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i E: BW RO E QB Tripterygium wilfordii 3 = BAEFLARME (triple-negative breast cancer, TNBC) 54 K& 1
TER B, Ak i MTT. iR, 25RO R w BT S ie, VPO TR A e 4T1 4HMOI8E . 1078 S oe E TR i)
MHIER; R Western blotting 4387 85 A BEXS 4T1 4UAREIE T AH G BRI . AR /N R PLIRE B R i,
RSB CT 33 & TRAP M EH AN E BN THIER . AR HABRTEMG 4TI MG 5HE. TR
TR (P<<0.05. 0.01. 0.001), [R5 SBRAE T IFFEARAZE T E2 AHSCIE T 2 (nuclear factor E2-related factor 2, Nrf2). VA i
HARENE 7 Bt 11 (solute carrier family 7 member 11, SLC7AI11). &t HRLIEEALYIHE 4 (glutathione peroxidase 4, GPX4)
HAMRRE (P<0.05. 0.01. 0.001). ASLIGEE RN, o ] $0] 2L MR B Fe A B /I SRR RO E R, B AR A 1 i
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Effect of Tripterygium wilfordii on proliferation and bone metastasis of triple
negative breast cancer
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Abstract: Objective To investigate the effect and mechanism of Tripterygium wilfordii in inhibiting the proliferation and bone
metastasis of triple-negative breast cancer (TNBC). Methods MTT assay, wound healing assay, crystal violet staining and colony
formation assay were used to evaluate the inhibitory effect of 7. wilfordii on proliferation, migration and colony formation of 4T1 cells;
Western blotting was performed to examine the effect of 7. wilfordii on expressions of ferroptosis-related proteins in 4T1 cells. An in
vivo mouse model of breast cancer bone metastasis was constructed, and the effect of 7. wilfordii on bone metastasis was observed
using in vivo imaging, CT scans and TRAP staining. Results 7. wilfordii significantly inhibited the proliferation, migration and colony
formation of 4T1 cells (P < 0.05, 0.01, 0.001), induced ferroptosis and down-regulated the expressions of nuclear factor E2-related
factor 2 (Nrf2), solute carrier family 7 member 11 (SLC7A11) and glutathione peroxidase 4 (GPX4) proteins (P < 0.05, 0.01, 0.001).
In vivo experiment results showed that 7 wilfordii could inhibit the progression of tumor in bone metastasis model mice of breast
cancer and reduce the occurrence of secondary lung metastasis; 7. wilfordii significantly alleviated tumor-induced bone loss through

3D reconstruction of ex vivo bone tissue; TRAP staining confirmed that 7. wilfordii inhibited excessive osteoclast differentiation and
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recruitment, blocking the malignant cycle between tumors and osteoclasts, and effectively maintained the structural integrity of the

tibial and femoral bone microstructures. Conclusion I vitro, T. wilfordii inhibits the proliferation of TNBC cells and promotes

osteoblastic mineralization. /n vivo, it effectively interferes with TNBC bone metastasis, demonstrating its potential therapeutic value.

Key words: triple-negative breast cancer; bone metastasis; Tripterygium wilfordii Hook. f.; ferroptosis; osteoclasts; triptolide
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Gtit, 2022 SFABGHIGEIERFIZ 1996 Jifl, H
Fh L BT RS 451 230 T34, FET NECH 66 T3
I, =ZEAPEFLEE (triple-negative breast cancer,
TNBC) s&falfEizR 24 (estrogen receptor, ERD.
ZHPE 2R (progesterone receptor, PR) FI A F7
KK F %2 4K -2 Chuman epidermal growth factor
receptor-2, HER-2) ¥ ABHMERIAMZEMR], TNBC
b FLIRRE I 15%~20%, HAF U2 L. &
Gy RAETS SIPE RN F B, e A i DL (1) 38 o 4 A%
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AR FHCAKR (receptor activator of nuclear factor-kB
ligand, RANKL) |71 (i 5D 52540 m] LA
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B R A RIRTT 459 -

AR, AR B E . 2 R SR R IR T
X RN R UM KRG, T 2aIE
A% 18 VR IR AR S . H i) e 19 5 5 e 7
RikHFBEEEZ MG REMEH. & 28K
Tripterygium wilfordii Hook. f.7& —Fifk g Hh 25, DLH:
RERPUR . SR KPR E A3z 6
T, HEBVEVER A OFEE AL R, FABH
. EAENERENS . SERToT ORI ARk A IS
YRR BE M FM ) FLR S A M G B . 1T R AR 280,
75 LR 4H M T 5 E RO, 0 7L B e 2H 2R 1t
AR, MR KI5, TR EDTALR
FEER . AR 7 BA B ENdUMIEIEH Ik,
WHHTBTERT R BRI T3 LLER
WRTTR . WHFIRIE, TFABLAREEW L Toll £
244 2(Toll-like receptor 2, TLR2 )/A% A -F--«xB(nuclear
factor-kB, NF-xB) 15 5 iEEHETH R TR HA
i FE 2 T LT ek 400 ) o 4 L %) A 8 AN T BT

