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w4 =574 WEHAML) AlEodAs FF AEY F4H
IAFE 2ddkeE ofF VA AadE FdREo] 843 Ho v 2
ToAME T4 9-& 3= mammalian target of rapamycin (mTOR)
2 Ras homolog enriched in brain (Rheb) A=+ W] X5 ¢}
dHstol B2 HAes Rou oy, A A AIeke] dddel

el = s sl dA Fok B dFelM = WEw ofAx
2

Aol Wx=z ZAsTE AEFAE mTOR Z44xE0] W=7}

Bt 92.8%9 2™ Rhebol A= 79.1%%th bl WA oy X



(CD33+)4lAl= mTOR 5.9%¢ Rheb EF A7 AxolA 9]
Az wlgte] FosAl =Tk (p<0.001). °] FATE oA
#Aalo] =3t #(CR¥)Y &4 HbeS HQ T (hon-CRT)LE
®EF3o] mTOR® Rhebe ZAEE wms £ Ay, F 9
CD33+mTOR+ 2 CD33+Rheb+ AE W= BT FAF o]z}

AT (p=0.263, p=0.213).

olxk3l WIEE FHASAT. SAHE CD34+CD38- Alxe HE=
19.58% (0.3%-81.6%)°1e™, 1 F mTOR+ AXE7} A=
24 (mTOR+/CD34+ CD38- fraction)< 10.31% (0.6%-54.1%)91t}.

AA MEel g CD34+CD38-mTOR+ AEe] HE

rr

2.52%

(0%-30.7%) . FAlol  CD34+CD38+ AlZo|A %= mTOR9

2%

il
Jle

A3, mTOR+/CD34+CD38- &< 65.9% (0%
-99.1%), CD34+ CD38+ mTOR+ REX= 1.4% (0%-17.3%) t}.
Wy Z7]A XA mTOR &d o dA43 oo E 4uny

skl CD34+CD38-mTOR+ RWIES] F%47k (0.48%)= 7|Fo=

Se T3 g TOR BRAC mmaRch 14 wa fx w0
B34 WL 8o BHFE F/AE mTOR B4 W=/ 3e



oA 17 (12.5%), =& oA 398 (32.3%)°1RNeH (p=0.576),
A wA gd Bl RS 27 11799 9497 % ToA 27

A 5

rlr

AgL Bttt (p=0.079). A

ri

AN e FHAEEO]

Ho
J

77} 72.9%, 41.6%, AA AEE] 48%, 0%2 W& Fol £& o

HAoug FAA Feolde sl (p=0.326).

B Ao s Aek Ao AML 7141 W mTOR ZAE=E &8l
A 2 AL B>l dor A5 HAAH o] dFE dFdte
sog AR 1HEs B o+ AT olE EdiE, WdgHy
Z7|MEAA HZEHE T4 T2 mTORZE 8% 93s &8

e 4 der, mTOR A& dFo=A Wadrye P
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BEfoll A mlAdEA ] Fhe AW A of Fof ARG #Eol
Ao, oo x7] HEZ dsl o A Ax W =Holu
TRz dig AFrE FE AlEFHI QTR olgd w¥o
Aoz AEZ UFHeo oy Az dE A= (signal transduction

pathway)oll #ofst= oz 2 AA} Q1) (transcription factor)7}
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AEo] F2 e A} (apoptosis)E ZE3E dHl do] T3
das s, FUdo FHdm Fojdthe ol ¥E AL o
| R mammalian target of rapamycin (MTOR)=
serine/threonine  kinase®  ribosomal kinase (p70S6K)&

gX3kA]7]3L, eukaryotic initiation factor (elF-4E)E binding

|

protein?l 4E-BPl1olA A o=zH wwzd A =3
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d

o])3t AL wHrt A9 EZ<2 phosphoinositide3 kinase (PI3K),
ras homolog enriched in brain (Rheb) @3 5o ol&] Z=4d¥H, €}
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flo
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1. A7

