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[HE] T=58/: HEAXLHALEFS (histone deacetylase 5, HDACS) AR MA L F 75 mRIEs, HE5BER
FESEME 2 AEAKEEL (lysine specific demethylase, LSD1) i [FERE FLAME AN MEIE A AER . Wi # MR ZE (sulforaphane,

SFN) NIHHDACSH L, W nH/NRFLIEATI400E - -l i 4k (epithelial-mesenchymal transition, EMT) . 3855 F1
IERHIREN . ik R E0R75 f-8 (cell counting kit-8, CCK-8) /34T SENXTAT 140 Bt B [ 50 o % FH LR I &
BRI B AS MISFN I 4 i 85 7 « K pcDNA3.1(+)-FLAG-HDACS JFURL FE LA T 14, 385 G4 18Tk 3145 B AN 4 iy 7 g

TRLAEE Al ER RV (Western blot) %5 F HDACS 8 A AT M ik B S FE AN &R o SR A RIJR 5258 Alltranswelli2: 43 Bl R ik
HDACS DL 2 SENAL B AT 140 Mt 8 AR 22 1082 . SR Western blot#a I SEN AL B X AT I 4 U EM TR &4 b S 45 5% 2 1
(E-cadherin) . #4458 K H (N-cadherin) . JEE A (vimentin) FIIEJ 4 )8 E HEF-9 (matrix metalloproteinase-9,

MMP-9) FiX[5E0 . LLATIZH M BALB/c/N RS IR AT, W EESENXFAT 140 i fd N OB PE . F R sz & H 5
HDACSRIEMI R R o K P 2R 2R A I /0N B S5 AS Jieb 8 % i % R 988 2H 2 b K- T3 A AR 4 . BT RN ERG . T B
AL, RAHH-EZL A SENX B /N R B EER o 2558 SENREBIHI4ATIANMIGEAE (P<0.01) , FFHNHI4T I 4
TR FIZZE, T AMEYE S R IAHDACS AT #575 15 HiSEN AT AT 140 3T A2 112 28 M /E F . SENALH B 2 T 4T 140 i
HDAC5. MMP-9, N-cadherinfllvimentinf{j#i%, [Fif i E-cadherinf ik . Z5i: SFNALIE G EHIHI4T T4 MILE /N R AR A
(¥ g VR RS, RN BSR4 RS 98 2L 4P IR KG-6 T BRI 26 o 1 R IKHDACS o] 5T SENSTAT 1 41 i A Y A e 1
FARTEEFE A4 o SENRIHTFLARE /E FH 5 HAF S IIHDACS3RIA T~ 1 UL B SE A S I EMTHI I H 2 DI A 2% .
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[ Abstract] Background and purpose: Expression level of histone deacetylase 5 (HDACS5) is abnormally high in breast cancer,
and HDACS synergically promotes proliferation and migration of breast cancer cells by cross-talking with LSD1. In this study, the
effects of sulforaphane (SFN) on invasion, migration and epithelial-mesenchymal transition (EMT) of mouse breast cancer 4T1 cells
were evaluated, and the role of HDACS in the treatment with SFN was observed. Methods: The effects of SEN on proliferation of
4T1 cells was analyzed by cell counting kit-8 (CCK-8) method. The cytotoxicity of SFN was detected by lactate dehydrogenase
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release assay. 4T1 cells were transfected with pcDNA3.1(+)-flag-HDACS plasmid, and the single cell clone was obtained by G418
screening. Then the monoclonal cell lines with stable high expression of HDACS were detected and identified using Western blot.
The effects of HDACS overexpression and SFN treatment on the migration and invasion of 4T1 cells were analyzed with scratch
test and transwell method. The effects of SFN on expressions of EMT markers E-cadherin, N-cadherin, vimentin and matrix
metalloproteinase-9 (MMP-9) in 4T1 cells were tested using Western blot. The effect of SFN treatment on proliferation and metastasis
in xenograft tumor model of 4T1 cells in vivo and the relationship between SFN and HDACS5 expression were observed in BALB/c
mice. The Ki-67 proliferative index in xenograft tumor and lung metastatic tumor tissues was detected using immunohistochemical
analysis. The heart, liver and kidney tissues of tumor-bearing mice were taken and detected using H-E staining, therefore to evaluate
the toxic effects of SFN on tumor-bearing mice. Results: SFN inhibited the proliferation (P<0.01), migration and invasion of
4T1 cells in vitro, and HDACS5 overexpression partially resisted the migration and invasion of 4T1 cells. Data showed that SFN
significantly downregulated the expressions of HDACS, MMP-9, N-cadherin and vimentin in 4T1 cells, while SFN upregulated
the expression of E-cadherin. SFN significantly inhibited proliferation and lung metastasis of 4T1 cells in mice, and downregulated
HDACS expression level and Ki-67 positive rate in tumor tissues. Importantly, HDACS overexpression could partially resist the
inhibitory effect of SFN on proliferation and lung metastasis of 4T1 cells in mice. SFN had no significant toxicity in tumor-bearing
mice. Conclusion: SFN could inhibit the proliferation, invasion and migration of mouse breast cancer 4T1 cells both in vitro and in
vivo, and the molecular mechanism is closely related to SEN-induced HDACS downregulation and EMT inhibition.
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Fig.1 Chemical structure of SFN
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1.1 KFEUEE

