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Frim

B AT RN L RBEROZVBATHY . ARICBONTH DR A
MEEETEH 1 Lo TWD, IDBAITHMOMEIZ T L2 EMEETH Y |
ZATHEDPOTRAEL . —EITHMBNENOHRAET D,

AL, = A ha 7 2K (Bstrogen Receptor : ER), 7’17 X7 1 %%
2 1K (Progesteron Receptor : PR)E L O’k F LR E N 5% &K 2 (Human
Epidermal Growth Factor Receptor 2 : HER2)IZ%f L TRt & 721X &M I /0 E S
%o HAMBADY T XA 721X, Luminal A (ER/PR B, Ki-67 KfEF K O HER2
F2 M), Luminal B (ER/PR 51, Ki-67 @ififids & OY HER2 Ba4/B1%). HER2 BGitE
BXOYMNY 73207 0 7525 A (Triple Negative Breast Cancer : TNBC ;
ER/PR/HER2 [21)23 % 1 . HEATIEEECH Rk L ORISR O TR 5 [1],
ZDOHTH TNBC X, BILBADK 20%% 56, 3 FROBRENRLEL L
TOHADBAY T EZA TOFRTHRL THENPENE IR TS [2], ITH. poly
ADP-ribose polymerase-1 (PARP-1)BHZEAI<°HT programmed cell death ligand 1 (PD-
LOFUADBRFIC & 0 IRIRIESITI8 L LI22S, GER DA LR IEN AR 729G
WL TH D [3], £7-. TNBC I ER, PR, HER2 N[t TH Y . WM/ B
B F 3722 TNBC IR D H 7 VB RIEN LB L STV 5,

NF-xB p65 (RELA)E{E T3EBUL, MOILNBAY 7 & 4 7 L g LT TNBC T
HML, TNBC @il ORI BE$ 52 & L & biZ, TNBC Z G {eHn
ADFFRBRHIEME L SN D Z EBHE STV D [4-6], NF-«B (X, HIFZOHFH,
b, EFEERET DEREBERFTHY . S A, WA, FESEN A, FL
BRS A, FLis A BIS A& BTk 2 e VIR I 1T D 34 L OMEHIC B B

LTCW3[7], L7=23-> T, NF-kBIZ TNBC O#r LUWVEEIER Y+ & 72 5 ATREME



MWEZBND,

TNBC (2B 2 P08 AANRIR TlE, LT U iESCHT HER2 HURDO R 23
BCERWED, ALBREE T & LIRSS SN D (3], HICREIILAA
(& U TR AT 5 HMtiiid. IBTER R v NEB 2 HEH T 2 Z & 1T kv,
PR TR LA 2 B R S 2 BERVBR TH D [8]. EINANC I MHRIE
ZATH Z &I X0 HBRAARIED R & 72 555 1TILEFE @ QOL M) L3 HIFF
D [8], LanL. JEAMTHIGH O & 2 1B HERk O BomiatEgias A Kl %
T2 L2 b, IRRAEFER &2 2FWERRREIS & [9], JRIFHITEE
IZBWTIE, THSEREROBLE) B FEX HEME (relative dose intensity : RDI)
ZEKHMERFT2ZENHEEL SN TWADHTED, AEFFGIT I DR OIERRH
BIIRET HXETH D, FRHTHD VI EFRIEFH ML - R (chemotherapy
induced nausea and vomiting : CINV)D U Z 7 [K+ & 72 % B IS RIE Lod 0
REBOOLEDTH D, mEMEILY A7 ICHBESNLT VAT H A7 U RO
S A e  TRIE DT DAV D F0S A D AT ENEIE TiX. CINV e &2 HET
DAREMEN S 0 . RO IER PR & RDI ME T2 2 EB& S D [10],
ZOZENDL, IFHRIEIZEY CINV 22 ha— 352 R TEE, B
AR AOTHRM T2 2 LR S D,

% 1 BT, NF-xB [LERITH 5 7 < /gD A F /1 (dimethyl fumarate : DMF)
(2L 5 TNBC Ml TOT AN b — ZAF LT O L <7 ) 2 XL IO
RUT~A > OFMIEER 28809 2 D ENC OV THRET Lz, 725 2 &
Tl AL & LT FECHIEZZ T BEIZONWT L hr A
T4 7ICHRAE L, MifTRICAE T S Grade2 BLED CINVIZXF LT 4 HIElOA T
P (OLZ) WD G 2 5B OV TRE LT,

