
� � � � � � � � � � 	 � � � � � 
 � � � � � � � � � 	 � � � � 
 � � � � � � � � 	 � � 	 � � 
 	 � � � � � � � � �
� 	 � 
 � � � � � � � � � � 
 � � � � � � � � � 	 � � � � � � � � � 	 � � � � � 	 � � � � � � � � � � � � � � � � � � � � � � �

� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 � � 
 � � � � �

� � � � 	 � � � � � � � 	

� � 	 � � � 	 � � � 
 � � � � � �

� � � � � � � � � � � 	 � � 	 � �
� � � � � � � �  !� � � � " #$$



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � 
 � %� � � � � � � � � �
� 	 � � � � � � � 	 
 � � � � � 	 � �

� � � � � � � 	 � � � 	 � � � � 	 � � � � � �



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � 
 � %� � � � � � � � � �
� 	 � � � � � � � 	 
 � � � � � 	 � �

� � � � � � � 	 � � � 	 � � � � 	 � � � � � �

� � � � � %� � � 
 � � � � � �
� � 	 
 � 	 � � 	 � 	 � � � � 
 � � � � � � �
� 	 � � � � � � 
 � &� � � 	 � 	 � � � � � � �
� � � � � � 
 � � 	 � 
 � � � � � � � � � � 	 �

� � � � � � � � � � � 	 � � 	 � ' ( � �

 � � � � � � � 	 � � � � � � � � 
 � � � �

$##)###� � � * � � � � 	 � � � 	 � � � 	 �
$� � � * � �



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � 
 � %� � � � � � � � � �
� 	 � � � � � � � 	 
 � � � � � 	 � �

� � � � � � � 	 � � � 	 � � � � 	 � � � � � �

� � � � � %� � � 
 � � � � � �
� � 	 
 � 	 � � 	 � 	 � � � � 
 � � � � � � �
� 	 � � � � � � 
 � &� � � 	 � 	 � � � � � � �
� � � � � � 
 � � 	 � 
 � � � � � � � � � � 	 �

� � � � � � � � � � � 	 � � 	 � ' ( � �

 � � � � � � � 	 � � � � � � � � 
 � � � �

$##)###� � � * � � � � 	 � � � 	 � � � 	 �
$� � � * � �

� � � � � � � � � � � 	 � � � � � 	 �
� � � � � � � 
 � 
 � � � 	 � � + � 	 �

� � 	 
 � � � � � � � � � � � �
( , -� . " " /-01" . 0$$/� � � 
 � ( � � � $

� , -' . $$/-0" $. 0" 1/� � � � ' ( � � �

� , -$" . " $/� � � 	 � ( � � � $

� , -$&$� /-0" 1. 2$1/� 	 " � ( � � � $

� � � 	 � 	 � � � � � 	 � � ' #3 � � 	 � � � � �
� � 
 � 	 � � 	 � � � � � � � 	 � 	 � � � � �

� � � � � � � 	 � � 
 � %� � � 	 � 4� � 
 � �
� � 	 � � � � � 
 � � � 	



� 	 
 � � � � � � � � 	 � � � 	 � 4� � 
 � �


 � � � � � � � 
 	 � 	 � � � � 	 � �
	 � � � � � 	 � � � 	 � � %� �

� 4� � 
 � � + � 	 � � � � � � � �
� 
 � � � � * � � � � � 	 �


 � � � � � � � 	 � � � � �
� 	 
 � 	 � 
 � � � � 	 � � � �

� 	 � � � � 
 � %� � � 	 � � � � � � � � � � � 
 � 
 � %� � � 	 �

 � � � � � � �

� 	 � � � 	 � � � � � � 	 � � � � �
� � 
 � 	 � � � � � �



	 � � � 	 � 4� � 
 � 5� � 	 � � � � 
 � %� � � 	 � � � � �

� 	 � � 	 � � 	 � 	 � � � � 	 � � � 	 � 4� � 
 � � � 	 � � � � 
 � � � 
 � 	 � � 6 � � � � � 	 � � � � � 
 4� � � � � ) �

� � 	 � 	 � 
 � 	 � � � � � 	 � � � � � � � � � � � � � � � � � � � 	 � � 	 � � � � � � � � � � � � 
 � � � � � � 	 � � � � � � � 4� � � � � � � �
� 	 � � � � 
 � %� � � 	 � � � � � � 	 � 	 � ) �

� 	 � � � � 
 � � � � � � � � � � � 	 
 � 	 � � 	 � + � 	 � � � � � � � � � 
 � � � 	 � � � 	 � � � � � � 	 � 	 � � � � � � 	 � � � 	 � � � 	 �
� � � � � 	 � � 
 � � � � 
 � � )

� � � � � � � � 
 � 	 %� � � � � � 
 2� � � � � � � 
 � � � � 	 
 � 	 � � 	 � � 	 � � 	 � �
� 	 � � � � � 7� � + � 	 � � � � � � 8 
 � 
 � � � � � � � � � � � � � � � � � � � � � � � � �

� � � � � � � 	 � � � � 	 � � � � 
 � %� � � 	 � � � � � 
 � � � � � � � � )

� � � � � � � � � � � � 	 � � � 	 � 9� : #3 � � 	 � � � � � � 	 � 	 � �
� � 	 � 	 � � � � � � � � � � 	 
 � 	 � 
 � � � 	 � � 	 � � � � � � 	 � 
 2� �

-� � � � � � 
 2� /)

���� �  ; <=!� >,  � ?@
 2�



	 @, � !!� � � &� � A, <� � � � B � C@� � ; � ,  =@" ##D�

	 � � � 	 � 4� � 
 � 5� � 	 � � � � 
 � %� � � 	 � � � � �



� � � � � � 
 � 
 � %� � 7� 
 %� � � � � � 	 � 
 � � � � � � �

���� Des/Acetilación

���� Metilación

���� Fosfor ilación

���� Ubiquitinación

���� ADP-Ribosilación

���� Isomer ización

ADN ADN

CÉLULA TUMORAL

Metilación

Acetilación

CH3 H2A H2B

H3 H4

K9 K27

CH3 H2A H2B

H3 H4

K9 K27

CH3 H2A H2B

H3 H4

K9 K27

CH3

H2A H2B

H3 H4

H2A H2B

H3 H4

ADN ADN

K9

K4

K16 K9

K4

K16

CÉLULA NORMAL

PROMOTORES DE GENES



� 	 � � � 	 � � � � � � 	 � � � � � � � 
 � 	 � � � � � �

Lin JC. Cancer Cell 2007



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � � 	 � � � � � 	 �
� � � � � � � 
 � 
 � � � 	 � + � 	 �

� � 	 
 � � � � � � � � � � � �

( , -� . " " /-01" . 0$$/� � � 
 � ( � � � $

� , -' . $$/-0" $. 0" 1/� � � � ' ( � � �

� , -$" . " $/� � � 	 � ( � � � $

� , -$&$� /-0" 1. 2$1/� 	 " � ( � � � $



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � � 	 � � � � � 	 �
� � � � � � � 
 � 
 � � � 	 � + � 	 �

� � 	 
 � � � � � � � � � � � �

� � � � � � � � � � � 7� � � � � � � � � 	 � �
� 	 � � � � 
 � %� � 	 � � 	 � 	 � �

� � � � 	 � � � 	 � � � 	 � � � � � � 	 � � � � �
7� 8  � � � �

� � � ( � � � � � � � 	 � � � � � � � � � � ( �

� E � � � � &� �  !A@( 6?� ; ?FA � ) � � � ?� � � 	 � " #$$



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � � 	 � � � � � 	 �
� � � � � � � 
 � 
 � � � 	 � + � 	 �

� � 	 
 � � � � � � � � � � � �

� � � � � � � � � � � 7� � � � � � � � � 	 � �
� 	 � � � � 
 � %� � 	 � � 	 � 	 � �

� � � � 	 � � � 	 � � � 	 � � � � � � 	 � � � � �
7� 8  � � � �

� � � � � � � 
 � %� � 	 � � � � 
 � � �
� 	 � 
 � � � � � � � � � � � � 	 � � � �


 � � � � � � � � =
 1 7� � � � 	 � � �
� 	 � � � � 
 � � � � 	 � 
 � � � � � � � � �

 	 � � � � � � 
 � � � � � � � " 8 G� 
 1

H2A H2B

H3 H4

H2A H2B

H3 H4

ADN ADN

K9
K9

K16 K9
K9

K16


 4� � � � � � � �

CH3 CH3 CH3

� � � 	 � � � � " 8 G� 
 1

� � � � � � � 
 � %� � � =
 1

0

20

40

60

80

100

120

124a-1 124a-2 124a-3

A
cH

3
(%

)
0

200

400

600

800

1000

1200

2m
K

9H
3 

(%
)

124a-1 124a-2 124a-3

PB TOM-1 NALM-20

� E � � � � &� �  !A@( 6?� ; ?FA � ) � 
 A; =� � � � @� A� =H " ##�



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � � 	 � � � � � 	 �
� � � � � � � 
 � 
 � � � 	 � + � 	 �

� � 	 
 � � � � � � � � � � � �

� � � � � � � � � � � 7� � � � � � � � � 	 � �
� 	 � � � � 
 � %� � 	 � � 	 � 	 � �

� � � � 	 � � � 	 � � � 	 � � � � � � 	 � � � � �
7� 8  � � � �

� � � � � � � 
 � %� � 	 � � � � 
 � � �
� 	 � 
 � � � � � � � � � � � � 	 � � � �


 � � � � � � � � =
 1 7� � � � 	 � � �
� 	 � � � � 
 � � � � 	 � 
 � � � � � � � � �

 	 � � � � � � 
 � � � � � � � " 8 G� 
 1

� 	 � 	 � � � � � � � 	 � � 	 � � 	 � �
� � � � %� � � 
 � � 	 � � � � � � �

� E � � � � ) � � ?<� ; A! ?I 
 ! ;  =A! � ; =?!?EJ " ##�



� 	 � 
 	 � � � � � � � � � � � � � � � � � � � � � 
 �

� � � � � � � � � � � 	 � � � � � 	 �
� � � � � � � 
 � 
 � � � 	 � + � 	 �

� � 	 
 � � � � � � � � � � � �

� � � � � � � � � � � 7� � � � � � � � � 	 � �
� 	 � � � � 
 � %� � 	 � � 	 � 	 � �

� � � � 	 � � � 	 � � � 	 � � � � � � 	 � � � � �
7� 8  � � � �

� � � � � � � 
 � %� � 	 � � � � 
 � � �
� 	 � 
 � � � � � � � � � � � � 	 � � � �


 � � � � � � � � =
 1 7� � � � 	 � � �
� 	 � � � � 
 � � � � 	 � 
 � � � � � � � � �

 	 � � � � � � 
 � � � � � � � " 8 G� 
 1

� 	 � 	 � � � � � � � 	 � � 	 � � 	 � �
� � � � %� � � 
 � � 	 � � � � � � �

� E � � � � ) � � ?<� ; A! ?I 
 ! ;  =A! � ; =?!?EJ " ##�

� � � 	 � � � 
 � � � � � � � � � � 	 � �
	 � � � 	 � � � 	 � � � � � � 
 � � �

	 � � � 	 � 4� � 
 � � 	 � � � � � � � �



� , A� KA � ) � 
 A; =� � � � , , � � @" ##�

� � 
 � � �

� =,  B � A� � A; ,  ( !� <=L8  =A� � � !� � � 
 � � � � � ; � !A� � � �



� =,  B � A� � A; ,  ( !� <=L8  =A� � � !� � � 
 � � � � � ; � !A� � � �

5 100 10 50 1 0 5 100 10 50 1 0

TOM-1 + LBH589 (nM) MOLT-4 + LBH589 (nM)

