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"ER-stress loading therapy"” in refractory multiple myeloma
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Combined treatment with bortezomib (BZ and a macrolide for the simultaneous

blocking of proteasome and autophagy pathways leads to enhanced multiple myeloma (MM) cell
apoptosis induction via ER stress overloading. As misfolded protein cargo is recruited by HDAC 6 to

dynein motors for aggresome transport serving to sequester misfolded proteins, we investigated
the cellular effects of targeting proteolytic pathways and aggresome concomitantly in MM cells.
Pronounced apoptosis was induced by the combination of vorinostat (SAHA; potently inhibits HDAC 6)
with CA M and BZ compared with each reagent or a 2-reagent combination. CAM/BZ treatment induced
vimentin positive-aggresome formation, whereas it was Inhibited in the presence of SAHA. The
SAHA/CAM/BZ combination treatment maximally upregulated genes related to ER stress including CHOP.
Targeting the integrated networks of aggresome, proteasome, and autophagy is suggested to induce
efficient ER stress-mediated apoptosis in MM cells.



(MM)

(IMiDs)

p62
Ub
p62 p62 LC3

Kirikin V, Mol Cell, 2009

BZ
ER MM

(Int J ONcol. 2013, Biochem
Biophys Res Commun. 2013)

ERAD
ER-associated degradation
Ub
Ub HDACS6
MTOC
ER
MM Ub-
BZ -
(CAM)
HDACS6
(SAHA)
ER
Ub
BZ CAM SAHA
1 2 BZ+CAM, CAM+SAHA,
BA+SAHA 3 (BZ+CAM+SAHA)
EM
Ub Ub
rea-time PCR ER
CHOP

(MEF)

BZ CAM SAHA

BZ+CAM+SAHA
120
i KMS-12-PE
100 [= [k
] [ISAHA alone
80 || IR IIL | []SAHA+CAM
i [ClsAHA+BZ
60 EISAHA+BZ+CAM
40 |4
" LU i
UL il
0 0102505 1 25 5 10
SAHA (uM)
120
KMS-12-PE
100 r .|[1BZalone
i ElBz+cAm
&q i [lBz+sAHA
60 = B BZ+CAM+SAHA|
40 H L
20 |
k]
0 1 5 10 175 25 50
BZ (nM)
BZ+CAM

Phase contrast Anti-vimentin mAb

BZ+CAM

Ub



HDAC6 SAHA
100
90
o 80 —
2 7
g«
% 50
2 a0
% 30 T
2 20
g H.H.ﬂ. .I_I.H.FI.
= = BZCAM B+C = BZCAM B+C
SAHA (-) SAHA (+)
EM BZ+CAM

ER BZ CAM
SAHA
[ sAHA (9
[[] sAHA (+)
7
* [crop GRP78
o 2 {‘ o ¢
I |oF s .
c S 4
§ 15 ﬁ 5 =
510 5
> 3 2
a g H w 1 ]
0 ﬁ-ﬂ‘f’\j 0
BZ BZ
cont BZ CAM CAM cont BZ CAM CAM
6 20
DR5 . GADD34
g?® m 215
g, L B
c c
§ 3 ﬁ 10
52 =5 a5
0 0
cont Bz cam BZ cont Bz cam B2
CHOP MEF
BZ+CAM+SAHA

Ub-

ER- MM

MM

“ ER ”

9
1. Hirasawa K, Moriya S, Miyahara K, Kazama
H, Hirota A, Takemura J, Abe A, Inazu M,
Hiramoto M, Tsukahara K, Miyazawa K:
Macrolide Antibiotics Exhibit Cytotoxic Effect
under Amino Acid-Depleted Culture Condition
by Blocking Autophagy Flux in  Head and Neck
Squamous Cell Carcinoma Cell Lines. PLoS One.
11: e0164529, 2016.
doi: 10.137V/journa.pone.0164529.

2. Miyahara K, Kazama H, Kokuba H, Komatsu
S, Hirota A, Takemura J, Hirasawa K, Moriyas,
Abe A, Hiramoto M, Ishikawa T, Miyazawa K:
Targeting bortezomib-induced  aggresome
formation using vinorelbine enhances the
cytotoxic effect along with ER  stressloading in
breast cancer cell lines. Int J Oncol. 49:
1848-1858, 2016.

doi: 10.3892/ij0.2016.3673.

3.Terayama H, Hirai S, Naito M, Qu N, Katagiri
C, Nagahori K, Hayashi S, Sasaki H, Moriya S,
Hiramoto M, Miyazawa K, Hatayama N, Li ZL,

Sakabe K, Matsushita M, Itoh M: Specific



autoantigens identified by sera obtained from
mice that are immunized with testicular germ
cellsaone. Sci Rep. 6: 35599. 2016.
doi:10.1038/srep35599.

