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3-1-1

IMFs

IMFs

IMFs

[12] IMFs IMFs
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CCD-18Co

TGF- -SMA

[68]

IMFs
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IMFs
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3-2-1 LmcMF SmcMF

3-2-1-1 LmcMF SmcMF

Primary-IMFs SV40 large T

LmcMF Primary-IMFs SmcMF

2

[12]

MEF Primary-IMFs LmcMF SmcMF

8 MEF

LmcMF SmcMF Primary-IMFs



8 MEF Primary-IMFs LmcMF SmcMF

MEF A Primary-IMFs B LmcMF C SmcMF D

200 

100 



3-2-1-2 LmcMF SmcMF

IMFs -SMA vimentin desmin

3

1 LmcMF SmcMF

western blotting

Eph4 -SMA

LmcMF SmcMF Primary-IMFs

-SMA 9 A B Primary-IMFs

LmcMF -SMA SmcMF -SMA

10 A Vimentin

RAW264.7 LmcMF

SmcMF Primary-IMFs 9 C D 3

10 B

desmin Primary-IMFs

SmcMF desmin LmcMF

9 E F



9

Primary-IMFs Primary LmcMF SmcMF -SMA A B vimentin

C D desmin E F western blotting Eph4

RAW264.7 RAW SM

Tubulin total actin Actin

N=2



10 IMFs

Primary-IMFs LmcMF SmcMF -SMA A vimentin

B

40 N=2



3-2-1-3 LmcMF SmcMF I

I

[12, 68, 69] LmcMF

SmcMF I western blotting Primary-IMFs

RAW264.7 I

LmcMF SmcMF Primary-IMFs

I 11



11 I

Primary-IMFs Primary LmcMF SmcMF I Type

I collagen western blotting RAW264.7 RAW

VCP

N=4



3-2-2 LmcMF SmcMF

LmcMF SmcMF IMFs

3-2-2-1 LmcMF SmcMF

LmcMF SmcMF

Primary-IMFs 7~8 LmcMF SmcMF

20

19.1 17.2 12 A B

Primary-IMFs



12 LmcMF SmcMF

LmcMF A SmcMF B



3-2-2-2 LmcMF SmcMF

LmcMF SmcMF

LmcMF SmcMF 5 5~6

13 A B



13 LmcMF SmcMF

LmcMF A SmcMF B

5 × 104

N=2~3



3-2-3 LmcMF SmcMF LPS

[16] IBD

Toll-like receptor TLR

[70] lipopolysaccharide

LPS TLR

TLR4

LPS LPS LBP

CD14 LPS-CD14 MD2 TLR4

14 [71] TLR4

TAK1 MAP MKK3 MKK6

p38 MAP MAPK [72] TAK1 IKK

NF-

[73] IMFs

TLR4 CD14 MD2 LPS

NF- p38 MAPK

[16] IMFs

LmcMF SmcMF

LPS Primary-IMFs



14  LPS TLR4

LPS LBP CD14 MD2 TLR4

TLR4 TAK1 MKK3/6 p38 

MAPK TAK1 IKK I B

NF- B

I B



3-2-3-1 LmcMF SmcMF LPS

LmcMF SmcMF LPS TLR4 CD14

MD2 western blotting

Primary-IMFs LmcMF SmcMF LPS

LmcMF SmcMF

TLR4 Primary-IMFs LmcMF CD14 SmcMF

MD2 15



15 IMFs LPS

Primary-IMFs Primary LmcMF SmcMF TLR4 CD14

MD2 western blotting Actin

N=3



3-2-3-2 LmcMF SmcMF LPS

Primary-IMFs LmcMF SmcMF LPS western 

blotting

LPS 20 ng/ml 30 60 120 I B p38 MAPK

Primary-IMFs LPS 30 I B

120 LPS

p38 MAPK LPS 30

120 LPS

16 A 17 A LmcMF SmcMF LPS I B

p38 MAPK Primary-IMFs

16 B C

17 B C



16 IMFs LPS

LPS 20 ng/ml 30 60 120 Primary-IMFs A LmcMF B

SmcMF C I B p38 MAPK p-p38

western blotting Actin

N=3~4



17 IMFs LPS

LPS 20 ng/ml 30 60 120 Primary-IMFs A LmcMF B

SmcMF C I B p38 MAPK p-p38

I B LPS p38 MAPK LPS 

30 100 % N=3~4 *

P 0.05 LPS # P 0.05 LPS 30
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3-3-5
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IMFs

LPS Primary-IMFs
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LmcMF SmcMF Primary-IMFs

IMFs

IMFs IMFs
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4 sphingosine-1-phosphate

