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Abstract: Ginsenosides are triterpenoid saponins, and studies have reported ginsenosides have the potential of treatment of breast
cancer. Based on molecular typing of ginsenosides, the main pharmacological effects of ginsenosides against breast cancer were
reviewed. The mechanisms of action are inducing apoptosis of breast cancer cells, regulating the cycle and proliferation of breast cancer
cells, promoting autophagy in breast cancer cells, and regulating of the epithelial-mesenchymal transition (EMT) in breast cancer,
which has certain guiding significance for their further clinical application.
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Table 1 Major types and mechanisms of antibreast cancer-related ginsenosides
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SR ZFANZ 2 E T, A5 A2 2 H Rhy. Rhy.
Rki+ Rpi. Rd. Rg; il Rgs, R[5S HLRE MCF-
7. MDA-MB-231. T-47D 4 fl % fJ i 1200160, A 72
KW, NZ2H Rhy /] & (1] MCF-7. MDA-MB-
231 ZMEHGTE, X5k T R 4E MR T R,
ANZ B Rhy, /] LSEHE T B AR R XK B ke
1 Mg K 7--2 (B-cell leukemi-2, Bcl-2). E4L B ik
B4R+ 2 AR B XL (B-cell leukemia-xL,

Bel-xL) FHEFE 4 B (5 15 Kl F--1 (myeloid cell
leukemia-1, Mcl-1) 1R, ERELIEMERE T KT
F A F (Bak. Bax fll Bim) ff)_EFt, S % Caspases
S e (Rt A 100, NS 24 Rhy B
1% Caspase-3. Caspase-8 FHIEH WFER-1Z 0 R &
(poly ADP-ribose polymerase, PARP) & [/KF, %
& Bel-2 (W31, #ii] MCF-7 2HAR7EAR Y A REKI,
ANZ B H Rk 7]t 7% % % (reactive oxygen
species, ROS) /BEfEMENLEE 3-1E5 (phosphatidyl
inositol 3-kinase, PI3K) /&% 13 B (protein kinase
B, PKB/AkD) {5 5#KIEE, 215 Caspase {KHifH
SMEFNFEIH TIE%, $25 Bax, ZHMAER C. &
fift ) Caspase-3. Caspase-8 Fl Caspase-9 [1JFIEIK
F, AT REEHUE T Bel-2 [IKE R, 55

FLUEM R T2, NS B Rpy i@ R B R
FEAKRKEF 1 %24k (insulin like growth factor 1
receptor, IGF-1R)/Akt 15 51l % 5 )k MCF-7. MDA-
MB-231. T-47D 4817 A5 i AR T, AT 400 i) 2,
JRFE g A KD, NS B Rd RIS S
MDA-MB-231. MCF-7 Ziig i r-1417, #£ MCF-7
e, AZR2H Rd WL INAIAE ) Caspase-3 i
P kiR B A B AR G 4B g, A itk LR
AN T4, fE MDA-MB-231 4iifirf, A2
1 Rd fef% 1M Bax. i Caspase-3+ [F1IK Bel-2
Fik, JBILANH] Akt/mTOR/P70S6 Bl (K115 545 T
i gnfEsE, FSgRETl, AS B Rg @
oA AE T T RS Cextracellular signal-
regulated kinase, ERK) Fl1 Akt IJ2R1%, LS IS 56 iR
XA 2 2K (murine double minute 2, MDM2) 5
RAAK p53 T H ML SR RALK p53 [AFE,
PH W% K F-xB (nuclear factor-kB, NF-xB) {55 i#
F 75 T MDA-MB-231 4 ) 2051821, N2ty
Rgs @] PI3K/Akt {55 i8H, K PBK.
Akt. mTOR Fll Bad fIBERIL/K T, ST MCF-7 4
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Table 2 Molecular mechanism of apoptosis in breast cancer induced by ginsenosides
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AZREEHF Rh, MCF-7. MDA-MB-231

ANBBF Rhs  MCF-7

AZ B Rk MDA-MB-231

AZREF Rpr MCF-7. MDA-MB-231. T-47D

ANBRBHEF R  MDA-MB-231

ANBRBFH Rgs  MDA-MB-231. MDA-MB-453. MCF-7/f
BHR

ANZ B Rgs  MCF-7

PI3K ! . Akt} . mTOR | . Bad !

