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Treatment with imatinib mesylate (IM), which is used for targeting therapy for chronic
myelogenous leukemia, exhibited an effect of an increased viable cell number of
non—BCR-ABL—expressing cell lines by inhibiting spontaneous apoptosis along with
autophagy induction. IM attenuated the cytotoxic effects of cytosine arabinoside,
tunicamycin, and bortezomib as well as inhibiting cell death with serum—deprived culture
in an autophagy—-dependent manner. In contrast to autophagy—-dependent cytoprotection in
response to IM, combined treatment with autophagy inhibitor such as clarithromycin, and
proteasome inhibitor, bortezomib potently enhanced endoplasmic reticulum (ER)-stress
mediated apoptosis in breast cancer cells and myeloma cells. These lines of evidence
suggest that manipulation of autophagy can induce cytoprotective effect via attenuation
of ER—stress loading in various kinds of cells including hematopoietic progenitor cells.

AR ERA
(EEEAT 2 )
[ERESET [ 12ikE 2 SR
2012 4E 1, 000, 000 300, 000 1, 300, 000
2011 #EJEE 900, 000 270, 000 1, 170, 000
2010 4FJEE 1, 500, 000 450, 000 1, 950, 000
o 3, 400, 000 1, 020, 000 4, 420, 000




WFJEOEF - MAENRRE ()

FHFR O FE - AE © NRSRERRIES: « RN
F—U—R: A= 77V, FrdrIh—8, AVIBRA~F =7, /JlAEA KL,

1 1097

1. WFEBHAR S H) DT 5

F—h 77 o—bi%, MENE R T g
Bx _HOIFER AR (A— 773
VAR, ik VY — N Ly
R H—EHOTOEADZ L ThbH, Lk,
2 EFF AL ELT Ub fb) Si= & 237 1%
RINGY” T T T =LA THEEIND
DIZK LT, A= T 7= s (GF
BIND) 7 o Enbd EB LN T W,
L2>LiTH, pb62 (sequestosome 1) 2 NBR1
L9 docking protein & OFfEEZ AL T Ub
by RO RA = 77 V—=THHESh

52 EMH BT E T (KirkinV, Mol Cell,

2009), ZAUITHPAN D K Z o7 SRR
NEF L TWDZ EE2MWiE> T\ 5D,

FZERER DI, BB BN A S O 4y 14
HETHD A VIEERA~T =7 (IM) BA—
N7 7 U—EBNICHEETHZ EEMAI
FER LU, BERBENZ I, 20— 77
P —FHERE 1T BCR-ABL Z R EL L TUW2 W
HL-60 2 @ [ iR Mflark T b #lgg S i,

—J7, MIRANREIEEE & 8L & OB P
WX VHERF STV D, /MR (ER) A B LA
EX, ANERRNICIES 2 LA RS & LT
B F 72\ unfolded protein 238 |2 ZFE
SINTREDZ L THD, ER A L ARID
HlyRu R Ry OFESLHER ALY
— Foo#i#l, & 5120% unfolded protein %
SNSRI LT Ub fRiC k0 FaTF T
V) — T iR % (ERAD) — 38 0D 3 S5 i 2 8
FEIXNDH, LnL, Zhzx REAAMRIN
b5 &, WEERET CHOP DFESS capsase—12
DEMALZN L TT R F— ARFEIN
Do

L EDOFRERAZESE 2, BFRAEE ST IMIZ
XH5FA— N7 7 O—FEOEMTFHERY
SNz L, v, IM DA — 77 0—3
ML AR Z X HRETH L&
HEJE U TAMIZERIEIZ SR LT, s
XU ERANVAREFIEZHME LIz “4—
k7 7 U—FHEEE ORI A B L
=D ThD,

2. RO BEM

(DIM OA— b7 7 P—FEEDOMNEICE
B R A BREET D,

Q) IMIZ&BA— N7 7 P—FEDEY
BEREWHALITT S,

@) A— b7 7 U—FFEITBT 5 IM ORI H
VRT T DRIE BRI D,

3. WDk

(1) Ffi 2 OFMPIERIC IM ZFNEEE L, 4 — b
7y V—ihsRE AR, M, LC-3 PiikE
AV 7z immunoblotting ¥, immunocytochemi—
stry 15, 8 L OV GFP-LC3 & {738 A FEIaRE 4
A ThEt 21772,

