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[(WZE] B WL NN B Xk A B 9 HGC-27 4H i 14 58 (19 5% i S FoAE FIAL M . 75 3% « 5% FH 48 it 38 58 5 33 M A0 il ik
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KK 40 5 1(SLC40AL) FL 8 11 (TRF) B F E, M G 7 2(Nrf2) (il 20 R I & i -1 (HO-1) mRNA KV AR 1 £ 15 1%
Do ZEER 525 AL R, B IE 35 B 24 4 vk B 18 K HG C-27 41 MO A7 15 3R 3% 7 A A1, L 2f= 0 o v B (1C,,) 47 15.34 umol - L'
FRE T3 R4 (7.5 .15.30 wmol- L) 40 itd v B T e 1 5 0 /0 (P<0.05, P<0.01) , S B0 Mk AR i Pl . 525 4 L, 49 8 7 o
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P<0.01), 2 Py BRIV, 525 (4 Hd, B H 1 5 4H (15,30 wmol-L")SLC7A11 .GPX4,SLC40A1 i mRNA 7K *F FI & [
ik B 0 REAL(P<0.05,P<0.01) , TRF mRNA KV & 85 (A W] W F+ 5 (P<0.05,P<0.01), HEWRERBM., S04,
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Brusatol Suppresses Proliferation of Human Gastric Cancer HGC-27 Cells Through
Inducing Ferroptosis via Nrf2/HO-1 Pathway

GAO Wei, ZENG Hairong, LE Jiamin’
(Changhai Hospital, Naval Medical University, Shanghai 200433, China)

[Abstract] Objective: To study effect of brusatol (BR) on proliferation of human gastric cancer HGC-
27 cells and its mechanism. Method: Cell counting kit-8 (CCK-8) was used to detect the survival rate of HGC-
27 cells at different concentrations of BR. HGC-27 cells were treated with BR (7.5, 15, 30 wmol-L") for 24 h,
and then the cell clone formation was analyzed. 2, 7-Dichlorodihydrofluorescein diacetate (DCFH-DA)
fluorescent probe and lipid peroxidation sensor (C11-BODIPY) were employed to detect the levels of
intracellular reactive oxygen species (ROS) and lipid peroxidation, respectively. Real-time polymerase chain
reaction (Real-time PCR) and Western blot were performed to detect the messenger ribonucleic acid (mRNA )

and protein expressions of solute carrier family 7 member 11 (SLC7A11), glutathione peroxidase 4 (GPX4) ,
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solute carrier family 40 member 1 (SLC40A1), transferrin, nuclear factor E,-related factor 2 (Nrf2) and heme
oxygenase-1 (HO-1), respectively. Result; The survival rate of HGC-27 cells was decreased with the increase
of BR concentration, and the IC,, was 15.34 wmol-L". Compared with the conditions in blank group, the cell
clone formation of BR (7.5, 15, 30 wmol-L™") groups was inhibited in a dose-dependent manner (P<0.05, P<
0.01), while the levels of intracellular ROS and lipid peroxidation, iron concentration, and lactic dehydrogenase
(LDH) leakage were increased in a dose-dependent manner (P<0.05,P<0.01). Compared with the blank group,
the BR (15, 30 wmol-L™") groups lowered the mRNA and protein expressions of SLC7A11, GPX4, SLC40A1,
Nrf2 and HO-1, while elevated the mRNA and protein expression of TRF in a dose-dependent manner (P<0.05,

P<0.01). Conclusion;
inhibiting Nrf2/HO-1 pathway.
[ Keywords]

