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1.1 Hematopoiesis and lineage commitment

0 ' 60% 7 '

nonn l " l L < 670$#
1 : I 6$:70% #1°'

16 "#% 2 ,-->72

"t %08 $:08 #1°
6*76= .72 * " P11

1] n H 1 non

n 2 (R *%x ! nonn

e g 6+57 **



6 *72 => E!..

*%*

non

nn

n

l 1 n

6 *72 #
"5 6+*7 " '

J k% ! +* !

6 *7

! " H#IH 6

2,-B< " " ,--7<0

2%

" ,--D72

non 1 # [ 1 [ "

#0 1

*H#

6 "#9¢



272 " !

K "L "2 ! Co4

4" "6 #01 2.@@C72 " C#

' " 4 O #1Y

' " - ' 63 < # * 2,-C72
63 ,--< #* 2 ,--C7 2

1.1.1 Myeloid cell development

2 >A "= 4 # 1 *
6="M >A TH+* 6=M  >A T " * 6=M >SA 7"
16l # 2 -T2
% .
. e . . <1 8
2= 4 # 6 *37



LT-HSC

ST-HSC

FIt3'°VCAM-1*MPP

hg¥ele

Fit3"VCAM-1*MPP

'ie
Ag

FIt3"VCAM-1"MPP

®)
®

MegE l
T (w)
B, T, (NK?)
11
23" "
1 v 1
2 # 1 1 **
# 1" +# 2 !
--?7 2



1 1 norn

"M 6% #H 2.@@B72

JRTREE s A

1 [ | +: $: "

6 ' #+ 2. @@AT72 !

b6+ :I$=T" B

6 # 2.@@A<0 "

1] # # na

=772 1 '" 555 #G!5%

" > 6*>75! #

6% 1'#% 2.@@7<
1%

6* 7# "$ "2 3’



# " I8=
6= " 72 '

I* "2,

61 " ,--D72

1 *2. "+lL#
61 # 9 2 ,-->72
# ' *3

61 # 9 2,-><1 "I --D72 +!0

#8 "1 # [=# "*4B61 " ,--D72

1.1.2 T Cell Development

6% " #



" &NO

&NO

* P

2 ,--A72 ™

non

. 6l+7. ", 4

* P D721 "

" -B< "&NO * P'

1 4 n
" &NO

* P ,--D72 '

6*7 1 I+5,
--B< " &NO
67 A ) _-B<
--D72 Lo
6  "&NO

* P --D72

4 "# 1

> P ,--D72



2 4 # ' HOM "
4 .
~B<  #$" " 2,772 3
4 o
Lo 6
" 2,772 " '#8" 1
e A Y
6% #! 2.@@@< " #%
2,-<$ "# " 2,-B728"
8. 8,
. 8 #
2 ,-A72 I #8 1
8 ' 6& # 2,-C72
01 # ) 8 "
., ge ;
6 #$" " 2.-2<( #

"#

+ 1>

2.00@<%

8>

2,--728% "

#

#



© 4 mgr.
8> 6 #$" " 2,.2<! #
: *> 16 #$" "
2,--7201 #8°
.o g
6 #$" " 2,-<( # 2,72

1.2 Overview of Oncogenesis

T
) ' # #
Cy .

0 "% 6= ,760
. - .

60 "% 723
. Coy
' 'K L60

4"
S — ]
#

"0h 72 =

*

2,-?<( #



60 "%

B> 60 "% <0 "%

' ' '6 "#* " 2.@C>72 0

1.2.1 Hematological Neoplasms

O 1 [

[T} 1 # # n

nonoa

"% (2

tt#

1 nmin

2,--72 %"



Sustaining proliferative
signaling

Resisting cell Evading growth
death suppressors

Activating invasion

Inducing angiogenesis .
and metastasis

Enabling replicative

immortality

4 ) v ' "
"% 2" " 60 "% =7 ‘



1 6 " "/ ,-C721! #"

n n n

O ! ' n 1 nn

60 #G  2.@@A<E" -T2

2.@Q@A<E " # 2 —-@72 !

