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Study on the signaling mechanism of cell proliferation inhibition

by eribulin in multiple myeloma cells
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CHUE52 dAYo of SF=2 Hdy T B FZEFQ 2T dxtHAQ
SEMEI ddoz [etk[0] S0|M HEYH2E 23 8 S45t= Heto|rt
a0 tigsto MME BExg = Ues FHE Qs FAEQ AZMZELY
g2 =32 CHEECHo|Zta 3t M HHHZ MESHA [0 O] M EHEHO
GAHO|Lt BN HHE= A0 FFHOIC [1-2]. CfEEx3E2 H=ZXZ
ZZZ0 Ol F Hmz sot AdY4ITLe=E TN & FoM=E 1%, TA
doisty AHEZA SOM= 10%E AHA[StCt 2018 E0f| © MAZHS= 2dst
ChE =3 2HAb= 2f 160,000 HO|O| AFUSH 2tXf= 106,000 | Hote A=
FEELC 3-5. oM MERE =3t A FPdITYe=E xZ2 H H
st A 2Xte RES BIFEME 20| UCH [6-7]. CHEEFF0 X =517
s ALEElE Kg® T 7HE 7|2X0 XzH2 eteEez J|E XzHO
L2t (melphalan)O|Lt A|22ZEATIO|IE (cyclophosphamide)?t ZH2 L Z 3|2t
G AL Ef &= (dexamethasone)O| L} DY ELE (prednisone) 1t 2
IEE|FZAHZEO|EI Qo 2| =0H0|E  (thalidomide), &E2|=010|E

(lenalidomide), ZZ2|=00|= (pomalidomide)?t &2 HIAZFEA 7t QUCt LT
=T K=o A0M 1 X K2HE AMEEE= ZZHOIE AHHCC
Z2  (bortezomi)0| UM AAEE (ixazomib), Or2|ZE  (marizomib),
ZY  (carfilzomib), HZtER  (delanzomib), 2ZEZH(oprozomib)it #=2
2 Mo Z2HOE AMH= XzzE SdHAZ|L 4E WIS =50
BI8E F0[7] 28 HEEACH CrE2 HIAX| =

lymphocytic activation molecule F7 (SLAMF7)2 CHACZ o= HHY S22 x| 2l
Ct2tE R (daratumumab)dt VZEFE (elotuzumab)0| HEZE X|20| AFEE(/}AD

S

Z0l= BCMA (B-cell maturation antigen)S HEXHOZ e TN -A=E
HetAl (antibody-drug conjugates), O|& 50| &AM (bispecific antibodies) %

7|0 22t =8 K| (chimeric antigen receptor) T M ZX|ZX = A& FO|Ct d2{Lt



CtEEs32 AI=ot7| 2o Ogdet N zgd0: =40t 248 =2 MEE
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sit €2 Olf=Z 28l ojs| 2KVt o2 =2

Signal transducers and activators of transcription (STAT)2 Z2|ZtE7t &0
ZetstH MZE Lf M2AFZS 2831510 MZSA, 22t 8 4FEN 22OsS=
Al MALQIXIOICH ZRFO|A STAT family = & 7

STAT3, STAT4, STATSA, STATSB, STAT6 & ZESSIH 11 &5 STAT3 2 STATS & &
=]

T2 2 STAT1, STAT2,

SO IR0 QUL [12-13]. £3], STAT3 & S [14], HEY [15], SMF [16]
X ML [17-18]2 ZEESH HREESl oM I L A ZI™do| 7]0435t0]
SERHANE AKX QCL CHEEFFOAM STAT3 = MZEAIEES M2 =M
CHd= s MN=ZE

2N ZHe=z T|Msts Aez E3AM UL [18-19]. O|2¢h
=3 A K=o UM =2[eh o= AKXO|E [12]. LT,

>x
H
=
g
ol

=2
H
Lo

t 20 5t= Bel-xL, Mcl-1, c-Myc, Cyclin
D1, Cyclin D3 S29| SIRRTXE HIFZHSICE [12, 20]. O|NE Aol Z=HZOHO
WS E STAT3 9| Y3to] FIA mat STAT3 Az MY FZE BEHOZ
Sk CHYsh olft7p 7 SO0 [12, 20, 21] CHEESSTOAME STAT3 A= MY

