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The effect and mechanism of sulforaphane on the apoptosis of mouse lung cancer cells
DING Jun,PAN Jie, XIE Yewen, CHEN Jie,SHAO Fang’

Medical Research Center, Changzhou No.2 People’ s Hospital Affiliated to Nanjing Medical University , Changzhou
213003, China

[Abstract] Objective: This study aims to explore the inhibitory effect and mechanism of sulforaphane (SFN) on proliferation and
migration of mouse lewis lung cancer cells (LLC). Methods: CCK - 8 method was used to identify the effect of SFN on LLC
proliferation. Flow cytometry technology was used to detect the effect of SEN on cell cycle and apoptosis of LLC cells. DCFH-DA probe
was used to detect the ROS expression in LLC cells. The effect of SFN on ERK signaling pathway in LLC cells was detected by Western
blot. Finally, C56BL/6 mouse lung cancer tumor model was established by subcutaneous injection. After modeling, the experimental
group and the control group were given SFN and PBS gavage treatment respectively, to detect the effect of SFN treatment on mouse
tumors. Results: Cell experiments confirmed that SEN can significantly inhibit the proliferation and promote the apoptosis of LLC cells
(P <0.05). With the increase of SFN concentration , the proportion of late apoptosis of LLC cells gradually increased (P < 0.05). Cell
cycle analysis showed that 12.5 pwmol/L and 25.0 pwmol/L SFN treatment reduced the proportion in G1 phase (P < 0.05)and increased
the proportion of LLC cells in G2/M phase (P < 0.01). The expression of cycle-related genes CyclinD1, CDK4, CDK6, CyclinB1 and
CDK1 decreased significantly (P < 0.01). Western blot suggested that SFN promoted ERK phosphorylation and increased Nrf2
expression in LLC cells (P < 0.05). The flow test results showed that SFN could significantly increase ROS level in LLC cells. The
results of animal experiments showed that the tumor volume of SFN treated mice was significantly smaller than that of control group

(P < 0.05). Conclusion: In vivo and in vitro experiments confirmed that SFN triggered ERK phosphorylation, which increased the
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expression of Nrf2, improved the expression level of ROS and blocked cell cycle, thus accelerating apoptosis and inhibiting the growth

of tumor cells. SEN may be a safe and effective anti-cancer drug.
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SRR BE (sulforaphane, SFN) X448 MR Z , /&
—Bh R EEAEAE TV 22 AR AR RS S T Y
S EPRER IS Y BT, B TE IR R 4R 5 e
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IR 6T ok A M A T A S A S A 2 U AR
452 M 0 8 7 R AR AT A TR T e {HJE X SFN
MBI TG ZE IR, HETHEZ X5 SEN A AL
4zt 1. SEN 25 Z R A1 a6 30, 5 SFN
FHEAE R0 20 A R4, 6T 240 B ) S0 9 42 . 4
P IS5 5 S AR SE M AL A T S 2P
TRt o AW FEAUHAS [R] A B2 1% SEN AE I /08 e
JEEAN I AR (Lewis lung cancer cells, LLC) 41 ifd, WA H:
X LLC 4 Mo A= & A T AR AR IR N A 538
(52 80 , 48 SEN ] LLC 41 i A= K i 1 S LA
FHALHL

1 #RFFTE

1.1 A

SFN .DCFH-DA #%f (Sigma 23 H , & [ ) ,CCK-8
VTR RIPA 243 \BCA K57 & ECL I & (11
L RNED AP TR ] & (BioLegend 23
Al ) A R A IR & (BD A F], ), TRIzol
A (Invitrogen 28w, &1 ), i f% 50147 & . DNA
Marker DL.2000,SYBR Premix Ex TaqTM (Perfect Re-
al Time) (Ki% TaKaRa A #] ) , fedi L ERK . p-ERK |
Nrf2 . B-actin mAb(Abcam A ), ZE[H )
1.2 7%
12,1 @A 3Ek

LLC 41 3 v ERN B L AR B 240 i 5

sulforaphane ; active oxygen species ; apoptosis ; ERK phosphorylation
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Hl A KRB IR EE & 10% 1645 1L T 19 RPM 1640 1%
F23 (Gibeo 20 H), 32 ), B F 37 C.5% CO.MKT 3+
R R OB K 40 i (U5 225056