P R o A R AR T R LS R R R A =R
LG R SE T R R R E B R AR TR R A
75%, HIEIEAE T BB 8.8% . FEFR I, B Y
R BT R 4 A B BT AT ek g 0 5 2 4 A
EHRE VAN N 3 R T R s A 44 YN
RO . BAT, B IRYT EEARFEF AR DI,
I7 AT S 2R YT O AR AR YT 25 W it 245 1
7oA B B AN RO ™ S e e R 25 ) 1 i
Rig ' P, 0 U1 2 F 42 4 AR YT 25
W B IT 25 . A9 IR T EE (BR) 2 AL 5t
o 28 0 v 3 B R PN R 2T R A A
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H17E 1 (AKt/mTOR ) i85 42 110 il 55 W 9 40 i A= K O 412
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VG /A% e S TR - -k B 5 Je 5 R S 000G TR - 3/B
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PUR ARV FH . WANG %8 8F 5% & 31, BR 0 3 5 i
105 e AR 1 i Ok 00 B R Il AN 5k g 2R 1 IR R A/
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5 [ A o) g A AR R BB R AE A . LIU
SRR ST % B, BR g Nrf2 3 50, Al 3 44 75 S 4%
F B, M 5C K ¥ 27100 21 2 i 45Ul -1 (Nrf2/HO-1) i 42
A B-TE By FEEE 1 (AB) T B #h 2 i i . A
Pyl A5V ORIE9Y A B, BROE 535 & N T I 3, 0+
Nrf2 8 1 RINL R BOR LA L R 48, 15 5 MCF-
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BR suppressed the proliferation of HGC-27 cells through inducing ferroptosis via
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1.1 408 W 40 fk HGC-27 (Bl B 40 i e
Hs% % TCHu22)., 1245 6 AT IR S5 .

1.2 2558 BR( L AR AR A A A
ali B >98%, it 5 150107) , 21 M 38 5 55 3% 1k 4G
(CCK-8)i 7 & .DCFH-DA 7¢ G R 41 . 1640 5 37 3
(KREFRCHEY M-S 53 MA0218-2 . MB4682-
1.PWL047) ; I 2F 1L 3% (FBS, 3% [E HyClone 23 # , it
45 SV30087.02) ,ECL &)tk \BCA & [ f il il &
(I 6 HE 1 A= P B A BN | it 5 43 31k SQO21 .
ZJ101L) , C11-BODIPY #¢ )& #£ £ ( 3¢ [ Thermo 2
AL HiE5 D3861) , 4 MR Y i ( g3 2 KA,
HE45 C0121) , RNA 42 Bk 77 & (1 g 2 k20 7, 4t
5 10606ES60) , i % 5o 7 5 A SE B 28O 8 it R &
Bt 5 = 2 W (Real-time PCR) &7 & ( H 4% Takara 23
Al L4543 50 EE047A \RR820A ) , ¥4 it 2 44K 52 % 7
B B1 11 (SLCTALL) 4% Bk H K o 4 b 9 g 4
(GPX4) W R4 F 1 40 ) 51 1 (SLC40A1) , ¥ 4%
% A (Transferrin) | Ifil 2T % il % f§ -1 (HO-1) #1 #4&
(Abcam 24 A , it 5 43l 2 ab37185, ab125066 .
ab239583 .ab214039.ab214039) , Nrf2 . H i % -3- 1
% i U (GAPDH) Hit /& fil 41 (CST 2 Al , it 5 43
A 12721.5174.,14708)

1.3 ¥ 2% 1300 SERIES A2 %I CO, ¥ 3% 44 .
FORMA STERI-CYCLE %I #8 ¥ T 1F & ( £ [H
Thermo /A 7] ) ; Leica SP8 i 1 B2 5 i 1 4% (5 [ k¢
£ 2% 7] ) ; Centrifuge 5810R % &5 .0» HL ( 1 [H
Eppendorf /A #] ) ; SpectraMax®iD3 % £ T GE fif £ 1%
(%€ H Bio Tek /A # ) ; Mini-PROTEAN Tetra System
A H, Pk A% 4 . ChemiDoc MP Imaging System
BE I 1% A (26 B Bio-Rad 23 7 ) , QuantStudio 5 %!
PCRAY(EE ABI/AH] ).
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2 FHiE 2.6 AN B R FLIR B AR (LDH) i Js A6

2.1 diffyEE S oA NHEAMEHGC-27 7T
1640 £ 35 3 (10% FBS, 1% H-#H X)W, B T
5%CO0,,37 °C By 10 AW B2 35 52 40 Th 5 57 Al i A K
T, 2~3 d ARG 9% . BR 2G4 40 BR AN I AR 5
25 W) 1 2 B o R (1C,) 25 51, BR 40 o A
R R (1245 1C,, 1% 1C,, 2% 1C,) o