73T HL SCHR
Bel-2 | - Bel-xL § - Mcl-1} .Bakt .Baxt .Bim?t 10
Bel-2 | 11
Bak t 12
IGF-1R | . Akt{ . ERK1/2{ . NF«xB | 13
Bax 1 . Bel-2 | 17
MGBA | . PI3K/Akt{ . NF-xB{ . STAT3 | 15,18

16,22-23

@7 FoR BT, V7 FoR TR, FERF MGBA-WERE--Mh  STAT3(5 55 S s AT 3

“1” means rising, “|” means falling, same as the below tables MGBA-microbiota gut brain axis STAT3-signal transducers and activators of transcription 3
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Table 3 Molecular mechanism of ginsenoside regulation of breast cancer cell cycle

A4 TR FL e A YERIBLHI SCHiR
ANZ B Rhe MCE-7 V5S4 0 S SR g 11
ANZEH Rk MDA-MB-231 754 E 7 Go/G A5 i 12,25
ANZEH Rpr MCE-7 754 E 7 Go/G A5 i 12

MDA-MB-231 755 4 T Go/ML R v 13

T-47D 755 4 A T Go/ML IR v 13
ANZ B Res MCE-7 754 A 7 Go/Gr A5 i 33-34

MDA-MB-231 V54 B Gi/S s 34
NS B Regs MCE-7 7534 E T Go/G A5 i 29

2.3 {REEFLERFE LR B Rk

B 7S am MR AR B R B A, R
Wit AT BE e N S B H A RO SR 4 B AL 2
—o AEA MR AMEIET:, BRIV 2 hN
RR4nfIEkEE 1 (anti-human thymus globulin, ATG)
W S HAZ U A YDAE e 12 R A1) 77 T P AL
PERAA S XA E &Y CBHS 17 ULK1/2 ¥
Mz 02 EaY. AMRERYE 02K PBK REY.
ATGYA HIZ RSB ATG12 MR IR AREE 3
(microtubuleassociatedproteinlightchain3, LC3) iZ &
MG RS S5 WA Bk (M. B,
Rl AR . FESRIE R R I R ST B,
RIEE DA IR F0 | s B (e gt o R R
AR, B RE A — M A ISR R E R L,
B3 1k 7 R R R AR F R TR R R . — ELhE
RIEFIG, @R IFZ BB E W, |
WA EN— BN PEAEFTE R, GET O/
IR AR AR AN ARG, I (2 g S T 1 s R
()2 W A 35371 AT E R R o] DU E U Va7 I
BRI, NS B2 Rhs. Rgw Rgss Rhoy Fo,

TR I AT LI 0 [ 4 A4 L el 62638431,
Horr, RSN R, N2 1 Rhs ol @i i
H WEAH K ATGS. ATG12 Fl LC3B-II Fy#4m, LA
p62 HEHRIERkD, #f] PBK/Akt 1%, it
MCF-7 41 3 BEFgE 06201, NS 24F Rg, Al
i i ATG7 #1 LC3-11 FJ7K P15 5 MCF-7 41 fifd 5
WRB841, N2 Rhy A LAREAR R VR L 5 R g ok /)
A5 S 13 1] phosphatase and tensin homologue
(PTEN)-induced putative kinase 1, PINK1 ] FlIH 4 #%
Wi A (Parkin) HIERIA, BN & ALYl 1A K 5 Y)
S S ARk -y FLPE R T 100 (peroxisome proliferators-
activated receptor y coactivator-la, PGC-la) [FJFiX,
DA 220 5 IS PSR AR R, 1] MCF-
7 HMMIEEERY. AR Res BRI MCF-7 41
M frrs s, = 2m I MCF-7 4HRa ) B b= A= 4R B2,
ANZBH F @il i ps3 MM TER, FNE
SRR SR R, FaxtFtEH-LC3-1
HEBIAWRAS, &5 ATG-7 KF, RIS T
AHARE E RIS, NS R 2L o 4 WP 7y
THLH IR 4.
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Table 4 Molecular mechanism of ginsenosides promoting autophagy in breast cancer cells
K FLIE AN 7 5B SCHR

NS 21 Rgs MCF-7 ATGS t . ATG12t. LC3B-II't. PIBK | . Akt} 16,26
NS EH Re MCF-7 ATG71 . LC3-II'? 38,41
NS 2T Res MCF-7 LC3-It. LC3-1I't 42
ANZBH R MCF-7 PINKI | . Parkin | . PGC-laf 39
ANZEH F MCF-7 ATG7 1. LC3-II't 43

2.4 XELBRAET EMT BT

EMT /& —Fi A BRI HE 0 5, mT LA S i 40 Ff )
b RRHIE A R RIARAS, AE IR A IR R 2R A RS
R T EE A AN, LA R AL T T,
W5, AHMS A (R R, Aiss)), #%
IR A SRR M b, U2 BN 1
J&, b R AR aT L — FR A AR PR A R
P FHAT AR ISR SRR I (A R Y
FEVEAAL, 7EIXAS EMT i f289, bR Easix
WA YT AU, MRS ek, A
MRS, AHMIRARL, B3R, BriRiE s
K7 e AR 7 E 4G E R EN S
KX EMT 4%, DU EMT %S, @it i
e AEK R F-B (transforming growth factor-B, TGF-
B). 22 R FTEALE I (mitogen-activated protein
kinase, MAPK) Al NF-xB {5 ‘5l B35 | #21M