1

4-1-1 Sphingosine-1-phosphate 

Sphingosine-1-phosphate S1P sphingolipid

sphingosine sphingosine kinase SphK

[98] S1P G S1PR1~5

[99] SphK SphK1 SphK2 2

SphK1

S1P

[98, 100, 101] S1P

[102] S1P

S1P

Cyclooxgenase-2 COX-2

Prostaglandin E2 PGE2 [103] S1P

S1P



4-1-2

S1P IMFs

S1P IMFs

S1P IMFs S1P IMFs

IMFs S1P

S1P



2

4-2-1 IMFs S1P

S1P IMFs

Wound healing assay IMFs S1P IMFs

18 A Boyden chamber assay

S1P IMFs 18 B CCK-8

S1P IMFs 18 C



18 IMFs S1P

S1P 0.1 1 10 M A 1 µM B C IMFs A B

C wound healing assay A N=3~6

Boyden chamber assay B N=4 CCK-8 C N=6

in duplicate S1P 100 %

* P 0.05 S1P



4-2-2 LmcMF SmcMF S1P

S1P IMFs

IMFs LmcMF SmcMF S1P

wound healing assay

LmcMF SmcMF 1 M S1P

10 M S1P 19 A B

S1P Primary-IMFs LmcMF SmcMF

Primary-IMFs



19 LmcMF SmcMF S1P

S1P 1 10 M LmcMF A N=12 in duplicate SmcMF

B N=4 in duplicate wound healing assay

S1P 100 % *

P 0.05 S1P



4-2-3 S1P IMFs S1P

Primary-IMFs S1P

S1PR1~3 [103] S1P IMFs

S1PR2 JTE-013 S1P IMFs

20 S1PR1 W146

S1PR3 CAY10444 S1P IMFs

S1P S1PR2 IMFs



20 S1P IMFs S1P

S1P 1 M IMFs W146 JTE-013 1 

CAY10444 wound healing assay

S1P 30 S1P 100 %

N=3~4 * P 0.05 S1P



4-2-4 S1P IMFs Rac1 ROCK

S1P GTPase

Rac1 RhoA [99] S1P IMFs

Rac1 RhoA

Rac1 Rac1 inhibitor II IMFs S1P

21 A RhoA ROCK

Y27632 IMFs S1P

IMFs 21 B S1P Rac1

Y27632 Rac1 21 C

S1P ROCK Rac1 IMFs



21 S1P IMFs Rac1 ROCK

A Rac1 inhibitor II IMFs N=6

B S1P 1 M IMFs Y27632 1 30

N=12~16 in duplicate wound healing assay

S1P 100 % * P 0.05

S1P # P 0.05 S1P C S1P 1 

M 15 Y27632 1 6 Rac1

western blotting Tubulin

N=2



4-2-5 SphK1 aMoC1

S1P SphK1

[98, 104] SphK1

SphK1

IMFs

SphK1

aMoC1 SphK1 aMoC1 SphK1-aMoC1

22 A SphK1 aMoC1

SphK1-aMoC1

22 B C S1P aMoC1

22 D E

SphK1 aMoC1 S1P

SphK1-aMoC1 S1P

PCR SphK1 S1PR1

S1PR1~S1PR3

22 F~H





22 SphK1 aMoC1

A Mock SphK1

SphK1 aMoC1 SphK1 western blotting

VCP

N=3 B C SphK1 aMoC1

B N=22 in duplicate C N=24 in duplicate D

E S1P 1 M aMoC1 D N=14 in duplicate

S1P 1 M E N=14 in duplicate CCK-8

wound healing assay F~H SphK1

aMoC1 S1PR1 F S1PR2 G S1PR3 H mRNA

PCR N=5 Mock S1P 100 %

* P 0.05 Mock NS non significant



4-2-6 SphK1 aMoC1

Epithelial Mesenchymal 

Transition EMT [105] EMT

[106] SphK1 aMoC1

SphK1-aMoC1

E-cadherin -catenin -catenin SphK1

aMoC1 EMT

Western blotting

SphK1-aMoC1 23 A

E-cadherin -catenin

23 B

SphK1 EMT



23 SphK1 aMoC1

A B Mock-aMoC1 SphK1-aMoC1

E-cadherin -catenin -catenin western blotting A

E-cadherin -catenin B Tubulin

20 

N=3 A N=2 B



4-2-7 IMFs SphK1-aMoC1

SphK1 IMFs

SphK1-aMoC1 IMFs

CCK-8 SphK1-aMoC1 IMFs

24 A wound healing assay IMFs

SphK1-aMoC1 IMFs

JTE-013 24 B

SphK1 S1P S1PR2

IMFs



24 IMFs SphK1-aMoC1

A SphK1-aMoC1 SphK1 IMFs

CCK-8 N=12 in duplicate B SphK1-aMoC1

SphK1 JTE-013 30 IMFs

N=14~26 in duplicate wound healing assay

Mock-aMoC1 Mock 100 %

* P 0.05 Mock # P 0.05 SphK1



4-2-8 IMFs aMoC1 SphK1-aMoC1

IMFs

[107, 108]

IMFs [107]

[109] IMFs

[110] IMFs

IMFs

IMFs SphK1

IMFs S1P

IMFs S1P IMFs S1P-IMFs aMoC1 SphK1-aMoC1

CCK-8 IMFs SphK1

aMoC1 25 A B IMFs S1P-IMFs

wound healing assay

IMFs SphK1 aMoC1

25 C D aMoC1 IMFs S1P-IMFs

IMFs S1P SphK1



25 IMFs aMoC1 SphK1-aMoC1

A B IMFs IMFs S1P IMFs S1P-IMFs

Mock-aMoC1 A SphK1-aMoC1 B N=6

in duplicate C D IMFs S1P-IMFs Mock-aMoC1 C

SphK1-aMoC1 D N=6 in duplicate CCK-8

wound healing assay

100 % * P 0.05



4-2-9 S1P IMFs

S1P IMFs

S1P IMFs hccIMFs

4-2-9-1 hccIMFs

-SMA

26 A

-SMA

[10] -SMA

26 B

-SMA vimentin 26 C

-SMA hccIMFs

hccIMFs E-cadherin

hccIMFs



26 IMFs

A -SMA

Hoechst33342 Merge

50 N=3

B IMFs hccIMFs

100 C hccIMFs

-SMA vimentin

E-cadherin western blotting 3

hccIMFs #1~#3 epithelial cell

VCP

N=3



4-2-9-2 hccIMFs S1P

S1P hccIMFs wound healing assay

IMFs S1P hccIMFs

27 A C 3 1 hccIMFs S1P

27 B



27 hccIMFs S1P

A~C S1P 1 M hccIMFs wound healing 

assay 3 hccIMFs

#1~#3 S1P 100 % N=6, in 

duplicate * P 0.05 S1P



3

4-3-1 Primary-IMFs LmcMF SmcMF S1P

S1P Primary-IMFs

18 LmcMF SmcMF S1P

19 S1P

S1PR1 S1PR3 S1PR2

[99] LmcMF SmcMF Primary-IMFs S1PR2

S1PR1 3

S1P

3 Primary-IMFs LmcMF SmcMF

S1P IMFs

Primary-IMFs LmcMF

SmcMF Primary-IMFs

4-3-2 S1P IMFs

S1P

IMFs S1P PGE2

[103] PGE2 [111]