W

1#1" " 1

n%

1" "60

<



1 60 #G 2.@@A<

E" # 2 @72 4
#
) # " 60 #G
2 @@A<E " # 2 @72
) 4 # ' B>#
B 1
'60 .@@.72 01 #
1 # 5 55 #
*>El# "8 '# " L B
"6 11" ,><$  #* 2 -A<! # x 2 .-C<
" #0 2 @72 1
"
60 .@@.<0 "% < #
3" 2 ,--72

1.2.2 Myelodysplastic Syndrome (MDS) and Myeloproli  ferative
Neoplasm (MPN)

6 $7



*8

2,-@72 %

2,-@<E"

*8

#

i

nn

2 ,-@7

2,-@7

n

n + " ,__D<

" --D72 |

# 6@<,,T#



687# 6*ET# ' 6 7# "

6*=76 "+ " -D<E" # 2,-@72 % #
N C1ie " *E O
1 *=# 1 *8# ' 8 " 6 "+ "
,—-D72
' b 6 7 "H b
6G 7 1 ' " *8#
4 4" $ "8 6 ,-C<E" # 2,-@72

% "0 3 9 6%037' ' ' "

- " " $5%g! o
#G # " ' #1' " 1
" BE " # 2 @72
G ' 9 Lok / 51/
#1 " " 1 "
L g
1+ """ 6 -C<  H#HS$" 2 ~@<E " #
2 @72 0 ET |
"' # #" 6 ~C<E" # 2
@72 G 201 #°



1 "G 6 "+ ", D72 !

1
# ' 8. "$0%,
6 + " ,--D72
] #
6 + " -D< ~C<E #
@72 $ G # 4 * /
I/ <1 # 1 4
6 ~—~C<E " # 2,-@72 %
4 #1 4 1 1
6E "# 2,-@72
| # 1
6 "+ "--D<E " # 2,-@72
1.2.3 T-Acute Lymphoblastic Leukemia (T-ALL)
6:17
2l
# #
# " 6+ 4# 2,--772



# na (1

' 6+ 4#

6 #/" 2.@@.72

1 6D<@7 '

>Q 'ttt

6+ 4#

2,--?72 * .

TN

6+ 4#
6D<@7"

||8|

2.0@.72 % )

Yoo 6* #I

2,772 $ 1. 4

2,--?72 "

noron 1 [T

2.0@?72



"6+ 4# 2,772 = 4 # 8A5 '

I +.
6+ At 2,-2<! # 9 2,-C72
- " .
v . . Co
8" & 1 Ao 6+ 4
2,--2<! #* 2-C72%$ # '
# " 6% 87#' "
noom 6+ 4# 2 272 v
4 2 ¢ ' 8"
' Ly ' 6+ At
2 ,-2<! #* 2 ,-CT2
g+
$ 6$7 6= >76+ # |/ 2 -272
momr 'l " 9 607"
8 " 11 ' 4"
8'6+ # |/ 2 272 i



eiving (:)GOMi
| wﬂ% =

rin cleavage

S

Co-activators

Hesl
Deltex
c-Mye

Nucleus

MAML

Proteosomal
degradation

67 ' "4 v 8"
9" 6 87 " "+ 2867
0 # * 8 #1 " g
' ' #om o= 2 6>71=
L 8 " 4 v #
o " 2
BAT I g 18"
$ ,6$7 "26B7 "1
n: 67" 4 8 '2 677
" 2 6D7 ' " 687 8'#
1 ' ' 2 6C7 8 o $5p G#



n

=1D
,—-C72

"1
1
"6.-7"

6!7
8I
"8

non

)

#n
2 6@78"'
">
21" " ol

#*



CoA#1 ' " 6 8T#
Coe+ # 2 --?<! #* 2 ,-CT72
g v 6 7H
672 ) o
6+ # | 2 ,-2<! #* 2 -C72 3"
' $5/%G : :
Co 4 ;
>4 ' 8 2
" 6+ # |/
g W
©8! 1 " BBQ |
= " 2,-A72! | 1 .DQ
0" #.BQ
" 2Q "6% #= " 2 A
" ) " 9 4
gt " mo
2 --C72 # 0"

||6+

"6 TH 6$7# "

6% #

*g"oH



2 ,--7<!

#*

2 ,--7<|

2,-C72 )
8# ' 8
#* 2 -C72
't g,

1

1

*$"

"#O#



--D< ' C72 1" " "

9 H# 1 '

"6 # 2 ,--D< ' --C72

[ 42 (1

e 1

->< ' --CT72 1™ #$

.72 %

6 "#% 2



60

3&: =#

||2 *

ll# n

#H* 8#% # "

6* " #

1=@# "

2,--72



1 2 3
1 moo Lot SA ISC T 6 "#S
2.@@A</ " '.@@D728 1
#
83:$ " 1
4 6 "#$ " 2.@@A</ " .@@D72 $ "' #
$ oo ot #
# " 6',-C7201 # $
1 9 83:$ , om0 2
" #
1% " 2
$ #
6F #$' 2 ,--C72
1.3 Overview of the Ras/Raf/MEK/ERK Pathway
67 1
4+ ' 't 6=
A76$  #* 2 ,—-AT72 (R ' #