Z2L BMHQ AR BYORM 02 AN & Yt HRJ NysD Uck

Cr|>|

o222 (Eribulin2 Z2tHe2 O|R0T A dfH sHHM == & &
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SYHMOICH [22-24]. Of2[=82 O™ RESl B-tubulin O ZSHO]
FAREES AMStL G2/M 7|9 MEF7| FX[E RE5I0 MEAZES FHTot

in!
Ol OlMAR CH=g AXStE 7|29 tubulin BE ALt E2| OJAMaz

SYS STAA SYH 82 ANt 25-27). A o222 HYLL A
AFOIN FHY, H2Y, HEY RZMEZT So| 1YHM 2FTY =uaE
LIEtHCH D 2|0 [22, 27, 28, 29]. AL} Of2[= 20| HHfol of FFQ
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x
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gitE LIEtW=X] S7tEl H7b glel2z = g+
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2



A=A SESIRALE. LIot7t ofl2

AL
T

b

o=
T

=2
=

A
=~

mr_o
100

XN2H2M 92 & 5 A=K HSHAL



= s

re

?.

of
rE

1. Ao} & 24
= AFOM ArESH of2[Z 22 =0 X0|F A2 AOM MSROF ERot s&&
DFS0] ALEBSIRICE MZ MEESES ZESH7| fI6H CellTiter 96® AQueous One
Solution Cell Proliferation Assay £ Promega (Madison, WI, O/=)0AX Tsh
ArERel M=E BAg2 FESHY| {8l Cell  proliferation  ELISA,
Bromodeoxyuridine/5-bromo-2'-deoxyuridine (BrdU) (colorimetric) Kit & Roche
Diagnostics (Mannheim, =&)olA T AE}CH Caspase EHE FHEO|
Z Q% FITC-DEVD-FMK 2t FITC-LEHD-FMK = eBioscience (Atlanta, GA, O|=)0{A
TUSIACE DIEZE=g2|oF 9F FRIE =Qlstr| f[3l 3,3'-Dihexyloxacarbocyanine
lodide (Dioce(3)) (Sigma-Aldrich, St. Louis, MO, O|=)& AE3IZ 1D Nuclear and
Cytoplasmic Extraction Reagents (Thermo fisher, Waltham, MA, O|=)& AE5}IEICE
MZAMES 221517 /8l Annexin V-FITC £ BD Bioscience (San Diego, CA,
O=)oflAM YU AFERN M=ZF7| BtE 2437 28 Propidium
iodide(Pl)/RNase staining buffer & BD Bioscience (San Diego, CA, O|=)0f|Af T3l
AHERUCE Western ECL substrates = Bio-Rad (Hercules, CA, O|=)0|A F SIS
anti-STAT3, anti-Bcl-xL, anti-Mcl-1, anti-c-Myc, anti-CyclinD3, anti-cleaved caspase-
3, anti-cleaved caspase-7, anti-cleaved caspase-9, anti-Bak, anti-Rabbit IgG(H+L)-
HRP, anti-Mouse IgG(H+L)-HRP = cell signaling technology (Beverly, MA, O]=)0j|A]
2 SFRALE. anti-p-STAT3, anti-cleaved PARP-1, anti-Bcl-2, anti-Bax, anti-cytochrome
¢, anti-Cyclin D1, anti-B-actin = Santa Cruz Biotechnology (Santa Cruz, CA,
O]l A FSHRACE STAT3 AKX AHAFE 28l Accel™ Control siRNA 2F Accell
Human STAT3 siRNA & Dharmacon™ (Lafayette, CO, O|=)0fAf A5+
A SR