(2) A — b 7 7 O —DEMIEEOFIL, F
— b7 7 U —[H5EH] 3-methyladenine (3-MA)
B L bafilomycin Al ZfEH L=, E7=,

atg family BE D siRNAIZ LB /) v 7 &
VIE, A= N7 7 U —0 T at X BN
T& 5 Tet—off atgh(~/-) MEF FAEALR m5-7
OkEHAEL (Bl R - Ak - 1
st kofikh) AL,

(3)ER-A h L ZDFHfil%, real-time PCR %
(2 & D ER A b L ABHGE R T REO R BLE &
BN H /37 F§JFf % immunoblotting
BIZXVEE L], £77, ER X b L A{EHEE
[K¥- CHOP (GADD153) > / » 7 77 b~ 17 A
HMEZEHIIERR & B AR R~ o 2R SRR AR &

DI, CHOP %D siRNAIC L D/ w7 &
NZXK Y ER R b L AR OG- ORGEZTT
27,

(4) M [EBIL FG B — X% V7= IMAEE &
/37 D one-step affinity F5Hlz A7,

4. WRZERHE

DA ~F =71% BCR-ABL ZFHLL T\ 72
e OMIRFEICBWNT, A—h 7 7V —%%
WA, o, FRAICHEE LT,

HL-60 #f@IZ IM(10 = M) WshnEssg 48 Brfi#
DOE PSS - RENIC S DA — 7
7 A =5 A—bFU VY= ADRBIERINT,

M 575 0 Aa kK (U937), ~ ™7 A 2B e SE R iE
(MEF), it ke (A549, H226), KFEHA
Fakk (COL0201, DLD1I) 123V NT IM BNEz44,



F—r 77 IS—LAw—Hh—Thb LC3-11
OFBEOHNDS immunoblotting EIZ LY
BINnNs, £72, VYV —AMHEAR (LD
DAFE T T LC3-TT/LC3-T e & HicHmL
7o INXVFA O TA— 7 7 0—N
FHEINTWD I LRI,

U937 MEF
MDA ™ e — — — -—Lc38d
15kDa — - - ~—Lc3B
™M I o
24ah ash 2ahn
As549 H226 coLo201 DLD1
P P ~—Lcas
—— —— — — — — ———LC3B-II
L - e - s R T
[ T T T
LC3-LC3-1
08 1.1 1.0 14 1220 1.7 23 1.0 1.6 1.1 1.8 1.1 1.6 1.1 2.0

QA ~F=TFA4— b7 7V —FE L EHE)
LT, HilufRENRZREBLT S,

Tet—off atgh(-/-) MEF (m5-7 #fEER) T, atgh
)vITURNL, A= 77 U—FEEE
AW D &, IMIZ X D g R AR O M
PREENFITA BT LTz,

m5-7
*= ATGS5/ATG12

- < LC3B-I
<= LC3B-lI

e o T
™Mo+ -+
[ s P

+21% .,
=S +52% ]
T

400/ == 2%

300 T H

200 H

100 || I o
0

FBS 0% 1% 5%

Number of viable cells (OD)

F72, A—bF7 7T —[HLEA M,
bafilomycin Al & IM & DRIFFINELEIC &
D, IMIZ K2 MiE AR R s L7,

QMR LRFERNF & ER R N L AfBFZh R

IM (XA O A b L AR LT “fRiER)
B BB L, TONREFFETDHELUT
D@y ThH D,

()471.IM&j:HLf6O%BH@#GV‘TfﬁiﬁHE%ArafCOD
R AR Zh 2 & il L 72,

@—2. IM % HL-60 ffads L OvE %@Eﬁfﬂﬂ@&%
U266 #MALIZFBWT ER A b L A E A
tunicamycin DF¥ %BH@%b%%é:?*?*llf;o

@—3. IM IZEHfEMIaE U266 Mifldds L O
IM-9 HERICIBWT 26S 75 7 Y —AfHE
FIARNT I T ORI R &Pt LT,

@ —4. IMIZFE % O MEF, HL-60 Allfa %5 ¢ ol &
ORFIZITBNT, MIEFREICE T HHlfast s

Wil Uz, F2, MigkRFICLY CHOP 25
7¢ ER-stress BAHIE(E T RE O R BUIEGR NI FHE
ENDHN, IMAEHE T TIE 2 OB RN
il Xz,