LITIC, KBRS OWNEZ7ER$ 5,



1=

DMF IZX %t k TNBC #iIfaTD NF-kB ODPHEZ I LT1=-T
RE—ADFEEL R Y EFREABLOT RY T
v DFHIE A ah R

I. #

il

HABADY T % A4 T D—>TH5 TNBC I% ER, PR F LN HER2 32 Cfatt
THY ., ABRADK 20%% LD, 3 FHOFFHRERE BTOANALDOH TH

THARTH S [2], T, BRCAL E L OVBRCA2 DZ 73 20%D TNBC FBFH
TROOND Z EIREINTEY[11]. ZOERIZHE L7 PARP-1 LEAIS
PD-L1 %81 TNBC |Zxf L CTIE$L programmed cell death ligand 1 (PD-L1)HLAR DB
FEINTVD [12], ZHOIEHRIKIC L 0IREEMFIEm E LR, ko
PIEDEEER RIERIETH D [3], £72. TNBC (X ER, PR, HER2 Tk} L Tfz
YECTH Y . BAMEZRIBIRARR 0 703 e\ 2 TNBC IZXFT 28 7o e IREIE DS
HLInTng

U4, TNBC (T3, MRS OHTE AEFIC B35 NF-«xB OIE ML
WHOBILTEY . TNBC Sl OMRCHBICEET 22 DRI NTND D
&M D NF-kB 25T 72 2206 AER R & 72 2 W REMEA /RIZ STV D [4-6],

DMF I3 ZFMEREWIEDIRHRIE L L THEAINTEY . RAICBT R H#RE
BTH5240mg/H TOMAFEEIIF 12uM TH VD . ZOLEMITHEZR S TH

5 [13], F£72. DMF % NF-kB OIEME L2 #fI3 25 Z L2 L0 BEx Zens Adiha
3



T AR N—=V AZFHEET L LR NATND [14-17], L7235 T, DMF %
NF-kB MEFPNIEHL ST D TNBC ICHEZI TH D AREMENREZ 2 b D,

% 2 CARMFIETIX, NF-«xB FLEAITH S DMF 78 TNBC MAICHWNTT A h—
VRAEFETHNENEIC, N7V EXEALBIOT R T <A 2 DR

R ] 2 H 50 9~ 2 D & il 2 72,

I. 5

1. MRERR L URZE

MCF-10A #ifa (1E% $L57E LR AEEE). MDA-MB-231 ffifd (TNBC #lifatk)s &
O BT-549 #if@ (TNBC #lfakK)% . American Tissue Culture Collection (Manassas,
VA, USA) "B AF L7, 246 OMAE%Z . 10% fetal bovine serum (Gibco,
Carlsbad, CA, USA), 25 mM 4-2-E R X T Z=F))-1-EXTZ VX ALK
> % (FUJIFILM Wako), 100 pg/mL A kL7 k<A 2 > (Gibco), 100 U/mL ~<=
1 > (Gibco) % & ¢ RPMI-1640 5511 (Sigma, St Louis, MO, USA) T 5% CO, T}
# L7z, DMF, /X7 V) ZXELIEB IO KU T <A ¥ 1% FUIIFLIM Wako 7> 5
AF L7z, DMFE L OVR7 U & X&)V % dimethyl sulfoxide (23 f# L. phosphate-
buffered saline (PBS; 0.05M, pH7.4)Z HWTHIR L7z, 7 KU T ~A % PBS

IR LT,

2. MIRAEFRB LT R b— R it

FHNZ 2x10* cells/mL DL T 96 7 = /L7 L— NMIFERE L, FRx 2RI O
DMF, X7 U ZXBNLEIZT RUT~vA T CRFFRABE LT, 4 F 2
—va %, Mz 04% b U ST V—ERIRTTYE L, SERINE & AR &

L7, 74 h—3 A, Annexin V-FITC apoptosis detection kit (Nacalai Tesque, Inc.,
4



Kyoto, Japan)Z T L7z, DMF, "7 U Z XL E/3T7 RU T~ A ¥
ALVER U7 A PBS G 3 [RIVEH L. IRWTT 2% V-FITC & iefsEe
FEER IS SR U7, A2 =R T 15 oA % =2 _X— K L. RV T BD-LSR

