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RNA 
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RNA interference 
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DNA

-

Senescence-Associated Heterochromatic Focus, SAHF

SAHF SAHF

SAHF

SAHF SAHF

RasG12V WI-38

RasG12V Ras

mock DAPI

Ras

SAHF SAHF

X

Ras SAHF

Ras

Ras SAHF SAHF

12 DNA Ras

FISH Ras 2 FISH

2 SAHF

Ras SAHF

H3 Ser10 Ser28
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H2B Ser14 H3

Lys9 SAHF

Ras

Ras SAHF

Ras SAHF

H3 Lys9 H3 Lys9

H3 Lys9 Ras

Ras SAHF

SAHF

Ras

SDS-PAGE CBB Ras

Ras H1 Ras

High Mobility Group A2 HMGA2

2 DNA

H1

H1

SAHF H1

H1 RasG12V

DNA

H1 SAHF

H1

SAHF

SAHF H1

H1 RasG12V

SAHF

H1
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H1 SAHF

H1 RNAi RNA interference

H1 SAHF

6 H1

RNAi H1

H1 SAHF

H1 EGFP

H1 N

EGFP N-fusion H1

-

N-fusion H1 H1

H1

H1

N-fusion H1 SAHF SAHF

H1

H1 HMGA2

SAHF HMGA2

SAHF H1 HMGA2

HA-HMGA2

N-fusion H1 H1

HA-HMGA2 HA-HMGA2
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H1 SAHF

SAHF H1 HMGA2

SAHF

DNA
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1
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1.1

(Hayflick and Moorhead, 1961)

1-1 -

-

senescence-associated heterochromatic focus, SAHF (Dimri 

et al., 1995) (Narita et al., 2003)

DNA

S DNA

DNA (Harley et al., 1990)

DNA DNA

(d'Adda di Fagagna et al., 2003; Gire et al., 2004) DNA

ATM ATR Chk1 Chk2

(d'Adda di Fagagna et al., 2003; Gire et al., 2004)

DNA

DNA

(Bodnar et al., 1998; Gire et al., 2004) DNA

stress-induced premature senescence

DNA

1-1

DNA

(Sherr and DePinho, 2000)

(Chen and Ames, 

1994) (Serrano et al., 1997) DNA

DNA

(Wei et al., 1999)

RasG12V

oncogene-induced senescence, OIS

1.3 OIS

Ras GTP
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GTP GDP GTP

Ras MAPKKK Raf Raf-Mek-Erk MAPK

(Kolch, 2005) Ras

RasG12V GTP

RasG12V

RasG12V

NIH-3T3

(Serrano et al., 1997)

1.3 RasG12V

(Di Micco et al., 2006) RasG12V

S

DNA DNA

RasG12V

DNA

1.2

2 p53 Rb

SV40 large T

(Ben-Porath and Weinberg, 2005; Shay et al.,  1991) 1-2

p53 Rb E6

E7 (Shay et al .,  

1991) p53 DNA

15

p53 p21

CDK p21

-CDK Rb

Rb G1 S E2F

G1

1-2

p53 p21 Rb p53
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Rb

p21

(Pantoja and Serrano, 1999)

E6 E7

(Shay et al.,  1991) p53 Rb

(Ben-Porath and Weinberg, 2005)

p53 Rb

1-2

p16
INK4a

p53 CDK

p21 -CDK p16
INK4 a

CDK4 CDK6 -CDK

Rb E2F

p16
INK4a

Ets

(Ohtani et al.,  2001)

1 p38 MAP

(Iwasa et al.,  2003) (Wang et al.,  2002)

p38 MKK6 MKK6EE

MKK6 MKK6AA p38

SB203580 (Iwasa et al.,  2003) p38

(Ishikawa, 2003)

1.3
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p53 Rb

(Campisi, 2005) -

(Dimri et al.,  1995)

(Braig et al.,  2005; Chen et al.,  2005; Collado et al.,  2005; 

Lazzerini Denchi et al.,  2005; Michaloglou et al.,  2005) K-ras

G12V

adenoma adenocarcinoma

(Guerra et al.,  2003) CDK p16
INK4a

-

(Collado et al.,  2005)

BRAF V600E

BRAF
V600E

in vitro (Michaloglou et al.,  2005)

-

BRAF
V600E

(Michaloglou et al.,  2005)

1-3 (Schmitt, 2003)