7v, wigwy oAl EZe 419l mTOR % Rhebo] 4=

2005 2€5H 2006 7E7HA AAldietaw o) FeEt AlH g~
Bl Az v J§4 F574 9dy A 15%E didew
otk A4 AEelAe] mTOR FHEE SA7] 3l 299 =+
7152 NAA AAE AN, olF 57kA 9] AML AEZF -HL60,

THP-1, NB4, KG1, U937 -} 34 v wd}gich.
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AEFE A9 AAE BN Agow, 85 AW AF

23t 10% dimethylsulfoxide?} 20%

M

A FE AAst Gl
fetal bovine serum (FBS) #X]o] Yo Y& HIAsUT7 23

Aol lEetel PBSE F Wl MRS F AHgHAL,

. oA 9 2 E3} (permiabilization)

A} AEE 0.5% BSA°l 43 3~5x 10° cells/tube”} H = 531
< Ax xd =2 (CD33, CD34, CD38)l tist IAE 2.5 plLA
ol Mg 5 30&3 A=A wkEA7IaL AlFs T mTORS
Rheb®] ZAEE s HAsixs Ax W dd-5o] A&
A5G o, 2% paraformaldehyde (methanol free)® 37T ol A]
107 145 o 183 34 5 23t olF Axg T35
A3 90% methanolE FH7FgF & 4TolA 30837 Ao+ s 0.5%
DPBS 0.1mLE ¥ 10&37 AL BE#sigdcth. 2§ 12 FA=
FAste] 30w A=A wigstla, AHst uA 22 FAE

T ohA] 3087 AeolA wjsar,



o fFAE B4

FHl" AZEL FACS Caliber cytometer (Becton Dickinson)®

A5 WPy ofAxe] EAAE CD33, 71X EAAR

CD34¢} CD38& Ab&siaitt. AREH &A= phycoerythrin (PE)7F

ZA%td anti-CD33, CD34 3+A|, peridinyl chlorophyllin (PerCP)7}
A%HE anti-CD38FAIRCeH, AEZ W EZQJ mTORL Rhebol

Y&l A = fluorescein isothiocyanate (FITC)7} Z23d 12k QA4-E0]

FAS HFA3I} F 23207 Alexa-Rabbit FAES ARl

ki
il

MG opA|Fo| A= CD33+mTOR+, CD33+Rheb+ A|X¢] Wl
two-color fluorescence—activated cell sorting (FACS)ez& =7
ston wEdd  Z7|A|FHE  CD34+CD38-mTOR+ A E2

HIE & three-color FACSEZ 4 3Ft}.

2t A9

AML oA EE CD33+, E7|AXE CD34+CD38- Zdd & 7HAE
AZE A8, mTORS Rhebd FAHAEE A AT F z
go]  <litsl FHo] e AHES] HES WEEZ BASACL

712 B, 24T

e

3l /(-]]

>4

b

Aol gk &g Axe HEs

CD34+ CD38-mTOR+ HIX (frequency)®, =7|AE F A A E9
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H 1 E 984 = Kaplan-Meier survival testS AF&3}3 a1
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Lo

o2 AN AAAE log rank testE AgAT 2t
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vl wst7] YA = chi-square test, student's t-test,
person correlatione A&}t EE EA AdE p-value’t

0.05m]REQ1 7%

i
of
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49 frodel Jr Aow WATAL
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EA BEAXE& SPSS (Window release Ver. 12.0)
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B 21A5H 7241744 EEE o, AEE FAket ozt
747y 129, 39 olflth. FAB /& M13 M4 Z7F 37 (20%), M2}
M3 Z+Z 27 (13.3%), Mb56& M6 22 1% (6.7%)°lloH,
=golgdsol sukd 2z WdWo] 3% (20%)eldth T A9
QA FF2 o T mE} YE (favorable), 5% (intermediate),
5% (poor risk)® Wrow, Z+2b 49 (26.7%), 99 (60%), 29
(13.3%)°1At. 12 A= 5 8% (53.3%)lA &d sl
sasilon, 69 (40%)olA Fi whg e B4 vZ BT
yezl 18 (7.7%)° B A Ax =5 AMdsidlt dA #F
7120 4209 (11-7699)el3laL, o] 7|+ &<ke] 9 AEES