2. M= bj

2 AF0AM CHUEST MEZF RPMI-8226 2 U266B1 O] AREEZ|RACH RPMI-
8226 MZZE HiLST| QI  AEHOIEA  (GibcoBRL) 10%2b H|L|A2I-
AE-EDO|A 1%7F HItEl L-glutamine, 25 mM HEPES, sodium bicarbonate 7}
Z5HEl RPMIT640 HEX| (GibcoBRL, Grand Island, NY, O|=)7t AMSE|QUCtH U266B1

M=ZE Hj¥s7| e AEHOIEA  (GibcoBRL) 15%7F AFE|D HL|AMal-
E

A2E-EDO|A 1%7F H7HEl 4.5 g/L D-glucose, 2 mM L-glutamine, 10 mM HEPES,
1 mM sodium pyruvate, 1.5 g/L sodium bicarbonate 7} Z2tEl RPMI1640 HijX|
(GibcoBRL, Grand Island, NY, O|=)7} AF2EQACH ME= 37°C2t 5% CO, =79
Hi 7|0 A HHQYSERAL, 70~80% = MZEZF Xt&ES U A CHH QF SERACE

RPMI-8226 1t U266B1 MZE 24 well plate Of 5x10* cells/well 2 seeding S} %Lt
Jz|a of2|8212 0, 025 05, 1, 2 nMZ Xa[sta 72 A2t ¢t 37°C, 5% CO,
Hi Q7|0 A BHQESHRACE 72 AlZH 2, 96 well plate Ol MZE Z71 =, Zb well OFC}
CellTiter 96® AQueous One Solution (Promega, Madison, WI, O|=)2 X 2|50
S8 Xtohsh F| 2F 4 A|ZH 59 37°C, 5% CO, HIZ 7|0 HYFSIRULE SpectraMax®
ABS Plus Microplate Reader (Molecular Devices, San Jose, CA, O|=)E& AME3H 490

nm 0|Al SEEE SESIRULL

ke

4. HNZ ZA&E 5%
A

o)l

Al
M=Z ZSAE 5EZ2 {8l Cell proliferation ELISA, BrdU (colorimetric) assay Kit
(Roche Diagnostics, Mannheim, = %)E AESISICE RPMI-8226 1F U266B1 MZEE
24 well plate Off 5x10* cells/well 2 seeding ot1, 02|22 0,0.2505,1,2nME
Xelstol 72 AlZE S 37°C, 5% CO, HiZ7|0|A HYLSIRACE MZEE ==35t7|
24 A2t 0| BrdU labeling reagent € ™ Xe2|et Z, 37°C, 5% CO, H{7|0j| A
24 A7t SOt HIYRUCE 24 A|ZHO] X[t =, £=21310f Washing buffer 2 A& 3t
Fix Denat 2 €1 30 & &9 20 FICt 30 2 ¥, a-BrdU-POD E H7tst1
5



2 A2t S 420 WmEHCEH Washing buffer 2 M&3H =, Substrate solution &
2 0f 96 well plate 0] &7|1 SpectraMax® ABS Plus Microplate Reader (Molecular

Devices, San Jose, CA, O|=)E AF230 370nm Of|M SEEE =HSIQICEH

5. MEZAMEO Ciet FME &4

RPMI-8226 MZE 24 well plate Of| 5x10* cells/well 2 seeding s, M2 222
Crefet &&=(0, 025 05 1, 2 nM)Z N2|5t0 72 Al S 37°C, 5% CO,
HiQEZ|O A BiLSERACE 72 A2 & MZE #2510 PBS & MASILD Annexin V
(BD Bioscience)& 15 & &2 &=20|M GASHCE 1 CFZ NovoCyte Quanteon

(Agilent, Santa Clara, CA, O|=)& AFE3L0] Annexin V &8 MIZE EAM3ULCE

6. Caspase EJE0| CHTt FMHZE 24

RPMI-8226 MIZE 24 well plate O] 5x10* cells/well 2 seeding s, O2|E&IS
Ct¥st &=, 025 05 1, 2 nMZ HNz2|sto] 72 A|ZH S 37°C, 5% CO;
HiQEZ| Ol A BHQESIRICE 72 AlZH = well 2 FITC-DEVD-FMK 2+ FITC-LEHD-FMK &

