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Mechanisms and strategies of endocrine therapy resistance in breast cancer
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[ Abstract] FEndocrine therapy is one of the treatment options for estrogen receptor-positive breast cancer.
The therapeutic drugs include selective estrogen receptor modulators, selective estrogen receptor down-regulators
and aromatase inhibitors. The resistance of tumor cells to endocrine therapy is one of the key factors limiting the
clinical application of endocrine therapeutic drugs. Resistance includes intrinsic drug resistance and acquired drug
resistance. The generation of acquired drug resistance may be related to the overexpression of ERa coactivators and
the abnormal expression of cell cycle regulators mediated by ER, RTKs, PI3K and other pathways. This article
mainly reviews the mechanism of breast cancer resistance to endocrine therapy and the treatment strategies.
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T FE 5, InEE Ak A K T T (transforming growth fac-
tor, TGF) | JiE 5 & #: 4= K A T 1 (insulin-like growth
factor 1,IGF-1) XU i§ & B ( amphiregulin ) Fll % fZ 4=
K A F (epidermal growth factor, EGF) aglo=sl ok
22 R AIE 4 2 W1, M JRER - VR A5 5 il e LR AE
RE AFLIRIE 0 K A R R R PR B S EARE
PRI 1 M 38 2R - R 1 S il 2R T ER B PR FL
Ji g A T Bz —

PN o3 AT 9 A5 S T T R R - R A T
FETFBe, N R 7 1E ER FH P 00 3L e A Y
TGS TP R AT E B, {H 24 50% (4 ER BH ML I 0 R
Xt P93 WAA YT AN B S TG RREPE R R P 4
TRITT 2y o N2 AR Y7 T 2 353 iy D e P R AR A
2 B0 TR 2R 4 B X P9 A IR YA T 25 W A R
RS Wl VAL TSV SR ) Bl A SR B
WHIE R B, A 18% WY 3L IR 8 A7 7 ERa BiCIA
GG A AN [A) AR B Y e T R A2 R Bt
FIRIT R, NF KA KN FZ 44K 2 (human epider-
mal growth factor receptor 2, HER2) i@ % i) 184 i [R) A
AE A3 2 X M 38 2R 32 R 5 PR S 24, P AT g
J& ER BUAEAE REM il HER2 Y 2 3k, i FH P9 43 1 3R
Jrei¥yia ER i HER2 235 B9 BE 1 gl 55 , & 5
HER2 k38 im, AT HER2 T i f9 15 58 18 8% i
BEWHIE, T BUA 3R 9T iR 25 . HER2 B9 1 iiF 4n
PI3K, MAPK 453 s XF PN 73 WA VA ¥ T 245 14 /4 i3 2K 1)
FEAFAERZ A « PI3K-Akt 38 % A4 006 REfle of R i gk =
WEBCE ) ER PP 20 B 3 5, T MAPK (% 303 g
ke KB Cyclin D1 B30 , 42 2F 40 i 1% 5o
G,/ G, 191, 22 Xo) J&] 40 2 11 MO P i Bl 46 (CDKA4/6)
TSR 24 o s N o3 MAIE I T 24 B AL A 2L % A B
o R 24 %) 7 s R i DR 25 YOG B, AR SC FE
ER BUAZE 058 48 (HER2 , PI3K , MAPK €75 Fil ER
AH O % 2 8] A BRI 3X LA J5 T AT 0k, O ) 2
I8 v IRt 245 /4 07 2%