/NERFLAR AT 140 A R 7 v [ )2 B 7
FE R IR 9 22 01 25 20 B e/ v LR 2 B TR A A
AT e 20 B B d sy, AS S g AR AR
1%, SFNI H 3 Sigma-Aldrich/A &), G4 13
I H L {431 Biological Industries/A /), RPMI-1640
4 ff 35 55 Ho b K B 2L B Gibeo A H], Turbofect
Y . EMRH R (bicinchoninic acid,
BCA ) 5 &) H 3& E Thermo Fisher Sciencific
o], NERBLAN LS EE & (E-cadherin )
ik, RIIAEBR SR EAM-9 (matrix
metalloproteinase-9, MMP-9 ) HTIEFI/NRPTA
PP HE A (vimentin ) HUARE H % E AbcamZy
"], Yyt AB-actin, HDACSHiIAN [ 3£ [ Santa
Cruz/AFl, HRPHmIC I EST/N R i/ ih =F 4t
R A PR SR AYBEARA R,
pcDNA(3.1+4)-FLAG-HDACS5 JFi ki 7 523 %5 iif
Wk, A0M 0GR -8 (cell counting kit-8,
CCK-8 ) FFLIR M A Eke il & A L =
KAEDEARBAIRAR], TRIzolIAH] . EERRE
M5 )2 i ( reverse transcription polymerase chain
reaction, RT-PCR ) i3] & | H A Takara’y
Fl, SYBR-Greenll It mt & 44 Y AR AR
INE), SRS E R PCR (real-time fluorescence
quantitative PCR, RTFQ-PCR ) 5|4 75 M 4 ME
B AR PR R 5
1.2 FHik
1.2.1  CCK-8:i 4| 2m L 3§ 54

WCBE R B S AN, A e B B R T
96FLEGFEM, AFFL100 puL (4.0 x 10°~4H i/
L), KREFRE T37 °C. COMF N 5% )
RS FRAE TSR . Al A R B R 0.0
1.0, 2.5, 5.0, 10.0, 25.0. 50.0 umol/L SFNJ
RPMI-16405¢ 435 57 5L 155724 . 48 ho [ gL
A0 pL CCK-8¥AW, & THMIIE AT IRE
4 ho FHBEEFRCGNE BFLAE450 nmiE <AL BT

& (D) {H. HEAMEAFTER (%) = (Dyypy-
Do) | ( Dygpaun-Dispyan ) x 100% . Z5HHF
BN (half inhibition concentration, ICs,)
FH Graphpad Prism 8.04% {45 45 .
122 SUBRBL SBHHE 2 55 Bt 25 4 ik

B 1 x 10 44T 140 i 452 Fh T 9 6. 4L 85 57 R
o, SRS AR EN0.0, 7.5, 15.0, 25.0,
50.0 pmol/L SFNJRPMI-16405¢ 41537 HRG %
PR o R as X HRAE (JCamit ) . 4Ry
MR (TJCZGMpAbBE ) | 40 o5 KBS X B 2
(Ziabsn) | 5P sRanfa , HH3NE
fL, IAZYIE AkEEEE 5724 ho 42 R S
AT AL BRI 5E B FLTE490 nmi KA DR
HRWFNE (%) = (Daywywmar-Dapswnas ) / (D
mpicmita-Damuma ) X 100%.
123 & @ FFpPiEk (Western blot ) #4556 K-F