Ofw ol et Melstn 2E XSt 37°C, 5% CO, HiZZ|O|AM 1 Azt &S¢t
HAMSICEH A|ZHO] X[ 2, NovoCyte Quanteon (Agilent, Santa Clara, CA, O|=)&
AH23510] Caspase 2d =S5 SHIUCEL

7. O EEEg|of &HL] (MMP)O| CHE FAMIZE 24

RPMI-8226 MZE 24 well plate Ol 5x10* cells/well 2 seeding St Of2|E&IS
Crefet &&=(0, 025 05 1, 2 nM)Z N2|5t0 72 Al S 37°C, 5% CO,
HiQF 7|0l A BHESIRICE 72 A2 2, 3,3-dihexyloxacarbocyanine iodide (Dioce(3)) (St.
Louis, MO, DO|=)& 5uM AN2[5t0f FMsta 85 KBS 37°C, 5% CO;
HiZ 7|0 A HYSERACE 30 & =, MEZEE +235t0 PBS 2 MASIL XF {5

NovoCyte Quanteon (Agilent, Santa Clara, CA, O|=)E& A3t MZE 2MIMCE



8. Cytochrome C &% =%
NZAE Al QB2 &EElE QXQl Cytochrome €| #&E2Hg 57| sl
Nuclear and Cytoplasmic Extraction Reagents (Thermo fisher, Waltham, MA, O|=)&
O

AHEMCEH RPMI-8226 MZO| Of2[E2l2 0, 05 1, 2 nM 2 s 2 72 A7t S¢!

—_

il

Melstn =25t = PBS 2 MAEBICE Cytoplasmic Extraction Reagent (CER) I
=olgs AMHE HM2lstd 10 & 52 4°ColA |FXAIBHCHL O 2, CERIO

1 2 8¢ 4°Co| FXIAIZ|D 5 £7F 16,000 AMEEE 310 &S

m
1=
!

Ras

m

(o)
(L1

|
2|

Ot
2

—

H
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ot

i gel loading $Ct O|& anti-cytochrome € 2 immunoblotting 50
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9. Western blot

RPMI-8226 MIZ0 02|22l Ct¥et &&=, 025 05 1, 2 nM)Z X[+
72 N2t St 37°C, 5% CO, BiL7|0|A BYFSIRALE 72 A[ZF & =25 MZOf| RIPA
lysis buffer (50mM Tris-HCl, pH7.5, 150mM NaCl, 1% NP-40, 0.5% sodium
deoxycholic acid, 0.1% SDS, TmM PMSF)Q} CHHEESZ A AKX =THA| (AEBSF
TmM, Arotinin 800mM, Bestatin 50uM, E64 15uM, Leupeptin 20uM, Pepstatin A

ouM)E 210 SoliAIZICE el THHES Y =2/ot0] 43S ol

2
11l

Bicinchoninic acid (BCA) Et

dEotALt. st L2

=4 AlSF (Thermo fisher, Waltham, MA, 0|22
A CHMEO| SDS-PAGE OlM Z2[=(fn Zz2|&
CHEl XS Nitrocellulose membrane @2 O|SA|ZICH SHH|QF CHEiZEIO| H|E0|Z Ql
AstS EX|5E7| 28l Phosphate buffered saline with tween20 (PBST)0| =9l 5%
EXg EX|F (BD Difco, Bedford, MA, O|=)Z &=20A 1 AlZF 30 &

L PBSTZ MAESH =, 14 SHE 4°C0| o2 SO BRSA[Z D 2 X} &HA
PBST Off 3|43t 1 AlZh S¢t &=20M HHSAIZILE O =, PBST 2 3 2 O

MASHE D Western ECL blotting substrates (Bio-Rad, Hercules, CA, O|=)E

oo
rn

Bl

ol
K

k)
T
8
r
Dl 1

F

nm o

L

[e)
=

X 2|5t ChemiDoc™ Touch Imaging System (Bio-Rad, Hercules, CA, O|=)& &

H} &
EodEn_ — 1=

n
=
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10. STAT3 siRNA EEFY

STAT3 REA oS SCH2AIZ|7] ?I8) RPMI-8226 M|ZO Accell siRNA
Delivery Media & O| &3l Accel™ Control siRNA 2t Accell Human STAT3 siRNA £
HEFYAIZ|D 48 A[ZHSQE 37°C, 5% CO2 H{L7|OA] HYQIRHCH 48 AlZt =