[112]

S1P IMFs



S1P

[113, 114]

S1P IMFs IMFs

18 S1P S1P S1PR2

IMFs 20 IMFs

S1PR1~3 [103]

S1P S1PR2

[115, 116] S1P

S1PR1 3

[102] IMFs S1P

SphK1 S1P IMFs

IMFs

hccIMFs

IMFs S1P

27 3 1 hccIMFs S1P

27 B hccIMFs

S1PR2 S1P

hccIMFs #2 2 -SMA

26 C



4-3-3 S1P IMFs

Rac1 RhoA cdc42 Rho GTPase

S1P S1PR2

RhoA Rac1

[117] RhoA ROCK

[116]

Rac1 IMFs S1P IMFs

ROCK Y27632 21

S1P S1PR2 S1P

S1PR2 RhoA Rac1 IMFs

ROCK IMFs

ROCK

Y27632 IMFs 21

IMFs ROCK

IMFs ROCK

4-3-4 SphK1 IMFs

SphK1 aMoC1

S1P 22 SphK1 aMoC1

S1PR1~3 mRNA S1PR1

22 F~H SphK1-aMoC1 S1PR1

S1P



S1P SphK1

S1P

NIH3T3 S1P

[118] SphK1 aMoC1

S1P

SphK1 aMoC1

EMT

SphK1

23 S1P Interleukin-6 IL-6 Tumor necrosis 

factor- TNF-

[119, 120] S1P

S1P SphK1-aMoC1 IMFs

S1PR2 SphK1-aMoC1 S1P

S1PR2 IMFs 24

SphK1-aMoC1 IMFs 1 M S1P

18 24

S1P S1P IMFs

SphK1-aMoC1 S1P

SphK1

S1P 1 M

[121-123] SphK1 IMFs

S1P



4-3-5 IMFs

IMFs aMoC1 25 IMFs

TGF- Wnt5a

[124, 125] IMFs aMoC1

IMFs

[126] IMFs aMoC1

aMoC1 SphK1 IMFs

25

[127, 128] aMoC1

SphK1

IMFs aMoC1 IMFs S1P

25 IMFs S1P PGE2

[103] PGE2

[111]

[112] PGE2 IMFs S1P

S1P PGE2

PGE2

S1P IMFs



4-3-6

SphK1

S1P/S1PR2/ROCK/Rac1 IMFs

IMFs

SphK1 S1P IMFs

28



28 SphK1 IMFs

SphK1 S1P S1PR2

ROCK Rac1 IMFs

IMFs



5 KRas

1

5-1-1 KRas

Ras GTP

[129] Ras

[129]

Ras 45 %

[130] Ras KRas HRas NRas 3

KRas Ras 80 %

90 % 12 70 % 13 20 %

[130] 12

KRasV12 KRas

[131, 132]

KRas

[133-136]

[137-139]

KRas

KRas



5-1-2

IMFs

IMFs 3 IMFs

IMFs Primary-IMFs

KRas

IMFs IMFs



2

5-2-1 KRasV12 aMoC1

5-2-1-1 KRasV12 aMoC1

KRasV12 3 × FLAG

KRasV12 aMoC1 KRasV12-aMoC1

29 A KRasV12 aMoC1 29 B

KRasV12 aMoC1

aMoC1

CCK-8 KRasV12 aMoC1

29 C Boyden chamber assay

KRasV12 aMoC1 29 D



29 KRasV12 aMoC1

A Mock FLAG-KRasV12

KRasV12 aMoC1 KRas

western blotting Tubulin

N=3 B Mock-aMoC1

KRasV12-aMoC1 100 

C D KRasV12 aMoC1 C

N=6 in duplicate D N=3 CCK-8

Boyden chamber assay Mock 100 %

* P 0.05 Mock



5-2-1-2 KRasV12 aMoC1

KRasV12-aMoC1

KRasV12 KRasV12

30 A



30 KRasV12 aMoC1

A Mock-aMoC1 KRasV12-aMoC1

N=6 in duplicate B Mock-aMoC1 KRasV12-aMoC1

western blotting Actin

N=3



5-2-2 KRasV12 aMoC1 IMFs

5-2-2-1 KRasV12 aMoC1 Primary-IMFs

KRasV12 IMFs

Mock-aMoC1 MCM KRasV12-aMoC1 KCM

IMFs

3 -SMA

-SMA

[140-143]