Wo S oad B, fd O ik O AR g U0 U Tk
(radioimmunoprecipitation assay, RIPA ) 4=
AN R L fR I [ 50 mmol/L¥E £ FENNIE 2 At il 1R
(pH=7.5) , 150 mmol/LZE L&, 2 mmol/LL
TRV 2R, 2 mmol/LZ ZEEXL2- 5 3k £k Y
LR, 19%R L B335 0, 50 mmol/L3g
E8h, 5 mmol/LAEFERREN, 50 mmol/LH Mk
B, AT ISR B R R Cocktail | 51 R 21 A
J& T4 CFIRE LS min, T4 CFLL10 000 r/min
B 15 min, W B HIBCAILINE L
WINEAWKE S, 40 png BB 11 LIS R
FEal, PA10% T e S IR B4 2R DN s T i 8 e P,
7k (sodium dodecyl sulphate polyacrylamide gel
electrophoresis, SDS-PAGE ) /&, H4H
e 2 B m 3 L% (polyvinylidene fluoride,
PVDF) L. SRIGH5% W4T E 2 hF,
VENEZZ ik (tris-buffered saline Tween, TBST )
VEME3 YR, RS min, fI—Pid4 ClRE LK,
TBSTHERE3 UK, FHKS8 min; FHII —HURF2 h,
TBSTYEME3YK, AHK8 min, fefa k2% &0t
(‘electrochemical luminescence, ECL ) £ @57

ISR
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1.2.4 RTFQ-PCR

FI1 mLALTRIzol 2555 T o FLAR T i,
FEH5 20 g L4 7 B Z Ependor fik S, AR N
AFM5300 pL, WHENRZ 15 s, VKES min, R)5
T4 CHLEL12 000 v/minES.0015 min, HF EHFBREEHE
2 Ependorfil &, A AT IEE300 uL,
21, BK 10 min, 574 CFLA12 000 r/min
#0010 min, 5 LW, H75% 8 (1%0£5
IR — WKL ) 600 pLiEEdiiE, T4 CF
2112 000 r/min5.0>10 min, 7EJCHH & NTF CEESE
SRR, BEINA20 uL 1%fEBRIR — 2. BEK ik
UUVE o He IR Sl G U BaAE, KRS h
YmRNA S 5 ilicDNA . F1LA L F4E cDNA R A5
M fTRTFQ-PCR, X MifAZ 420 pL: 2xSYBR
10 uL, 10xcDNA 1 uL, 10 pmol/L | 5445
0.5 uL, XK I/K8 uL, PCRINFRFH: 95 °C
5min, 95°C10s, 60°C30s, 72°C30s, 1404
35 /NRHDACS L5 197591 5°-CGCAACA
AGGAGAAGAGCAAAG-3"; FiEaIWFs.
5-TCTCGGCTACCTTCTGTTTTAG-3’, /N,
B-actin 519751 . 5°-AGAGGGAAATCGTG
CGTGAC-3"; TFiif5I¥F5: 5°-CAATAGTGA
TGACCTGGCCGT-3’, VAGAPDH HNZ M, R
2 MRNA R Fek K-
1.2.5 Transwell 52 345 W4T 1 28 i 3E 45 A0 13

TR DR M M RPMI-1640%5%
FEIFEEATIANM, 11504 x 10420 . (KA
150 pLfil Atranswell/hN=E, ¥ /NEE TINA
800 pL 7 15% I K 55 57 B my 24 fL 3 Fe i,
T37 °C. COMBITE I 5% (1) 4 Jfl 35 5% 46 v
BE24 ho Heranswel UNETH, FENE
W SR, M1 x BEIREEZ2 P ( phosphate-
buffered saline, PBS ) VB3, IAd4%%
PR E E30 min, JHPESEMAS800 puL
45530 min, FREVE3WR; AR
FNERMR AL, TEE DA T IER, JikE
PRGBS ET | IR R