FRO4Ts I 2 2 BRI TR AR
ZH0 R BRI IOPE IR AL, TN T B A BT RE
IR RBEIRTTERRTT I RIB IR 416,

T 55 5B OA R 0] ¢ RERLE 24
ST E O TR AE R O B B TR R T g A
PR, Fa I 5T B SR 5 AL s B R 1)
TERNUE B A BE R L. Bk, RFARET
TNBC ‘B o e -1 PR PR A% O 9 BRAREAE
RGRVT B A BEYUMIE 5 B ORI IR XU RN
1 #H
1.1 paS5zh)

SRR FLIME AT (4T D). KR R EFRiC
()78 SRR A0 A (4T 1-luc) WA v [ R 27 o i 7Y
BE TRV ORI ZS DA o I

SPF ZMENE BALB/c /MR, 6 Ji %, 1R BTEE 16~
18 g, WH ILARNN SRR A IRAF, 2
EHAES SCXK () 2022-0006. 4T L&A FEE
24 RIS T G, TEN ISR 1 R
S . BSIGAL AR R 2 K SER S Y B
Tl G5 SDUTCM20230905203)

1.2 75kt

FHOABE (IS 231101) WA EEKFZ)E,
28 1L AR P R 2R 2 2 2 B X R B 4 e o o L
WY TE AN BE T wilfordii Hook. f.1) T 4R .

1.3 #AR5

faA- s (S SA301.02.V) I [ b 5T 241
MEARAIRAT; HER-HE8 AR R RN
W MTT. —H LK (dimethyl sulfoxide,
DMSO). D- Az #h (57351128 C0222. C0203.
ST316~ ST038. ST196) M H i = RAEMEARH
PR ; DMEM =i 7RdE (5 G4511), PBS (i
5 G4202) HhEE-3-WER i =8 (glyceraldehyde-3-
phosphate dehydrogenase, GAPDH) £ wafEfifk (Ht
5 GB11002) HLiti A PR IR I IR A (tartrate-resistant
acid phosphatase, TRAP) Zetaifiil & (L5 G1050-
50T) T H SR 4E /R MBI A R AR e
JURAFIR (G5 BL203B) I H 22 AT R A PR A A ;
T b AR R - SR DA I s I B 1 B R SR P
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(b5 SW116-02) M H AL FELIH AR AR
ol IR B2 #H5IKF 2 (nuclear factor E2-related
factor2, Nrf2) Fiff (5 AF0639). ¥R IAK %
7 ROt 11 Csolute carrier family 7 member 11,
SLC7AL1) Fiifk (L5 DF12509) 14 H A F| I
Affinity Biosciences 2~ #]; A H ki Al 4
( glutathione peroxidase 4, GPX4) #Hifk (L5
ab125066) 1 435 [E Abcam A F; HRP FricHilE
o B ra iU (LS AS014) W H RN Z MR a4
YN a) s WERIRR (S 2129382) W E BT+ T A .
1.4 Y5

U3000-Q Exactive Focus 2 543 #2830 i B A
43 HT4X~ Multiskan SkyHigh %! E#F51% (3£ E Thermo
Fisher Scientific 22 ] ); ChemiDocXRS ik 2%k
gAY (3£ Bio-Rad A #]); IVIS Lumina XRMS
Series I/ NENTEAR UG R G (3E[H PerkinElmer
AF]); SkyScan 1276 B/INEh# Micro CT [if% &4t
(Z£[H Bruker A7),
2 7k
2.1 FAFRBWINSIZRRS S
2.1.1  EHABRRRIMNE & U100 g B ARG,
BN 10 521 95% LB, IR . AL EE 45
min, AH B, #NEFRSE, 3000 r/min &0 10
min, B RIS, WEEE 78 R AR [ 20 2 T R
o, HETESTEAR TR, 85 QRIS
ARO7, 2 HPLC Al At 72 i) 2% RS2 Uy vh 7 2 Tk
F 2= i &= 70408 0.002 3%.
2.1.2 ARSI Y 43 B

FEFRE 20 mg B ARIEIUIBR, H 95%4
FEVARZ 2 mg/mL, JEIE 0.22 pm JEERE, A
BERE/MIA A, LC-MS HEREAGIN o

(1) it KA Ultimate 3000-Q-Exac 7}
AT A0S B 2N R R BV A B R Ay 3 AT A b, A
Acquity UPLC HSS T3 i 4+ (100 mm X 2.1 mm,
1.8 pm) . BN FHEE (A)-0.05% B2 /K IE W (B,
156 P M : 0~8 min, 5%~50% A; 8~ 15 min, 50%~
98%A; 15~15.1 min, 98%~5%A; 15.1~18 min,
5% Ao FRFURE 0.2 mL/min; #3525 'C; BEFEE
5 uLo