O £y ) mitogens, cytokines, growth
’ factors, serum, and osmotic stress

# $%&



' 5/*
1] n 2 |: 1 1
# 1]

#'" 1,28

9

#

H#1

8 1

2*

#1



6= A76% #* 2,-A72 = 1 #

' "t# 6%
* 2 ,--A72 b b

# ' #' Y # "

" 2 H * 1 >C

# 4" " 6 # " "G 80,

6G8 7 # " B 6 $ #*

2,---720 #1 ' 5,0 ' 2

1.3.1 Biochemical properties of proteins

E 6 _$" E 7 1 o
@?-R " ) ' .@D-R 1" 1
o 0 " ' 6 VA
-->72 " "
2! '
1" 6% #$ 2 ,--D72
$ 1 #' #" 1 1
' # 1. "1 +*6 7



" 68 #G2=2 2.@CC72 ' "
" 6+*7 " ' 9" 68 #G2=2 2
.@CC72 = 1 "t H 4' 6+=7
B S - oo +*68 #
G2=2 2.@CC</ ":$H" # 2.0@C72 +*#1 "
b ' +x " ; 68 #G2=2 2.@CC72
+x 0" "o += " ' 1"
' ‘ ' 6+ #$ 2.@CA<G #
=" 2.@CC<8 #G2=2 2.@CC</ ":$H" # 2.0@C< ¥ #
$ 2,--D72
$ o + O+ SH
"+ 26 #9$ 2.0@-72 $
+*2 +* ! ' '
1 Y2 # + 2"
# oo +x 6 #$ 2
@@-< #"E 2.0@<9% 9 #!" 2.@@D72
6 ot = _ "7
# # " .6 72 " ' ' "



HoH " >2 "

/ 2 ,-D72 "

"o6/7 "

2,--D72 = 1

2 ,--D72

My 10 ’__>< [ #

2,--D72

P> #



>< U # 2,--D72 ' # '
6* #
TN > S "0 A< T #]
6 _ v
Loror "ol 21!
5
"6 # 2,72 3 # "
" "
' "2 ", @-Q
#" )
" "' 6% #0
2.00@72
56 _4° $ N
5,2 5,#G8.5,5>
7 " B2 .5 1 .5,
6& "+ .@@><* # 2,--72 . ", "
C>Q 6/ #(' 2.@@-</ #8
/ "9 #1'

2,--<
2 ,--D72
5 N £
" " #
" 1
R
)
"8l
2.@@></ #/
1
#>C I*6>C
" #
2.0@.72
" 4 o



#' E 6+ 9 9# "

2.0@.<* # 2 .72 # "1
: 23
4 8: " 6 ' # S
2 -C72 ' " L 1
#1
6 ' # S 2 -C72

1.3.2 Differential signaling requirements of the Ra  s/Raf/MEK/ERK
pathways

$ 555 1 ) 4 "#
2
1 2 4
) ' 6 #9$ 2 --><
;=272 ! 555 1
1 2
1 " " 2 % : 1
#1 Y "6= B7
6 #3 2 -><  --?272



Plasma Membrane

MNucleus

Receptor Tyrosine Kinases

/7 1\

H-Ras -
K-Ras N-Ras

Il Ny

B-Raf |:> Raf-1

N\,

|

ERK1/2

Gene transcription

Cytoplasm

' $%&

1 "o 1] [




" 0: +,6 ' TU 7

' R M Lo #LY "

" '$'6 =#% 2.0@?7< # 2.@@Db72 ! #0:
1 1 1 "

.6 = #% 2.0@?72 #o0 "

"l S D 6 = #04 2

@@?< # 2.@@D72 ! "o ' .

" 2= 4 #0:. +,E6 ' TU 7 1
" SR M ¢ =#% 2.@@7<
% #$ 2,72 3 "# 8: "
1 # 0: 60 "% .@@C72
" 8 0: 2
$" 1 0 ' " "
/: L 6( # 2.@@C72 01 #0O:
' *> 1 6" 9E' #% 2.@@7?72 ! #*>
1 R 6" 9 E' #% 2
@@?72 01 #: " ' I*
1 ' ' ") ' 6( #
2.@@C72 " o "1

>/



6" OE' #%  2.@@7<(#

2.@@C72
$" 1
5,6 ' "#$ 2.@@B72 01 #/.
5,6 # + 2.@@C72 I
9 :
* 6 #9$ 2
@@B72 ! # I 4 ot ' I
6 '# ' 2,--,72 oo ' I
) 5 ' 6 # $ 2.@@B<* ' "#
$ 2.@@B<* # i+ 2.@@7<* # i+ 2.@@C<
" # ' 2,--,72
I "2
= 4 #I 1 2
/ # 1 K" L' #1'1 1
A>> [ 6= #
! : 2.0@7?< #9 2.@0@7<+ # 2 --B< 1 #
0" 2,--?772 " ' " Y#
6 1 #0 " 2 ,--?72 #