{RZE52H . ¥450 uL MatrigelJ e S5 ] G
I7HFRPMI-164055 7736441 ¢ SFBG IMA/NE

F37 C. COMBTENS% M FAF FHEL2 h
TR HLBER . AR5 CIBUR Rk B 25 W) A B ) 4T 1
ML, LI FERPMI-164015 75 58 &, 4L
4 x 104 . (RFL150 pLZ2 18 Atranswell/)s
=, RN RERITRE SR

1.2.6 X%

Sy WIHA0.0. 7.5 umol/L SFNFJRPMI-
164085553 (& 1%/ N1 ) B Fivectordd .
HDAC5-OEZH4AT1Z1f24 h, 1200 uLF i s s
TERAL R IR, FRLAL x PBSUERR2IK;
SrOMAEO . 6. 12 hisy R Wl f L5 24 ot
AT I ANMERLRE T s, A REERIA]

1.2.7 HDACS#& T id £k 4AT14m e 7 69 32 52

i FHpcDNA(3.1+)-Flag-HDAC5 Jf i & %t 1
kL AR pcDNA (3. 1+)-Flaght YL 4T 141148 h,
24400 png/mL G418 FRFL YL J54T140/ES d, P
2 }75200 pg/mL G418FRPMI-16403% 77 Fei 4L
Rigw3 8 o PR A To R 40 A 24 FL AR I LA B
100 pg/mL G418HYRPMI-16405% 55 KedF 215 9%
SR J5 K F Western blot 45 % 2 i FRIAHDACS Y
PATTREATIZNIE R .

1.2.8 hih £

e 7R i SPFBALB/c/MR 324 H, FSPF
St W B 1 S 0 P E R SR . AR AL BTk
Pr/NEr 4T 1 /vector, 4T 1/vector+SFN., 4T1/
HDAC5-OEFI4T1/HDACS5-OE+SFN 44, %i4H6
o TR BRAT 1 /vectorA14T1/HDACS-OEZH
g, DA1 000 r/min, %2503 minlU8E 400, vk
¥ PBS 5 e A H O A A i g 52,5 x 10°
A/mL; FH1 mLIJC R 588 20 5 7E B 2/ R
A LA I A A L R 20 R 100 pL
5 A WEERE, IFa/NRIBEZ 2, SENG &
J30 mg/kg, Xf MRS EARBUNER [ 50%
T HEEH ( dimethyl sulfoxide, DMSO ) /K¥%&
W o BRI ZE5 d, BIFE2 ARGy, 4
254)8 . 26 dJi, FHCOEALBE/INER, X /N ERUfarJE
PRI SS A IR, SRS ) s BUBOR A TR H 2R
PREFIFAMIC SR . A, B/ RS . L B
Jiti 4 BEC ST IH-EYL 8, | G ] Sk A
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BT A sh ) 52 56 34 22 = e K24 sh i 4 R 548 P2
R BILE, S rTES . SCXK (5B)
2017-0012; =URK 2= Y048 F) 5 10 B A 2
5. 2020030M.
1.3 ZitFaE

SCHEH K FH Graphpad Prism 8050441743
Bro BOHRZHIA] LR A6, BELIx + sEm,
P<0.05 WS A G FE L,
2

4+
%

ES

SENXF4T1 £ Bt 58 1 52 Mim & 20 B S 1% 10
AR EESEN (0.0, 1.0, 2.5, 5.0, 10.0,
25.0, 50.0 pmol/L ) AbHHAT140I24. 48 h, LI
CCK-87% 4 T SENXT 4 34 58 A 52, R 4134
HEl. 4R ER, 50.0 pmol/LILEE, 2.5, 5.0,

2.1

>

Cell viability of control/%

LDH release of total LDH/%

60 -

10.0. 25.0. 50.0 umol/L SENX}4T 140 345 A
WE IR, 40 R T 58 5 VR B AROR R T R
(KI2A ) . ZGraphpad Prism 8.0%4-4ti1T#7,
SFNACHEATIAAfIAYICS, (95% CI1) {ER: 24 hif,
32.19 umol/L ( 19.66~52.68 umol/L ) ; 48 hZH,
17.60 umol/L ( 10.59~29.28 umol/L ) . {4
HIABESE 20 W], SFNT] T i AFLAREMDA -
MB-231FIMCF-741 g " HDACS L A =ik .
S SENAN I HD ACS5 3R 35X 5 42 28 /1 Bl 7L A
JEATIANEHE5E . BB REMTRYS I, 75 8ext
AT 1M TC i 35 A M B 1 A P R . LR &
il R S B A & B, 150.0 pmol/LELER, 7.5,
15.0 pmol/L SENXFAT LA A1 i 2 At et (&1
2B, P>0.05) . H1F7.5 umol/L SFNIZEHIIHI4T1
AMMEIEEE, PEBGZUESENHI TSS9t