00

MZE =ot0] N HHES Lot = Western blot & 3l LIt TH4E S
Uois =L

1. 4 24

SAEA ALEE Ho[HE x| M H 0ld SEHe=z 2d: &y Zio|ot

1A

Zut Hoje 2M2 ?lsll GraphPad prism7.0 £2ZEQ|0] (GraphPad, San Diego,
CA, O=HE AM83t Td + EE QA(SEME Zsiol 2AM3Uct ZE
HlO|E{&= Tukey's range test Of [[F2 one way ANOVA Of QJsff MRS Xt0o|=

p<0.05 (95% confidence intervals)¥ 4%, sAXHLE |Folot Aoz 7HFE|ULC,



2 1}

1. HEEF MEZFO|M o2 E2lof 2t M= HEEa M= F4E Hal
ofzl22lel st F=£ Figure 1 Of LIERHCE ofg[22lo] o3t =T

MZol M= MEES FH57| Il MTS assay & THAMLCE CHEE+F

RPMI-8226, U266B1 Of| O2|&2l 0, 0.25, 0.5, 1, 2, 5nM 2 72 A|ZH S M3 S

1, SEOEMOZ Qoo Uadts HS TLIMCH (Fig. 2A-B). Lo, A

of

SAMES FESH7| sl CHEES+F MESF RPMI-8226, U266B1 Of 02|22
sEHE M2t 2 BrdU assay & TIdUZ If, M= JSAEO sZoEXNCE
[olstH HasleE WS HOIFMLCE (Fig. 3A-B). RPMI-8226 MIZ7t U266B1

I
Mo
o

M=ZECH ofz[=2lo © gaMel RPMI-8226 M=ZS|l MZE M
A

O
oZlE22 2nM & HEZYES HEH = X0[7} gLz Yo=9of 4

0%
<2
Rt

_>.t
it
ot
©

RPMI-8226 M= Of2|&2l 0, 0.25, 0.5, 1, 2nM E= 0, 0.5, 1, 2nM &

|22l CHYE4Z M3XE RPMI-8226, U266B1 O A



Figure 1. 02| 22I9| 3}&t7 =
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(A)

Cell viability (% of control)

(B)
RPMI-8226
120+ = 1201
o
S
t
90+ iy 8 904
e
*hk o
o
60+ < 60
2
304 s *kk Hokok E 304
>
©
0- Q

0 025 05 1 2 5
Eribulin (nM)

Figure 2. CHEE+F MEZFOAM o[ =El0

u266B1

*kk

olst

Ch. Z1 23t 9ojasi==2 LIERe

11

0 025 05 1 2 5
Eribulin (nM)

=

|Z HEE Hel

=22 S| o CHEE+F MZFQ RPMI-8226 2F U266B1
2

o
AlZH 59 0, 0.25, 05, 1, 2, 5nM S XN2|5t0 MTS assay =

HAZ + SEM 2 HEA|E|QCH
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RPMI-8226 U266B1
1201 1201
‘E’ 904 sedek ‘E' 904 Fedk e -
2 - 2
© ]
S 60 - S 60
[ ok 2
= 301 2 30-
] 7]
o Q
0- 0-
0 0.25 0.5 1 2 0 0.25 0.5 1 2
Eribulin (nM) Eribulin (nM)
Figure 3. CHEEF MZEFOAM o220 2t MZ SAME Hal

(A, B) MZ ZAME FY=2 Qo CHE=+T
ozZl=2lS 72 A2t &2 0,0.25,05,1,2nM =
Zt Zits 9= = LIEeH HA4r

HZSH * p < 0.05, ** p < 0.01, *** p < 0.001

12

MIZEZ=Ql RPMI-8226 2} U266B1 O
X2|5t BrdU assay & ZISHSHQICEH

+ SEM 2 HA|LZ|QUCE CH=Z1t

=

LtEHHCE.