122 CCK8374 55

£ L 154 5 S 56 CCK8 AN SEN X6 LLC 240 it 38 4
RE ST SE I o FH 9 2 11 a0 T 0T 2500 A 9 LLC
S, ] s o 20 AR T LA AL 2104 /m L 41 i 42 Fef
296 fLA LI E 5 A EAL, dksi i gR 24 h s
HEAT 4320 Je AS TRl e B SEN LB, 43 B AE b B 6,24
48 .72 hZ 857 BN CCK8 IR 10 L 5 4kss
A BE SN E 3 h, 5 EBFR Y LI 45 L 450 nm
WAL, 2 An A K ik
1.2.3  &mfeiA A

I B P T A 5O AR K B LLC 20, ko
2 0 % LA AL 3% 10° 4 /mL 4 Jf 322 3] 6 LA
i gt 24 h 5 AT AN RI MR B SEN AR, 40 ffl 28 SFN J5
FHAS 2 EDTA B JBHET FL 40, 28 1k 31 10 s die 2 40
Jid, FH PBS Pk 250 2 5 M A 100 L i#Y binding
buffer A1 5 pL 1 %< 5% A 47 12 14 Bt /& (Annexin V -
APC.7-ADD) , Z M F 15 min, I A 400 uL (¥
binding buffer 5 PR 24 _EASIPE T8 0L . 45
HH FlowJo 7.6.1 3 Hr 4 ii =%

1.2.4 fake B #0X 5%

OO ERAE A 3 LLC 20 B8, R0 T 6 fL AR,
FLAEFNECN 53107420, 25 40 FL 4 A A 0.
12.5.25.0 wmol/L SFN. 24 Ji5 48 h JEE R L4t
PBS ¥ 2 i J5 , H 70% VK £, B E &, T-20 C[& % o
W o 2 BSOS PBS 1R 238 , HEA T PIYL )5 HizCa
JLASCRSHI , Modifit R4t e, SEid A A 3K
1.2.5 A EZA N

A5 NCBI(http://www.nchi.nlm.nih.gov) I GAP-
DH.CyclinD1.CDK4 . CDK6,CDK1 F1 CyclinB1 %& [l
¥ A1 74, F i DNAMAN 6.0 % Primer Premier
508, I E g (R D), 51YE By
A T A F SE AR

FEHL 12.5.25.0 wmol/L SFN AbFH 24 h 48 h 1
LLC 4H 1 RNA, RNase free H,O 767045 i , I 5 Hife
&, F-80 CLRAFFH . HLS nL(100 ng/pL)RNA iff
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7 R s N, 532 96 AE i PCR AN, 52 7 4
Z EAAF N 20 pL: SYBR Premix ExTapTM 1I (2x)
10 pL, PCR Forward Primer (10 pmol/L)0.4 pL, PCR
Reverse Primer (10 pmol/L) 0.4 pL, ROX Reference
Dye I (50%)0.4 wL, cDNA 1 pL, RNase-free H,O
6.8 pL; qRT-PCR Y4 55414 :95 °C 305,95 C 10 s,
60 °C 30 s, JEFF 40K . 1E AB(BLHIZEM R G0 ) 2 7l
197500 RUSE 9 RE Bk PCR AL EEAT o

#*1 PCR3I¥HER
Table 1 Information of PCR primers

EIL/E Bk 2l

Q-GAPDH F:5-AACTTTGGCATTGTGGAAGG-3’
R:5"-ACACATTGGGGGTAGGAACA-3’

Q-CyclinD1 F:5-TCGTTGCCCTCTGTGCCACA-3’
R:5'-AGGCAGTCCGGGTCACACTT-3'

Q-CDK4 F:5"-ACCAGGACCTACGGACATACC-3’
R:5"-TGCGAAGATACAGCCAACAC-3’

Q-CDK6 F:5-ACCTTCGAGCACCCCAACGT-3’
R:5"-ACCACAGCGTGACGACCACT-3'

Q-CDK1 F:5-TGCAGGACTACAAGAACACC-3'
R:5"-GCCATTTTGCCAGAGATTCG-3’

Q-CyclinB1 F:5-TGCTCTTGGAGACATTGG-3'

R:5'-CAGGTTTTGGTAGGGCTT-3’

1.2.6  #mhe A & M A (reactive oxygen species, ROS)
i)

W E R KT LLC 4R T 6 FLAR , A AL
FEFR SX10° AN, 76 37 C& 5% CO 15 3748 v s 57
24 h, 43N A 12.5.25.0 mol/L SEN , 4415555 24
48 ho 20 R AR B R T AL, PBS W RS L 19
200 wL A EIR FHNA S w DCFH-DA, Jf-7E % 1R 2
5 254 N EE 30 min, &0, 7 3E, H PBSPE2 K .
FH 20 A AT A0, A I 2 AR AR B
1.2.7 Western blot 523