(2) Fritskfh: BSIETUE, 1B, AEFRR
s 25 1 BB EETE Rl m/z 150~2 000, 2
B B VS m/z 80~1 2005 HLJEA 4 000 V;
AR E 45 mL/min, 3BT EBRRE 10

mL/min, E4IEEE 300 C. KHEFAE “Qual
Browser” ] Thermo Xcalibur 45 w7 2
P HT. 255 TCMSP (https:/old.temsp-e.com/tcmsp.
php) #1 PubMed (https://pubchem.ncbi.nlm.nih.gov/)
Bmre, WEIRE<IX1075 LLRSITIM L2250 -
2.2 HYELH
2.2.1 PRSI G RG] FRECE A e
W ARE R, FZRTRKIEAR, ol C i) oot sk
FEN 8+ 4 mg/mL FIATRISY, 43 F 8 AT e
R RS2 .
222 RSMSEIGER ZIIE L H]  ARELTE A B
IR K 10mg, LLE DMSO Bhig)a, Hseats
FIETERZE 5 mL, FCHIRAREREN 2 mg/mL
[PIBEA, 0.22 pm FRFLIESS IEL BRIA, 3%, —20 C
RA7-4H, DMSO ZARFI /N T 0.1%017),
2.3 YHREEESE

AT1 PR & 10%06 240 ISR 1% 5 % R /A%
F I EFE DMEM 15983, 4T1-luc 40 & 10%fh
4= 175 (1) RPMI 1640 55783, 7 37 “C. 5% CO, %
FRFah G TR, RS 1A AR T IR
2.4 MTT AWM EEER

BOW BRI 4T 4080, BREEVHACS, &
AR, DL SX103A/FLEFI R 96 FLARH, Kid%
24 ho SEERLHINNAN A B FE (0.4. 0.8+ 1.24 1.6+
2.0mg/mL) FIF A BRI, STRAIMAA S 259
(ks dk, 2k8:859% 24 h. WK E AEMARAS
A ESL. A 10 uL MTT %7K (5 mg/mL),
BEOGIFE 4 h, 2 EHEBREMA DMSO Wi, fi
FHBEARCIE 490 nm AL FIWRIERE (4D {H, T4
MOATF I

MIAFTER =(A 45— A w=)/(A nu—A wz)
2.5 XRSEIGAMZRAT R RE

BOWEUA KR 4T1 gifudedh T 6 SLERCF, 41
i 25 Bk 3] 80%~90%H, I 200 pL #kkIIR,
PBS jE¥EfE, MAANFFRKE (0.2, 0.4, 0.6
mg/mL) I AR, MRAIAA & 291
RERdk, 4ksEREIR. T 0. 24, 48 h WEIHAME,
H Image J BATIERYRITR, THEITHE.

THE =0 h VYR —24 h 5% 48 h RIYREAR)/0 h &I
T
2.6 LEERESCIGHINILHRETE S

B B K 4T g0isefh T 6 sLAR+, 41
b5 B IS B2 80% T, HIAAN ] T S FE (0.4 0.8
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1.2mg/mL) HIE AR, SBAMAAET LY 210 BREMEEHLE TRAP $6

(s FR%E, 488595 24 ho PBS JEWEE, A 4%
K HEEE 2 30 min; PBS JH¥E, IS SERER

B E 15 min, PBS EYE 3 KIF T, L.
2.7 4R 52 PE SCOO 4G 4HBE sa PR IL A BE

BOECAE KA 4T1 400, BL 500 4~/FLER
T 6 FLIRH, WHEE SN F R R (0.4, 0.8,
1.2 mg/mL) 8 ARSI, $RAIAAE 2459
(e FREL, dkalisas 14d, B 3 REH 1 IR FFH.
F 4% % 5 WS [B] 8 G 3EAT 45 SR e a1, 3
Byt st B, IR Image J 845 v0 BB T B
2.8 Western blotting & Nrf2, SLC7A11. GPX4
EA=E S

UGB KA 4T1 gifufzedh T 6 SLAR+, N
AARFEFREWRE (04, 0.8, 1.2 mg/mL) I A
FEEY), MRS B AR FREE, 1595 240
JE B E A . ] NanoDrop 7066 RETHIN5E &
FIRIE, I EFEGZ M IBIFAE 100 CHNFA 5 min
E AR B AR b R ORISR Y A
Wt Yk, % PVDF B, £ 2 h JEInA—4i,
4 CHFELR; I HRP bR —Pt, TEENE
2h, AN ECL &R0 E 5, FIH ImageJ 3K
53 M kA I A
2.9 IS, EESHTE

MEPE BALB/c /N BRAE S SUGE RIS, FHR S &=
TESHERE 10 pL 5 2 X 1054 4T1-luc 40 L 1) 40 i &
BENIE BB REE, MR E A2, iR
(n=5) VESAEHEIK. 7d)5, KDREEHL A
I R AEE . GTIE (80, 40 mg/kg) P AN
MR BERR (30 ug/kg) A, B S R, BaMke. 1K
FIEHRR ig B AR, MORBERRAEE 2 K ip
e R3], 5259097 21d, B 7 REEHT 1 IRIHE
WS I LE AT 1d, {8 Micro CT X/ R
AT A .