@ —5. HL-60 Mz F51) 5 MigkREICRT 2
M®%£m%iMﬂ%T~? WZIERAF T H

-7,

@OHfENTR > BT — 7 OBEWIT K DR
TR AR FERE L D RENL,

BRI CTLE MR IC BT, e T T
V—AHEATHDLRNLT Y I T LA —F
Ty UV—ENREET ST ATy
v, ToARRYA Y U EO~ T u T4 R
ERE BAEDETHIMT 2 L, w77
A FEMCIHMREENTE A ERD RN
Wb b od, mEEiHTsZ&Ickb,
THRPM—VARZELIHERTDZENHAL
MmElpoi-, £, ZoOERITIE, —HODE
BiIp B XY SRR DRIRFEWTIZ X5 ER A
N ABAROERKNEE L TWD Z &
HinkieoT,

bortezomib CAM, AZM, EM

Y ==
Ubiquitin - Autophagy-
Proteasome Lysosome

\ 2

(Komatsu S, et al. Int J Oncol. 2012.,
Moriya S, et al. Int J Oncol. 2013.) ¥£7z,
ZHEHEE LT, MilaND Ub k& 3T D
WEROWNNCT 7 Y — LR E LI

L7, (Moriya S, et al. Int J Oncol.
2013.)
b —HORERIZ WA — b7 7 o—F

a7y — A@@@M% H45Z
& T ER A MLV RAMEFML, ZIUTLY
AR EN R Z2FET L LN ARETH D
ZEEMS KT AT —Th D, (NE
)

GO OA— 7 7 O—FHEICE D D EH Ly
FOREE, BHELETHETHD,



(&% - Tet—off atgh(~/-) MEF HER&HE & fit
HLTWeZWeKE FiEE GORRY: - 4
{57« O3 AW [ L E T,

5. ERRFEIRIE

(WFFeAREE . WFSE40 a3 M OV HERT 72 4 1
=Y

i pOGRERED

(1) KomatsuS, MoriyaS, Che X-F, Yokoyama

hepatocellular carcinoma cell line
dRLh—-84, the human hepatocellular
carcinoma cell line HepG2, and the rat
normal hepatocellular cell line RLN-10 in
combination with 2—-deoxy-D—glucose. Oncol
Rep. 27:347-355, 2012. (&#HAH)

doi: 10.3892/0or. 2011. 1531.

(7) Tabuchi T, Che XF, Hiraishi K, Adachi
M, Miyano K, Sumimoto H, Tabuchi T,
Miyazawa K, Tomoda A. Selectively induced

T, Kohno N, Miyazawa K. Combined treatment
with SAHA, bortezomib, and clarithromycin
for concomitant targeting of aggresome
formation and intracellular proteolytic
pathways enhances ER stress—mediated cell
death in breast cancer cells. Biochem
Biophys Res Commun. in press. (&@ef)

(2) Moriya S, Che XF, Komatsu S, Abe A,
Kawaguchi T, Gotoh A, Inazu M, Tomoda A,
Miyazawa K. Macrolide antibiotics block
autophagy flux and sensitize to
bortezomib via endoplasmic reticulum
stress—mediated CHOP induction in myeloma
cells. Int J Oncol. 42:1541-1550, 2013.
(EHA)
doi: 10.3892/1jo. 2013. 1870

(3) Karasawa S, Azuma M, Kasama T,
Sakamoto S, Kabe Y, Imai T, Yamaguchi Y,
Miyazawa K, Handa H. Vitamin K2 covalently
binds to Bak and induces Bak-mediated
apoptosis. Mol Pharmacol. 83:613-620,
2013. (&HiH)
doi: 10.1124/mol. 112. 082602.

(4) Klionsky DJ, Abdalla FC, Abeliovich
H, Miyvazawa K, et al. Autophagy.
8:445-544, 2013. (H#H)
doi: PMID: 22966490

(5) Komatsu S, Miyazawa K(co—first
author), Moriya S, Takase A, Naito M, Inazu
M, Kohno N, Itoh M, Tomoda  A.
Clarithromycin enhances
bortezomib—induced cytotoxicity via
endoplasmic reticulum stress—mediated
CHOP (GADD153) induction and autophagy in
breast cancer cells. Int J Oncol. 40:
1029-1039, 2012. (FHA)
doi : 10.3892/1jo. 2011.