Fortessa flow cytometer (Becton Dickinson, Bedford, MA, USA)% FH VN THEHT L 7=,

3. Immunoblotting

¥k K OVHE @ & H 45 1L ProteoExtract Subcellular Proteome Extraction Kit
(Calbiochem, San Diego, CA, USA)%& W THiIH L. &HURITIL anti-NF-kB p65.
anti-phospho-JNK, anti-JNK, anti-phospho-p38MAPK, anti-p38MAPK. phospho-
ERK1/2, anti-ERK1/2, anti-phospho-Akt, anti-Akt, anti-XIAP, anti-Survivin (Cell
Signaling Technology, Beverly, MA, USA). anti-Bcl-xL, anti-Bcl-2, anti-Bax, anti-
Bim, anti-caspase 3, anti-Lamin A/C (Santa Cruz Biotechnologies, CA, USA), anti-p-
actin (Sigma, St Louis, MO, USA)Z i L7z, Ml n7=# "7 O&EE CS
analyzer (ATTO, Tokyo, Japan)Z W THIE L, B SN/ Z 37 2 inT %

Z R TR LT,

4. Gene Expression Omnibus dataset

~A 7 a7 AT —X &> k(accession number GSE45827) D5 T HREL 7 v 7
7 A JLIX, National Center of Biotechnology Information Gene Expression Omnibus
database (http://www.ncbi.nlm.nih.gov/geo/)’> 5 AF L7z, TNBC I L WNIEH =

HHERIZ BT D RELA DFEEL 2T Ui,

5. Kaplan Meier Plotter analysis

TNBC (23515 5 phospho-NF-kB p65 (Ser536)% /X7 & NFKBIA FBLUZBET 5



TRIEHTIZ, BBIRT — &2 & 2 VB R OB FRET —F2a LT —4
~N— R T 5 Kaplan-Meier Plotter (http://kmplot.com/analysis/)% FV N THH L 7=
[18,19], BEW T N% 2507 N—7 (@B L IRFEB)IZ4r 1T, Kaplan-Meier

vy MERHWTHE Lz, F72 logrank ifT 21TV, PAEZEH L7,

6. FERHFERISRAT
TNENORBROMEINTFME £ FEREZTRLIZ, 7 — X OfFITIX

ANOVA with Dunnett test C{TV), P<0.05 2% FEZEZH D & L7,

m. #ER

1. U VL NF-xB p65 % > X7 83 X X NFKBIA B+ H#BiX TNBC BE DT
®iCBET 5

TNBC & D T2 & U Wk NF-xB 38idk L O [-.«Ba & 2— N9 % NFKBIA
DFEBL L OBIfR % Kaplan Meier Plotter 2 VN CHET L7-, TNBC BEIZKIT 5
U >k NF-xB p65 (Ser536)DFEIHENNFS L O NFKBIA DBUL T I, ZEih
U “R{k NF-«kB p65 KT B L O NFKBIA @3 BLEE L L, 245
M2 BALIZAR T S H 72 (FigurelA-D), & 512, TNBC IZ351F 5 NF-kBp65 % = —
N9 % RELA BInTOFIIT, EFRAFMEMCBIT 2BRLD bEEHTH
52 ENED BT (Figure IE), A6 D Z &G, NF-xB p65 iEMH:{L2 TNBC
BEOTHARIZEE LTS Z ERIBE T,
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Figure 1. Activation of NF-kB p65 was involved with poor prognosis in patients with TNBC. (A) Relation
between phospho-NF-kB p65 (Ser536) expression and overall survival. Survival rates were appraised using
Kaplan-Meier Plotter. (B) High and low phospho-NF-kB p65 (Ser536) expression groups were analyzed
using Kaplan-Meier Plotter. (C) Relation between NFKBIA expression and overall survival. Survival rates
were appraised using Kaplan-Meier Plotter. (D) High and low NFKBIA expression groups were analyzed
using Kaplan-Meier Plotter. (E) Expression of RELA in TNBC and normal tissues was analyzed using the

GSE45827 dataset.