A
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t/min

&1

RIRGHER G, MBHEALIE /N, BURE K&
J&t, TZERPBEPEE, WA 14% L "N O
(ethylene diamine tetraacetic acid, EDTA) AT /IS,
1E 4 C TR WA EREHSRmAAE, VRE
HE4T TRAP Zeth, T RAEE N EHHIRR,

2.11 NEBEWR R &

N ip D-R G ER A ER (150 mg/kg), VS 5~
10 min J5 AT S RUbE BRI, F /NS0T R AR &
GEHEAT LN RO,

2.12  Micro CT Bk &

A Micro-CT 7 #r RGN/ B AR T =
YrE g, fETUE X BOGEIX A B 3hTHE A AR
7% (bone volume/tissue volume, BV/TV). ‘& [HIFH
% (bone surface/bone volume, BS/BV). ‘&K
U2 (bone surface/tissue volume, BS/TV). ‘& /)
WH & (trabecular number, Tb.N). FH /NG JEJE
(trabecular thickness, Tb.Th) & H ¥ 5 % [ (bone
mineral density, BMD) (23],

2.13 Micro CT jE{RE &

{4 Micro-CT 23 #r R4 /N RIEATiE R R
TR SRR, /N BRI N N R, Y
W] 5 0, FeREALES A A U6 AR AT a4 .

214 GiitFE S

{4 F| GraphPad Prism 9.5 %t % B 347 E &
EhbE, RAXEsEKR. RHBKEET Z0H
(One-way ANOVA) HEAT4H 7] 22 5 (A LR
3 4R
3.1 BEAEREWIA UPLC-Q-Exactive-MS/MS X7

1E. ST B A R B B i B
WE 1 R, BT SHAHRICER 0 E DR B 1]
FETA R EAE, X AR AL 2 o 34T
HoE, BEHEABRPER. HARNEEE. 7FAM%
MRS 15 M2 (R D).

B

U bl

0 57710 15 20 25 30 35 40 45 50
t/min

IE (A 71 B) EFERATELRERYNRAETFRE

Fig. 1 Total ion chromatogram of 7. wilfordii extract in positive (A) and negative (B) ion modes
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®1 BARERYTHRDEE

Table 1 Identification of components in 7. wilfordii extract

BE KOl wmn BTR (X"‘lffé) BABT ) HTHR PubChem CID
1 RERER 31.35 C30Has03 457367 4 4573676  —0.437 203.1795,439.3571 IEET 64945

2 TREFRHEE 297 CH6O3 139.039 1 139.039 0 0.719 121.028 4,111.0441 [EET 8768

3 BETFIKERE 1.71 CisHi407 307.081 1 307.0812  —0.326 289.070 8, 165.054 6 [E& T 65084

4 HAEAEEH 16.83 C30Has03 4553530 4553519 2.146 315.1593,409.2103 IEET 158477
5 H kR 16.65 C20H2206 359.148 6 359.1489  —0.835 343.1542,191.0703 [E&ET 65411

6 M 5.03 CsHioN4O2 195.087 8 195.087 6 1.025 178.061 1, 138.054 6 IEET 2519

7T EAERE 321 CaH20p6 361.164 3 361.1644  —0.277 343.1489,297.1332 & T 107985
8§ KEEHK 11.91 CisHioO4 255.065 3 255.065 1 0.784 135.0088,199.3121 1FE T 5281708
9 RILKE 6.52 CisH1406 291.086 2 291.0863  —0.344 139.7207,123.4098 1FE T 72276
10 REBTILHKE 424 CisHuOr 307.081 3 307.081 2 0.326 139.403 2,287.6056 BT 72277
11 JFHEHE B 4.34 C30Has012 579.149 9 579.149 7 0.345 291.086 3,409.0924 IEE T 11250133
12 FEHZR B 5.94 C30H26012 579.149 6 579.1497  -0.173 425700 5,287.1097 [E&T 122738
13 BRE 6.64 C21H2009 417.1178 417.1180  —0.479 255.4067,137.2034 IEET 5281807
14 BRE 6.63 C21H2009 415.103 1 4151034  -0.723 297.106 5,162.704 6 1 EF 5281807
15 W ag i 13.06 CisH1007 313.0354 313.0353 0.319 205.4245,211.5004 BT 5281813

3.2 FBOBREUWDING] 4T1 HAPEIETE N S IEFL AR
WK 2-A fioR, SxPIR4ibbis, & A BRI
YEF 24h J5,4T1 A7 153 23 T (P<<0.001),
HEFEMARME, HPEEINHIH A (half inhibitory
concentration, ICso) {HN 1.081 mg/mL. N T #E N
TV U 52 T N IR SR BT AT 1 4 B g B A A

