5a, 

Wnt11 mRNA

Wnt3a, Wnt5a, Wnt11 mRNA Caco-2

data not shown Caco-2 Wnt

mRNA PCR Wnt3a

1 3 3 9 1.5

Fig. 3-18, A Wnt5a Wnt11 3

3.5 2 Fig. 3-19, B, C

Caco-2 Wnt

 

Caco-2 IL-8 RT-PCR

Caco-2 IL-8

Caco-2 IL-8

PCR Fig. 3-19, D  
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Fig. 3-19 Wnt IL-8 mRNA  

 

0.1 mg/mL 1h 3, 6, 9, 12, 15

Caco-2 total RNA A Wnt3a B Wnt5a C Wnt11

D IL-8 mRNA Real Time RT-PCR Tukey

*: P< 0.05 **: P< 0.01 
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-  Caco-2 Wnt

 

 

3 3 3-10 Caco-2

Wnt mRNA

1 Caco-2

whole lysate Wnt

Caco-2 Wnt3a

Fig. 3-20 A Wnt11

Wnt11

Wnt11

Caco-2 Wnt11  

Wnt

Caco-2 3

2 2-8

Wnt3a Wnt11

Fig. 3-20 B  
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Fig. 3-20 whole lysate Wnt3a Wnt11  

 

A Caco-2 0.1 mg/mL 1

whole lysate Wnt3a Wnt11

Wnt3a Wnt11

Wnt3a Wnt11 B

Caco-2 0.1 mg/mL

24

Wnt3a Wnt11

Wnt3a Wnt11

 

Recom.

Wnt3aPectin

(A)

Recom.

Wnt11Pectin

(B)
Recom.

Wnt3aPectin
Recom.

Wnt11Pectin
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HS

HS

Perreault N, et al., 2001; Yamamoto S, et al., 2013 HS

HS HS

HS  

 

Tasman-Jones C, et al., 1982; McCullogh J S, et al., 1998; Langhout 

D J, et al., 1999

in vitro

in vitro

Caco-2

IEC-6

Caco-2

20 Caco-2

IEC-6 Caco-2

Caco-2 IEC-6 in vitro

 

 

 

 

in vitro  
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in vitro

Caco-2

PC12

PC12 Satsu H, et 

al., 2001 Caco-2 24

IEC-6

IEC-6

in vitro

IEC-6 Caco-2

Beaulieu J F, et al., 2012

 

IEC-6

Caco-2 24

IEC-6 24

IEC-6 Caco-2

Caco-2

IEC-6

Caco-2 IEC-6

IEC-6

IEC-6

 

 

Caco-2 IEC-6

Caco-2 HS 2

HS

Caco-2 HS

Caco-2 24

HS HS

HS
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24 Caco-2 HS  

 

Caco-2 HS  

ΔDi-diS1 ΔDi-triS ΔDi-0S

Caco-2 HS

ΔDi-diS1 ΔDi-triS HS HSulfs

HS UA2S-GlcNS6S triS UA-GlcNS6S diS1 GlcNAc C 

6 Lamanna W C, et al., 2008; Frese M 

A, et al., 2009 Caco-2 HSulf

Sulf-1 Sulf-2

Nagamine S, et al., 2012 Caco-2 HSulf

Caco-2 HSulf-1/2

RT-PCR PCR Caco-2

HSulf-1/2 HSulf-1

HSulf-2 HSulf-1

HSulf-2  

 

Sulfs 6-OSTs 2-OST-1

Lamanna W C, et al., 2008

HSulf-1 6-OSTs 2-OST-1

HS

Nogami K, et al., 2004 6-OSTs 3

Caco-2 RT-PCR

***

ΔDi-0S ΔDi-NS ΔDi-6S ΔDi-diS1 ΔDi-diS2 ΔDi-triS

(%)

R
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Control 

Pectin
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**
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6-OST-1 6-OST-2

6-OST-2 6-OST-1 3

ΔDi-6S

6-OST-1

2-OST-1 GlcNAc

N C 2 ΔDi-diS2

ΔDi-NS ΔDi-diS2 2-OST-1

NDSTs

Grobe K, et al., 2002

NDSTs mRNA  

 

Biacore

2011 Caco-2

α5β1

α5 Caco-2

α5

ZO-1

β1

Caco-2 MDCK

β1 ZO-1

Tafazoli F, et al., 2000 Caco-2 BBE

α5β1 Krishnan 
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