1 ERBFEEEGERE

i 9Rg A i 245 Y 32 SEAL R AR AL 2 245 W 1 i #E
SR T 948 Zhang %5 1 Patel %' 4 Bl 7E
1997 411 2003 4E 38 T 4 i ER« A 3 [N ESRI
KA SR ), 35 W) % B, ERac Y BC 1A 45 & B
(ligand-binding domain, LBD) [y %% 4% J& ER [H ¥4 %%
R kL i N 43 WA i 245 1 F2 SE AL 22—, AR R
i A B 25 [ 308 45 1 O K 3R 32 1K 1 35 511 (selective
estrogen receptor modulator, SERM ) {4, 24 ¥ | 5l & 3%
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75 AL B 1 57 ( aromatase inhibitor, Al) V& I7 Y B 35
bt AR S LBD M RE RS A S AR MM &
WA ER T UHE T8 %, 2 FEON AL bS5
L T Bt [ e P M VR 2 AR N IR 5 (selective estro-
gen receptor downregulator, SERD ) {8 3 254 ] f50 g% 14
T %, Katzenellenbogen %['SﬁééﬂﬂfﬁfﬁT LBD 2= 7%
AIALTE] , 24 B 4 B ER 7ETCRC 1A 45 & i, LBD 5 #A09%
% M (heat shock proteins, HSP) &5 &, M T JC 1k & 4%
GRS IE N . M Rl 5 E OF 5 LBD 4%
I HSP 2 )N ER L 55, ER A8 5 M —EE LS &
RIFAE S FHAER] . Y537 F1 D538 i i Y 58748 &
LBD RASMIE 3, 2 LBD RAZ 5 = KA &, AL
SRR ER X e — B A HTME R 2R SE A, B
7 ER BETE TCECAR M1 B0 T 56 28 R G Al 42 o

LBD [y 5828 BE FEAIR ER X 435 T 50 9 U | B
SRNE B R 9 B R I R R T ER S5 HUR e R
PRI 38R0 VI 2 — S R (9 ER 5T
IEAEVEAT I3 PR U5 1 25 ) GDC-0810 J& — Fi g
RIAEE R AT DI SERD 8 i B Ak ER 2R 4T ER
BH 1 LB P AR o A Ah 52 56 2 B, GDC-0810 g Xif
ERa 572 (4 LI 9o 40 D A 55 25 24 #) 2Lt e 4 M
e HEE R I A 4R FH L R RL G B R R R
WAL 38 AT LN 25 W4k 7 45 A A F- BB AL 25 ) - K
A HUMERCR 259, A0l B O R IR R A A
BRPERE T AR AR R B S A AR R K e
B DR IR TR M Y R A2 A A 24 gy it T
DA 1 B Bk 2 Fhah A, IR LA 2591 5 ER JE A
1 R, By 1k N o WA 245 5 B
2 HER2 IRET

HER?2 3 i 38 1% PI3K-Akt £l MAPK 3 % [ 9
SRR T R BURME, B, B AR XS EROBH
HER2 FHEAY LR I8 6 7 AR 2 ER, HER2 4101 44 571
W, Croessmann 45 % 5% % BH, 76 5% % 1 7L M 9
H, G b HER2 (R FE R Erbb2 58 78 M 3 & T 5 &
P ER BHPEFL IR, FLAE VR N AR SN 2 R B T X
S R RG24 1 HER2 (/) /R AT 336 317 il 5] 7T
20 JH R 52 %) IR AE ) B RS . Western: blot 25 23R
R T8 HER2 5875 1) MCF-7 4 i p-Akt ik
TH#i o Nayar '3 T 8 4 & /L% % H HER2 %%
A8 FL IR S R BAE N IR T i R L6 9] AR
HWHER2 # & T %7% . B4 SERD fE I K _F
FHE )iz, HER2 7% 1) (.35 ] GE 2 1 i

HER2 7€ S B9 N 73 i T 25 7T LA HER2
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NGB i BAlN Qe 37 i 111 B0 311 ) N
Wi £ 35 HER2 (1) 33k 48 B # 1) 2 75 3 B 0 )
afi Y HEECR AP RA T . — I 11 I R i B e 1
FAE ) BRI G HER2 AN A 338 41 i1 550 >k I8 4% JE (nera-
tinib) " X} HER2 575 3 S 1A 43 0 T 25 28 4 A7 —
3 PBK BT