(6) Takemura A, Che XF, Tabuchi T, Moriya
S, Miyazawa K, Tomoda A. Enhancement of
cytotoxic and pro—apoptotic effects of
2—aminophenoxazine—3-one on the rat

apoptosis in human neutrophils in the
presence of oxidative phenoxazines

2—amino—4, 4 o —~dihydryo—4 « —7H-phenoxazi

ne-3-one and 2-aminophenoxazine—3-one,
preceded by decrease of intracellular pH,
depolarization of the mitochondria, and
inhibition of superoxide generation. J
Pharmacol Sci. 117:139-48, 2011. (#£#Hif)

(8) Abe A, Yamada H, Moriya S, Miyazawa
K. The B-carboline alkaloid harmol
induces cell death via autophagy but not
apoptosis in human non-small cell lung
cancer Ab49 cells. Biol Pharm Bull.
34:1264-1272, 2011. (&EFH)

(9) Moriya S, Miyazawa K (co—first
author), Kawaguchi T, Che XF, Tomoda A.
Involvement of endoplasmic reticulum
stress—mediated CHOP (GADD153) induction
in the cytotoxicity of
2—aminophenoxazine—3—-one in cancer cells
Int J Oncol. 39:981-988, 2011. (&FHiA)
doi: 10.3892/ijo.2011.1072.

(10) Tsuchida A, Ttoi T, Kasuya K,
Nagakawa Y, Suzuki M, Ikeda T, Suzuki Y,
Aoki T, Miyazawa K. Chemoprevention of
chemically—induced biliary carcino—
genesis in hamsters by vitamin K2. Hepato—
gastroenterology. 58:290-297, 2011. (&
BiA)

(11) Yamane M, Miyazawa K, Moriya S, Abe
A, Yamane  S. D, L-Threo—1-phenyl-2-
decanoyl— amino—3-morpholino—1-propanol
(DL-PDMP) increases endoplasmic reticulum
stress, autophagy and apoptosis
accompanying ceramide accumulation via
ceramide synthase 5 protein expression in
A549 cells. Biochimie. 93:1446-1459, 2011.
(EHH)

(12) Kawaguchi T, Miyazawa K (co—first
author), Moriya S, Ohtomo T, Che XF, Naito
M, Itoh M, Tomoda A. Combined treatment




with bortezomib plus bafilomycin Al
enhances the cytocidal effect and induces
endoplasmic reticulum stress in U266
myeloma cells: crosstalk among proteasome,
autophagy—lysosome and ER stress. Int J
Oncol. 38:643-654, 2011. (&FHiA)

doi :10.3892/ijo.2010. 882.

(13) NagataH, Che XF, Miyazawa K, Tomoda
A, Konishi M, Ubukata H, Tabuchi T. Rapid
decrease of intracellular pH associated
with inhibition of Na+/H+ exchanger
precedes apoptotic events in the MNK45 and
MNK74 gastric cancer cell lines treated
with 2—-aminophenoxazine—-3-one. Oncol Rep.

25:341-346, 2011. (&FHA)
(14) Hayashi K, Hayashi T, Miyazawa K,
Tomoda A. Phenoxazine derivatives

suppress the infections caused by herpes
simplex virus type-1 and herpes simplex

virus type—2 intravaginally inoculated
into mice. J Pharmacol Sci. 114:85-91,
2010. (&FHA)

(15) Akiyama N, Miyazawa K, Kanda Y,

Tohyama K, Omine M, Mitani K, Ohyashiki K.
Multicenter phase II trial of vitamin K(2)

monotherapy and vitamin K2  plus
lalpha—hydroxyvitamin D3  combination
therapy for low-risk myelodysplastic

syndromes. Leuk Res. 34:1151-1157, 2010.
(EHEH)

(16) Nakachi T, Tabuchi T, Takasaki A,
Arai S, Miyazawa K, Tomoda A. Anticancer
activity of phenoxazines produced by
bovine erythrocytes on colon cancer cells.