5.0 10.0 25.0 50.0

SFN C,/pmol L

0.0 1.0 2.5

15.0 25.0 50.0

SFN C,/pmol L

0.0 75

B2 SFNt4T14RAEIEsEAIRNG S MARSIEER
Fig. 2 The effects of SFN on 4T1 cell proliferation and toxicity

A: Effects of SEN on proliferation of 4T1 cells. B: Toxicity of SEN on 4T1 cells. **: P<0.01, compared with 0 umol/L SFN

2.2 SFNX}4T14iBEHDAC5. EMTH X4 F&
TBAEIMEE. TR
HEESENXTAT L4 s P HDACS FIEMTAH
Ko PRIV LA 2E . RS2, 1E4T]
20 Hh % e SR pc DN A -Flag-HD A CS B Hizk 14
pcDNA-Flag, 24 h/5117.5 pmol/L SFNZKZEAb
24 h, SRIGWCENMIIET T Western blothd: il Py 14
FANMEEHDACS I KT S5 R RV, ik
JEF SENFAENE W2 F 84T 1401 T I EHDACS 1Y
FEAAE, EXAMNEYE R IR HDACSE K

VG ;R , SFENAEMS # FIHEMT
A4y Fvimentin, MMP-9 ., #1445 255 H
( N-cadherin ) 1955315, F1HE-cadherinf)5%i5,
{HHDACS 3 %35 1] i 2390 4% SEN X EMTAH G 43
FREMEm (K3A) o dE—2 iR
transwell flltranswell-Matrigel 24643 AT 1234 £ SFN
XTATIAME R . (280805, 2558 o,
7.5 umol/L SFNALHH24 h i Z I LI 4T 1 240 0
iT# (EI3B~3D) Fifz%% (KI3E) , HHDACS
1o K AT 4 2 0 SENOUT FLR i 4 T 1 41 i A 7%
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iacs Wy we P
MMP-9 — | —
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pcin gy e D NP
B
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s W 13 v e ) -y LT T e R o 7|
,.r. 2 % 0 .
C Vector HDACS5-OE D
DMSO SFN
‘ ' 100
NS [ Vector+DMSO
) 80 - I Vector+SFN
g B HDAC5-OE+DMSO -
oD Bl HDAC5-OE+SFN
8 60+
B
=
S 401
o
g 20-
<
e
0.
6 12
E th

VectortDMSO Vector+SFN HDACS5-OE+DMSO HDACS5-OE+SFN

B 3 SFNiM#IHDACSRIAXTATIHMEMTIEX S FRIATAMER. THIEIN
Fig.3 Effects of SFN-induced HDACS expression inhibition on the expression of EMT relative molecule and migration and invasion of
4T1 cells

A: Western blot assay was used to determine the protein expression levels of HDACS and EMT relative molecule. B: Transwell methods were
employed to examine the migration of 4T1 cells treated with 7.5 umol/L SEN. C, D: The effect of 7.5 pmol/L SFN on the migration ability of 4T1
cells was analyzed by scratch assay. E: Transwell-Matrigel methods were employed to examine the invasion of 4T1 cells treated with 7.5 umol/L SFN.
**: P<0.01, compared with vector+DMSO
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2.3 HDACS#ELRIFATIHMARMEE

FWLEESENALHE 2 HDAC S5t 26 ik XF 4T 1 2
JRLAA PN 38 58 RN 55 B B 52 e, {fi 1 pe DN A-Flag-
HDACS ks Kot HE ik 2% /A& pc DN A-Flaghs 44 T1
M LE S G418t , 8 18 Western blot &5 E fa
1 FIEHDACS I PR FL AT 141l 24T 1/HDACS,
SR LW, S5xPRAni R A, R KE
HDACSH4T 140 2 HZHDACS & I FIimRNAZK
WO, BN A SR H3K9 L WAk K
T TR (F4)
2.4 SFENxIBEB/NMNRERITIHEIGE. #F
Eap=A |