PI3K il % 76 ER PP 3L IR 9 v K R R 78
A B 1, PI3K Y 55 BT A 175 5 K 0T i = MU
22010 LR 20 8 X P9 43 W63 T TR A2 R A R
PI3K, fEAT 2504 il ik L8 240 ffg 1) 2 < (H A0 i PI3K [
It 52 1A 1% % R 18 1 ( receptor tyrosine kinase , RTK) nf;
T FLsh Y B A E K ¥4 H ( mammalian target of
rapamycin, mTOR) H g8 ™ £k & 73 40 I 250CR . WA oF
Feds i, PI3K (578 5 A0 ER BH 1 3L M s ) R 4
WURA S AR PIBK 2828 %) ER BH M 3L o 19
SR GF IR 7R N 43 AR T 259 o A PI3K 1 i 57 g
FE K PI3K %8725 (1 LA IR K85 10 0 R A A2 00

SR U PI3K S % 45 H1 57 (4445 PI3K, mTOR
A Ak IR BN A BE Rk 5 ER FH M FL IR R
BTG o 90 4n s BT 3% A R (alpelisib ) & 5 A4~ 58
FDA St i T L o 0 300 19 PI3KC #1131 591, & 55 3R
4w BB E 2T ER FHM: (HER2 B % \PI3K 28
A5 i 109 FL AR R0 . T mTOR 4 1 R 4K 4 51 5
(everolimus) HE FH Wy PI3K i B&% T iF 1Y 5G4 75 M5,
Baselga 25" (1 BF 5% 1 W] R i PIK3CA ( 43 f4 PI3K
By ) 248 5 45, B H everolimus FI AT #{ 8 H T
Bk Z 25 Ry EROPH M FLIR . Ak 10 3] R
capivasertib 5 554k 5] Bk HI X Ake 2878 A 3 (0 N 43
WA 25 9 ER B FL IR AT RE A 2
4 MAPK @R

MAPK % 14 (1) i 0 A 45t 2 27 4R 2 1 (neu-
rofibromin 1 ,NF1) Fil RAS, RAF £& 15 2 8 0E F 4P
SRARA . Razavi BRI R B, 2EHFSE Y 90
i ER [ HER MR FH T, A 16% & 47 7F RAS/
RAF/MAPK i [ (1) 5 4% | H 31X %6 8 35 #4252 3o ok #¢
P SERM & AL 677, HRAER B E R/ T RENT
WARIT W IR & LR A . Hoth NFI 2 2 3 WG
7 J5 AR MR K — 5, NFI %fih RAS GT-
Pase W 1% 25 11, A8 B ¥ W00E MEK 3% 42, #F 1 5 3%
RAS B HF ST | 5 P05 Pk 4 20 WA TR 25 4 06
NFI1 3Rk g e {2 i ER JEHKA 14 Cyclin DI Y 3£
ik i 5 CDK4/6 25 4 fdf 4 M 7E 44 oh 7 A ME R
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R 2 . HAh, Razavi %67 X%F 1918 i 7L i
Joi (Hoi 1501 i) ER 3k BHAE) SE47 T 3L B 410 7
R Z N5 IR T I 835 h MAPK AH DG
SRR (B3 N, U IR AE X AT i 24 1) % B8 1 L Bt
& 1Y) KRAS ,BRAF Fll MAP2KI1 Z8 AR i R A5 s 0 |