WA MR AT 45 R et S5 R 2-B. D, 5XTH
ML, SRR A BRI B EH0H] 4T1 40
A 150+ B s50-
< 1004 < 1004
3 E 100
Jact W
= 5
§F 501 Eé 50
Xt 04 08 12 16 20 papiGs
A EFR I/ (mg-mL™")
D WA BRI/ (mg-mL )

%

M4 (P<<0.01.0.001), H 2F &AM, 5 MTT
SERLE R — . whEE AR R (F2-C B) &
TN, EATEIREUVER 14d 5, RHIBALIE R4 A
TEBER L HAEMEE, A BRIEIH 4 it
EREMEIR (P<0.05. 0.01. 0.001), E&EA
FO H RS DL RS RS, A BRI AE
i N AT AU IG5 K e FE A A,  HLE A7)
AR

€ 4001
3004 *
*% i) N
' =
ESY
sk sl 200
=
skesksk
*kk 100
0—
04 0.8 12 X 04 08 12
ARSI/ (mg-mL™) ARSI/ (mg-mL )
E *A%T%EX%/(mg‘mL’l)

X HE

A-MTT £ 5

TN TESEIUINS AT ARSI B2 B D-25 S Y A

5 A REEIUINS AT1 RIS I 056 C. E-T ABRIEIUIXT 4T1 40

MTE R R IR s SRR "P<<0.05 "P<0.01 “*P<0.001, FEIM.
A-effect of T. wilfordii extract on viability of 4T1 cells detected by MTT; B, D-effect of 7. wilfordii extract on viability of 4T1 cells detected by crystal

violet staining; C, E-effect of T. wilfordii extract on colony formation of 4T1 cells; P <0.05 **P<0.01 **"P <0.001 vs control group, same as below

figures.

2 BRG] 4T1 MAEIEE R R ERR (X+s,n=3)

Fig. 2 T wilfordii extract inhibits proliferation and colony formation of 4T1 cells (X = s, n =3)
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3.3 BRI 4T1 AT W 3 fiw, SxRRAE, FABRIARIR

DN A M EE VR B R E X SRR 4 R ARG, MMIBRACR, HAHMIT R A
T, EBURFEERE (0.2, 04, 0.6mg/mL)  TWFEFEK (P<<0.05. 0.01. 0.001), FHIFEAREHR
(TR A BESEE 2 BIVER 24 48 h AT RIJR S . BT AT M 4T1 G AR EE T .

B ARSI/ (mg-mL™)

48h
150 -
o 1004
o)
ﬂj 50- EE
0-
X 02 04 06 WHHE 02 04 06
ARSI (mg-mL) A TETE (mg mL)

3 FOBRREUWIING 4T1 4T (X10; x+s,n=3)
Fig. 3 T wilfordii extract inhibits migration of 4T1 cells (x 10; X +s,n=3)

3.4 FOBKRRIWIEID T Nrf2/SLCTAII/GPX4 RUIEEZ &R, ITH R TR RS A RGP
BIES 4T1 WS T SR TE 300, g g 3 VAN 46 i e (32 b 3 ik 23 e H R

FUIRIE I R AR R R e 250 58I T % V)M (glutathione, GSH) /GPX4. iZ &1t GPX4 [4fR I
X, PAIEERAETIEES OO BT TR 25t K ) pS3/SLCTANL SRl Ekifs FEIET:. 2R, HATwWIG
HEJ A, AR, BURSETEE 20N W AR ILIE S TE S R IR . AR
) L iR e HE R 201, B YR E L pS3/SLCTALL/  GEIEAENI Nrf2. SLC7A11. GPX4 XigHREAKIA,
GPX4 55 5i5'F 4T1 ML T MEHZHE  BIEf s AL rIdLs, ARARADIES
it p53/SLCTA11/GPX4 {55 Hhfe it =B AL IRJE BT iImt st ikds . i 4 Fos, SXF#
MDA-MB-231 4k FET-28); 1 miR-221-3p id3&  4HLLEE, 0.4, 0.8, 1.2 mg/mL (W FH A BRI AT
IEMGE R Nrf2/GPX4 HMHl B AE T et 2120, 18 DU T 4T1 4008 Nrf2. SLC7A11 fil GPX4 &
INERAET I S I 2 B e E . T AR Ay BRIA (P<<0.05. 0.01. 0.001), FHEHARIER
) L O VE AL = 2 S0 G 5E . AR Weli@Ed #H] Nrf2/SLCTA11/GPX4 EikiES 4T1
2800 F T RN, P AR R A S difEkAE T

B BRI (mg mL) 157 201 17

Nrf2 SLCTAIL GPX4
XE 04 08 12
A 1.0+ % E 1.0 ok
- =
GAPDH| s s S W8 3 5 | E - S ol o S
SLCTALL| w e s o 45X 104 wrx < X .
- Z 0.5+ Q sesesk 0.54
R s Z o
GPX4 - - s oo [19X10*
0 A 0 - 0 -
» 4
GAPDH| e S - - 3.5< 10 X 04 08 12 A 04 08 12 A 04 08 12
ARV (mg-mL") ARSI/ (mg-mL ™) AR/ (mg-mL ™)