H3 TOTAL

H3Ac

H4Ac

H2X-P

10

20

30

40

50

60

70

80

90

0

*

*

*

*

MOLT-4

TOM-1

C 1 nM 5 nM 10 nM 50 nM 100 nM

%
 C

A
S

P
A

S
A

-3
 A

C
T

IV
A

%
 S

U
P

E
R

V
IV

E
N

C
IA

LBH58920

0

40

60

80

100

120

DIA 0 24 H 48 H 72 H 96 H

MOLT-4

%
 S

U
P

E
R

V
IV

E
N

C
IA 120

0

20

40

60

80

100

DIA 0 24 H 48 H 72 H 96 H

LBH589TOM-1



� =,  B � A� � A; ,  ( !� <=L8  =A� � � !� � � 
 � � � � � ; � !A� � � �

0

10

20

30

40

50

60

70

80

C 2H 4H 6H 12H 24H 48H

MOLT-4

TOM-1

*

*

*

*

*

%
 C

A
S

P
A

S
A

-3
 A

C
T

IV
A

H3 TOTAL

c 2h 4h 6h

TOM-1

12h 24h 48h

MOLT-4

c 2h 4h 6h 12h 24h 48h

H3Ac

H4Ac

H2X-P



� � 
 � � � � -� A; ?�  ; ?@, A, /� � ; � !M; � A@� =� !<!A� � @� � � � � � �

H3Ac

H4Ac

H3 
TOTAL

TOM-1 
t(9;22)

0
20
40
60
80

100
120

DIA 0 24 H 48 H 72 H 96 H

CONTROL

50nM LBH
%

 S
U

P
E

R
V

IV
E

N
C

IA

0
0,5
1,0
1,5
2,0
2,5
3,0
3,5

F
.E

.

CONTROL LBH 50nM

M1

CTROL 10.54%

LBH 85.5 %

PARP

ACTINA

LBH589 - +

LBH589- +

� 
 	 � � � � 
 � %� � � � � � � 	 � � 
 � %� � � � � � � � � �

0

20
40
60

80
100
120

DIA 0 24 H 72 H 96 H

REH 
t(12;21)

%
 S

U
P

E
R

V
IV

E
N

C
IA

CONTROL

50nM LBH

0
2
4
6
8

10
12
14
16

F
.E

.

H3Ac

H4Ac

H3 
TOTAL

LBH589 - +

M1

CTROL 5.66%

LBH  54.8%
PARP

ACTINA

LBH589- +

%
 S

U
P

E
R

V
IV

E
N

C
IA

0
20
40
60

80
100
120

DIA 0 24 H 72 H 96 H

697     
t(1;19)

CONTROL

50nM LBH

0

1

2

3
4

5

6

F
.E

.

H3Ac

H4Ac

H3 
TOTAL

LBH589 - +

M1

CTROL 4.28%

LBH 52.03%

PARP

ACTINA

LBH589- +

CONTROL LBH 50nM

CONTROL LBH 50nM



� � 
 � � � � -� A; ?�  ; ?@, A, /� � ; � !M; � A@� =� !<!A� � @� � � � � � �

H3Ac

H4Ac

H3 
TOTAL %

 S
U

P
E

R
V

IV
E

N
C

IA

PARP

ACTINA

LBH589 - +

LBH589- +

� 
 	 � � � � 
 � %� � � � � � � 	 � � 
 � %� � � � � � � � � �

%
 S

U
P

E
R

V
IV

E
N

C
IA

CONTROL

50nM LBH

H3Ac

H4Ac

H3 
TOTAL

LBH589 - +

PARP

ACTINA

LBH589- +

%
 S

U
P

E
R

V
IV

E
N

C
IA

CONTROL

50nM LBH

H3Ac

H4Ac

H3 
TOTAL

LBH589 - +

PARP

ACTINA

LBH589- +

CONTROL LBH 50nM

SEM  
t(4;11)

TANOUE 
t(8;14)

MOLT-4 
LAL-T

0

20
40
60
80
100
120

DIA 0 24 H 72 H 96 H

80

40
20

120

0

60

100

140

DIA 0 24 H 48 H 72 H 96 H

20
0

40
60

80
100
120

DIA 0 24 H 48 H 72 H 96 H

CONTROL

50nM LBH

M1

CTROL 9.03 %

LBH 20.04%

M1

CTROL 5.75 %

LBH  91.14%

M1

CTROL 14.02 %

LBH  88.79%

0
0,5
1,0
1,5
2,0
2,5
3,0
3,5

F
.E

.

