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WFZERCR- OB (F30) : Several mathematical models and ex—vivo examinations suggested that
imatinib (IM) therapy does not eradicate BCR-ABL-positive leukemia stem cells (LSCs). In
optimal responders to IM therapy, BCK-ABL transcripts in the HSC population tended to be more
retentive than other populations. Treatment with the second-generation of ABL-tyrosine
kinase inhibitors (2nd TKIs) induced more rapid reduction of BCR-ABL transcripts even in
the HSC population. In Ph* leukemia cells serially xenotransplanted into immunodeficient
NOG mice, slow-cycling CD34" cells were insensitive to IM. From comprehensive drug
screening of other small compounds using this co—culturing system, we found that
inhibitors of PI3K/AKT/mTOR-axis signaling, including rapamycin, were promising
candidates. /n vitro and in vivo, combination treatment with IM and rapamycin analogue,
everolimus (RADOO1), induced substantial cell death in the slow—cycling CD34" population
with p70-S6K dephosphorylation. The dual PI3K/mTOR inhibitor, NVP-BEZ235 (BEZ), also

induced substantial cell death including slow-cycling CD34" cells at lower doses



(AL : [)
[ERESET ¢ [EESE Ty & &
2010 £ 1,700, 000 510, 000 2,210, 000
2011 1,400, 000 420, 000 1,820, 000
R
R
R
o 3,100, 000 930, 000 4,030, 000
WRSE53 B« [ 3T
BFEOSF - M - NESRERREY: « MIRNELT:

ST — I - S - T — A -

1. BFFEBIAA S WO 5
MM BEME IR (ML) 18 MEHIC % L, ABL
FF—EHEAA ~F =7 1%, @R MIEE
RN EMREZ LD LS 1 RIREE L
SLEITZ (N Engl J Med 355, 2004) 2%, F%
TN D FEAT ORI & 5 o0 T2 A D F -
oW T O a3 R TREHS S
NTHE LT, EITH Ph BRI xd 2205
=R b D TH D, AP ERENE A MR T
1%, CD34°CD38 a4 BNIZ LSCs MFET 5
(Nature Med 3, 1997) & &5 73, OML |2
BWTH LSCs T2 Lick-T, B
ﬁ@ﬁﬁﬁ%f@mﬁﬁuT®TW:ﬂb
T ORI 4 E B L T& 5l REME D /R
INTND, HFEEDLIXIZNET, ML &tk
AL NC I D LSCs ZFE LTz (V Engl J
Med 351, 2004)UCSD /3 At > % —® Catriona
Jamieson {#+ 5 & OILFEIFZEIZ LY  invivo
BLORA ho—<HE58m 2 U 2 ex vivo D
I3 CRHT FTRE 2 Ph* [ Ly i A i £
FIVERISLT D (Proc Natl Acad Sci U S A
105, 2008) & & %12, UCSD IZBITH~/LF
BT —-FCM O 7' v b 2L &4 &R KT

BCR-ABL + mTOR 227"} /L

MAEPF O TR IZEAT D52 LIk o
T, A~ F =T TRFRIBIES] CML B HhH
Jed oD g 0 B 53 R A2 S T 2 R R i oD B A7 A
B 522 L7 (Int J Hematol 88, 2008),
B, BSOS OMEEREEE b LI
BRR IR 2 B IRET T Ch D, 2, b
k Ph' A ILEAMER AL~ 7 AT L OMENTIC
HAEDENTEY A, TS ORI EREA L
7 5% & T T2 7 VB 15 DR 7E - BR % 4 it
HTND,

2. WHEOBE®
AR A MFAFZEIC B0 T, 3o [ i
B (leukemia stem cells; LSCs) 7%, IE
BRI L e il e 2 R C % 2 E
Bk A A 2 &0, IERDIBRIEIC X
LCETHDZ ERNREN2O0H D,
BCR-ABL 5% (Ph™) AR IZHt LT, ABL %
T —RBIER 2 W R RIGRIEDNE
1R E AR o723, TBHD 21213 LSCs A i
NCRE L, £ 6 2R L L@ RE 725
FASEFHE S A HE & 72 DIRRE DML E T D &
EZAOLNTWD, KWL, ~VvFAT—-



Zu—HA A MU — (FCM) % HWT, ABL
¥ — B PR E AR O R IR R AR I 3
5 LSCs DA F~—h—%fxL L, =D
FtEZH LT D L L BT, RERE~YY
A (NOG-NOD ~ 7 R) \Zfhi- Mk 3% & hik
1% 2 SR U 72 LS R R T L &
T, LSCs IEHNEFR DBRFEICEIT HILFED R 7
YAL—va - U —=F a2 HRE LT
Do