vimentin desmin

western blotting -SMA vimentin desmin

MCM KCM Primary-IMFs -SMA vimentin desmin

31 A CCK-8 IMFs

MCM KCM Primary-IMFs

31 B wound healing assay IMFs MCM

KCM Primary-IMFs 31 C

Boyden chamber assay MCM Primary-IMFs

KCM Primary-IMFs

31 D



31 IMFs KRasV12-aMoC1

Mock-aMoC1 MCM KRasV12-aMoC1 KCM

IMFs A N=4 in duplicate B N=6 in duplicate

C D western blotting CCK-8

wound healing assay C N=12 in duplicate Boyden 

chamber assay D N=3 VCP

5 A 2 B 12

C D 100 %

* P 0.05 # P 0.05 MCM



5-2-2-2 KRasV12 aMoC1 LmcMF

KCM Primary-IMFs

LmcMF

LmcMF MCM KCM wound healing assay

LmcMF MCM KCM

LmcMF 32

LmcMF KCM



32 LmcMF KRasV12-aMoC1

MCM KCM LmcMF wound healing assay

MCM 100 %

N=18~20 in duplicate * P 0.05 # P 0.05

MCM



5-2-3 aMoC1 KRasV12 mRNA

KCM IMFs KRasV12

aMoC1

[6, 7] KRasV12 aMoC1

Mock-aMoC1 KRasV12-aMoC1 mRNA

Real-time PCR KRasV12-aMoC1 IL-6 TNF-

EGF Heparin binding-epidermal growth factor-like growth factor HB-EGF

TGF- mRNA Insulin-like growth factor-1 IGF-1

33



33 aMoC1 KRasV12 mRNA

aMoC1 KRasV12 mRNA

Real-time PCR Mock-aMoC1

100 % N=5 * P 0.05 Mock-aMoC1



5-2-4 IMFs

KRasV12 aMoC1

IMFs wound healing assay

Primary-IMFs 

LmcMF MCM MCM

HB-EGF Primary-IMFs LmcMF

34 A B  Boyden chamber assay HB-EGF Primary-IMFs

34 C



34  IMFs

A B 10 ng/ml Primary-IMFs A N=12

in duplicate LmcMF B N=4~12 in duplicate wound 

healing assay C HB-EGF 10 ng/ml Primary-IMFs

Boyden chamber assay N=3

A MCM B C 100 %

* P 0.05 A MCM B C



5-2-5 aMoC1 HB-EGF

KCM IMFs HB-EGF

MCM KCM HB-EGF ELISA

MCM KCM

HB-EGF 35



35 aMoC1 HB-EGF

MCM KCM HB-EGF ELISA N=7 in 

triplicate P=0.061 MCM



5-2-6 KCM HB-EGF IMFs

KCM HB-EGF IMFs

western blotting LmcMF

HB-EGF 15 ERK1/2 JNK1/2 AKT YAP GSK- S6 Kinase

S6K p38 MAPK STAT3 ERK1/2

JNK1 p38 MAPK KCM

HB-EGF 36 A B 37 38

Primary-IMFs LmcMF KCM HB-EGF ERK1/2

JNK1 p38 MAPK

36 C D 39 40

KCM HB-EGF IMFs ERK1/2 JNK1



36 KCM HB-EGF IMFs

MCM KCM 15 A C MCM HB-EGF 10 

ng/ml 15 B D LmcMF A B Primary-IMFs C

D western blotting

VCP

N=5~7 A 3~4 B 5~10 C 6~7 D



37 KCM LmcMF

36 A KCM 100 %

* P 0.05 MCM N 36



38 HB-EGF LmcMF

36 B MCM HB-EGF 100 %

* P 0.05 MCM N

36



39  KCM Primary-IMFs

36 C KCM 100 %

* P 0.05 MCM N 36



40 HB-EGF Primary-IMFs

36 D MCM HB-EGF 100 %

* P 0.05 MCM N

36



5-2-7 IMFs ERK JNK

MCM KCM IMFs ERK

JNK wound healing assay

ERK FR180204 JNK SP600125 KCM

LmcMF 41 LmcMF

MCM FR180204 SB203580

KCM 41

ERK JNK IMFs MCM

KCM



41 KCM IMFs ERK JNK

KCM LmcMF FR180204 1 A

SP600125 1 B wound healing assay

30 MCM 100 %

N=6~10 in duplicate * P 0.05

# P 0.05 MCM $ P 0.05 KCM



5-2-8 ERK JNK ErbB

KCM ERK1/2 JNK1 ErbB

ErbB1,2,4 Dacomitinib western 

blotting LmcMF KCM ERK1/2

JNK1 Dacomitinib

42 A 43 A~C Primary-IMFs KCM ERK1/2

Dacomitinib 42 B 43 D E

Primary-IMFs KCM JNK1

Dacomitinib 42 B 43 F



42 ERK JNK ErbB

KCM 15 LmcMF A N=5 Primary-IMFs B

N=4 ERK1/2 JNK1 Dacomitinib 1 

30 western blotting

MCM 15 VCP



43 ERK JNK ErbB

42 KCM LmcMF A~C Primary-IMFs D~F

ERK1 A D ERK2 B E JNK1 C F

Dacomitinib KCM HB-EGF 100 %

* P 0.05 MCM

# P 0.05 KCM N 42



5-2-9 KCM IMFs ErbB

ErbB KCM IMFs

Dacomitinib KCM Primary-IMFs LmcMF

44 IMFs

MCM Dacomitinib

KCM HB-EGF IMFs ErbB

ERK JNK



44 KCM IMFs ErbB

MCM KCM Primary-IMFs A N=14~20 in duplicate

LmcMF B N=4 in duplicate Dacomitinib 1 

30 wound healing assay

Dacomitinib A MCM B

100 % * P 0.05 KCM



5-2-10 HB-EGF IMFs ErbB1 ErbB4

HB-EGF IMFs ErbB

ERK JNK

HB-EGF ErbB1 ErbB4 IMFs

ErbB1 ErbB4

KCM HB-EGF IMFs ErbB1

Gefitinib 45A B ErbB1

EGF IMFs 34 A B

KCM HB-EGF IMFs ErbB1

ErbB4



45 KCM HB-EGF IMFs ErbB1

KCM A N=14~16 in duplicate HB-EGF 10 ng/ml B N=8 in 

duplicate Primary-IMFs Gefitinib 1 30

wound healing assay Gefitinib

100 %



5-2-11 ERK JNK ErbB1

KCM HB-EGF ErbB4 ERK JNK

IMFs ERK

JNK ErbB1 [144] KCM

HB-EGF ERK JNK ErbB1

ErbB1 Gefitinib KCM HB-EGF