2.2 CCK-8 K I 4 Jf 7% %2 O B0 A48 K R AF Y
HGC-27 41 , LA 5x10* 4~ /mL 4% Fl T 96 fL# 1, F
B R A b B SR o R AN M W B S 4 o R A
(oA, HE 83 ) (25 4l (% 40 &% BRI
) BRZ,BR 4535l DL 24y i (1.86.3.75.7.5.15 .
30.60.120,240 pmol L) ) BR &b # 41l fifd 24 h(3 4>
HAL) . HFLn A CCK-8 % W (10 wL) 4k 22 15 3¢
2 ho G AR A A2 WO BE A4, 1O AE A TR R
TR IC,, MMIAFTE 2 =(Apen=A s pn) /(A gy —
A i) x100% .

2.3 40 5E R BRI RO B A KR A
HGC-27 21 Ml , ¥ 240 P 3 1k 10 5 20 Bt B, DA AL
1 000 /™ 21 At 422 b 7 12 FL AR b, 20 B 15 3% 40 1 5%
2.d, ¥ 4 4y ks A (BRI ) F BR 4 (7.5,
15,30 wmol-L") 4t ¥ 24 h, F K 3% 48 4% 2& 1% 3%
11 do %R J5 F PBS ¥k 2 i , 4% £ R W & [# &
20 min, PBS ¥t 138 , 1% 45 5 L W U4 2 10 min,
PBS ¥ 3 ik , % 3 Myt T, I G B L 5% 3 A 1L v Y 44
it e e AR

2.4 4NN IEPEE (ROS) AR HO B A4 K R
I B HGC-27 4 JE , 40 i LA 1x10° /> /HL 2 Fh T 12 1L
B o, 1 20 B o s BE IS R A 4 s T4 (BR
) A BR 41 (7.5.15.30 wmol-L") 43 24 h,ROS
T I ) 28 foff 955 P 4600 BRI NAC (5 mmol - L) 19
2 h, #0 BR 30 wmol- L' 4 24 h, 4R J5 &L
A DCF-DA REF W ( TAE W 200 pL) , TH: 246
PREEWEE 1 h(REE ), 2806 B MUBE 1 ], Image TR
TR AT 2 e

2.5 4 G B A A KR T RO B0 AR K
R 4F i HGC-27 48§ , 40 ffs LA 1x10° 4~ /4L 3 #h T
12 FLAR 7, 75 20 B O 12 s BE S F 2R AR o s
(BRI M BR 2 (7.5.15.30 wmol- L") 4L 3 24 h,
B HE T4 1 577 4H f# H Fer-1(10 wmol-L™") T 0% &
2 h, 9K J5 FE 0 BR 30 wmol- L' 4 ¥ 24 h, 4R )5 45 1L
Jir A C11-BODIPY ¢ #R £t (10 pwmol- L) 4k 25 i
B 30 min, Y HE 41, PBS ¥k 2 38 , 28 J5 i 24 40 i A
o 2 S 5 B

B B 00 A4 KR G 9 HGC-27 41 i, 40 Jg LU
2x10° A /HLIEFR T 6 FLAR 18 200 M 2ok 782 0 BE )5, 4
4 ML 4y b 25 4l (BRI ) R BR 41 (7.5, 15,
30 wmol-L") &b 24 h, Bk 5E T4 il 71 2 {F F] Fer-1
(10 wmol-L ") Fli¥ & 2 h, A J5 Fi I BR 30 pmol-L"
Ab P 24 ho WSR2 MR A L 4k &, LDH I s 43
o0 FE AR 8 7] 6 e BRI 5 0 &