1.4
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CDK p21

p16
INK4a

2 1-4 (Narita et al.,  2003; Takahashi et al.,  2006)

p53 Rb

p53 Rb

DNA (Gorman 

and Cristofalo, 1985) G2 M

large T SVts8 34 p53

Rb 38

(Takahashi et al.,  2006)

PKC 1-4A PKC

WARTS

CDK G1

M

PKC

PKC

1-4A

PKC

1-4B (Narita et al.,  2003)

DAPI DNA

DNA

15



(Narita et al., 2003)

H3 (Lys9) heterochromatin protein 1 (HP-1)

senescence-associated 

heterochromatic focus (SAHF ) G1

S A PCNA

SAHF

SAHF G1

1-4B

1.5

2 H2A H2B H3 H4

1.8 146 DNA

1-5A (Hayes and Hansen, 2001; Luger and 

Hansen, 2005) 20 DNA

10 nm 1 6

30 nm 30 nm

DNA H1

(Robinson and Rhodes, 2006; Thoma et al., 1979)

H1

1-5A (Cremer and Cremer, 2001)

interchromosome domain

RNA

(Williams, 2003) PML

(Bridger et al.,  1998)

H1
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10

(Marzluff et al., 2002)

H2A H2AX DNA

(Thiriet and Hayes, 2005) H2A

macroH2A X

(Costanzi 

and Pehrson, 1998)

(Kimmins and Sassone-Corsi, 2005)

(Strahl and Allis, 2000) H3 Ser10 Ser28 H2B Ser14

1-5B (Cheung et al., 2003; Wei et al., 1998)

(Ahn et al., 2005)

H3 (Lys9) H3

HP-1 1-5B

(Nakayama et al., 2001)

High Mobility Group HMG

HMGA HMGB HMGN (Reeves, 2001) HMG

110 H1 DNA

(Hill and Reeves, 1997) HMG H1

(Catez et al., 2004)

1.6 Senescence-Associated Heterochromatic Focus: SAHF 

SAHF

SAHF H3 HP-1 macroH2A

(Narita et al., 2003; Zhang et al., 2005) SAHF

17



Asf1a HIRA H3 H4

(Tagami et al., 2004)

SAHF

(Zhang et al., 2005) Asf1a HIRA SAHF

SAHF H3

Asf1a

HIRA

E1A Rb p300

E1A RasG12V

SAHF (Narita et al., 2003)

RNA interference RNAi Rb SAHF

SAHF

Rb 1-2

SAHF Rb (Chan et al., 2005)

p400 SWI2/SNF2 RNAi

p400 SAHF

p400 SAHF p53 p21

Rb

p400 SAHF p53 p21 Rb

1.7

SAHF

SAHF

SAHF SAHF

SAHF
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1.8

SAHF

2 SAHF

3 4

5
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1-1
DNA

DNA DNA

DNA
β

DNA

Narita et al. Cell 2003

Senescence-associated
heterochromatic foci, SAHF)

Dimri et al. PNAS 1995

β-

Hayflick et al. Exp Cell Res 1961



1-2
p53 Rb p53 CDK

p21 p16 -CDK Rb
Rb E2F G1 p38 MAPK

p38
MAPK CDK

p53 Rb

DNA

p53

p21 CycE/CDK2

CycD/CDK4,6 p16INK4a

p38 MAPK

Rb

E2F

DNA

( ATM & Chk2 

CDK
Rb

E2F

G1

Ets



1-3
Ras BRAF

p53
Rb

p53 Rb



1-4 2
(A) p53 Rb E2F DNA

PKCδ
PKCδ WARTS

(B) E2F
DNA

DNA SAHF

DNA

Narita et al. 2003 Cell

Rb
E2F

BA

DNA

PKCδ

WARTS

Takahashi et al. 2006 Nature Cell Biology

Rb
E2F
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2.1 RasG12V

SAHF

(Narita et al., 2003) WI-38

Ras RasG12V

2-1A WI-38 RasG12V

3 5

0 1 7

1 RasG12V WI-38

2 1

3 RasG12V

4 RasG12V WI-38

SAHF SAHF

RasG12V WI-38 Ras

1

2-1B Ras

mock -

2-1C Ras

RasG12V

(Serrano et al., 1997)