ERK1/2 JNK1 Gefitinib

46 A B KCM HB-EGF ERK JNK

ErbB1



46  ERK JNK ErbB1

MCM 15 KCM 15 A HB-EGF 10 ng/ml

15 B Primary-IMFs ERK1/2 JNK1

Gefitinib 1 30 western blotting

MCM 15

VCP

N=2



5-2-12 ERK JNK

KCM HB-EGF ERK JNK ErbB1

46 ErbB1 IMFs

34 45 ERK JNK IMFs

41

ERK JNK IMFs

41 Wound healing ERK

[145] wound 

healing assay IMFs ERK

IMFs western blotting

ERK1/2

JNK1 47 A~D Boyden 

chamber assay EGF IMFs 47 E



47 ERK JNK

A Scratch 15 30 60 Primary-IMFs ERK1/2

JNK1 western blotting VCP

N=5 B~D Scratch 15 30 60 Primary-IMFs

ERK1 B ERK2 C JNK1 D

100 % * P 0.05

E EGF 10 ng/ml Primary-IMFs

Boyden chamber assay MCM

100 % * P 0.05 MCM N=4



5-2-13 IMFs KRasV12-aMoC1

KRasV12-aMoC1 IMFs

IMFs

IMFs KRasV12-aMoC1

CCK-8 IMFs KRasV12-aMoC1

48 A Boyden chamber assay

IMFs KRasV12-aMoC1 48 B

Invasion assay IMFs

KRasV12-aMoC1 48 C



48 IMFs KRasV12-aMoC1

IMFs IMFs-CM KRasV12-aMoC1 A N=6 in 

duplicate B N=3 C N=3 CCK-8

Boyden chamber assay Invasion assay

100 % * P 0.05



3

KRasV12

HB-EGF ErbB1 ErbB4 IMFs

IMFs

IMFs

LmcMF IMFs

5-3-1 KRasV12

KRasV12

[133, 135, 136]

aMoC1 KRasV12

29 30 KRasV12

CD44 c-Myc 30 B

[146, 147]

KRasV12

[148, 149] KRasV12

APC

[149, 150] aMoC1

APC [151] aMoC1 large 

T p53



[77] KRasV12

p53

KRasV12-aMoC1

5-3-2 KRasV12-aMoC1 IMFs

KCM IMFs

31 A B KRasV12-aMoC1

TGF- EGF TNF-

33 [69, 152, 153]

IGF-1 33 [69, 152, 

153] KRasV12-aMoC1

IMFs

MCM

Akt KCM 36 37

39 KCM IMFs

KCM IMFs Boyden chamber assay

KRasV12-aMoC1 IMFs

31 C D KRasV12-aMoC1 HB-EGF mRNA

33 35 HB-EGF IMFs

34 KCM IMFs

HB-EGF Dacomitinib KCM

IMFs 44 HB-EGF KCM



IMFs

KRasV12-aMoC1

[154-158] HB-EGF

IMFs 34

[159]

KRasV12

IMFs

KCM

5-3-3 HB-EGF IMFs

HB-EGF

[160-162] HB-EGF IMFs

KCM Dacomitinib

KCM HB-EGF

Platelet-derived 

growth factor PDGF

[163] HB-EGF IMFs

IMFs ERK JNK

47 A~D wound healing assay

ERK JNK



ErbB1 IMFs

Boyden chamber assay wound healing assay

ErbB1 EGF IMFs

47 E IMFs ErbB1 ERK JNK

wound healing assay

ERK JNK  KCM

MCM 41

ERK JNK

KCM HB-EGF wound healing assay IMFs

ErbB4

49 ErbB4

ErbB4 ErbB4

[164]

ErbB4 IMFs

ErbB4

ErbB4

HB-EGF in vivo

HB-EGF

[165, 166] HB-EGF

IMFs IMFs



5-3-4 IMFs

IMFs KRasV12-aMoC1

48

[167-169]

[170]

[167, 170]

[171, 172]

IMFs

HB-EGF IMFs

KCM HB-EGF IMFs

KRasV12-aMoC1

5-3-5 IMFs LmcMF

3 IMFs LmcMF 4 S1P

Primary-IMFs



Primary-IMFs

KCM HB-EGF LmcMF

LmcMF

LmcMF wound healing assay Primary-IMFs

MCM  32 LmcMF

MCM ERK1/2 36 37

LmcMF Primary-IMFs

LmcMF Primary-IMFs

KCM HB-EGF ERK1/2 JNK1

LmcMF

5-3-6

KRas IMFs

49 HB-EGF ErbB1

ERK JNK ErbB4

LmcMF

ErbB4 IMFs

LmcMF

IMFs



49 KRasV12 IMFs

KRasV12 EGF HB-EGF

ErbB1 ErbB4 ERK1/2 JNK1

IMFs

IMFs



6

2 3

2

DCLK1 CD133

Hopx

4

aMoC1

3

IMFs

LmcMF SmcMF 2 IMFs

LPS Primary-IMFs

S1P Primary-IMFs 4

LmcMF 5 KCM HB-EGF Primary-IMFs



LmcMF SmcMF IMFs

Primary-IMFs

4 5

4 SphK1

aMoC1 SphK1 aMoC1

SphK1 S1P

SphK1

5

KRasV12 aMoC1

aMoC1

IMFs

[170, 172, 173] 4 5

IMFs

KRas

[174] SphK1

[175, 176] KRasV12

IMFs IMFs



SphK1 IMFs

50

4 SphK1

KRasV12 SphK1

[167] 5 IMFs

KRasV12-aMoC1 4 IMFs

aMoC1 IMFs

IMFs aMoC1 50 %

KRasV12-aMoC1 10 %

IMFs

IMFs

[177]

4 IMFs S1P

KRasV12-aMoC1

IMFs IMFs



SphK1

S1P IMFs KRasV12 HB-EGF

IMFs

IMFs

IMFs



50

KRasV12

EGF HB-EGF IMFs

SphK1

S1P IMFs

IMFs



7

7-1

7-1-1

4~12 C57BL/6J

70 % 30 U/ml

10 ml

3 cm

ethylenediamine tetraacetic acid EDTA

HBSS 37 30

3 2 3

trypsin/EDTA trypsin 0.05 % EDTA 0.53 mM

HBSS 37 5 1,500 rpm 5

AR 1 % antibiotic and antimycotic solution AA Invitrogen

1 % INSULIN-TRANS-SEL-X ITS Invitrogen 50 ng/ml mouse EGF PeproTech

100 ng/ml mouse leukemia inhibitory factor LIF ProSpec-Tany TechnoGene

DMEM /F12 Invitrogen

BD Biosciences

HydroCell 37 5 % CO2

MCO-5AC SANYO 3 15 ml 

Sumitomo Bakelite 1,500 rpm 5

AR

3~5



7-1-2

4~12 C57BL/6J IMFs

Mahida [67]