Zi I, MAPK 3@ % (% 3 i 7 7T 68 25 e 43 il
HGITF R 25 B B . Khajah 287 78 1A &b i BF 55 % B1L
ERK1/2, p38 MAPK 17 il 551 & &% 76 14 1 41 il ZL B i
M 2R A, ELRE A 40 M R R A AL . RAS &
B UL I RE TG R, e KRAS SO f 8 WL R
A TERE KB 10 4E b AR 228 3 B AE AF ST 8 1)
RAS BI25 ¥, % A 3K 753 I DR HE 7 . Kessler 255
Wit T &% BI-2852, fig ¥ 5 RAS AS ] i M 45
A, T A 4 R 7] RAS {2358 (5 5 . MAPK i@
B ) ERK 9 1 ] B, A 68 5 Az N 4 W6 it 25, A
ERK1/2 #1l %] ulixertinib ( BVD-523) {14 Iffi B it %
2 L0 . ulixertinib (BVD-523) BE7E — B W T JL
T 4l ERK1/2 B35 M, 5 09 40 W36 97 245 W B
A I B AT 3% 5% BRAF , NRAS 575 ‘3 30 N 43 WA G
Y25
5 £ERE ER BB SR

R B BR T OB T ER R HLR I R R AR R
Wi &1, 2% 38 % 2Z (6] ] BE A7 78 £ 4 20 T B 4 5 e
Sy UBTE 24 o AN - ME T RE AT LIBS I TGFa , IGF1 S5 id
TR B 23k, DT 005 A= 1 IR 32 1458 I, a0 I s
ER i % e SR FE K, 4R 100 ER X8 F 98 EGFR Al
HER2 ()35  #8n IGFIR {323k, 38 i IGFIR f%
6 45 MAPK Fil PI3K, 3117 A5 4 43 WAT6 7 it 24 1) 7™
T, Chen 25 5 1 ER 5 HER2 77 78 A 14
¥, 24 ER Al [ B E WO 0 BB TR 5% Sk K 7 3 i
i HER2 (3L R ErbB2 363k o X4 5 3 (il FH il 25
HOFIRYT ER B ZL AR i, ER G B B0, 2 8
ErbB2 (1) 33538 0, 3X 0] A J2& B 6 B 2% R
P22 9 SN 22—, Kahlert 251 Fl Levin %' %
B, M T S MCF-7 218 5 min J5 , 8 ERK1/2
W R Ak . LKA REZ IGF1 FI EGFR # i —
BTG 5 5 515 5 2 R Ui A MAPK B Akt

ER i fi8 15 HoAth 2 [ i 52 1 2 ) & A JR 40, AT
JELN, 2% 2% 3% /& ( progesterone receptor, PR) J& ER
AR 2 —" PR — BB Y R K I ER 3 1 9
Rz — " RO B — SRS R B, 16 5
T 245 1) 200 i v, 38 25 A 0 o) LR R B A
HALHI R PR 5 DNA | (1 #ft 3#8 2 W JG 4 (estrogen



response element, ERE) #H45 4, (AT T ER & 4%
SRR 0 o A0 i R K VR i AR
H, e 2% 37 & (androgen receptor, AR ) 4 5 ER
KRB H AR 7E ER BHM: 2L 09 78 AT 2
XL B Il R I AF 5 & B AR I3l 3R R4S e 55 AT fg
A1) LA A 40 M A A K ML PT RE AR A ER
£ DNA [ {925 & B I 55 A1 BF 9 4, e
R BEW] %5 & AL MY 25 (9 T47D-TES 4 Jifg 3 58
P AT 1 7L R g 40 M AT RE A8 T AR Y A7 AE it
FraagE Y
6 ZHitERE

H T e R i 245 S M B AE AR L RT3 A i 2Y
T I R BR AR . BR T TE L A R T A TR
JE 0 B AR 2 A 38 T DL R DR A A kT
il A A 3 % 22 8] B AH AR P A I AR R I PR
BT WSROI |, DA 07 B R R R R R YT RN
BEAT S PEARIR ST, LU XS A 23 YR 7 T 24 P 4 1 B 5
WAL, SR FH SIS B R AR 015 B 7 4T ER $
PO 0 B ) A E S A S i A& 8, AL
FERAR ) 3t (nmol - L™ ~ pmol - L ™" 4t 4 ) 3t fik &
Ve, BT B0 i 2 sh 2 R AR, 9F HLXE ER Jo iy
TEB S EE
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