>E



I 6 1 #0" 2 ,--7272
9
6=
9 2.0@7?< 9 # 2 —-<% #+
2,-B< 1 #0" 2,--?72
#"1 *>
. 6 #
* I
# /
@@@72 5
2. 00@< & o@72 !
I
$+ " ) "1
6& # 2,--.72 I # $+ I
L 6& # 2,--72 %
1 16

"1
#1 2.0@7< #
2 ,-A< + #
!
2.00@72
1
6&
6 #
6%+ 72
!
"H S+
& # 2,--.72



" 6+ #= 2, <& #
#$ " 2,72
% ", # "
1 2= 4 # ' ' " 1
"1 # ,6G  #
"4 2 = # . 1
,6G  # 2. @@A72
' ! ,6G  #

1.3.3 Protein expression pattern and homeostatic pr

4 " " "1
" "61 "% @@>72 '
; R A 8:
1o 6 #E' IH 2,72
#1 " # S
" 2.@@B<G #+ 2. @@D<

>

#E'

2,-<

2. @Q@AT72

2. Q@AT2

otein function

A H

.



728 4 !
"1 "% .@Q@>72$
) # "
61 "% @@>72
| 5:

BD/? "' %1 9
4 < #

(] n N "

B-Q 2 % 1

SR |

6* ' "#/

6%H 1 #& 2.@@D72 I

: ' 6% #*

L,@53!

2.@@?<*

2,--72

#

1

>C

>1

-2B:.,2B2

2,--72



non n 1 1] [ # 1

T an

6%H 1 #$ '

4 N "

R A ' '

/"2 01 #

" 2.@@>72 %

>(



6! " #/ 2.@@Db72 " 14

st 2B 6+ 4# 2.0@@</ #

5o " ' 2 . 5t
# 9# " 6* #+ 2.0@@<0 #

#E 2,-->72 '"1 " 1 . 4

B L A | .

6E #= 2,--772 #

: ,6/ " #G)



" 1 " 6E

1.3.4 Role in physiological hematopoiesis

! B D1 # # "

' 6% =7 o5

2,-C72 " " 5

6% 1'#% 2.@@?72 * 1 ' R

1 1 # 1 n

#= 2,--?772 01 #

#$

"0$ 1 '

Il#l $:

63

n #+



6 "#$ 2 <

6 T>H# +: $:# "+:$=2 o # 4 '

6" + # 2.@@C72 $ "

B > "4 $= "
2 -@@C72 > " + . = ! " [ "

© 6> tig= 70 4 - .



1 ' 555 12 4
[ nn n ||1 1 1

6 #( 2.@@B72 01 # "' o

+ # 2.@@C72

1 >1"1 6+ #$ 2.@C>72 +: $=
> ! ! > " e " " '
6 "#V 2,-B7201 # 1 > "+ $=
" " o 6 "#V

2,-B72$" 1 >A J 1 '



6+ #/ 2,-@72 $" = '

5 ! 29 1 +
$= v o " : 2
5 1 e #
5 +:$= ! 1
" 60# 2,72
6*37 1 ' "
0$ # 1 '
6% 1'#% 2.@@?72 5 v 1
*3 v # ' # "
' 6 9#l 2.@@D< H' # ' 2.00@0<
9 #3 2,72 # 5 o 1
>A ) '
=" #= 2.0@@72 T 1
"9 #"1 # "
6H' # '  2.00@72 1
1 2 4
6 #* ' " 2,-AT2 4 #

Al



"o FY R B '
o4 6 #* " 2 ,-AT2 T "loooos

" " 6 #* ' " 2,-A72 '

" "1 *3 6 9#

/" 2.@@D<$# 9 2.@@C<=' #= 2.0@@<

H' # ' 2.00@< 9 #3 2,-< #* "

A< # 2,-B< 9 #% 2 --@<$WE #+

o 6& " " ,-A72! 555

6& " " ,--A72 01 #' ' ' 1

AE



! 6& " " ~AT2S$ "

1 6& """