3. WO HIE
BRIRBFZESE 12 361T D BRI 2 i KIRIZAEN L
(1) (ZVEERICITWT =2—X) £(2) (&
D EMEIENWT = —X) ZEIRICED D 2 &
T, MEM R T AL —varnbGbh
DA R W3 %,
(1) =VFHT—-FM EVTNVE A LER
PCR £ FWV T, 25 2 R ABL - —FFHF
FITEHR CML SEBI D LSCs (%54 % 2h 5 % fighr
T 5, XA VT hr—r Rk (BLOA &
NR— k) Zff, ABL ¥ —EHEkicE
DB FER O - AR 31T D 404
ZRErT 5, (2) NOD « NOG = 7 A % AW T &
Db hEMRE L7 LSCs <7 AET /L
BAEEE L, ex vivo A b —~< I IE A
HEDED T EIZL o T, nTOR BAFEHIE D
LSCs ZERY & LIAR Z a4 %, ®IZ, 1
HEILFEAIF v b CORE D AKr - (LPREEE
BTSRRI DI HHEA) 2 HWT, Bl
BEHFEAND A7 )V —= T 247729,

4. BFZERR

B L fiaak & D ILFE - Al E L > T, A
~F =7 KO 2 iR ABL % —EFHEH
(FHF=7 - =uF=7) IHFEMIERTR X
Ot (0, 3, 6, 12, 18, 24 » A, HIiC
R G%) o 5Bk L2 Bz B0 2
BCR-ABL &A% D U T )L X2 A INE R PCR 24T

o7z, BCR-ABL BHtEAfRIL, A ~F =7
L. *%@%Eﬂﬁ:%mf% R RN
R4y BT L 0 % < RAFT HEm AR 6
:ﬁb\%2ﬁﬁﬁi%+~ﬁM%ﬁ:

BWTIL, BFICHEREZRIIRD b0
~7= (Leukemia, in press),
FEARE~ T A~BFESA L7 Ph™ (A L5
MR A ET T, ZDFKRAFA T =X 5 L5l
BRICOWTHRET L7, Ex vivo TOA < F
= AL TR TiE, CD34+38—/0i T X v 5RAF
M AR L7z, D57 Tix BC(R-ABL U
FRL M S T2y, R A3 % < |
TR D D AR R &AL,
PI3K-AKT-mTOR 3 7 F /LTl o LT - He
FRCHETH D Z EAME SN TEHY . nTOR
FREH (=Xa U AR) OFFHIEL ex vivo
B LW in vivo IZBWTHEIZ ALK DO HFHE
M9 5 Z & 27~ L (Bloood Cancer J 1,
2011) . WA PI3K-mTOR 3 27" L[ E
BEZ-235 (ZOWTh ., #5518 & 5 b 72l
BAFEARE TSV T BT Lz,

5. FreRFiRLE
(WFgefaeE. Whoe
=)

Gy K OSEHERTIEH 1

(MEssam ) (FH 1 34F)
1) Retention of CD34" CML stem/progenitor
cells during imatinib treatment and rapid
decline after treatment with
second—generation BCR—ABL inhibitors
Y Minami, A Abe, M Minami, K Kitamura, J
Hiraga, S Mizuno, K Ymamoto, M Sawa, Y
Inagaki, K Miyamura, and T Naoe
Leukemia, i, in press, 2012
2) Treatment with mTOR inhibitor,

everolimus (RADOO1), overcomes resistance



to imatinib in quiescent Ph—positive acute
lymphoblastic leukemia cells

Y Kuwatsuka, M Minami, Y Minami, K Sugimoto,
F Hayakawa, Y Miyata, A Abe, DJ Goff, H
Kiyoi and T Naoe

Blood Cancer J, &itf, 1 (el7), 2011

3) Expanded distribution of the T3151
mutation among hematopoietic stem cells
and progenitors in a chronic myeloid

leukemia patient during
imatinib—treatment

Y Minami, T Kajiguchi, A Abe, T Ohno, H
Kiyoi and T Naoe

Int J Hematol, A, 92 (4): 664-666,

2010

(k] Gl 6F)
1) Retention of slow—cycling CD34" cells
during imatinib treatment and rapid
decline after 2nd ABL-TKI treatment in Ph"
leukemia cells
Y Minami, A Abe, M Minami, Y Kuwatsuka, N
Fukushima, K Kitamura, J Hiraga, K Ymamoto,
C Jamieson, and T Naoe
53rd ASH meeting (Oral presentation), San
Diego, USA, 2011

2) Treatment with the PI3K/mTOR inhibitor,

NVP-BEZ235  overcomes resistance to
imatinib in quiescent or T315I-mutated
Ph-positive leukemia

Y Minami, M Minami, N Fukushima, Y
Kuwatsuka, and T Naoe

53rd ASH meeting (Poster presentation),

San Diego, USA, 2011

3) Treatment with mTOR inhibitors,

everolimus and BEZ235 overcomes
resistance to imatinib in
BCR-ABL-positive leukemia quiescent cells
BT SERNTAR PRl LR
9 [E] A KR F2id s (VR Y
L), B, 2011 4F

6. BF7EAHR

(1) BrFER

5 (MINAMI YOSUKE)

AR < EFSRMTZEFRE « COE RrfEafRD
9%« 60513752

(2) WFFE
7L

(3) T IERE

7L