Ras SAHF DNA

DAPI 2-1D mock

Ras SAHF

Ras 1 80% SAHF

7 SAHF SAHF

7 Ras

SAHF 2-1D WI-38

2 X X

DAPI Barr macroH2A

(Costanzi and Pehrson, 1998) 2-1D

26



Ras mock X

SAHF 2-1D Ras SAHF

2.2 Ras

DNA

Ras SAHF

CENP-B

SAHF 2-2A

CENP-B mock Ras

Ras CENP-B 85% SAHF

2-2B SAHF 70% CENP-B

CENP-B SAHF 2

SAHF 2-2C Ras CENP-B

SAHF 2-2D

Ras SAHF

2-2D (Weierich et al., 2003)

Ras SAHF

2.3 Ras FISH

Ras SAHF

12 DNA FISH 2-3

DNA WI-38 2

2 12 2-3A Ras

FISH FISH

SAHF 2-3B 5

2 FISH SAHF 2-3B

SAHF
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2.4 Ras DAPI

Ras SAHF

RNA

PML 1.5 Ras

DAPI SAHF SAHF DAPI

Ras DAPI

RNA polymerase II RNA pol II

2-4A RNA pol II mock Ras

DAPI Ras RNA pol II

DAPI SAHF RNA pol 

II 90% SAHF

RNA pol II 2-4B SAHF

CBP

HDAC 2-4C CBP

2.5 PML DAPI

HDAC DAPI

DAPI

DAPI Ras

RNA BrU

Wansink (Wansink et al., 1993)

Ras 0.05% Triton X-100

BrU 35 10 BrU

RNA BrdU

2-4D Ras SAHF 0.05% Triton X-100

BrU DAPI
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2-4D BrU

2-4E BrU

- 1 g/ml RNase A 50 g/ml

- 1 g/ml RNA pol II

BrU RNA pol II RNA

2-4E (Weinmann et al., 1974) Ras DAPI

2.5 Ras PML

DAPI PML

2-5 Promyelocytic leukemia PML

PML

(Negorev and Maul, 2001) PML

DNA

(Ferbeyre et al., 2000) PML Ras

PML DAPI 2-5A

90% PML DAPI SAHF

PML 2-5B Ras

DAPI

SAHF SAHF PML

PML SAHF

PML

Sp100 EGFP

EGFP-Sp100 PML

WI-38 EGFP-Sp100

PML

EGFP-Sp100 WI-38 EGFP-Sp100

PML 2-5C EGFP-Sp100

PML

RasG12V EGFP-Sp100 Ras

EGFP-Sp100 DAPI
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SAHF 2-5D

SAHF DAPI

2.6 Ras

1-5 1-5B

H3 Ser10 Ser28

H2B Ser14

H3 Lys9 1-5B

(Strahl and Allis, 2000) Ras SAHF

SAHF 2-6

WI-38 RasG12V 7

2-6A 1 7

2-6B 1 7 SAHF mock

1% Ras 90% 2-6B

H3 H3 Ser10

H3 Ser28 WI-38

mock Ras

SAHF 2-6A H3(S10)ph H3(S28)ph

H3

HeLa

mock Ras 2-6B

H2B

H2B HeLa

Ras SAHF 2-6A H2B(S14)ph
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H2B

mock Ras SAHF

2-6B Ras SAHF

SAHF

1.6 (Narita et al., 2003; Zhang et al., 2005)

H3 Ras

SAHF 2-6A RasG12V H3(K9)me

H3 mock 2-6A mock

H3(K9)me

H3 SAHF

H3 SAHF

Ras SAHF

H3 Lys9

SAHF

31

















3

DNA

39



3.1 SAHF

2 SAHF

SAHF

WI-38 RasG12V SAHF

mock SAHF Ras 7

3-1A

20

0.2% Triton X-100

N2 DNA Hoechst33342

3-1B

SAHF N2

N2 DNA

AE

3-1A

C N1 N2

SDS-PAGE Coomassie 3-1C

mock Ras

mock N2 37 kD Ras

N2 22 kD 3-1C

5 6

3-1D mock

Ras N2 37 kD 22 kD

mock 37 kD

H1 7 3-1D

Ras 37 kD

mock N2 37 kD

H1 Ras N2

22 kD High Mobility Group A2 HMGA2 3
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3-1D mock Ras