2.7 Real-time PCRAGIIAHC mRNA %5 O 4L
WK RO HGC-27 4, 40 g LA 2x10° 4~ /L 4%
Pl 6 FLAKR 5 48 A 3k 7 G RE S o At 43k 2S
#H (BRIAE#] ) F1 BR 2H (7.5.15.30 wmol-L") 4b F
24 h, BRAE T 30 ) 4145 1] Fer-1(10 wmol-L™) 15 7
H 2 h, %R )5 F 0 BR 30 wmol- L' 2L FF 24 h, WS4
Jf, 5 RNA R 2050 & 42 B, {8 1] PrimeScript™ RT
Master fil TB Green™Premix Ex Taq™ #1710 %% 5 |
I S PCR, 30 % 55 25 4 7E 37 °C, 15 min; 85 °C,
55,4 °CIR-AF. PCRY I S MAE 95 °C T AL 30 s
95 °CAE % 3 5,60 °Cil 'k 30 s;40 MEFF . GAPDH/E
HNZ , mRNA XS R IA ARG 2 it & 51
B AE TAEY) TR (R ) e A RA R A R, LR 1,
#1 3lME3

Table 1 Sequences of primers

Gk JFHI(5-3"7) KB /bp
Nrf2 3 AACACAAGAGCCCCTGTGTGGC 112
Fiif TGCCCCTGAGATGGTGACAA
HO-1 it GGCCTCCCTGTACCACATCT 184
Fiif CTGCATGGCTGGTGTGTAGG
SLC7A1l L TCCTGCTTTGGCTCCATGAACG 122

Tiif AGAGGAGTGTGCTTGCGGACA
GPX4 3 ACAAGAACGGCTGCGTGGTGAA 100
Fiif GCCACACACTTGTGGAGCTAGA
Transferrin i AACTCAGCAAAGTCTGGCGT 137
Fiif ATACGCCACATAACCCCCAG
SLC40A1 i GAGACAAGTCCTGAATCTGTGCC 117
Fiif TTCTTGCAGCAACTGTGTCACAG
GAPDH I if GGTTGTCTCCTGCGACT TCA 103

T i TGGTCCAGGGTTTCTTACTCC

2.8 R E (Western blot) £ I AH OC 2 1
Pk BOM B HGC-27 40 i, 41 i LL 2x10° 4> /AL
FER T 6 AL AR T, 1 40 A Ak A W BE S 4y ks A
(BR¥EF )M BRZ(7.5.15.30 pmol- L)AL FH 24 h,
. 83 .
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B HE T4 1 57 4 f#F H Fer-1(10 wmol-L™") T 0% &
2 h, 9K J5 FE A BR 30 wmol- L 20 B 24 h. K 20 g #F
rn J RIPA (& PMSF 45 [ g 410 1 59 ) 24 fif W ok b 24
fift 15~30 min, $2 B H , BCA WA & & Wk JE &
FASPE o 8 BE b 4 PAGE #E JIK HL UK , % & PVDF
. SRJG 5% AR - W 3P4 1 h, BRI 31K . R AH
Ni—HT(1:1000)4 °C UKAH L, VeI . AR & Ak
YW (HRP)- 3t (1:4 000) = W& 2 h, YE k. R
FHECL W 5% Wi Wt , B e % & g4 R
15317

29 it B0¥E R FH GraphPad Prism 8.0 %%
PEFEAT 00T, G5 A X £ s Fon o ] LA R o
8 R LR R O 22 43 M, P<0.05 R R 2 5 A 4t
3 &R

3.1 BRXf HGC-27 403§ 5 15z 525 HAl
A, B BR 259Uk FE 1 K, HGC-27 4i il A7 16 % 3% ¥
FEAR , FLIC,, 4 15.34 pmol-L", WL 2. £ 1215
1C,, (7.5 pmol-L") .1 f51C,,(15 pmol-L") .2 f% IC,,
(30 pmol-L™") 4 SIAE K BRAK . 5 vk B 17 )5 42
SIRG . M REIE R, 5 A4 BR(7.5.
15,30 wmol-L") 2H 40 g v B& JE 1 B & 9l /b (P<
0.05,P<0.01), I vk BEARA . IR 3K 1.