] petElel, BRI, EMT 78 FL S 1 b i 7
RIERBEVEAE W8, NS HH Rgs. Rbiv CK 5§
LA TP EMT A5 R4BH 2L 0 e A AR
NS H Rgs 72/ FLARE FM3A 4 i v i i 15
B REUR AR AP, $0) STAT3 MsitEis e, Mg
TEVEZH PR IR 7 RS B A2 Ak NOTCH {5 5 i %,  BHAS
EMT HRA:, AR FLIE R RS, NS 2 H
CK Alid@id PI3K/Akt #4241 MCF-7 405458
HEMT, 35175 5 FLIRm 40 f g8 120051, N2 4 Rb,
A SE LN H] MDA-MB-231 408 EMT 152 /R 2R
BEEFEILZE 324K 1 (receptor tyrosine kinase like
orphan receptor 1, ROR1) FIANKI8Z% 7 e 1K
AL ORERY, XL IR HAE] EMT 2 A
Z R RKEFEHNEZNH . A2 8Pl E
EMT {5 1) 70 FALHI L2 5.
N Z A HUFL R I 3 2 HL WL 1.

#*5 ASEHMIARE EMT BT895FHLH

Table 5 Molecular mechanism of ginsenosides against EMT regulation in breast cancer

& Fx L 4 531 AL SCHR
NS B Res FM3A NOTCH | . STAT3 { . GLUTI t . ALDHI { . OCT4 1. KLF4 1 41
NS BEH CK MCF-7 PI3K | . Akt 50-51
NS B A Rb MDA-MB-231  RORI | 52

GLUTI-H & HiFI28EH | ALDHI-LBERLEES 1 U5tk OCT4-)\RIAL 1A T 4  KLF4-Kriippel HEH T~ 4
GLUT1-glucose transporter isoform 1 ALDH1-aldehyde dehydrogenas 1A1 OCT4-octamer-binding protein 4 KLF4-Kriippel-like factor 4

2.5 Hite

251 VATASYEH mRNA miRNA Z KN 18~
25 nt WEHEER AR /NY RNA, @757 H H s
mRNA %) & i A0 40 1) 3 128 SR R 4 25 (R T 1 2% i 2D
A3, TERE gL, miRNA 7] DUsE 15 & FiE 5
BRI MR T 9 A . EMT AR
() A2 54561, Wang SFBTIRE 70 R I 2 1 Rd A PA
B/ N ER AL 4T1 480 miR-18a HFRIL, T
KEIE5H T T 2 (signal transducer 2, Smad2) ]
RIEIK, T IR . AR ZE.

Wen Z50B8HF 5L RN Z 2 H Rhy ] DL ok o 75
MCF-7 4l miRNA-222. miRNA-34a. miRNA-
29a [ERIE, WHAVST 254 2 V8 SRAZ I sl f] 45 2 0t
FLIRSE I 251« Park B AN NS A Rhy
I P R AR S A S EE 5-AS1/miR-4425/8T
) B3 2 FE N Sl ek MCF-7 A=K .
Kim 25005 75 38 B N 2 B Res il 5 5K IR 4w
RNA (long non-coding RNA, IncRNA) ATXNSOS A/l
miRNA-424-5p {55 @ KANH] MCF-7 2 1) 3 58
FRIHILAET
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Fig. 1 Main molecular mechanism of ginsenoside against breast cancer

> ps3 ‘\\‘w
_ [ — Puma
7
\\_/ Bim
p2l
210 f 5 AT
252 PAIEFLIES IncRNA  IncRNA J2&—Fli 200 nt

LLEM RNA, BA 5B TF458. RNA BEH 11
) 3 SR AL FERT A [E] mRNA A [F] (RFAE » FLARE
TS 5 R A IR 5 IncRNA (I8 % V)
Kler62l, N Z:HLH Rgs. Rhy A LU I 9T IncRNA
RIS, MEFLEARAEE. TRARE. A
Z AT Rgs o] LA FL IR A0 M 65, XAl Re 2
WL R MCF-7 4 2 4> IncRNA 15301
STXBP5-AS1 Al DNA 254 115K X3 (regulatory
factor X3, RFX3) -AS1, §4Wi STXBPS5. fRiZH%
Z MR % & 1 ( recombinant glutamate receptor
metabotropic 1, GRM1) RFX3 FIE A F IR 1 1
711 (solute carrier family 1 member 1, SLCI41)
) 2 k1, Al fE 2 38 il % i IncRNA
(ATXNSOS) [R5, NS+ Rhy #ifi] MCF-7
LMY 15 IncRNA [11)3 3T STXBPS5-AS159f
3 5 YARTT IR EEHE 67 $ifk (chromosome 3 open
reading frame 67, C3orf67) -AS1144H3¢,