0

2

4

6

8

10

12

F
.E

.

0

1

2

3

4

5

F
.E

.

CONTROL LBH 50nM

CONTROL LBH 50nM



� � 
 � � � � -� A; ?�  ; ?@, A, /� � ; � !M; � A@� =� !<!A� � @� � � � � � �

H3Ac

H4Ac

H3 
TOTAL %

 S
U

P
E

R
V

IV
E

N
C

IA

PARP

ACTINA

LBH589 - +

LBH589- +

� 
 	 � � � � 
 � %� � � � � � � 	 � � 
 � %� � � � � � � � � �

%
 S

U
P

E
R

V
IV

E
N

C
IA

CONTROL

50nM LBH

H3Ac

H4Ac

H3 
TOTAL

LBH589 - +

PARP

ACTINA

LBH589- +

%
 S

U
P

E
R

V
IV

E
N

C
IA

CONTROL

50nM LBH

H3Ac

H4Ac

H3 
TOTAL

LBH589 - +

PARP

ACTINA

LBH589- +

CONTROL LBH 50nM

SEM  
t(4;11)

TANOUE 
t(8;14)

MOLT-4 
LAL-T

0

20
40
60
80
100
120

DIA 0 24 H 72 H 96 H

80

40
20

120

0

60

100

140

DIA 0 24 H 48 H 72 H 96 H

20
0

40
60

80
100
120

DIA 0 24 H 48 H 72 H 96 H

CONTROL

50nM LBH

M1

CTROL 9.03 %

LBH 20.04%

M1

CTROL 5.75 %

LBH  91.14%

M1

CTROL 14.02 %

LBH  88.79%

0
0,5
1,0
1,5
2,0
2,5
3,0
3,5

F
.E

.

0

2

4

6

8

10

12

F
.E

.

0

1

2

3

4

5

F
.E

.

CONTROL LBH 50nM

CONTROL LBH 50nM

	 � � � 
 � � � � � � � � 
 	 � � � � � � � 	 � � � � � � � � � � � 	 � � � � � =
 1 7� � =
 ' &
� � � � � � � 
 � %� � 	 � � � � � � � � � 	 � � 
 � %� 7� � 
 � � � � 
 � %� � 	 � � �

� � � � � � � � � 	 � � � � � 	 � � � 
 	 � � � � � 	 � � � 	 � � � � � � � � � � � � � � � � � � � � � � � �
� 	 � 4� � 
 � � � � 	 � � � � �



� ?� � !?� � � � � � � � @<� =<, A; � ? � ; � � A, >;

� � � � N=� ( � AE" ( N( E=( N(

� � 
 � � 
 � � 
 � � 
 � � 


$ " 1 ' � : D

$O 
 � 
 � � � � 	 � � � � � � � � 	 � � � " O 
 � 
 � � 1O 
 � 
 � �

��



�� � �

��



��



��



��



��



��



��



��



��



$�

�
��

" '

$P$#: =@)

In
cr

em
en

to
 d

e 
P

es
o

 (
g

)

-2

-1,5

-1

-0,5

0

0,5

1

1,5

2

2,5

3

3,5

RAG2  
1mg/Kg

LBH

RAG2 
5mg/Kg

LBH

RAG2  
10mg/Kg

LBH

RAG2  
20mg/Kg

LBH

RAG2 
control

P=0,01 P<0,01 P<0,01 P<0,01

P=0,280 P=0,015 P<0,01

P=0,063 P<0,01

P<0,01



� ?� � !?� � � � � � � � @<� =<, A; � ? � ; � � A, >;