4 FBAFEIZEMIST 4T1 4088 Nrf2. SLCTALL. GPX4 EARIXMEMN (X £s,n=3)
Fig. 4 Effect of T. wilfordii extract on expressions of Nrf2, SLC7A11 and GPX4 proteins in 4T1 cells (X + s, n=3)
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3.5 BLBRIEHIIGEEBMEN T RS L
jedid s
N T VAL T 2 SR U 40 ) LR AR 1

A BRI R — g Ry 1ER . mESD
Fr, A BRI S A/ ST Fe 5
TR (P<0.05). W& 5-E Fias, mizﬂ/m

Bz e 7 TR 2 B PRIV 2 ] T R
R 51U AR R Rl RS . Segtd fE s 41/
MR E Y R (& 5-F). L ESEREN], &
W ERIUCYIRENS T TFL A B R R IO LR, F ELxt

ZiIRER, ANRIBEHES 4T1-luc 40M0R B %
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A-real time fluorescence imaging of tumor growth in mice; B-fluorescence analysis of tumor in mice on the 21st day of experiment; C-representative CT

images of mice in vivo; D-spleen index of mice in each group; E-representative images of lung tissue on the 21st day of experiment; F-changes in body

mass of mice in each group; "P<0.05 *"P<0.01 vs model group.
E 5 BORREIINGSEBMBNERMAELEMER (Xts,n=5)
Fig. 5 T wilfordii extract inhibits progression of bone metastases and secondary lung metastasis (X + s, n =5)
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A-representative Micro-CT reconstruction analysis of bone tissue; B—G-analysis of bone-related parameters; H-TRAP staining of tibial and femoral tissue

(x20);*P<0.05 *P<0.01 *P<0.001 vs control group; “P < 0.05

&l 6

*P<0.01

**P <0.001 vs model group.

BARRIMISI & HAESEMFEFREL (Xts,n=3)

Fig. 6 T. wilfordii extract inhibits osteoclast recruitment and bone loss (X £ s, n=3)

4 Wig

AT AP SRR A TR 0 R v 1H B 52 B 55: . wt
FUFE W H 3 BEME O W TR o R AL R T aEa R A
S M JE ISR . b U A R S O 1
(cyclin-dependent kinase, CDK) 1A 5 541 o i 11
PR, # A FLIJE MCF-7 40 A WIFH 7€ GoM
JAD3-340 5 0 7R P TR B U 4% miR-142-3p/FR T
1 70 Cheat shock protein 70, HSP70) i #&4i]
MCF-7 43958 . 12 ZFITEL) A BRI Moy
2 B I Z AR T N BT I ik A7 5 - L 4 U

T, BHIEFLRR s e #2350, 75 A ik F 2 v L1 MCF-
7 dffirh BERAROCE F R, MR B RS2 AR
HERIL, [Eakgn i | B, dy 2 ik H 2 i 4 )
Twist #15¢& H 1 (Twist related protein 1, Twistl)

A AFLIRE BT-549. MDA-MB-231 fll MDA-MB-
468 AL+ 552 A% -1 (neurogenic locus notch
homolog protein-1, Notch-1) HIFRIAF NF-«B 1)
B2k, MM PECH 24558 (neural-cadherin, N-
cadherin). & N K558 H (vascular endothelial-
cadherin, VE-cadherin) AL PN J7 41 f A& K K752



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

» 4287 »

A& 2 (vascular endothelial growth factor receptor 2,
VEGFR2) M)eik, 0| ki FABTER
Al DI N I ERCR 52 AR AH OC ) ERa. ERP All22 5
JRE AR A BB 1/2 (mitogen-activated protein
kinases 1/2, MEK 1/2) #F3&I& LBERRACK, 1
fill MEK/ER {55 3@ ¥, MM A xT 4T1 241 i 401
TERIBT, BRAERE 2 RAETHT S B, mA
WHFtd7R 75 A RS T Nrf2/SLC7A11/GPX4
PR 4T MRS T- R . X — RIS 7E0N
SURESL, R AREEO 25 7 m B U B AL TR SR
#b, SEORBRIET W] BE BN T A DL 2 A EAEAE FE I
FAEHLH o