3 cm

EDTA HBSS 

10 ml 30 × 3

3 mm 60 mm

1 % AA 10 % fetal bovine serum FBS DMEM Sigma 

Aldrich 37 5 % CO2

IMFs

Primary-IMFs

7-1-3

1 cm HBS 3 3 mm

60 mm 1 % AA 10 % FBS DMEM

37 5 % CO2

IMFs hccIMFs



HBS 25 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl] 

ethanesulfonic acid HEPES -HCl pH 7.4 150 mM NaCl

7-1-4

aMoC1 [151]

RAW264.7 Eph4 11.5

C57BL/6J MEF

aMoC1 1 % AA 1 % ITS 5 % FBS DMEM

1 % AA 10 % FBS DMEM 37 5 % CO2

HBS

trypsin/EDTA trypsin 0.05 % EDTA 0.53 mM HBS

6 well plate TPP 4 × 105 cell

FBS free DMEM 24

3,000 g 10

50 %

7-2

7-2-1

APC shRNA APC

mCherry pLVmC ClaI/MluI



[47] shRNA

shAPC shAPC#5 shAPC#6 shAPC#7

shNonTarget -CAACAAGATGAGAGCACCA-

shAPC#5 -GCTTTGACAAACTTGACCT-

shAPC#6 -GTGGATACTTTGTTACACT-

shAPC#7 -GGAGTGAAACTACGCTCAA-

SphK1 cDNA

PCR PCR 3 × FLAG

pLVSIN-EF1 -IRES-ZsGreen1 Takara Bio EcoRI/NotI

KRasV12 KRasV12

SW620 cDNA PCR

PCR 3 × FLAG pLVSIN-EF1 -IRES-ZsGreen1

NotI/BamHI

KRasV12

SphK1 Forward GCGGAATTCATGTCCGCTCAAGTTCTGGG 

  Reverse CCCGCGGCCGCTAAGGGCTCTTCTGGCGGTG

KRas Forward GGGCGGCCGCGATGACTGAATATAAACTTGTGGTAG 

 Reverse GCGCGGATCCTTACATAATTACACACTTTGTCTTTGACTTC 

7-2-2

On ice E. coli Competent Cells XL10GOLD Stratagene 10 µl

0.5 µl on ice 30 Dry Bath Incubator

Major Science 42 45 on ice 2



100 µl LB Broth 37 1 BioShaker 

BR-22FP Taitec LB agar 100 µg/ml ampicillin plate

37 LB Broth 

100 µg/ml ampicillin 37 200 rpm

3,000 rpm 10 Himac CR20

HITACHI Plasmid Mini Kit I Omega

7-2-3

6 well plate HEK293T

1 µg packaging plasmid psPAX2 0.77 µg VSVG coat protein plasmid

pMD2.G 0.43 µg 2.5 µl Polyethylenimine MAX PEI Polysciences

0.33 ml Opti-MEM 30 1.5 ml

10 % FBS 1 % AA DMEM 8 1.5 ml

48 0.22 µm aMoC1

mCherry ZsGreen SH800

SONY

7-3 IMFs

Puromycin SV40 large T LT SV40 small t 

ST EGIP-EF1a-Large T-IRES- 

Puro Addgene Addgene ID18922

Primary-IMFs



puromycin 5 LT IMFs LmcMF

Primary-IMFs

SmcMF

7-4

7-4-1

LmcMF SmcMF 35 mm 5 × 104 cell 3

3

35 mm 5 × 104 cell 3

LmcMF SmcMF 5 35 mm 5 × 104 cell

1 3 5 7 9

7-4-2 CCK-8

Primary-IMFs 24 well plate 2 × 104 cell LmcMF 6 well plate 5 × 104 cell

24 Primary-IMFs 10 % FBS DMEM LmcMF

1 % FBS DMEM aMoC1 aMoC1

12 well plate 1 × 104 cell 1

3 Cell Counting Kit-8 CCK-8



7-5

7-5-1 Wound healing assay

35 mm FBS free 

DMEM WATSON

110-705Y FBS free 

DMEM

0

ECLIPSE TE2000-S Nikon

DS-5M-U1 Nikon ImageJ National Institutes of 

Health 0

aMoC1 4 Primary-IMFs 12 LmcMF 6

SmcMF 8

37 5 % CO2

7-5-2 Boyden chamber assay

Boyden chamber assay 8 µm

Costar FBS free DMEM 24 well 

plate wash 200 µl FBS free DMEM

Primary-IMFs 4 × 104 cell aMoC1 1 × 104 cell 800 

µl FBS free DMEM  well 37 5 % CO2

2 well



0 37 5 % CO2

12 100 % 15

1 MiliiQ 20 Muto Pure 

Chemicals 15 MilliQ

200

3~5

FBS free DMEM 100 %

7-6

2.5 ml bottom agar 1 % AA 10 % FBS 2.8 % NaHCO3 Wako 0.75 % 

DMEM 6 well plate 4 8

1.0 × 103 cell 1.5 ml top agar 1 % AA 10 % FBS

2.8 % NaHCO3 0.36 % DMEM 2

Wako

7-7

AR TACAS Slides

MBL 3 % skim milk PBS-T 0.05 % Tween 

20 PBS 30 PBS-T

4 PBS-T



alexa Flour 488 alexa Flour 594 1:1,000 Invitrogen

2 Eclipse TE2000-S Nikon

2

microscope cover glass Fisherbrand

4 % formaldehyde 20 1:1

-20 10 PBS-T 0.2 % Triton-X100 PBS-T

60 3 % skim milk PBS-T 30

PBS-T 4

PBS-T alexa Flour 594 1:2,000

60 SYTOX Green Life 

Technologies 1:2,000 Hoechst 33342 1:2,000 Dojindo Laboratories

60 aqueous permanent mounting 

medium Dbiosys LSM510 Carl Zeiss

2

PBS 137 mM NaCl 2.7 mM KCl 1.76 mM KH2PO4

10 mM Na2HPO4 12H2O

2

CD133 1:200  Novus NB120-16518 

DCLK1 1:200  Abnova PAB2050 

E-cadherin 1:500  BD Biosciences 610181 

Vimentin 1:200  Sigma Aldrich V4630 

-SMA 1:200  Sigma Aldrich A-2547 