W £E SKN Ab P A9 41 i, PBS R 2 1K, Bk
B MRER A 100 WL RIPA+1 pL PMSF J5iCE vk
1230 min, AR 10 min #8521 7K, 885 7E 12 000 g 4 °C
B30 15 min, WCEE 138 I F BCA 1250 & kil FL 2 1
WeRE . B 100 WL FESLIA 25 wl 5XSDS-PAGE 2
EREZE L TR AT 100 CCZAEME 10 ming BEER FRES
47T SDS-PAGE, 18 % 2 W B2 g 1 1) PVDF i I,
FH 50 o/ LRG3 1A W 4 141 1.5 h, PBST YRR 31K,
K10 min, IMA—HT(1:1 000) ,4 CREARTIR ; 55—t
T, FH PBSTYRME 3 YK, AHK 10 min, LA —#1(1:3 000) ,
FIRIFEE 1.5 h, PBST Va3 A R A ECLAL2: KO

AR . FH Image J X S25G 45
1.2.8 NRRIE E I

HOHEAE R Y LLC 410, 20 L35 80% ~90% %
FENEL BRSNS B0 B PBS Pk 2k . HH
PBS WX AT 2 i 0 € 28 VK B2 o 3% 10° 1 /mL, B H
C57BL/6] /N U 78 v 3 je T 12 5 100 L 41 e
TRAER , A 1 /N T B S BEPLAS:
NEREAT AT A, 45T 25 T T, B 43 5 A PBS i
0.5 mg/kg F SFNJE B ALBR, 1 J5 SR, L0 BE 2 J],
FEXF e B AT, 1] 3 R, YA s IR R e g
KA B o V=1/2xaxb?(a KA, b R 5a5) .
13 “%it$FriE

S O E B PCR 45 5 R 27 i A7 43
K HISPSS 21.0 G414, Bt I B R 2% (x £ 5)
FR A LR ¢ A By 5l 25 43 B, P < 0.05
AR L.

2 # B

HAT T

2.1 SFN *F LLC 2m i3E 38 44 % v

FIFH CCK8 KM T SEN Xif /)~ Bl M Je 201 g LLC 1%
A )52, S0 RRZEAR L, Bt A BRAS RIS, SEN 4k
PR LLC 20 5 B4 58 e 1 W 55 o 12.5 wmol/L SFN
ALPRAT 48 5 AN A RO R AT, 22 A St
2 X (P <0.01),25.0 wmol/L SFN 24 i1 24 h J5
4 A B O IR, 2 R A SR E (P <
0.05, & 1), 2 SEN ] A LLC A 3458
2.2 SFN LLC 28 it /8 =44 % vk

SAAFSE SEN X LLC 4 M08 T-HE 71 952 e, 4 it
B3R 24 WS, 3B FH 12,5 F125.0 umol/L 4 SEN
ALPRLLC 20, FH A8 1387 & Annexin V-APC/7-
AAD X LLC 4Hfu g 5, 455 & B0, B SEN VR FE 3
i, LLC 41 B30 08 7~ Fe B2 7 12,5 wmol/L Y
SFN &b B LLC 20/ 24 h .48 h 14 20 it 8 72 2% 43 1) i
7.24% M1 16.22% ,25.0 wmol/L 1Y SFN 4b B LLC 21 iy
24 h 48 h AU LA 1223853 2 57.22%F1 75.12%([#]
2), FHSEN AT LIS LLC MR E T,
2.3 SFN % LLC 2 i1 8 20 P 64 % v

T ST SEN X LLC 40 A Ji] A BEL i 9 52, 20
M85 3% 24 h i, B SEN AP LLC 401, i =40 i
ARG % BH, 25.0 wmol/L (1 SEN /E F LLC 41 /g 24 h
J& , AL E I A T R AR AR AT G IR AR
Jitd 1 BH f2 R R (P < 0.05) , G2/M 1 i) 41 i Eb 451 B
W EFH(P<0.01,E3) . [RIBHAS I T 40 i J8 B AR 5¢
FLR YR, 25.0 pmol/L I SFN AL LLC Zfifi 24 h
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WiZH LA ,"P < 0.05,"P < 0.01,
1 SFNXf LLC 20 A3 58 A 2200

Figure 1 The effect of SFN on the LLC cell proliferation
Ji , CyelinB ., CyclinD . CDK1, CDK4 F CDK6 #£ [A %)
ik NRE(P<0.01,14) , Uil SEN 2 H 40 L/