3.2 BR X} HGC-27 4l il 4 7 #: %0 (ROS) 7K F- 11 52
W 525 (A, BR4(7.5.15.30 wmol-L") A
X ¢ e i i 2% i B i, @R ROS P2 A8 £ (P<0.05,
P<0.01) , 5 30 fe FE AR 1k 5 36 1k 0T BR R NAC
(5 mmol-L") B & 3 B 4 2 N ROS (P<0.05) .
2.3 4,

3.3 BRXf HGC-27 40 Mgk sL - ny 52w 40 i g o
b A K T A B Py BB B LDH 1 ik U 2 2
MIBRFET W GBI R . 52 HA i, BR(7.5.15,
30 wmol- L") 41 4f ffg £ 3 2 B & [% {Ik (P<0.05, P<
0.01) ; 41 g P A i 2o 4 Ak 7K ~F W] & 7 & (P<0.05,

,Image J %X

#2 BRI HGC-27HMFEERNHZM (X+s,n=3)
Table 2 Effect of different concentrations of BR on survival rate

in HGC-27 cells (x+s,n=3)

20 51 e BF /wmol - L™ A AETE /%
2 HY 100.00+5.89
BR 4 1.86 91.50+6.79

3.75 83.13+4.32

7.5 64.17+5.35"
15 51.73+7.28"
30 33.90+7.83"
60 25.57+6.09”
120 19.70+4.25%
240 14.47+3.65”

S 4LV P<0.05,2P<0.01(F 3. %8 . £ 9[)

H A2 141, B~D.BR41(7.5.15.30 pmol- L") (E 4 [A])
E1 BRXHGC-27 M5 R M KR (4560 %)
Fig. 1 Effect of BR on colony formation in HGC-27 cells (crystal

violet)

®3 BRX HGC-27HFSEER MM FIE (3+s5,n=3)
Table 3 Effect of BR on colony formation in HGC-27 cells (x+s,
n=3)

21 51 e JE /wmol - L 1B 5 B TR 1 E H /A
2 HA 687.50+13.50
BR 41 7.5 480.00+11.00"
15 234.50+9.50"
30 131.50+6.50%

P<0.01) ; 40 ff1 N 2k & & B B 1 £ (P<0.05, P<
0.01) ; 4fi g LDH it i B &8 3% £ (P<0.05, P<0.01),
YR Mk B R B PE . HL &k BB T 40 R Fer-1
(10 wmol-L") B Bl BR S E A A e T, 0

TE:A. iméﬂ-Bm BR#1(7.5.15.30 pmol-L") ; E.BR*NAC 41(30 ;Lmol-L'+5 mmol-L™")

E2 BRY HGC-27 41K ROS KT SN (DCFH-DA,*20)

Fig. 2 Fluorescent image of BR on intracellular ROS levels in HGC-27 cells (DCFH-DA , x20)

.84.
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*4 BRI HGC-27 41 ROSK TR (x+s,n=3)

Table 4 Effect of BR on intracellular ROS levels in HGC-27 cells

(X£s,n=3)
21 5 e /wmol - L7 A X i
Sk 38.50+4.52
BR 4] 7.5 76.50+4.25"
15 105.50+7.51"
30 148.50+9.50%
BR+NAC 4 30+5 000 78.50+95.50"’

58 AH I VP<0.05, Y P<0.01;5 BR 4 (30 pmol- L") [k
3YP<0.05,YP<0.01(F5-% 7))

Pl BR 51 B9 40 B 4 B5 i Ak K S 5 BE B AR
A0 i P9 Ak W S A A 40 e LDH (793 s (P<0.05,
P<0.01). R BR5|ZAGEERIET: . WS,

&5 BRI HGC-27HM%KFET MM (F+s,n=3)
Table 5 Effect of BR on ferroptosis in HGC-27cells (x£s,n=3)

1S4
| w2

3.4 BR X} HGC-27 4fi it £k 58 T AH OC 2 11 (Y 5% 1

525 (4 &, BR(15,30 wmol- L) 4 Bk FE T~ 41
3 KA SLCTA11, GPX4,SLC40A1 mRNA 7K - B
WREAR, 22 5 A Gt 2R L (P<0.05) , BRIE T HH &
FE A Transferrin mRNA 7K 3 B g 7 & (P<0.05, P<
0.01) , & v BE MR #i k. 545 1141 &, BR
(15,30 wmol-L") 41 £k %t 17 #H ¢ & 11 SLC7AIL,
GPX4,SLC40A1 # ik B g f% Ik (P<0.05, P<0.01),
BR G T- M ¢ 8 Transferrin A9 36 35 & 35 89 i (P<
0.01) , 5% B v B A a1 Pk o H 4k B8 172 40 il 57 Fer-1
(10 wmol-L™") BY & 4 il 1 BR 5] & 1y SLCTAIL,
GPX4.SLC40A1 & 1 3R B KK, B W 0 4 th BR 5]
#2 f Transferrin & [ % & B B ¥ £ (P<0.05,
P<0.01)., W3k6.%7.Kl3,