HAP T AT1/HDACS M S FHoX FE AN a4 T 1/
vectorfBALB/c/MR, 4351|4532 SFN J HIZ 551 Xt
HRAL ST RS e 0 M A P G B . 1B RS . S5
K, H4aT1/vector#fiffifH L, 4T1/HDACS4HHE
F /IS BRI P TR ) PR R RN 28 o i S R
PIZHAT 1/ vectord iR A AR RS /N ER b AsE,  SENALEE ]
I R g SUE K, SENARFRZ /N BRI S S
(14 i P ARURN B 1 1) B 35/ N FDMSOZA 2541 5 1
FEPIZHAT I/HDACS 0 fapseg /N, 5 DMSOZH
FHEL, SENALIXS TR . AR F R
TR EEm (EI5A~5C) .

Vector HDACS5-OE

Pcin S W—

-

HDACS

H3K920 |

Relative mRNA expression

Histone H3

18 -
16 -
14 4
12 4

S N A~ O 00
I T T |

fif ) /INER, IBOBUIT A BRI Al 2 24U H-E 4%
MR I, 25 BR, PIZH4T1/vector
R /N, DMSOARFRZH /)N AU & B 224
$EReIE , M SFNALHAL /N BRI A & B RS0 5
{HPIZH4T1/HDACS-OEfiJa8 /N OB ¥4 % B 22
AR, HSENARBEXTAT1/HDACS-OEf IR /)N
BRI fili 5 P e B e (. 2 s ) (IEl6A . 6B) o
Ki-6714 51 15 BT B W fib g 20 L B AE RE ) o f iz
HEUb ARG 25 L], SENALFE 30/ B R
HAUPKI-67HFHAEE W 2 T %, {H4T1/HDACS-
OEZH /N BUI8g 20 LA i 5 R IR 4l 2L P (1 K-67
WEEFERICH] A4k, 4T1/HDACS-OEZ /) Ui
AL R B Ki-6 TG B FE AL AT 1 /vectorsH i 4% w5
(El6C~6F )

2.5 SFNXt4T1fEE/NRESHEER

VA SFEN AL B X 52 55 /)N BR A 0 M 7 M A
R, ARG B T S 36 10 1) 45 2 far g /N B A B
AL, AL RIS AU NR G L
HAPATH-EQ 0, WA HAMMALIES ., /D
BURTEAMEALL . I, BRAHLUEERR, S5XT
PR /IR G, SENARFRZE /N BG4 o PR
FAA, DA YESR ST, N B NERE
FTEAE, AR WA AR M S AR 5 [ B 2 2254 S
w(E7)

HDACS

1

Vector HDACS-OE

4 HDACSTREBFRIEATIHMALTE
Fig. 4 The identification of HDACS stablely high-expressed 4T1 cell lines

A: HDACS protein expression and the level of histone H3K9 acetylation in HDACS stablely high-expressed 4T1 cell lines were detected with Western
blot. B: the mRNA level of HDACS in HDACS stablely high-expressed 4T1 cell lines was detected by RTFQ-PCR. *: P<0.05, compared with vector
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Vector+SFN

@ Poew oo
HDACS5-OE+DMSO . ' ' ‘ ‘ .
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° . . - ‘ B  HDACS-OEDMSO -

it i
tm 2 3 & 8- 0L CABITARIAR

HDACS-OE+SFN -

25 1 [ Vector+DMSO

I Vector+SFN

20 { M@ HDAC5-OE+DMSO
B HDACS-OE+SFN

Tumor weight m/g
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Fig. 6 The effects of HDACS over-expression on tumor metastasis in tumor-bearing BALB/c mice

A: The lung metastasis tumor of tumor-bearing mice (arrow indicated). B: H-E staining of lung metastasis tumor in tumor-bearing mice.
C: Immunohistochemistry of Ki-67 proliferative index in tumor tissues. D: Immunohistochemistry of Ki-67 proliferative index in lung metastasis
tumor tissues. E: Analysis of Ki-67 proliferative index in tumor tissues. F: Analysis of Ki-67 proliferative index in lung metastasis tumor tissues.
**: P<0.01, compared with vector+DMSO
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