2. CHEE+T MZEFOM oj2|22l0| 28t Caspase family /d2to] wmpE
MZAME 7|H
RPMI-8226 M Z0| O2[=Z= A2|et
oIt ZHOIX| 2QI8t7| Q8 Annexin V £ HMBLO Annexin V YHME HES

EMSIQACE O AL, of2|E2e 527t ®OtESE Annexin V. M| ZE2| H|E0|
o

TAStE MZAZE M= KA

g T

FOASHAH BItst= A2 ZQIMCH (Fig. 4A-B). = O[3t M XA
HHQl Caspase family & ECHEN MZE $FO|AN ZHHEJUCEL 13 A,
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Background: Multiple myeloma is a type of blood cancer in which plasma cells, the
final maturity stage of B lymphocytes among white blood cells, are converted to
malignant, causing abnormal differentiation and proliferation in the bone marrow.
Unlike normal plasma cells that produce antibodies that can protect the body
against infection, multiple myeloma produces an M protein called a monoclonal
protein and this M protein is found in blood or urine. Chemotherapy and
immunotherapy are used to treat multiple myeloma, but it is still difficult to cure for
various side effects and high recurrence rates. Eribulin is a synthetic macrocyclic
ketone analog obtained from halichondrin B and is an anticancer drug used for
metastatic breast cancer or adiposarcoma. However, no research has yet been
conducted on the effect of eribulin in multiple myeloma. STAT3 is an oncogene that
contributes to the development and progression of tumors in most cancers, and in
multiple myeloma, it is involved in the progression of multiple myeloma by inhibiting
apoptosis or activating bone marrow-derived inhibitory cells. Therefore, in this study,
we investigated whether eribulin has anti-tumor effects by targeting the STAT3
signaling pathway in multiple myeloma cells and can serve as a therapeutic agent

for multiple myeloma.

Method: Eribulin was treated with RPMI-8226 cells and U266B1 cells, a multiple
myeloma cell line, cell survival and proliferation rates were confirmed through MTS
assay and BrdU assay. Apoptosis was confirmed through Annexin V staining, and
the path of apoptosis was analyzed through caspase activity, Diocg(3) staining, and
related proteins expression. The expression of proteins related to STAT3 signaling
pathway and its downstream and expression of related proteins through STAT3-

siRNA transfection were confirmed through Western blot analysis.
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Results: After Eribulin was treated with RPMI-8226 cells and U266B1 cells for 72
hours at each concentration, it was confirmed that cell survival and cell proliferation
rates decreased in a concentration-dependent manner. As a result of confirming the
proportion Annexin V-positive cells using flow cytometry, it was confirmed that
apoptosis occurs as the concentration of eribulin increased. It was confirmed that
caspase activity and the associated proteins cleaved caspase -3, -7, -9, and PARP-1
expression increased as the concentration of eribulin increased. In addition, it
confirmed that as the Diocg(3) results decrease, the mitochondrial membrane
potential was decreased in concentration-dependent and that the release of
Cytochrome C was increased. When the expression of proteins related to the
mitochondrial pathway was confirmed, the expression of Bcl-2 decreased, and the
expression of Bax and Bak increased. In addition, the expression of p-STAT3 and
STAT3 was reduced, and the expression of downstream proteins Bcl-xL, Mcl-1, c-

Myc, Cyclin D1, and Cyclin D3 was also reduced.

Conclusion: In conclusion, its finding showed that eribulin inhibits cell proliferation
and induces apoptosis through the activation of caspase and reduction of
mitochondrial membrane potential by involving in STAT3 signaling mechanisms in
RPMI-8226 cells. These results suggested that eribulin may be used as a new

therapeutic drug for multiple myeloma.

Key word : Multiple myeloma (MM), Eribulin, Cell proliferation, Apoptosis, Caspase
activation, Mitochondrial pathway, STAT3 signaling pathway.
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