BN FRAE L A A I R T R R
R, B AT 2 MERARGEINKIGTT, WS
HRTT R H G S BT IE G50 . W 7TR Y,
T O TR ER O I A A ) B IR I LI 3- TG
(phosphatidylinositol 3-kinase, PI3K) /2 ¥ B
(protein kinase B, AKO/FZ I F & T 4 1(nuclear
factor-activated T cell 1, NFATc1) 155 i# M &0
MR E AL s, HETRFEDUE PR RAE ), &
23 T TR P B BB A L) 32 SR T R A
B A BRI D e R XCEE A S, R A Ik S
— HBE R E A R AL R B T B NF«xB
MAPK {5 538 B 41041 B 400 e A 10T, ARt 5
TR AR N SIS UESE, 7R EVR TS IR A G B AR
HARESEER, BAARKIA BV/TV. BMD K&
Tb.Th WM, [FE BS/BV F#fik. tb4h, TRAP
Gt — P AIE S T 2 Jo AT AT RICHI ) BB 4 ) 23
W53, WAL 2R T HE R B B
PEH] . XS R INAR 7S TR 4 T AT At o 42 A 1 40
(I BEVEAL, TR MR -t 40 S IR P, T 22
SR B B A

JUE AT TG E RN, (HRT EALLR
JRIPR: EAR AT YA R 25T TNBC B4 i
B, AHFCN BRUF 22 57 T R sEma L S, Rk
i fE MDA-MB-231 %5 N4 AT IIE; T
NIRRT ZIARZFE, RIEREAE I A BAR B AN
i, JE2ER B HPLC $ia 80K 1 45 G m B E7 A e
RERA Ty 45 L, AT TR WY A B 1] TNBC
SIS . 1 S RAE T G B AR,
REMS A T TRFL I B R IR . ARBEFE AN “ 40
-4 R T AR AME, AL
JlE B A (SR G R TT RIS T R AR 1R SR .

HBAR AR FATELEA R

SE R

[1] Bray F, Laversanne M, Sung H, ef al. Global cancer
statistics 2022: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries [J].
CA Cancer J Clin, 2024, 74(3): 229-263.

[2] Leon-Ferre R A, Goetz M P. Advances in systemic
therapies for triple negative breast cancer [J]. BMJ, 2023,
381: e071674.

[3] Liu B, Yang Q, Cheng Y, et al. Calcium phosphate hybrid
micelles inhibit orthotopic bone metastasis from triple
negative breast cancer by simultaneously killing cancer
cells and reprogramming the microenvironment of bone
resorption and immunosuppression [J]. Acta Biomater,
2023, 166: 640-654.

[4] Tahara R K, Brewer T M, Theriault R L, et al. Bone
metastasis of breast cancer [J]. Adv Exp Med Biol, 2019,
1152: 105-129.

[(] Pan Y X, Lin Y F, Mi C. Clinicopathological
characteristics and prognostic risk factors of breast cancer
patients with bone metastasis [J]. Ann Transl Med, 2021,
9(16): 1340.

[6] Satcher R L, Zhang X H. Evolving cancer-niche
interactions and therapeutic targets during bone metastasis
[J]. Nat Rev Cancer, 2022, 22(2): 85-101.

[71 Coleman R E. Clinical features of metastatic bone disease
and risk of skeletal morbidity [J]. Clin Cancer Res, 2006,
12(20 Pt 2): 62435-6249s.

[8] Lfts, B, AR, 55, HT P4 253 2 sl
I UESR DT A BRI RGOSR B HIALE (7. B
Y 5IRIR, 2024, 39(1): 34-40.

[O1 E#EZE, MR, Bk, &, 5 A8 N B %
miR-142-3p/HSP70 @ 4| A 7L MCF-7 4i i
VA RZERGTH (). b E R AR T AR &, 2024,
31(3): 240-246.

[10] & At FWAKA. 75 208 P9 IS A JE L 1 4% Wnt/B-
catenin {5 il B 5 T = WML FL R A T2 5 B R
[J]. AL R FEES & 244, 2024, 34(12): 1106-1111.

[11] ZhangM L, Meng M, Liu Y X, et al. Triptonide effectively
inhibits triple-negative breast cancer metastasis through
concurrent degradation of Twistl and Notch1 oncoproteins
[J]. Breast Cancer Res, 2021, 23(1): 116.

[12] E#ZE, OR, &M, & 5 AR AR =FIEALR
P A A Y BB (3], bR R S R R
Jil, 2022, 51(2): 187-191.

[13] Bt E. FAMA K FE TLR2/NF-«B {55 EHIGTT
HRTROHLEIFFL [D]. B ut: B PR R,



¢EH 2025567 £56% B 128 Chinese Traditional and Herbal Drugs 2025 June Vol. 56 No. 12

= 4288 -
2022.
[14] B3R, REH, FHIE 5 HARP RN EH DR

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

o B TR i A S A B R e (D). 2R R R R
Sl RITFFL, 2023, 20(1): 13-18.

WRIRFEE, GTRE, B, B v e FH 3 00 ) ol o 40 M A
BRI 2RI T [, o PR A 22 2% 35, 2023,
41(1): 77-80.

M, PNEE, SRR, . BT W2 T
FRARVS FE A E A IR 9T B SC R B R BLE [T].
Hh [ 2R B FH 25 0P 5 4307, 2025, 25(1): 19-24.