~-B72 1 # 8:

n 1] >A

' 6 #* 2,--,72

2,--712 %

1 nunn

et 21" # 1

2,-.-72

~712 4

J n

201 #

6+ "#



%

8 * 6 #+ 2.@@7?<
$L#S$ 2.0@7?72 %
#' 0O 6! D H#= 2.@@B<
$1 #! 2.@@B<! : #0) 2.@@7< #+
2.0@72<%1L #% 2.0@?72
3 " o1
21 # ' 1 1
1 ;
6/ 2 ,-->72
1 " 6! #0) 2.@@7?72
/ 5 , 1 5
5 6=" # 2 ,- -B72
.5, 1
1 6!  #= 2 .@@B<
$ 1 # 2.@@C</ "#¢% 2 < #0
2,72 ") AJ
<1 # ) c" 6 #%$'19

Al



2.@@D<=" # 2,-B72

A C 2

1.3.5 Role in hematopoietic malignancy
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1.4 Function of Bcl-2 under physiological and malig
conditions
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1.5 Overview of the PI3K/Akt pathway role in homeos

malignancy

x om >
## "7
R
4 tolxs
72

x> woo

6 CB CB
' # CB:.-'
6= @76E ' "$1
1" "o -
ks -

" 6>#AHBT:
Doy 4
"1 #

/ 2.00@<E

6*> 7 '
" 6E
6E ' "$
" ' '6 ..-
BB 7 6E '
4 1 mn 1
- 72 1" #H*>
6E ' "$1
" 6AH#B7
X* 6>H#HAH#BT*
>: "
"$1 72 %"

?(¢

tasis and
"#
5
g1 72
20
#1 ' *>
1 720 #
6E ' "$1
- - 7
1 1
Lo
72
X* 6A#BT* Y
#
" 6* .7
6*07" 6 #



Cell proliferation

Cell survival
/ 0 &1 23% "
6.7+ 1 ' 6 7 "+
R ¢ o A *>HEL
1 cB " .-21 # ="
*>2 6,7!" "*>'" * 6AHBT* . *O>HAHBAH 1 '
' "o 8# * > 2 6>7 * 6>#AHL
toox S 1 "1 * 6>#HAHBY*
0" 2 6A™* #* g "

P! #1'' " *2 eBT "! '
4 "1 ' "#

o 21m " 63 #3 2
—-AT2



3 1

+=

4# 3 #' " #
# 5 I 6 1
I#* 7 6E $1 < I @72
* 8 4 * >
* > * 6E $1 <
@72
4 !
1 ' # !
6 #/ 2.00@< " "0 .@O@ 72
4
] 1
6 #/ 2.00@< " "0 .@@@72
1 "1#4 !
E # 4 # 4 #
"# 81" # = # " 1
6 #/ 2.00@< " "0 .@@@72
Pl
el "TH#

rv " : I



6= ,-C72 * "l
6= ,--C72
# 9
o
I #' 6=
) "1

E " "$1 ,--72
) =
2.@@@<E ' "$1

"# 1
"$1 72 3
1 2!
1 6% #3S

~-C72 1™

Q#

@@@72

#1'

72 S|

| #

2,—<E ' "$1

#1

2.@@@<

#1

2.@@@<E

4

= 12



4
720 . I #1'
1# 8= 16 #/
"$1 72 /" # 8= /'
4 # '
# xoomnx 6 #/ 2. Q@@<E
= 12
* > Bl 2 " 1
$%" # - o *> <
* 8«1 < "
-C< " @72 #
6 /I @72
tE> 0 o#1" 1:
"o #* 8#
6 / @72 * 8
4 "1 *>
*xH# ! 6 I @72 %

6E "$1
2. Q@@<E
5l
"$1
$% "
6=
$% "
123
) "#



non 1 1 1

*> 5l 1

*> 5l 1

[ 5=>"

#

1 " B-

60

#1'

2.00@

D/

*> 5l 1



' - 6 #3
' ") 11ttt

' 2

o2 now

1" AQ o
6 #! 2.@@@72 "' *8
2 " 1 *8
" * 8" #1" "

E"9 2,--7%<+#

Dt

2,--72 !

*8

I 6( O#



2. Materials and Methods
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(Invitrogen, Carlsbad, CA) 594-anti-Sca-1 was prepared in our laboratory with a
standard procedure. Biotin-conjugated antibodies were visual ized with PE/Cy7-

steptavidin (eBioscience).
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2.5 Histopathology
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2.6 In Vitro Culture Systems
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3. Constitutive MAP kinase activation in hematopoie  tic stem
cells induces myelodysplastic disorder/myeloprolife rative
neoplasm

3.1 Introduction
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3.2 Results
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Chapter 4: General discussion and future directions

4.1 Role of MEK/ERK signaling in MDS/MPN developmen t
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4.2 The role of Notch signaling in T-ALL developmen tagainst a
backdrop featuring active MEK signaling and Bcl-2 e xpression
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