4. Klionsky DJ, Abdelmohsen K, Abe A, Abedin
MJ, Abeliovich H, Acevedo Arozena A,
Miyazawa K, (228 185) et a: Guidelines
for the use and interpretation of assays for
monitoring autophagy (3rd edition). Autophagy.
12: 1-222, 2016.

doi: 10.1080/15548627.2015.1100356.

5. Moriya S, Komatsu S, Yamasaki K, Kawai Y,
Kokuba H, Hirota A, Che XF, Inazu M, Gotoh
A, Hiramoto M, Miyazawa K:Targeting the
integrated networks of aggresome formation,
proteasome, and autophagy potentiates ER stress
-mediated cell deathin  multiple myeloma cells.
Int JOncol. 46: 474-86, 2015.
doi:10.3892/ij0.2014.2773.

6. Muka S, Moriya S, Hiramoto M, Kazama H,
Kokuba H, Che XF, Yokoyama T, Sakamoto S,
Sugawara A, Sunazuka T, Omura S, Handa H,
Itoi T, Miyazawa K: Macrolides sensitize
EGFR-TKI-induced non-apoptotic cell death via
blocking autophagy flux in pancreatic cancer cell
lines. Int J Oncol. 48: 45-54, 2015. doi:
10.3892/ij0.2015.3237.

7. Hiramoto M, Udagawa H, Watanabe A,
Miyazawa K, Ishibashi N, Kawaguchi M,
Uebanso T, Nishimura W, Nammo T, Yasuda K:
Comparative analysis of type 2
diabetes-associated SNP  alleles identifies
allele-specific DNA-binding proteins for the
KCNQLI locus. Int J Mol Med. 36: 222-230,
2015.

doi: 10.3892/ijmm.2015.2203.

8. Sugita S, Ito K, Yamashiro Y, Moriya S, Che
XF, Yokoyama T, Hiramoto M, Miyazawa K:

1.

. Macrolide
antibiotics exhibit cytotoxic effect under amino
acid-depleted culture condition via blocking
autophagy flux in head and neck squamous cell
carcinoma cell lines. 178

206 11 5 ()

2.
75 2016

10 8
3. _

. 75 2016 10

8
4.
Macrolides enhance bortezomib-induced
cytotoxicity in myeloma cells co-cultured with
stroma layer. 78 2016

10 6
5.

89
2016 9 26
6.
23

L2016 7 30 ()

EGFR-independent autophagy induction with
gefitinib and enhancement of its cytotoxic effect
by targeting autophagy with clarithromycin in
non-small cell lung cancer cells. Biochem
Biophys Res Commun. 461: 28-34, 2015.

doi: 10.1016/j.bbrc.2015.03.162.

9. Moriya S, Komatsu S, Yamasaki K, Kawai Y,
Kokuba H, Hirota A, Che XF, Inazu M, Gotoh A,
Hiramoto M, Miyazawa K: Targeting the
integrated networks of aggresome formation,
proteasome, and autophagy potentiates ER stress
-mediated cell death in multiple myeloma cells.
Int J Oncol. 46: 474-486, 2015.
doi:10.3892/ij0.2014.2773.

17

Targeting  bortezomib-induced
aggresome formation using vinorelbine enhances
the cytotoxic effect along with ER-stress loading
in breast cancer cell lines. 177

2006 6 4 ( )

8.

. - Macrolides enhance
bortezomib-induced cytotoxicity and overcome
stromal cell-mediated drug resistance in
myeloma cells. 177

2006 6 4 ( )



- KCNQ1 2
SNP rs163184
38 88
2015 12

10.

:EGFR-independent autophagy
induction with gefitinib and enhancement of its
cytotoxic effect by targeting autophagy with

clarithromycin in non-small cell lung cancer cells.

176
205 11 7 ()

11.

Macrolides sensitize
EGFR-TKI-I nduced non-apoptotic cell death via
blocking autophagy flux in pancreatic cancer cell
lines. 176
2005 11 7 ( )

12. Moriya S, Che XF, Yokoyama T, Hiramoto
M, Miyazawa K: Targeting autophagy with
clarithromycin enhances gefitinib-induced cell

death in non-small cell lung cancer cells. 74
2015 10 8

13.

Targeting the integrated networks of aggresome

formation,  proteasome, and  autophagy
potentiates ER stress mediated cell death in
multiple myeloma cells. 175
2015 6 6
«
14.

EGFR-independent autophagy
induction with gefitinib and enhancement of its
cytotoxic effect by targeting autophagy with

clarithromycin in non-small cell lung cancer cells.

175 2015
6 6 C )
15. KCNQL
2 SNP
DNA . 175
2015 6 6
¢ D

16.

. Targeting aggresome formation under
simultaneous inhibition of proteasome and

autophagy potentiates ER-stress mediated cell
death in myeloma cells. 173
2004 6 7 ( )

17. K2
25
2005 6 5
C )
0
o 0
o) 0

http://www. tokyo-med.ac. jp/target/

@
MIYAZAWA, Keisuke
50209897
@
HIRAMOTO, Masaki
70297828
©)
HANDA, Hiroshi
80107432
“)