21 541 e /wmol - L™ Y HLAF 16 2R /% JE TG o A AR K Al R A T A LDH i i AR X
24l 100.00+3.90 1.00+0.05 1.00£0.08 100.00+7.00
BR 41 7.5 72.95+3.55" 1.37+0.06" 1.49+0.07" 152.00+6.00"

15 50.70+3.40" 1.85+0.09" 2.32+0.15" 255.50+8.50%
30 36.20+2.70% 2.38+0.09” 3.10+0.12% 367.50+10.50
BR+Fer-141 30+10 85.85+3.55" 1.16+0.08" 1.29+0.07" 155.50+7.50"

#6 BRI HGC-27 @ THXERE mRNAKFHHI (F+s,n=3)
Table 6 Effect of BR on mRNA levels of ferroptosis-related mRNA in HGC-27 cells (x+s,n=3)

2157 e /pmol- L' SLC7A11/GAPDH GPX4/GAPDH Transferrin/GAPDH SLC40A1/GAPDH
ISE| 1.00+0.06 1.00+0.05 1.00+0.07 1.00+0.05
BR 41 7.5 0.80+0.07 0.78+0.05 1.24+0.11 0.76+0.03
15 0.62+0.03" 0.49+0.05" 1.63+0.11" 0.61+0.06"
30 0.42+0.03" 0.31+0.07" 2.86+0.07” 0.44+0.05"
BR+Fer-14{ 30+10 0.86+0.04” 0.82+0.06"’ 1.35+0.09* 0.79+0.05"
#7 BRITHGC27THMBKETHXEZEARIENFEM (x+5,21=3)
Table 7 Effect of BR on ferroptosis-related protein expression in HGC-27 cells (x+s,n=3)
4151 W /umol-L'  SLC7A11/GAPDH GPX4/ GAPDH Transferrin/ GAPDH SLC40A1/ GAPDH
=K 1.00£0.06 1.00+0.08 1.00+0.10 1.00+0.05
BR 41 7.5 0.71£0.04" 0.77+0.05 1.22+0.06 0.73+0.05
15 0.47+0.05" 0.59+0.05" 1.88+0.10% 0.52+0.06"
30 0.31+0.06” 0.39£0.07" 2.45+0.13% 0.28+0.04"
BR+Fer-141 30+10 0.75+0.04" 0.82+0.03" 1.47£0.06" 0.75+0.04"
3.5 BR X} HGC-27 4 ffl Nrf2/HO-1 i@ [ /9 % W Nrf2 fl HO-1 (9 8 113838 B 0 B AR, 22 5 A e il 2%
523 (4 % ,BR 41 (15,30 wmol+ L") Nrf2 . HO-1 X (P<0.05, P<0.01) , &% ¥k B 4K #i k. BR #l ifi]
mRNA 7K F W] i BEAIK, 22 5% A 483 2% & L (P< Nrf2/HO-1 38 # , 240 il i $i A AL R G2 Bk . I
0.05), SV BEMMIE . L3 8. BRI (30 pmol-L") Kl4.3%9,

.85.
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SLCTATT M S . - 55 kD2

GXe I - (2
Transferrin S ”- - 90 kDa

sciont M S S - 52 <D:
oD I 7 0-

A B C D E
WA 2 4 ;B~D. BR4(7.5.15.30 pmol-L") ; E. BR+Fer-1
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Fig. 3
HGC-27 cells
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Table 8 Effect of BR on mRNA levels of Nrf2/HO-1 pathway-
related genes in HGC-27 cells (x+s,n=3)
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Table 9 Effect of BR on Nrf2/HO-1 pathway-related protein

expression in HGC-27 cells (x£s,n=3)
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Fig. 4
pathway in HGC-27 cells
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Electrophoresis of Brusatol on Nrf2/HO-1 signaling
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