Oncol Rep. 23:1517-1522, 2010. (FEHiH)

(17) Zheng CL, Che XF, Akiyama S, Miyazawa
K, Tomoda A. 2-Aminophenoxazine—3-one
induces cellular apoptosis by causing
rapid intracellular acidification and
generating reactive oxygen species in
human lung adenocarcinoma cells. Int J
Oncol. 36:641-650, 2010. (&FHA)

18. Ohtomo T, Miyazawa K (co—first author),
Naito M, Moriya S, Kuroda M, Itoh M, Tomoda
A. Cytoprotective effect of imatinib
mesylate in non—BCR-ABL-expressing cells

along with autophagosome formation.
Biochem Biophys Res Commun. 391:310-315,
2010. (&HH)

(F=geR) G111
O EE BN AT V—E2EZXD

Z DIEWEFZE N B EERISH~D R, 3§
169 MIHRERKFEZSRES.
2012. 6.2, HAC

Komatsu S, Miyazawa K, Moriya S, Takase
A, Naito M, Inazu M, Kohno N, Itoh M,
Tomoda A. Combined treatment with
clarithromycin and bortezomib
enhances cytotoxicity via endplasmic
reticulum stress—meidated CHOP
induction and autophagy in breast
cancer cells. AACR Annual Meeting.
2012. 3. 31-4. 4. Chicago, USA.

Komatsu S, Moriya S, Kohno N, Tomoda
A, Miyazawa K. Targeting autophagy
with clarithromycin and proteasome
with bortezomib enhances ER-stress in
breast cancer cells. 5 71 [A] A AP
SpfiRess,  2012.9.19. -9.21, FLIE.

Moriya S, Che XF, Komatsu S, Tomoda A,
Miyazawa K. Combined treatment with
bortezomib plus macrolide antibiotics
enhances ER-stress mediated
cytotoxicity in myeloma cells. % 71

[l B A 7 i s, 2012.9.19.
-9.21, FLi%

Che XF, Miyazawa K, Moriya S, Zheng C,
Abe A, Tomoda A.
2—-aminophenoxazine—3-one (Phx-3)
induces apoptosis via a

ROS/JNK-dependent pathway in human
glioblastoma cell line LN229. %5 71 [A]
H AR 22 Afe s, 2012.9.19. -9. 21,
FLIBR.

Che XF, Komatsu S, Tomoda A, Miyazawa
K. Simultaneously targeting autophagy
with macrolide and proteasome with
bortezomib in myeloma cells. % 74 [A]
A AR MK 77 %Es, 2012, 10. 19-21,
AR

BRSBTS, BPRPRER, 2Rk
F, KE#—J5.Anti-EGFR antibody
conjugated gold liposome for molecular
imaging and therapy on NSCLC cells.
55 70 5] H A Fesias, 2011, 10. 3. -5,
Eay =8

AN, BT, ) O, Bl
LR N Endoplasmic reticulum
stress—mediated CHOP (GADD153)
induction is involved in  the
cytotoxicity of



2—amino—-phenoxazine—-3-one in cancer
cells. % 34 [BIH AW TR
2011. 12. 13-16, ik

Miyazawa K, Moriya S, Kawaguchi T,
Ohtomo T, Che XF, Maito M, Itoh M,
Tomoda A. Combined treatment with
bortezomib  plus  bafilomycin Al
enhances cytocidal effect along with
induction of ER-stress in myeloma
cells. 2F 52 [T A VU b MKFEHRE,
2010. 12. 4-7, Orlando, USA.

M iyazawa K, OhtomoT, Moriya S, Naito
M, Kuroda M, Itoh M, Tomoda A.
Cytoprotective autophagy induction by
imatinib mesylate in non—-BCR-ABL
expressing cells. #5217 A U B Mk
4>, 2010. 12, 4-7, Orlando, USA.

AR, EEES, JNOEm, K
KB, HBER, WNEER, (FERER, K
FEESR, 55 33 [0l A A /AWy - 5 83
Bl A AA LG RIRE, 2010012, 7
—10, .

(& D]
R—bR—=
http://www. tokyo—med. ac. jp/

6.

W FeAH

(D WFFEREH

HIE A (MIYAZAWA KEISUKE)
WRIER KT - B - %
et ®EsE 50209897

@) WFFEsr

Rl % (YOKOYAMA TOMOHTSA)
WRIERIKS: - B0 - Gkl
WgeE®EE . 40408240