15 240 e J) S0 BEL i 7 G2/ 3, (i HOR e AR — A~
I e
2.4 SFN}LLC 28 i 3 ROS & ik 69 %5 vR)

DCFH-DA #5451 T4 5 P 48 e 4 N ROS &
it B AT LA ZE S 4 A T 4 20 B A P R R K A 2
DCFH, M2 il P9 14 ROS 1T LLK TE 5 edric i) DCFH
FEAS AT DEEARIC I DCF o BT LA, 38 3 4G 41 it Py
DCF B9 G FE il ARSI ROS Y 7KF- . LLC 4 i
TR 3R 24 W, 20 5 12.5 wmol/L #125.0 pumol/L
() SEN A H LLC 40 24 b 5, Ji =4 A AAG I & 1
241 12.5 wmol/L F125.0 wmol/L fY SEN Ab F LLC 4
224 h 5, 2RI ROS ZRIAKF- o G = (J#15) o
2.5 SFN x ERK # B2 AL 45 % vh

Sy it — 25 F 5 SEN A2 1 3L AR 98 20 i 7% AR

10 Control SFN(12.5 pumol/L) SFN(25.0 wmol/L) O Control
N 6.86% 01 6.54% o1 56.1% W SFN(12.5 pmol/L)
12.399 B SFN(25.0 pmol/L)
10° 10'4 1007 ok
] S
=y > ] el
5 10 10 %ig
10' 48 10' e Hi“
{ =
4 0.25% =
E 100 Io’ rrn m 3' ”'0"" 4 0 1 2 3 4 100 IO' ' B
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< 10 301 601%] 1° 15.3% 1073
11.79%
103
=
&
0.24% 0.92%
T 10° e 1 T T
10° 10°  10° 10" 10° 10° 10° 10° 10' 10° 10° 10°
7-AAD i
A A SEN X LLC 20 T4 50 s B Geit e g R . WAL, 'P < 0.05,7P < 0.01,""P < 0.001(n=3).
B2 SFN3LLC4RET IS m
Figure 2 The effect of SFN on the apoptosis of LLC cell line
120 - .
. REREIII S THUR 03T Western blot Kl L A
100 4 BGO/G1 SFN 4b R ZH 1 () ERK P B RR ALK P A8 1k . 2528
g 807 7N, BEAE SFN W B2 B =, A0 LN Nef2 (19 28 1 KA
R 60- TRV 835 1S ERK W R Ak K 1 22 i 4 5 (P <
O
2, 0.01); 11250 wmol/L A3 LLC 4114 h 5 , Nef2 [y
= oo N .
- » IR 7KF-F1 ERK B2 1k /K V- 23K W 3 5 T4 i
A, Z=FAGIE (P <0.05,46),
O -

Control SEN(12.5 pmol/L) SFN(25.0 pwmol/L)
3 SFNXY LLC 485 48 B Y 2200
Figure 3 Effect of SFN on the cell cycle of LLC cells

2.6 SFN ¥/~ Bk A AP & & K 69 %R
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1.6 MSFN(12.5 wmol/L) 1.8 M SFN(12.5 wmol/L)
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X
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0.4
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0.2
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CDKI CyclinB CDK4  CDK6 CyclinD CDK1  CyclinB  CDK4  CDK6  CyclinD
A:SENAZMFRANN 24 h; B SFNALBRANHI 48 h, S5XFIRA] Hb#, P < 0.05,7P < 0.01,
E4 SFNxtfaEHEXERRIENZ N
Figure 4 The effect of SFN on the expression of cell cycle related genes
3 4t i
FE ) A AE 1 R SR S it S5 UBR B 1T LA Jd 2 B IR Control

R A A T 2R IR B A AT R
P B R IR IR AL S WA 25, SEN R 2
— U BEFE R, SEN AT LATE R A e 14 4%
A~ B Bt 24 1 V5, 3 AT LAGE Ao 2ok (4% 18 S
T AR B PAY TR 30 B 2 2 AN [ ) i A e

SFN(12.5 pmol/L)

SFN(25.0 wmol/L)