22 kD

HMGA2

3.2 Ras H1

Ras 22 kD 3.7

Ras 37 kD H1

2 H1

3-2 H1 mock

N2 37 kD Ras 3-2A

Ras 37 kD H1

H1 37 kD

H1 2 3-2A

H1

H1

N2 40 kD 3-2A

9 H1

H1 3-2B

AE Coomassie

Ras H1 3-2C

4 8 AE

HeLa H1

SDS-PAGE

3-2C 2 6 mock 37 kD

HeLa 37kD

Ras 37 kD H1

Ras H1

3-2D mock Ras

WI-38

0.1% 1
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SAHF

SDS

WCE H1

Ras H1 3-2D

3 Ras 40 kD 35 kD

3-2D 3

H1 H1

3-2E 0 7 mock Ras

H1 3-2F

H1 2 6 7

H1 RasG12V

WI-38

3.3 SAHF H1

CDK p16
INK4a

(Ben-Porath and Weinberg, 

2005) BJ p16
INK4a

CDK p21 (Beausejour et al., 2003)

Ras

H1 WI-38

3-3A WI-38 MRC-5 IMR-90

BJ RasG12V 5

AE C

BrdU 3-3A

DAPI SAHF 3-3A

AE RasG12V MRC-5 IMR-90

H1 3-3A 4 6

RasG12V BJ H1

3-3A 8 BJ SAHF (Narita 

et al., 2003) RasG12V BJ

SAHF 3-3A WI-38 MRC-5

42



IMR-90 H1 SAHF

Ras H1 SAHF

H1 RasG12V

3-3B WI-38 MKK6

MKK6EE MKK6EE

(Iwasa et al., 2003) (Wang et 

al.,  2002) WI-38 DNA

H1 Ras

H1 MKK6

H1 SAHF 3-3B

H1

3.4 H1

DNA S

DNA mRNA

3’ DNA mRNA

(Gunjan et al., 2005) DNA

3-3B H1

H1

H1 DNA

Ras H1 mRNA

3-4

WI-38 RasG12V mock Ras

mock 1

PI laser scanning cytometer LSC DNA

3-4A G1 S

3-4A Ras DNA

S BrdU

43



DNA 3-4A Ras

S Ras LSC

(Di Micco et al., 2006)

RNA H1 HIST1H1D

RT-PCR Ras

DNA HIST1H1D mRNA

3-4B 2 3

AE H1 Coomassie

3-4C mock

H1 H1

H1

H1 H1 H1

3.5 H1

H1 Ras

H1 3-5A WI-38 H1

HIST1H1D

H1

LTR CMV

EF1 CMV

EF1

H1 mRNA mRNA

RasG12V H1 Ras

CMV EF1

H1 H1 3-5A

6 8 Ras H1

H1

WI-38 RNAi H1

44



H1 3-5B H1

H1.2 H1.3 H1.5 11 short hairpin RNA shRNA

WI-38 3-5C

shRNA

H1 3-5C WI-38

6 H1

3.4 H1

H1 mRNA H1

RNAi H1

H1

3.6 H1-EGFP

H1

H1

3-6 H1

EGFP HA

WI-38 3-6A

EGFP H1 C fusion H1 N

fusion N fusion 1 N fusion 2 EGFP H1 ORF

HA H1 HA-H1 EGFP

RasG12V

H1-EGFP H1

(Lever et al., 2000; Misteli et al., 2000)