50%, AA =L 54.5%% T}
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Table 1. Patient characteristics of mTOR/Rheb analysis in AML

blasts
WBC count R Last
e esponse a
No. Diagnosis / g at diagnosis ~ Chromosome ; SDCTS HSCT ; ts
ex o CTx atu
S (10°/uL) SHTS
67 .
1 M1 P 31.27 Intermediate NR No Ref
2" 10 5.00 Poor NR BMT Death
AML M . oor u ea
50 .
3 M4 o 23.70 Intermediate NR No Death
21
4 M1 M 19.26 Poor NR Allo/PB Death
43 .
5 Mb M 46.57 Intermediate NR No Death
211(] 42 )
6 54.96 Intermediate NR Allo/PB Death
AML /M
45 .
7 M2 M 43.66 Intermediate CR Auto/PB CR
38 .
8 M6 M 15.91 Intermediate CR Allo/BM Death
) 33
9 M4E M 101.70 Favorable CR Allo/BM CR
26
10 M3 M 35.78 Favorable CR No CR
49 .
11 M1 /R 6.38 Intermediate CR Allo/PB CR
64
12 M4 M 5.29 Favorable CR No CR
72
13 M2 M 56.40 Favorable CR No NE
42
14 M3 M 17.02 Favorable CR No CR
15 2" 39 1.17 Intermediat CR N CR
AML M . ntermediate o
CTx=chemotherapy, HSCT=hematopoietic stem cell transplantation,
NR=no response, CR=complete remission, Ref=refractory, uBMT=

unrelated bone marrow transplantation, Allo=allogeneic, PB=peripheral
blood, BM=bone marrow, NE=not evaluable.
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Y. mTOR/Rheb FA¥ 4 Ay}

b
il

ZF AA oA CD33+ mTOR+ Al¥29} CD33+ Rheb+ A¥2] Hl

S

s

e
b

0O

sttt (figure 1). AML AEFo|4 mTORS Rhebe] A4

o
=X

77y 92.8% (83.9%-97.0%)3 79.1% (61.3%-89.3%)31t}.

flo

at

I~

A

d = Wl CD33+ AlxolA+= mTOR$ Rheb &4=7F 747

o,
2

5.9% (3.9%-7.8%), 35.1% (34.6%-35.5%)%1°H, AML CD33+
AEAME  mTOR  85.46% (31.4%-97.8%), Rheb 95.6%
(76.9%-99.8%)°1 ATt (figure 2). A7 AE2 AML AEF 3 AML
o] opAlEo] A o] mTORS Rheb =S wlug Ay}, HEF

R Bape] ofAE A TAH SR FofsHA E9kTh (p<0.00D).
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AML P1 @ o4 = s
8 "=1 5.97% 8 -g 0.11% 2 . 7.44%
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Figure 1. Flow cytometric analysis of normal control and AML patients.,
BM=bone marrow, P1=patient 1, PE=phycoerythrin, FITC= fluorescein
isothiocyanate.
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Figure 2. Comparison of mTOR/Rheb expression between normal CD33+

cells, primary AML blasts and AML cell lines.