-catenin 1:500  BD Biosciences 610153 



7-8

3 cm

4 % paraformaldehyde 4 2 PBS 4

over night 30 % OCT Miles Laboratories

Leica CM3050 cyostat Leica Microsystems

10 m -L-

5 % normal donkey serum 1 % bovine serum albmin BSA PBS

20 anti-CD133 1:100

Chemicon #MAB4310 anti-DCLK1 1:500 Abnova #PAB2050

over night 4 PBS alexa Flour 

488 1:1,000 alexa Flour 555 1:1,000 60

PBS -diamino-2-phenylindole DAPI 1:1,000

Vectashield Mounting Medium Vector Laboratories

Leica TCS-SP2 Leica Microsystems

PBS 4 % paraformaldehyde 4

4 m

1.4 

mM 8.2 mM PBS 121 5

10 % 

1 % BSA PBS 30

anti- -SMA 1:100 Dako #M0851 4

PBS alexa Flour 594 1:500



60 Hoechst 33342 1:2,000

PBS CC/Mount Diagnostic BioSystems

BZ-8100 Keyence

7-9

96 well plate 2 × 105 cell/well 4 200 g 5 2 % 

FBS 0.01 % sodium azide PBS-T FACS Buffer

anti-CD16/32 1:100 eBioscience #14-0161-82 10 FcR

1:100 on ice 30

CyFlow space flow cytometer Partec 3,000

3

HBS

1,000 g 10

HBS

154 mM NH4Cl 14 mM NaHCO3

0.13 mM EDTA pH 7.3

3

anti-mouse CD45 rat IgG2b FITC eBioscience 11-0451-81 

anti-CD133 rat IgG1 FITC eBioscience 12-1331-80 

anti-CD326/EpCAM rat IgG2a,  FITC BioLegend 118207 



rat monoclonal isotype control to IgG2b FITC eBioscience 11-4031-81 

rat monoclonal isotype control to IgG1 FITC eBioscience 12-4301-81 

FITC 
BioLegend 

400505 

7-10 RT-PCR mRNA

7-10-1 mRNA

HBS TRIzol reagent Invitrogen

1.5 ml

3

2~3 4 15,000 rpm 15 100 

10 -

15,000 rpm 10 80 %

15,000 rpm 10

RNase free

total RNA Nano Drop ND-2000 Nano Drop Technologies

7-10-2 RT-PCR

mRNA 0.5 µg PrimeScript RT-PCR kit Takara

cDNA l 10 × PCR buffer II dNTP Mix

PCR Forward primer PCR Reverse primer Takara 

Ex Taq HS dH2O



Applied Biosystems PCR PCR 1

30 30

1 40 2

primer 4

4 RT-PCR Primer

Primer Sequence 

Bmi1 
Forward TCCCCACTTAATGTGTGTCC 

Reverse TTCTCCTCGGTCTTCATTGG

GAPDH 
Forward AGGCCGGTGCTGAGTATGTC

Reverse TGCCTGCTTCACCACCTTCT

Hopx 
Forward CACCACGCTGTGCCTCATCG 

Reverse CAAAACAGCCTGGGTAAGCC 

Lgr5 
Forward TAAAGACGACGGCAACAGTG 

Reverse GAAGATCGACGATTCGGAAG

Msi1 
Forward CCTTGATTGCCACAGCCTTC

Reverse ATAAAAGCGACCAGGGAGAG 

mTert 
Forward ACCCAGGATGTACTTTGTTAAGG 

Reverse AGCAAACAGCTTGTTCTCCATGTC

Olfm4 
Forward GCCACTTTCCAATTTCAC 

Reverse GAGCCTCTTCTCATACAC

7-10-3 Real-time PCR

mRNA 0.5 µg QuantiTect Reverse Transcription Kit QIAGEN



cDNA QuantiTect SYBR I Kit QIAGEN

CFX96 Touch PCR Bio-Rad PCR

PCR 95 15 15

30 30 45

Melt curve stage 95 15 65 5 0.5 95

5 mRNA -actin

5 Real-time PCR Primer

Primer Sequence 

EGF 
Forward CCCAGGCAACGTATCAAAGT 

Reverse GGTCATACCCAGGAAAGCAA 

HB-EGF 
Forward GACCCATGCCTCAGGAAATA 

Reverse TGAGAAGTCCCACGATGACA 

IGF-1 
Forward TTCAGTTCGTGTGTGGACCGAG 

Reverse TCCACAATGCCTGTCTGAGGTG 

IL-6 
Forward CACGGCCTTCCCTACTTCAC 

Reverse TGCAAGTGCATCATCGTTGT 

TGF-
Forward TTGCTTCAGCTCCACAGAGA

Reverse TGGTTGTAGAGGGCAAGGAC

TNF-
Forward AGACCCTCACACTCAGATCATCTTC 

Reverse TTGCTACGACGTGGGCTACA

-actin 
Forward GATTACTGCTCTGGCTCCTAGC 

Reverse GACTCATCGTACTCCTGCTTGC 



7-11 Western blotting

7-11-1

on ice HBS

lysate buffer on ice

5 15,000 rpm 4 15

lysate 

buffer on ice 15 15,000 rpm 4

15

BioRad DC protein assay kit Bio-Rad Lowly

lysate buffer 50 mM Tris-HCl pH 8.0

5 mM EDTA pH 8.0 5 mM ethylene glycol tetraacetic acid EGTA pH 8.0 1 mM 

Na3VO4 20 mM sodium pyrophosphate 1 % triton X-100 1 tablet/50 ml protease 

inhibitor cocktail Roche

7-11-2 Western blotting

SDS

TRANS-BLOT SD BIO-RAD PVDF BIO-RAD

Wako PVDF

3 % TBS-T 0.05 % Tween20 TBS

30 0.5 % TBS-T 1

Wave-SI TAITEC 4



HRP anti-mouse IgG

HRP anti-rabbit IgG HRP anti-goat IgG R&D Systems 1:10,000

1 ECL GE Healthcare ECL Pro PerkinElmer

LAS3000 FUJIFILM 6