HA EGFP

3-6A N fusion 1 EGFP

H1-EGFP
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3-6B

N fusion 1 N fusion 

2 H1 H1

3-6C 5 6 EGFP HA-H1 C fusion

3-6C 3 4 7

N fusion 1 2 WI-38

BrdU 3-6D E

- N

fusion 1 2 3-6F

G 3

3-6H N fusion 1 2

WI-38 Rb A

G1 3-6H 5 6 N fusion 1

2 p53 Ser15 CDK p21

RasG12V

EGFP C fusion HA-H1

H1 H1 H1

3-6H I N fusion

H1

N fusion 1 2 CDK p16 SAHF

3-6 H A

H1 SAHF

3.7 Ras HMGA2

Ras

22 kD 3.1 3-1C

HMGA2 WI-38 mock Ras

AE HMGA2

3-7A HMGA2

H1 HMGA2 DNA

46



1.5 (Catez 

et al., 2004) H1 HMGA2

SAHF macroH2A

(Zhang et al., 2005) SAHF

macroH2A

WI-38 Ras AE macroH2A

HMGA2 H1 3-7B

Ras H1 HMGA2

H1 HMGA2 3-7B 5 8

HMGA2 H1 Ras

3-7C Ras H1 H1

HMGA2

Ras macroH2A 3-7B 5 8

HMGA2 macroH2A HMGA2

macroH2A HA FLAG

WI-38 3-7D

RasG12V AE

HA-HMGA2 macroH2A-FLAG

Ras HMGA2

macroH2A 3-7D 2 3

3-7E HA-HMGA2 macroH2A-FLAG

SAHF mock

3-7D E F H1

HMGA2 macroH2A SAHF

3.8 H1 HMGA2 SAHF

H1 HMGA2 macroH2A

HA-HMGA2 macroH2A-FLAG

WI-38 H1

SAHF SAHF HMGA2

47



macroH2A H1

H1

H1-EGFP 3.6

WI-38 HA-HMGA2 macroH2A-FLAG

N fusion 1 2 HMGA2 macroH2A

H1 3-8

3-8A HMGA2 N fusion 2 11 macroH2A N fusion 

2 12 HMGA2 macroH2A

H1 Ras 4

3.6 N fusion 2

DAPI SAHF N fusion 2

HA-HMGA2 N fusion 2

SAHF 3-8B C N fusion 1

3-8D macroH2A-FLAG N fusion 2

SAHF SAHF

H1 HMGA2 H1 HMGA2

48



3-1

(A)
(B) Hoecst33342 SAHF

SAHF N2  = 10 µm
(C) mock Ras SDS-PAGE
Coomassie mock Ras 37 kD 22 kD

(D) 37 kD 22 kD
H1 HMGA2

B

A

18.7

27.5

37.2

47.5
62.4
92.1
120
200
kD

m
oc

k

R
as

G
12

V

C

m
oc

k

R
as

G
12

V

N1

m
oc

k

R
as

G
12

V

N2

2-SETAPLAPTIPAPAEK-17
36-ASGPPVSELITK-47
56-SGVSLAALK-64
65-KALAAAGYDVEK-76
2-SETAPAETATPAPVEK-17
38-ATGPPVSELITK-49
68-ALAAGGYDVEK-78

1 2 3 4 5 6

WI-38

0.2% Triton X-100
( C)

( N1)
( N2)

( AE)

200 mM H2SO4

10 mM NaCl &

mock RasG12V

P
B

S
N

2

C

37 kD

22 kD

37 kD
H1

22 kD
HMGA2

5-GEGAGQPSTSAQGQPAAPAPQKR-27

34-KQQQEPTGEPSPK-46

82-KWPQQVVQK-90

D



3-2 Ras H1

BA

C

9.5

19

28

35

46

59

kD

Coomassie
1 2 3 4 5 6 7 8

H1

HeLa

m
oc

k

R
as

G
12

V

WI-38 HeLa

m
oc

k

R
as

G
12

V

WI-38

9.5

19

28

35

46

87
59

kD m
oc

k

R
as

G
12

V

Coomassie

m
oc

k

N2AE

1 2 3

m
oc

k

R
as

G
12

V

m
oc

k

N2AE

m
oc

k

R
as

G
12

V

m
oc

k

N2AE

H1
4 5 6

H1
7 8 9

9.5

19

28

35

46

87
59

m
oc

k

R
as

G
12

V

m
oc

k

N2AE

m
oc

k

R
as

G
12

V

m
oc

k

N2AE

H1

1 2 3 4 5 6

H1

19

28

35

46

87
59

kD



3-2 Ras H1

(A) mock Ras N2 Coomassie
mock

H1
Ras

(B) H1 A
H1

(C) mock Ras AE
HeLa AE

Coomassie H1

(D) mock Ras (WCE)
Ras

(E) H1 D
H1

(F) 0 7

F

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

mock RasG12V

Ras

H2B

H1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

H1

H1

AEWCE

m
oc

k

m
oc

k

R
as

G
12

V

1 2 3 4 5 6

AEWCE

m
oc

k

m
oc

k

R
as

G
12

V

E

35
kDa

AE WCE

H1

m
oc

k

m
oc

k

R
as

G
12

V

H2B

1 2 3 4

Ras

D



3-3 H1

(A) WI-38 MRC-5 IMR-90 BJ RasG12V
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FISH SAHF

SAHF

SAHF DAPI

SAHF

SAHF H1 HMGA2

H1

H1 HMGA2

SAHF SAHF

H1 HMGA2

4.1 SAHF

SAHF G1 S

(Narita et al.,  2003)