14



v
s
ox
o,
A
-3
=)
il
=)

=
O
=
=J
jon
(@)

(ox
ie]
oX,
I
El

1He A9 14¥es A FdAE F dd d&jol =L@
A (CRE)F F&7 #H3 E=e= B34 wes HId
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s
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b4
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O
=
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ox,
i
fifo
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2
ox,
i
fifo
rlo
2l
-

875%™, non-CRTIAANE EF 0%9th (p<0.001). CRTI}
non-CRT-ol4 CD33+ mTOR+ A X ®EE wvwsg Ay, HF

90.4% (58.3%-97.8%)% 77.4% (31.3%-97.4%)2 F T+l

©
o

Zpol & HolA Loth (p=0.263). Rhebd] HLol% HFZ 97.5%
(86.3%-99.8%), 92.2%% (76.9%-99.8%)2 F o] =}ol7} glgltt

(p=0.213) (figure 3).

15



100%- = ==

B mTOR
[J Rheb

¢ § 3
|_

Expression of mTOR and Rheb

3
i

==
0% T T T
Normal BM  AML-CR AML-NR

Figure 3. Comparison of mTOR/Rheb expression between good and poor

response groups. CR=complete remission, NR=no response.
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Table 2. Patient characteristics of mTOR analysis in AML stem cells

CD34+ CD38-mTOR+
Total Low group1 High group2 «
(n=17) (n=8) (n=9)

Age, median (range)
Gender, n (%)

Male

Female

WBC count at diagnosis, 10°/uL,
median (range)
Extramedullary involvement, n (%)

FAB classification, n (%)
M1
M2
M4
M5
Unclassified
Chromosome, n (%)
Favorable
Intermediate
Poor risk
No metaphases

Transplantation, n (%)

49 (16-67) 40 (16-63) 52 (27-67) NS

6 (35) 2 (25) 4 (44)
11 (65) 6 (75) 5 (56)

10.3 13.8 103 NS
(1.1-13.9.7) (1.1-36.8) (1.5-139.7)
1(6) 1(12.5) 00 NS

1(6) 1(13) 0 (O
5 (30) 2 (25) 3 (33)
3(18) 2 (25) 1(11) NS

3 (18) 1(13) 2(23)
5(29) 2 (24) 3 (33)

2(12) 1(13) 1(1D)
9 (563) 4 (50) 5(6) NS
5(29) 3 (38) 2(22)
1(6) 0 (O 1(1D)
10 (60) 6 (75) 4 (44) NS

RI=remission induction, CR=complete remission, NS=not significant.
L2patients were devided into two groups that showed lower or higher
CD34+ CD38-mTOR+ cell frequency than median value.

*Comparison of low and high groups.
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L}, mTOR FAE &4 A3}
CD34, CD38, mTORel| that fAx A4S Al3ste] mTORZ}

243 d Ax WEE

A

AsATE (figure 4). A Ao F<¢
g E F  CD34+CD38- HlEE HE  19.58% (0.3%
-81.6%)°1%1 2™, mTOR+/CD34+CD38- #+&< A+ 10.31%
(0.6%-54.1%)01A k. AA GHAE S CD34+CD38-mTOR+
REE HA 0.03%, A 30.71%, Bk 2.52%, FLw

0.48%9%lt} (table 3).

ES R & 71.4%
0.1% 8 ] 5% ] ’
W =y
o L g
Normal < w o~
% g
O w =
€
¥ oeok rop 1%
L e BLE% 01% g, ]
AMLP12 o [T
< hlE
(diagnosis) { O :
w [t
€
%) T ow| rr 0%
LLl ': w:fé
AML P12 E'r ;.:"
™
0O
C® g, =

CDas-PerCP " cbagpercp
Figure 4. Flow cytometric analysis of normal control and AML patients.
CR=complete remission, PE=phycoerythrin, PerCP=peridinyl
chlorophyllin, FITC= fluorescein isothiocyanate, H=gated CD34+ CD38-
cell group, N=gated CD34+ CD38+ cell group
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AL

bolct,

ol
X

CD34+CD38+  Alxel  disix= FLstA &4
CD34+CD38+ Ax= A SAES 2.7% (0%-23.4%)°10 3L
mTOR+/CD34+CD38+  #&2 7  65.9% (0%-99.1%),
CD34+CD38+mTOR+ HIZEE Fd 1.4% (0%-17.3%)% T} (table

3).