2. DMF (2 X % MDA-MB-231 #ifa$ X Ot BT-549 i@ TO T R b— 2 FHER)
e

MCF-10A #fiflil, MDA-MB-231 ffiffdds & O BT-549 #2353 1F 5 NF-«xB & [-kBa
DIEMALE X OB 2172, NF-xB p65 OiEMALE X OFHLIL MCF-10A #if
& HEE L, MDA-MB-231 fflifidds L OY BT-549 MIfRICB W CTEWZ E RO i
7= (Figure2), & 512, I-xBo OFEELIEL MCF-10A il & this L, MDA-MB-231 35
F UV BT-549 MRl W TIRWZ E B3 B0 & 72 - 7= (Figure 2), KIZ, DMF &
ANz & H MCF-10A #fi, MDA-MB-231 i 33 K O BT-549 fliia i 35\ THEARSE
EHET LR Lz, £ OREE,. DMF X MDA-MB-231 flli$ X O BT-549 #f
el D A7 R % YR FEARAF RO T S H 72728, MCF-10A AR CIXAEFROMK T IERR
b By 72 (Figure 3A), & 512, DMF (3 MDA-MB-231 il X O BT-549
ARIZEBIT 27 1% 20 V BEMEMIEECTS L O cleaved caspase-3 &8 2 B3 |2 1Y
MEED Z ENFEO LT (Figure 3B,C), 2415 OFERIX. DMF 2N IEH 72 FLE
RIS B ROE S 72 REE T TNBC ISR W T T R b — v A &k
HT EERRMELT,

ONF-kB p65 nuclear
B Phospho-NF-kB p65 cytoplasm
ONF-kB p65 cytoplasm

NF-xB p65 nuclear !‘ 4 - BB

Lamin Ac [ ]
Phospho-NF-kB p65 cytoplasm
NF-kB p65 cytoplasm

[ =2 |
B-actin ﬂ'ﬂﬂ * *
’\QP‘ 1’5\ 6&9 0 = [ [

¢ b
N\ VX“Q ¢ MCF-10A MDA-MB-231  BT-549

|
Standardized
corresponding protein
N

Figure 2. Cell lysates were evaluated by immunoblotting using the showed antibodies. The content of nu-
clear NF-xB p65, cytoplasmic phospho-NF-kB p65, cytoplasmic NF-kB p65, and I-xB was quantified,
standardized to the content of Lamin A/C or B-actin. The results are representative of three independent
experiments. *P <0.01 vs. untreated cells.
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Figure 3. DMF induced apoptosis in MDA-MB-231 and BT-549 cells. (A) Viability of DMF-treated MCF-
10A, MDA-MB-231, and BT-549 cells, as determined by the trypan blue staining assay. Cells were
administrated with the showed concentrations of DMF for 3 days. The results are representative of five
independent experiments. *P < 0.01 vs. untreated cells. (B) MDA-MB-231 and BT-549 cells were
administrated to the showed concentrations of DMF for 72 h and then stained using an Annexin V apoptosis
assay kit. The results are representative of four independent experiments. *P < 0.01 vs. untreated cells. (C)
Cell lysates were evaluated by immunoblotting using the showed antibodies. The content of cleaved
caspase-3 was quantified, standardized to the content of B-actin. The results are representative of three
independent experiments. *P < 0.01 vs. untreated cells.

3. DMF (Z X 5 MDA-MB-231 #ifg$ X 8 BT-549 i T NF-«kB p65 #5417
2. XIAP, Survivin, Bel-xL 3 X 0% Bel-2 FEEENHIZhE

T4 1ZLLAT, DMF MBS 31T D NF-xB p65 B T2 LET 52 & %1
S5 LTWD [14,17], % Z T DMF 28 MDA-MB-231 #fifid3s O BT-549 #fifid
ZBIT 5 NFxB O&#4T, INK, p38MAPK, ERKI1/2 35 X O Akt 7¢ & Ofthod /&
3 7T N OIEMAL Z LE T 2@ 0 E Lc, T ORER. DMF 13 MDA-MB-
231 #fEF X O BT-549 MIfRIZ BT, NF-xB p65 BT LET 5 2 L 03GR
VA, INK, p38MAPK, ERK1/2 3 KX ONAkt OIEMEALICIZRE Z 5 2 72 o
7z (Figure 4A),