SAHF

SAHF DAPI X

1.5 4-1

SAHF DAPI

4-1

SAHF DAPI

SAHF DAPI
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CENP-B SAHF

12 FISH

2 12 2 SAHF

SAHF

DAPI RNA II

DAPI PML

SAHF

SAHF

FISH

SAHF

SAHF

SAHF

H3 (Zhang et al.,  2005)

H3

H3

H3

(Narita et al.,  2003)

Ras 80% SAHF SAHF

H3

SAHF

SAHF
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4.2 H1

DNA H1

1980 (Mitsui et al.,  

1980) H1

H1

H1

H1

(Robinson and Rhodes, 2006)

S DNA Ras

H1

H1

H1

H1

H1

H1

fluorescence recovery after photo-bleaching

FRAP H1

(Lever et al., 2000; Misteli et al., 2000) FRAP

H1-GFP GFP

(Reits 

and Neefjes, 2001) H1-GFP

Trichostatin A  staurosporine

(Lever et al., 2000; Misteli et al., 2000) H1

H1

H1 H1

H1

ADP PARP ADP

PARP (Schreiber et al., 2006) ADP
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2 ADP PARP

(Althaus et al., 

1994) PARP H1

(Ullrich and Grune, 2001) K562

H1 PARP

PARP ADP

H1 4-2

Ras ADP

4-2A Ras H1 PARP

1,5-isoquinolinediol IQ 4-2B

H1 PARP

H1 -

(Pickart, 2004) H1 in vitro

HeLa

H1 (Liu et al., 2005) (Wisniewski et 

al., 2006) MG-132

H1 4-2C

H1

4.3 H1 HMGA2 SAHF

SAHF

1 SAHF

H3 HP-1 2

(Narita et al.,  2003)

SAHF

Suv39h1 H3 Lys9

(Rea et al.,  2000) Suv39h1

RasG12V

RasG12V HP-1
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(Narita et al.,  2006)
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3 4 (Narita et al.,  2006)
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and Wilson, 2004) BAF H1.1

H1

(Montes de Oca et al.,  2005) H1

HMGA2

4.4 H1

SAHF H1

2 H1 WI-38 RasG12V

SAHF

H1

WI-38 RNAi

H1 RNAi H1

H1

SAHF

65



H1

H1

H1 SAHF

N fusion WI-38

-

H1

H1

H1 6 3

(Fan et al.,  2003)

11.5 ES

(Fan et al.,  2005)

ES ES H1

DNA

mRNA H1

H1

(Gunjan et al.,  2005) Rad53 Chk2

(Gunjan and Verreault, 2003) rad53 S

H1

H1

H1 Chk2

Chk2

(d'Adda di Fagagna et al.,  

2003)

H1

66



(Konishi et al.,  2003) X

DNA H1 H1.2

H1.2 Bak

c

(Lowe et al.,  2004) H1 2

4.5

H1

H1

H1

H1

H1

H1

67







4-3 DNA

H1 HMGA2
HA-HMGA2 WI-38 SAHF

N fusion H1 H1
H1

H1 SAHF HA-HMGA2
N fusion H1 SAHF

H1 HMGA2

H1 HMGA2H1 N-fusion H1

HA-HMGA2mock RasG12V

SAHF

N-fusion H1
HA-HMGA2
N-fusion H1

??

SAHF

HMGA2
H1

HMGA2
H1

HMGA2
H1



5

71



WI-38 MRC-5 IMR-90 Coriell Cell Repositories

BJ American Type Culture Collection

Phenix Garry Nolan  ( )

293T  ( )

Dulbecco’s modified Eagle’s medium (DMEM ) 0.16% NaHCO 3

10% fetal bovine serum (FBS biowest) 2 mM L-glutamine (SIGMA) 96 U/ml 

Penicillin G (SIGMA) 72 U/ml Streptomycin (SIGMA) 5% CO 2

37

 (pMX) 

(Kitamura et al.,  2003) DNA QIAGEN plasmid midi kit  

(QIAGEN) -20

Phenix 30% 10 cm  (FPI) 

40 Phenix 80%

FuGene6 (Roche)  OPTI-MEM (Gibco BRL) 

24

24 36 0.45

m  (PALL)  (SIGMA) 8

g/ml

24 5 x 10
5

/10 cm

24

2.5 g/ml  (SIGMA) 600 g/ml G418

3 5

 (pCSII-IRES-neo) 