TBS 25 mM 2-Amino-2-hydroxymethyl-1,3-propanediol

Tris - HCl pH 7.4 150 mM NaCl

6 Western blotting

Actin Santa Cruz SC-1615 

CD14 Santa Cruz SC-9150 

CD44 Bethyl Laboratories A303-872A 

Collagen Type I Merck Millipore 234167 

Desmin Thermo Scientific RB-9014 

E-cadherin Cell Signaling 4065 

 Cell Signaling 4814 

Lgr5 Abgent AP2745D-EV 

MD-2 Bio-Rad AHP1717T 

Pan-Ras Merck Millipore OP40 

Phospho-Stat3 Tyr705  Cell Signaling 9145 

Phospho-p70 S6 Kinase Thr389  Cell Signaling 9234 

Phospho-Akt Ser473  Cell Signaling 9271 

Phospho-GSK-3 Ser9  Cell Signaling D85E12 

Phospho-JNK Thr183/Tyr185  Promega V7931 



Phospho-p38 MAPK Thr180/Tyr182 Cell Signaling 9216 

Phospho-p44/42 MAPK Erk1/2

Thr202/Tyr204
Cell Signaling 9101 

Phospho-YAP Ser127  Cell Signaling 13008 

Rac1 Merck Millipore 05-389 

SphK1 ECM Biosciences SP1621 

TLR4 Santa Cruz SC-16240 

Tubulin-  Thermo Scientific RB-9281-P0 

Vimentin Sigma Aldrich V4630 

c-Myc Cell Signaling D84C12

p97/VCP GeneTex GTX113030

-SMA Sigma Aldrich A-2547 

-catenin BD Biosciences 610193 

-catenin BD Biosciences 610153 

7-12 Rac1

7-12-1 GST-Pak1 beads

On ice BL21 cells Takara Bio 10 µl pGEXTK-Pak1 70-117

Addgene #12217 0.2 µl on ice 30

42 45 on ice 2 100 µl

LB Broth 37 1 LB agar 100 µg/ml 

ampicillin plate 37

5 ml LB Broth 100 µg/ml ampicillin 37



200 rpm 100 ml LB Broth 100 µg/ml ampicillin

2 % Nano Drop O.D.600

0.1 37 200 rpm IPTG

Inalco Pharmaceuticals 0.1 mM 37 200 rpm 3

50 ml 3,000 rpm 10

40 ml PBS 3,000 rpm 5

20 ml GST buffer

bacterio-lysis solution -80

0.3 ml 0.5 M MgCl2 10 10 mg/ml DNase I

Worthington Biochemical Corporation 10 On ice

30 10 2 ml

15,000 rpm 15 Glutathione Agarose 4B Peptron

4 30 GST-Pak1 Glutathione 

Agarose 4B Glutathione Agarose 4B 500 l Glutathione 

Agarose 4B 50 ml 5 ml GST buffer 1,500 

rpm 2 GST-Pak1

Glutathione Agarose 4B 1,500 rpm 2 10 ml wash 

buffer 2 beads 300 l

GST buffer 200 l

GST-Pak1 beads

GST buffer 100 mM Tris-HCl pH 8.0 200 mM NaCL 0.04 % -mercaptoethanol 

1 tablet protease inhibitor cocktail Roche /50 ml



Bacterio-lysis buffer 12 mg lysozyme PanReac AppliChem 25 l EDTA 0.5 M

10 l trypsin inhibitor lima bean 10 mg/ml Worthington Biochemical Corporation

2 ml Triton-X 100 10 % to 20 ml GST buffer

Wash buffer 100 mM Tris-HCl pH 8.0 200 mM NaCL 0.5 % triton-X 100 1 

mM EDTA

7-12-2 Rac1

Primary-IMFs 10 cm 3 × 105 cell FBS free 

DMEM 72

cell wash buffer lysate buffer on ice 5

15,000 rpm 5

beads wash buffer GST-Pac1 beads 4 30

6,000 g 1 beads wash buffer

Beads 1.5 ml 

6,000 g 1 2 × SDS sample buffer

western blotting

Cell wash buffer 25 mM HEPES 150 mM NaCl 1 mM MgCl2 0.5 mM CaCl2

Lysate buffer 50 mM Tris-NaOH pH 7.4 100 mM NaCL 2 mM MgCl2 1 % 

NP-40 10 % glycerol 1 tablet protease inhibitor cocktail Roche /50 ml

Beads wash buffer lysate buffer protease inhibitor cocktail

2 × SDS sample buffer 50 mM Tris-HCl pH 6.8 1 % SDS 6 % -mercaptoethanol

2 % Glycerol



7-13 ELISA

aMoC1 35 mm dish 4 × 105 cell 750 µl FBS free DMEM

48 3,000 g

10 200 µl HB-EGF

Mouse HBEGF ELISA Kit LSBio #LS-F5901

7-14

Lipopolysaccharide from Escherichia coli 055 : B5 HB-EGF FR180204 Sigma 

Aldrich) sphingosine-1-phosphate W146 JTE-013 CAY10444 Y27632 SP600125

Cayman Chemical Antibiotic-Antimycotic

fetal bovine serum Qualified Invitrogen EGF IL-6 Pepro Tech Inc. TGF- 1

AMBiS TNF- Dacomitinib Wako IGF-1 Prospec-Tany TechnoGene Ltd.

Gefitinib Santa Cruz Rac1 inhibitor II Merck Millipore ECL Western Blotting 

Detection Reagentd GE Healthcare Western Lightning ECL Pro Perkin Elmer

7-15

2 t-test 2

one-way ANOVA Tukey s test P 5 %







































LmcMF

aMoC1