Table 3. mTOR fraction and frequency in both CD34+ CD38- and
CD34+ CD38+ cells

% FACS-positive cells' mean (range)

Total Low group1 High group2 *

(n=17) (n=8) (n=9) p
CD34+ CD38~ frequency o. ;_95'3? 6 (0_5;3_2) (7_221_6) 0.005
mTOR on CD34+ CD38- fraction o 61952 . (1.;??. » (0%5221) NS
CD34+CD38-mTOR+ frequency ( 0_23'8 - (05_'362) (0_1;'32& SIS
CD34+ CD38+ frequency (0_22';4) (0_32'24) (0.%?3.5) NS
mTOR on CD34+ CD38+ fraction (0?351) (O‘-Sg:fS) a 427_59_1) NS
CD34+CD38+ mTOR+ frequency (0_11'? - (0(_)'2‘_‘5) (0_213_3) NS

FACS=fluorescence—activated cell sorting.

L?patients were devided into two groups that showed lower or higher
CD34+ CD38-mTOR+ cell frequency than median value.

*Comparison of low and high groups.
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4

ok A Alo] mTOR 4= wWe 94 4 4
- #x} 1798 CD34+CD38-mTOR+ WIEe] Fgk 0.48%%

JFow T Foz EFIYL Z7|HE mTOR Aol e

M

(low group)® %<& F (high group)@ & o]

<
SN
=
1o
ul)
ox

432 248 Bkt (table 3). CD34+CD38- Wko] HFe 7zt
2.5% (0.3-7.2%), 34.77% (7.3-81.6%) 0.2 & FolA ¢ skgtor
(p=0.005), mTOR+/CD34+CD38- ®&& 2Zz+ HF 5.86%
(1.2-11.4%), 14.27% (0.6-54.1%)% & FoA o F& AL

Bou A FoldL It (p=0.234).

)

oo e Al BEAZE SAF Aolrh fldth (table 3). 443

B F 1A #E = Azl dE FE #el 2 B W

olo
o

Bl = G FoA 18 (129%), =2 oA 3% (36%)0]% 2.

2

A F A AR 44 Balel 4A7LS 747 11795 94dw 3
.EO

ol HTE ¥ FAHE AIFS BRI (p=0.079). F

Lo

EHAZESES A7 72.9%9 41.6%900 EAA AolE Ho|A

Foar, (p=0.317), AA BLELS 22 TolA 487 & oI

=
El
ol
&
Jo

ojgk zolE Btk (p=0.041).
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Table 4. Comparison of clinical course between low and high

CD34+ CD38-mTOR+ frequency groups

CD34+ CD38-mTOR+

Total Low' High® .
(n=17) (n=8) (n=9)

Response after RI chemotherapy, n (%)

CR 13 (76) 7 (88) 6 (67) NS
Non-CR 4 (24) 1(12) 3(33)
Median CR1 duration, day 110 117 94 0.079
Relapse, n (%) 4(24.5) 2(25) 2(22) NS
Death, n (%) 7(41.1) 337 4 (44) NS
Disease free survival, % 64.8 72.9 41.6 NS
Overall survival, % 35.6 48.6 0 0.041
RI=remission induction, CR=complete remission, CR1=1°" complete
remission, NS=not significant
L2patients were devided into two groups that showed lower or higher
CD34+ CD38—mTOR+ cell frequency than median value.
*Comparison of low and high groups.
p=0.041 p=0.317
1.0 1.0 group
. - =« high
» ba — oW
_ 0.8
80.8 LDL
;o,s— :0.6—
2 s
© _
60.4— §o.4
o a
0.2 0.2
0.0 : T T T T I 0.0 T | T T T
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Days after transplant Days after tranplant