 (pCMV-VSV-G-RSV-Rev pCAG-HIVgp)
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( ) 293T

1.2 x 10
6

/10 cm 36 293T

60%

12 24

0.45 m

8 g/ml

24 5 x 10
5

/10 cm

48 600 g/ml G418 5

H1-EGFP

N fusion 1 EGFP-Leu-Glu-Ala-Ala-Ala-Ile-Gly-Ser-H1 N fusion 2

EGFP-Pro-Glu-Phe-Thr-H1 C fusion H1-Pro-Glu-Phe-Thr-EGFP

mouse IgG  (HRP-cojugated

Code: NA931 GE healthcare) rabbit IgG  (HRP-cojugated Code: NA934

GE healthcare) sheep IgG  (HRP-cojugated Code: 713-035-003 Jackson) 

mouse IgG  (Cy3-cojugated Code: 286003 Jackson) mouse IgG

 (Alexa488-cojugated Code: A-11001 Molecular Probe) rabbit IgG

(Alexa488-cojugated Code: A-11008 Molecular Probe) RNA polymerase II

 (clone: 8WG16 code: MMS-126R Covance) HA  (clone: 16B12

code: MMS-101R Covance) HMGA2  (Code: PRB-235C Covance) 

cyclin A  (code: Sc-751 Santa Cruz) p16  (code: Sc-468 Santa

Cruz) p21  (clone: 187 code: Sc-817 Santa Cruz) p53  (clone: 

Bp53-12 code: Sc-263 Santa Cruz) H-ras  (code: Sc-520 Santa Cruz) 

MKK6  (code: Sc-1992 Santa Cruz) phospho-S10 histone H3

(code: 06-570 Upstate) phospho-S14 histone H2B  (code: 07-191

Upstate) di-methyl K9 histone H3  (code: 07-212 Upstate) histone 

H2B  (code: 07-371 Upstate) histone macroH2A1  (code: 07-219

Upstate) BrdU  (clone: BMC9318 code: 1-170-376 Roche) actin

 (clone: C4 code: 1501R Chemicon) histone H1 sheep  (code: 

ab1938 abcam) Rb  (clone: G3-245 code: 554136 BD Pharmingen) 

phospho-S15 p53  (code: 9284 Cell Signaling) CENP-B

73



phospho-S28 histone H3

histone H1 rabbit

6-well  (IWAKI)  (22 x 22 mm 0.12 0.17 mm thickness

Matsunami) 1 1.5 x 10
5

/well 48

PBS (137 mM NaCl 8.1 mM Na 2 HPO4 12H 2 O

2.7 mM KCl 1.5 mM KH2 PO4 ) 3% formaldehyde PBS

4 20 PBS 0.5% Triton X-100 PBS

10 0.5 5% Skim milk (BD) 

0.5% Triton X-100 PBS 1

0.5% Triton X-100 PBS 1 150 l

4 PBS 5 3 0.5% Triton 

X-100 PBS 2 150 l 1

PBS 5 2 1 g/ml 

4',6-diamidino-2-phenylindole dihydrochloride (DAPI) PBS

10 PBS 2  (vectashield

VECTOR)  (76 x 26 mm 1.2 1.5 mm thickness

Matsunami) 

Deltavision deconvolution  (IX70, Olympus

applied Precision) 

 (UApo/340, 40x, NA 1.35, Olympus) CCD

(CH350, Photometrics) SoftWorx  (Applied 

Precision) deconvolution Photoshop  (Adobe) 

in situ  (FISH) 

M FISH STAR FISH (Cambio) 

FISH Croft

(Croft et al.,  1999) 48

PBS 4% formaldehyde PBS

4 10 PBS 0.5% Triton X-100 0.5% saponin
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PBS 10 0.1 N HCl

10 DNA 20% glycerol PBS 30

1 20

2 PBS 2

2x SSC (300 mM NaCl 30 mM tri-sodium citrate dihydrate pH7.0) 