N, SRR, SRR, . R ATRREERYIN B BE g
SEHADA T M R2 M [J]. o SE G U5 R AR A, 2011,
17(19): 146-149.

B, M, AR, 55 R AREERY N R SEEE
SCE [J]. tHEAPFELSEHE, 2014, 9(2): 138-140.
SRIRT, H, BORE, S UL R A0 AR
I PD-L1 St SR REEIR (1] Z59VHNIEIL,
2024, 47(5): 971-981.

Zhang W J, Bado I L, Hu J Y, et al. The bone
microenvironment invigorates metastatic seeds for further
dissemination [J]. Cell, 2021, 184(9): 2471-2486.¢20.
LuoZY,LuYC, Shi Y, et al. Neutrophil hitchhiking for
drug delivery to the bone marrow [J]. Nat Nanotechnol,
2023, 18(6): 647-656.

FERIPE. T A R HCYINT IE /) B G 92 ) R 1D 5 T
[7]. shAEFEEZG AT, 2008, 26(9): 2054-2056.

Li B H, Chen Z C, Zhang Z Y, et al. Zuogui Pill disrupt the
malignant cycle in breast cancer bone metastasis through
the Piezo1-Notch-1-GPX4 pathway and active molecules
fishing [J]. Phytomedicine, 2024, 123: 155257.

Niu Y M, Yang H B, Yu Z Y, et al. Intervention with the
bone-associated tumor vicious cycle through dual-protein
therapeutics for treatment of skeletal-related events and
bone metastases [J]. ACS Nano, 2022, 16(2): 2209-2223.
Huang Y J, Guan Z L, Dai X L, et al. Engineered
macrophages as near-infrared light activated drug vectors
for chemo-photodynamic therapy of primary and bone
metastatic breast cancer [J]. Nat Commun, 2021, 12(1):
4310.

Zhang Y'Y, SuF Z, Zhu E L, et al. A systematical review
on traditional Chinese medicine treating chronic diseases
via regulating ferroptosis from the perspective of
experimental evidence and clinical application [J]. Chin
Herb Med, 2025, 17(2): 246-260.

falFF, ZE8kTE, BT, %5 T pS53/SLC7A11/GPX4

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

55 AR B RS SN AL 4T A0 kAt T
FIVER ML [J]. B EE A HE 2%, 2024, 40(2): 282-
290.
EF, Ot @K, & MEZREE p53/sLCTALL/
GPX4 55 Bl {2 1t = B 3L Mo 40 B SR SE T2 O LA 1 7
[1]. BURARTEESS & 44, 2025, 34(8): 1023-1028.
iKfE, D, 2R, 2% miR-221-3p 3B NRF2/GPX4 4
VA TR T R 3k Ll A I FE R 1R 2 T HLHIET T [T].
T IBBE £, 2025, 31(1): 22-28.
EHE, I, ey, & ET RSN K
NG 4 IR A B T R SR TR ke T )
FEFINLE [J]. HHEEZY, 2024, 55(9): 2967-2975.
BEE, FER, M, . HABRL RS N EE
PANC-1 ZHJERSET-HINLAIRT T [7]. o D AR PO
&, 2024, 40(6): 1062-1069.
TRAEEE, BFTNI. &R R pS3/SLCTALL Hiik
SA ARSI [J]. WL PEELS AR, 2023,
33(6): 502-505.
Ou G X, Jiang X Y, Gao A, et al. Celastrol inhibits canine
mammary tumor cells by inducing apoptosis via the
caspase pathway [J]. Front Vet Sci, 2022, 8: 801407.
Feng Y, Zhang B, Lv J L, et al. Scaffold hopping of
celastrol provides derivatives containing pepper ring,
pyrazine and oxazole substructures as potent autophagy
inducers against breast cancer cell line MCF-7 [J]. Eur J
Med Chem, 2022, 234: 114254.
sk, R, BT, 5 R ABRIGYT AR K E
Ferp 2 BRI SUE I (0], AR 5 IRIR 252, 2024,
35(8): 1272-1280.
mOR, BT, KA M, & Bk BS54 SFIEEEER A
HERFESAILIE MCF-7 400 W55 T A s
[1]. HEEERE 244, 2018, 38(9): 930-933.
WER, 5KE, mEAN, & B THEEZRE T EE
AT R DU AR AL T ()], e R
278k, 2014, 29(12): 3739-3742.
S, ANFRRTE A B2 H LI NRF2/GPX4 (5 581815
AN BT T e O S 24 B4 T RPLEIBE S (D]
& B K, 2023.
Cui J, Li X Q, Wang S C, et al. Triptolide prevents bone
loss via suppressing osteoclastogenesis through inhibiting
PI3K-AKT-NFATc1 pathway [J]. J Cell Mol Med, 2020,
24(11): 6149-6161.
M. T AR L4 NF-xB Il MAPK {5 53l i #
B AR K B IR B AR RURL 15 5 BV R 11 S 5 AL
[D]. FE&: FEKF,2018.

[FriEsmdt i)