NF-kBif, Bcl2 77 R U—H U XU RIAP 7 7 R U —F X0 i DT K b
— UV APEIKR T ORBREHETDHZ ENHMLNTWVWD[20], & Z TDME 2T R

R— ZREIK T ORBUCEEE 525 D EPICOV TR E{To 12, ZOfk
J. DMF [ MDA-MB-231 #ifla s & OV BT-549 i T @ Bim 35 & O Bax ZHLIZ 5
Bh B 2 72> 72 h3, Survivin, XIAP, Bel-xL 38 L OV Bel-2 DHBLZ KT S5
Z & Rl L7z (Figure 4B), 2V OFEHE ) DMF (X NF-xBp 65 21T
Survivin, XIAP, Bel-xL 3 & T Bel-2 BB 2 L TT A b= R &2iF5HT 5

Z MR ST,

10
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Figure 4. DMF suppressed NF-kB nuclear translocation and Survivin, XIAP, Bel-xL, and Bcl-2 expression
in MDA-MB-231 and BT-549 cells. (A) Cell lysates were evaluated by immunoblotting using the showed
antibodies. The content of nuclear NF-kB p65, cytoplasmic NF-«kB p65, phospho-JNK, phospho-p38MAPK,
phospho-ERK1/2, phospho-Akt, and was quantified, standardized to the content of Lamin A/C, B-actin,

INK, p38MAPK, ERK1/2, or AKT. The results are exemplary of three independent experiments. *P < 0.01

vs. untreated cells. (B) Cell lysates were evaluated by immunoblotting using the showed antibodies. The

content of Survivin, XIAP, Bcl-xL, Bcl-2, Bim, and Bax was quantified, standardized to the content of [3-
actin. The results are exemplary of three independent experiments. *P < 0.01 vs. untreated cells.

4. DMF (Z X 5 MDA-MB-231 i3 X O BT-549 fifaCTHOR 7 J 2 FE LB L
W7 RYT~A v %M rER e &

N7 YEXEALET RUT~A X TNBC BEORFEICHEHINLTWS b
12



BAFITH S [9], DMF 12XV 2 HHRAF OB RENEIR S i, BRRIC
BWTHHE L LTHEHTHLFRBENRZ X BN D, £ 2T, DMF 728 MDA-
MB-231 ffifidds L O BT-549 HIfa TORZ7 U Z X BALBLOT KU T~ A2 0D
B E R Z2 88584 2 2Rt L7z, T ORGSR, DMF &3 U Z A £72137
N7 ~A v OffEEEIX, DMF, "7 U ZXELEEIT RV T7~vA v
B BE G- & b U CBEE IS MasE 2 355 L 7= (Figure 5A,B), MCF-10A ffifid Tl,
NI YEXRLEBIOT N T ~A U 3MEEZFEE L=, DMF X2 b
HIRFE B BRI B % JIE & 727> - 7= (Figure 5C), & 512, MDA-MB-231
FZBWTDME &322 U 2B VETZT RU T~ A VORI, 7%
X3V IBEPERIIE A E L < BN S (Figure 6A). NF-«B B84 TFLZE . Survivin,
XIAP, Bel-xL 35 & U Bel-2 8B T 72 & TNT cleaved caspase-3 FEBLEG N & 7535 5

% Z & &5 L7z (Figure 6B),

13
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Figure 5. DMF enhanced the cytotoxic effect of paclitaxel and adriamycin in TNBC cells. (A) MDA-MB-231, (B) BT-
549, and (C) MCF-10A cells were administrated to the showed concentrations of DMF and paclitaxel or adriamycin.
After incubation for 72 h, the number of dead cells was quantified using the trypan blue staining assay. The results are
exemplary of five independent experiments. *P < 0.01 vs. untreated cells.
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Figure 6. DMF enhanced the apoptosis-inducing effect of paclitaxel and adriamycin in MDA-MB-231 cells. (A) MDA-
MB-231 cells were administrated to the showed concentrations of DMF, paclitaxel, or adriamycin for 72 h and then
stained using an Annexin V apoptosis assay kit. The results are exemplary of four independent experiments. *P < 0.01
vs. untreated cells. (B) DMF-, paclitaxel-, or adriamycin-treated cell lysates were evaluated by immunoblotting using
the showed antibodies. The content of nuclear NF-xB p65, cytoplasmic NF-kB p65, cleaved caspase-3, Survivin, XIAP,
Bcl-xL, and Bcl-2, was quantified, standardized to the content of Lamin A/C or B-actin. The results are exemplary of

three independent experiments. *P < 0.01 vs. untreated cells.
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