5 50% formamide 2x SSC 15 10%

dextran (SIGMA) 50% formamide 2x SSC 20

80 3

 17 l (hybridization buffer (Cambio) 12 l probe 

solution (Cambio) 3 l 1 mg/ml Cot-1 DNA (Invitrogen) 2 l) 65 10

37 30

37

DAPI

2xSSC 5

50% formamide 1x SSC 45 5 2

1x SSC 45 5 2

0.05% Tween 20 4x SSC 45 4

2x SSC 5

PBS 5

 (BrU) RNA

RNA Wansink

(Wansink et al.,  1993) 48

0.05% Triton X-100  (20 mM 

Tris-HCl [pH 7.5] 5 mM MgCl 2 0.5 mM EGTA 25% glycerol Complete protease 

inhibitors (Roche)) 1 ml 4 1  (50 mM 

Tris-HCl [pH 7.5] 10 mM MgCl 2 0.5 mM EGTA 100 mM KCl 25% glycerol

25 M S-adenosylmethionine (NEB) 0.5 mM BrUTP (SIGMA) ATP CTP

GTP 8 U/ml RNase inhibitor Complete protease inhibitors) 1 ml

35 10 RNA BrU

BrdU
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PBS

2 10 mM NaCl A (40 mM Tris-HCl [pH 7.4] 1

mM EDTA 0.5 mM DTT 1 mM sodium orthovanadate ( ) 1 mM sodium 

fluoride 100 nM okadaic acid (SIGMA) Complete protease inhibitors) 

4 10 23 26  (JMS) 

1,000g 4 10

C (Cytoplasmic fraction) 150 mM 

NaCl 0.2% Triton X-100 A 4 10

1,000g 4 10

N1 (Nuclear fraction 1) SDS

 (125 mM Tris-HCl [pH 6.8] 4% SDS 20% glycerol

bromophenol blue) 

N2 (Nuclear

fraction 2)

N2 200 mM H2 SO4 4

30 20,000g 4 10 1/4 100% 

trichloroacetic acid 4 10 20,000g 4 5

SDS

 ( )

1,500 rpm 4 2 SDS

1,500 rpm 4 2

 (50 mM Tris-HCl [pH 7.4] 150 mM NaCl 1% NP-40 1 mM EDTA

1 mM DTT 1 mM sodium orthovanadate, 1.25 mM sodium fluoride 100 nM okadaic 

acid 10 mM -glycerophosphate (Calbiochem) Complete protease 

inhibitors) 4 30 20,000g 4 10

SDS
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SDS-PAGE  (BIO 

RAD) polyvinylidene fluoride (PVDF Millipore) 2% 

bovine serum albumin (BSA) 0.5 5% skim milk TNT

(20 mM Tris-HCl [pH 7.5] 140 mM NaCl 0.05% Tween 20) 

1 histone H1 sheep

TNT

1 TNT 1

PVDF 1 4 TNT

5 10 3 TNT

2 PVDF 1 TNT

5 10 3 ECL immunoblotting detection reagents 

(GE Healthcare)  (AP500 DAITO) X  (GE 

Healthcare) 

SDS-PAGE

SDS-PAGE 5 3 CBB Stain One 1

 (50% 

25 mM ) 100 l 30

 100 l 10

(CC-105 TOMY)  (10 

g/ml  (Promega) 50 mM  (pH 8)) 50 l

4 30 37

 (50% 5% ) 50 l

30 1 100 l

10 20 l 5% 

 20 l

hybrid mass spectrometer (QSTAR XL, Applied Biosystems) 

 (BrdU) S

48
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100 M BrdU 5 PBS

2% formaldehyde PBS 4 15 PBS

0.5% Triton X-100 PBS 5

1.5 N HCl 10 DNA

0.5% Skim milk 0.5% Triton X-100 PBS 1

BrdU BrdU

Laser scanning cytometer DNA

Propidium Iodide 

(50 g/ml propidium iodide 200 g/ml RNase A PBS) 37 30

PBS 2

DNA laser scanning cytometer 

(LSC2 Olympus) 

RT-PCR 

RNA PCR kit ( )

HIST1H1D:

5'-CAAGCCTAGGAAGCCTGCTG

5'-AAAGGGGAACGTCCCGCCAG 

GAPDH:

5'-ATTTGGTCGTATTGGGCGCCTGGTC

5'-TTGTCATACTTCTCATGGTTCACAC 

Senescence associated - -galactosidase (SA- -gal) 

48

PBS 0.5% glutaraldehyde PBS 10

PBS  (1 mM MgCl 2 PBS pH 6.0) 

 (0.65 mg/ml 5-Bromo-4-chloro-3-indolyl- -D-galactoside (X-Gal) 1 mM 

MgCl 2 5 mM K3 Fe(CN) 6 5 mM K4 Fe(CN) 6 PBS pH 6.0) 37
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