� � � � N=� ( � AE" ( N( E=( N(

� � 
 � � 
 � � 
 � � 
 � � 


$ " 1 ' � : D

$O 
 � 
 � � � � 	 � � � � � � � � 	 � � � " O 
 � 
 � � 1O 
 � 
 � �

��



�� � �

��



��



��



��



��



��



��



��



��



$�

�
��

" '

$P$#: =@)

H3 TOTAL

H3Ac

H4Ac

H2AX.P

TOM-1
 C

TOM-1
+LBH   

(d
ía 

24
)

P<0.01

0

500

1000

1500

2000

2500

3000

3500

4000

*
P<0.01

*

V
o

lu
m

en
 T

u
m

o
ra

l (
m

m
3 )

Día 1 Día 18 Día 22 Día 24

TOM-1 

TOM-1 +LBH589

TOM-1 
Control

TOM-1+LBH  
(día 24)



� ?� � !?� � � � � � � � @<� =<, A; � ? � ; � � A, >;

� � � � N=� ( � AE" ( N( E=( N(

� � 
 � � 
 � � 
 � � 
 � � 


$ " 1 ' � : D

$O 
 � 
 � � � � 	 � � � � � � � � 	 � � � " O 
 � 
 � � 1O 
 � 
 � �

��



�� � �

��



��



��



��



��



��



��



��



��



$�

�
��

" '

$P$#: =@)

MOLT-4 
Control

MOLT-4+LBH 
(día 24)

H3Ac

H3 TOTAL

H4Ac

H2AX.P

MOLT-4
+LBH 

(d
ía 

24
)

MOLT-4
 C

*
P<0.05

0

1000

2000

3000

4000

5000

6000

7000

8000

*

*
P<0.05

V
o

lu
m

en
 T

u
m

o
ra

l (
m

m
3 )

Día 15 Día 18 Día 22 Día 24

MOLT-4

MOLT-4 +LBH589




 L!<!A@� � � � � A; E� � � � � �
� A= � ; , � � =?; � � � �

� AE" � Q� � � � � H<8 A; A

� ; A, ?8 ?2A, ?!?EMA � � � � � � ( � � J� � � H<8 A; A� � ; � � A, >;

� � � � N=� ( � AE" ( N( E=( N(

R
A

T
Ó

N
 

S
A

N
O

A
L

L
-T

1

anti CD45 anti Ki67H/E

B
A

Z
O

SANO ALL-T1 SANO ALL-T1 SANO ALL-T1




 L!<!A@� � � � � A; E� � � � � �
� A= � ; , � � =?; � � � �

� � � � N=� ( � AE" ( N( E=( N( � AE" � Q� � � � � H<8 A; A

� A, ?; � @� � AE" � =?; � !A� 8  @8 A� � � � � H<8 A; A	 P, � A== >; � J�
=?; E� !A= >; � � � � =L!<!A@�

� � � � � � � H<8 A; A
� AE" � Q� � � � � H<8 A; A

� A, ?; � @� � AE" � =?; � !A� 8  @8 A� � � � � H<8 A; A

� ?� � !?� � � � � � � � H<8 A; A� � ; � � A, >;



� ?� � !?� � � � � � � � H<8 A; A� � ; � � A, >;
ALL-B1 ALL-T1

A
L

L
-B

1
A

L
L

-T
1

P
S

S
2

S
3

S
2

P
S

S
3

PS

S2

S3

S2

PS

S3

ALL-B1 ALL-T1

P
S

S
3

S
2

P
S

S
3

S
2

PS

S3

S2

PS

S3

S2

A
L

L
-B

1
A

L
L

-T
1

ALL-B1 ALL-T1

P
S

S
3

S
2

P
S

S
3

S
2

PS

S3

S2

PS

S3

S2
A

L
L

-B
1

A
L

L
-T

1

PS: LAL a diagnóstico
S2: LAL obtenida tras pases en ratón
S3: LAL obtenida tras pases en ratón y congelación

Tras la comparación de las muestras de ambos modelos mediante arrays de SNPs, 
metilación y expresión, se observa un gran parecido de las muestras obtenidas tras 
varios pases en el ratón y la muestra de LAL al momento del diagnóstico que se ha 

utilizado para su generación
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