ST I T
AT E AL B S K-S E SEN X LLC 24 L s SFNﬁLLchTﬂCé; ROS KT A
B4R, 385 CCK-8 BRI SN X LLC 35 2 (1 5 LA PR

Figure 5 The effect of SFN on the ROS levels of LLC cell

line

M , 285 5L 4 /s SEN BE S 40 LLC ARy , Hix
PRI ] 52 SEN M AR 5 FH Ot =X 4 L AR A5
T SEN X LLC 4 i JE W A T g, R BipE R, A0 T GO/G 391 A% 240 e Lo 51 1) 2 1 I, i G2/M
# SEN WG A3 N, LLC ARG PR T Rge i 300 A% 40 g Lo 9 B B 0, 40 i ) 350 A OC 2k

A

SFN(mol/1.)25.0012.506.25 3.00 0 3.0+ - 257 .
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. =204 o 0.4+
B-actin w— — - - — —42kDa 0.21 EO.Z'
O T T T 0 T T T T
0 05 1 2 4 0 05 1 2 4
Ff ] (h) i E] Ch)

A : Western blot K A [R] % BE SEN X Nef2- ERK {5538 J# AYFE I ; B : Western blot K51 25.0 pumol/L A4 SEN A4 F A RIS 1] % Nef2-ERK {75 53
BEAYEEI . PRALEEE, P < 0.05,"P < 0.01,""P < 0.001,""P < 0.000 1(n=3).
6 SFN I Nrf2-ERK & B KA BI85
Figure 6 The effect of SFN on the Nrf2-ERK signaling pathway
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Figure 7 Effect of SFN on tumor size and weight in tu-

mor mice model
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TR A IO P R R A U AR L 4 )
SR 1 B 1 DA S ] B 1 A e i D
FIIEEA RIS VE, Cyclin D1 35 i G1/S 5 5+
PEFIIAEE 1 DL, 220 E I S sh 7 B T
TRAT ) 4H L A G006, 2% S A 36 At B el B rh 2
= HA A PEARfE . COND1 X AT 74 i JE 19
#1115 CDK4 3, CDK6 JE L A Y H-AE R EA T4
I, eI IEFE ' CyelinB1 F1CDK1 /E A
1 JR I G2/M K A i FEZ A o, CDK1 5
CyclinB1 & & W09 b2 0 A 2257 241 it [A)
B G2 HHHE A MBI b B4, e — A BB TE
G2/M I e HE 670 | R4 A M2 75 38 2ok G2 IS 2 A
YETT ™ SEN AR LLC 40 4 8 4 728 1k a1
FERT DAV LLC 20 54 200 A6 JR 30 , o L 4t e ) 9L
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SRS 1, DT BHLLE 200 L 5 B DNA 15 i RIME &2
HET A LLC 41 A 38 78 AN RE2E A BT — 4~ 40 it )]
W1, 5 shAm i g T, 30 LLC g AE K385, i ]
REIRENAYT I ) B 1 .

T 240 L8 T ) R A e R AR AR I R N A
FHZE G, Jilvyed 40 i PN 1) 48U PER TR R S A T2
SR S A o AR R BT, T 3 S T £ e
YL N ROS /K- 1 FHim o BFSE 3R, SEN & —Fi AT
A Nef2 175 500, JLREAE 45 Nef2 i 755 11 AH A

BERG IS T 5 AR AR . Nef2 Sk 2 B B
BILT 8 05 77, SRR S R B TF ™, Nef2 AT DATE
YA 2 18] H HZERR R, M N Y Keap-15
Nef2 255 AE LS AL 1 38 b, 3 A 45 A R AT
DA 97 240 B P9 8 AR B A 2 . ASBIFSE T SEN Ak
PRLLC 405 , 20 i) ERK B HR 1L A5 5 Fifi %5 SFN i
A PV B FNAE FE S () 8 25 14588, N2 () 8 11 7K P
W T, BN ROS ik /KB 5 m . X—
S5 LTI BEH T SFN e ELHE 45 & 7F Keap-1 A 51 &
YIS Nef2 A 285G, AT firh 2 4 ALY ERK B2 1L
YEFI A Nef2 AZ5 A 1R BRI K, 43 5 )5 B N2
PEAZNNEAZ 5 ARE 854, 755 A0 B8 1 AR A s B
FRE20 k] AR £ A B AT T A R A
P9 ROS K- Tt e, A i b ed 4 AL A 0

S AR A5 R B SFN Zb B LLC 415 34
6 T 40NN ERK B R AL , {4 75 20 i P9 Nef2 3R 153
T, SR A ROS 2 i =y , BEL vy 240 B S 491, DA sk
JIeo e 240 L R, A e A Y A . SEN K
FETET 0 DL T k- H e bR = , BRI Y&
Sk, WA, SEN E R AR/ 7 & 5 Tak ah ¥
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