Figure 5. Survival analysis of low and high CD34+ CD38-mTOR+
group. OS=overall survival, DFES=disease free survival.
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2t A 2 #Ha] Al mTOR &4 w3}
il Fe A5 F AT A Aol =Zetils Wl dEde

CD34+CD38~ M EZoA9] mTOR &4& F43te] At Al 7k}
stttk T AlEOlA FAE  CD34+CD38-mTOR+  Wlke}
mTOR+/CD34+CD38- #&2 A5 Ao BAZ Aolg Hol
&tk (p=0.326, p=0.646) (figure 6). L2}, CD34+ CD38-mTOR+

F 174 F 129 (70.5%)04 A= ART FAsHow

=S

iy

O

(figure 6), & AR HAFL 747 2.52% (0%-30.71%)7} 0.7%

(0-0.4%)°] At}
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Abstract

Clinical Implication of mTOR Expression

in Acute Myelogenous Leukemia stem cells

Hye Won Lee

Department of Medicine

The Graduate School, Yonser University

(Directed by Professor Yoo Hong Min)

Recent advances in the understanding of leukemogenesis in acute
myelogenous leukemia (AML) showed that several intracellular
signal transduction pathways play an important role in controlling
the survival, progression and apoptosis of the cell. The mammalian
target of rapamycin (mTOR) is known as the key molecule of the
PI3K/Akt pathway and its inhibitor, rapamycin, has been recognized

to have a potent anti—tumor effect in AML. However, mTOR is
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constitutively activated in most AML cases and the correlation of its
expression status with clinical data has not been clearly established.
I tried to assess mTOR activation not only in AML blasts but also in
AML stem cells to analyze their clinical implication.

The activities of mTOR and Rheb were measured in the target cell
by flow cytometric analysis. The mean frequencies of activated
mTOR / Rheb were 92.8% / 79.1% in AML cell lines and 85.46% /
95.6% in primary AML blasts. These were higher than the values of
normal CD33+ cells (5.9% / 35.1%, p<0.001).

[ divided the patients into a good prognosis (CR group) and a poor
prognosis group (non-CR group) to assess differences in the
activated mTOR/Rheb frequencies of each group. The frequencies
of CD33+mTOR+ / CD33+Rheb+ cells were not significantly
different between two groups (p=0.263, p=0.213).

To assess the mTOR activity in AML stem cells, paired bone
marrow samples were obtained both at the time of diagnosis and
complete remission from 17 patients. The frequency of total
CD34+ CD38-mTOR+ cell was 2.52% (0%-30.7%) and mTOR+

fraction of CD34+ CD38- cell was 10.31% (0.6%—-54.1%). In case of
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CD34+ CD38+ cell, mTOR+ fraction was 65.9% (0%-99.1%). The
frequency of CD34+ CD38+ mTOR+ cell was 1.4% (0%-17.3%) and
it was lower than that of CD34+ CD38—mTOR+ cell (p=0.595). In the
subanalysis of the patients, lower CD34+ CD38-mTOR+ cell group
showed longer duration of complete remission (117 days vs. 94
days, p=0.079), better disease free survival (72.9% vs. 41.6%,
p=0.317) and overall survival rate (48.61% vs. 0%, p=0.041). The
CD34+ CD38-mTOR+ cell frequencies were decreased after
remission induction chemotherapy in 12 cases (70.5%). The
average CD34+ CD38-mTOR+ cell frequency was decreased from
2.52% to 0.7% after the treatment (p=0.333).

In conclusion, the results of this study suggest that mTOR activity
in AML stem cells at diagnosis correlates with survival of the patient,
thus it might be used as a possible prognostic factor. An exogenous
modulation of mTOR activity might be an important modality

controlling the tumor cell proliferation in AML.

Key words: acute myelogenous leukemia, mTOR, leukemia stem cell
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