253 WA LRI R AL SR B AL A 4 2R
TIBAEERD, I SRR P DR R AR A T e
A, B IR HE P EMAT miRNA 554
Jifo FEMLIB AL ZEAB AT T SO R 5 DR RIS A i
BB R 2R IS, DA 2 Wi B s 5161,
I R E R AR A, A S B Rhoy Rgs 7T A

1) L e 40 ) S P B 5 . Ham ZRI6IF 7T R B, A
2 BT Rgs ) MCF-7 41 ffg /& dl i i F Ak i 1 5
L ARTF I SAE 25 PR ATP B2 B4R 26S TE
% 6 F1 N NADPH %L 4, (K HFALI N 0-2,3-1E
TR LRI 55 e It 2 DR RN N 3t e R o A gt P 3
fit] SA SRSZIL - Lee ZFORF 78 R B2 B Rhy il
il MCF-7 40 i () A4 K 5 5 FE 2E 4K Caspase-1 FZN R
JREFEFEER 5 BE, RBEREMARGZE 52 K
TR 53 1 R A

254 FATAETRZ #UMHEAB 2R
Rz R (—REMEN S FRENEARD 5T
TE— R FVRFER IBGAE R, K40 i i 1 8 B 72K,
M B AT, R AR AT R R A
PR . IXERF IR B L2 RIIE . 45 51
TSGR P ARG AE o 2R 5z 2 A v Y 4 A
Wiswr, MR ARG TE . IR, 1238, RAE
HUR RS, Zou SO 78 KA Z B Rgs I LI
1 MDA-MB-231 4l 13 M7 A B RRILIRES
HEHFLEE 0, R X B IR R RS T
E3 7z R %R MYCBP2 f1 E3 SUMO &%
HiEF RAN 4568 H 2. Pokharel 25704 72 A BN &
BAF Rd 52 F A2 MCF-7/ADR 4t £ 24
i 258 A 1 (multidrug resistance 1, MDR1) K2 &
A 9. MDRI [1fasE M rT Lotz 4T
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T, MAS 21 Rd nETZ ZLFK T MDRI
M AR, SEINT 2 2 R RS .

3 ASEEMEEMATAYEEIET MR E
SapA)

NS BT IST 2L 2 A P IE
£ . Zhang 7RIS 2 Rd W L@
MAPK/NF-«B & 4%, B&{K 2 LR i 25 MCF-
7/ADR 475 S 1) ATP 454 &5 B1 5 RIEK
S, 2 R EANR, R IR AEIIH] NF-«xB 5 A
X MDRI HEI T4 G, S8 2R IILENA %,
/> H Pt 21 . Hou 502 FiilE 5 A2 B Rhy 7
T T LR MDA-MB-231 40 % P AL AR
P [P R SR R 2 2 AR O B bR Y (senescence-
associated secretory phenotype, SASP). W5k HLH
Z R T SASP B LA F1Z 28 4 A,
AT LA A Z 2 1F Rhy iEid p38 MAPK. NF-«B {55
1 STAT3 3&4240%] . Yuan 57300 58 K IAE MDA-
MB-231 4ifid, ASE1F Rgs BEARME LR
SR LUK R AL AN Bel-2 |RAMR
15, FHEZFES S Bax fl Caspase-3 IRIA, ASHE
H Rgs BT Bax/Bel-2 140141 NF-kB 15 5 i@ %
TE S S A2 B 0 200 0 53 PR R0 75 S At B o o i
R IESHAER . Zhang DR R RPN S B
CK A5 &R REFNH] MCF-7 A6 5E . EMT Al
P gE T, 1 H NS CKORIAR B AT LA
WERERACR, Hoarhlf EE S PBK/AKt 55
KA. Pokharel UL R IMAZ B H Rd 5
% B 245 MCF-7/ADR 402 MDRI1 Rz &
RN k.

4 HiE

FLIR A A BRI Lo AR BRRE o AR A7 /R
FZRRIE, BN 4 NIEEARFA, BRI
TR AR AR AR T
AR 2 BRAEAN =B 1 LR . LR R YT iR
FARIEIT BOTFAIT . NS BHEN—F KR
PR SR, TEVR YT LR T TH R T TR
ISR = U h I s eIl SR DR ey i g
JRPET:. AN, S A AT EMT. R
MIBAEARFI B A IRTT 2. F5al2, BRI
Z B RIPUE AR AT DU e A 1 S L ST S &
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