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Abstract

Breast cancer is one of the most common malignancies among women, and distant metastasis re-
mains the leading cause of cancer-related mortality. The bone, lung, liver, and brain are the princi-
pal target organs for metastatic spread. Among these, the liver—characterized by its rich vascular-
ization, immune-tolerant milieu, and highly active metabolic environment—represents a critical
site of metastasis associated with particularly poor prognosis. Breast cancer liver metastasis is a
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complex and dynamic process arising from the interplay between tumor cells and the hepatic mi-
croenvironment, involving multiple sequential stages, diverse regulatory factors, and intricate sig-
naling pathways. A deeper understanding of the interactions between breast cancer cells and the
liver microenvironment in BCLM is essential for informing future therapeutic strategies. This re-
view systematically summarizes the contributions of both breast cancer cells and the hepatic mi-
croenvironment to the development of BCLM, with the aim of providing insights into potential ave-
nues for therapeutic intervention and preventive strategies.
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1. 5|

L 9 A BR A S BB A R A R B[] [2], HAR AR NIGET FIBE LT, R RIZHT 4R
B WA R S IEAR T R B, B W B RO AT (3], I EAZ
FLIR I B i W R RSB0, (RS FAER A A L, 8 2 B S FU e B S AR A R B i AT
G R K [4] - SLIRE P4 % (breast cancer liver metastasis, BCLM) & i A4, H 5 B AE RN 8.5%
5]

R e Rs i — N2 IR S 5N E R . FAE 19 40K, Stephen Paget fF & H “Fi 15 387 i,
SRR AL AR A, TS MRANIE “ AT SR A B AOAEE “ e AR ELE I B 25 5R 6]
FESREERD b, RTINS BRAR SR 15K R nl I - i R . MR ST R, TR AL AR E
e T S A ) T IR 20 R A O 7] Semenza # FLIRE MBS HE AL 10 AR 2 N DA R AR B8 ML
TEIR A2, AT EHE[8] . X SCHR iRy PR A 7L s 48 B e e PR AR RE 4R (It T S ZIAE Y, 95 BCLM K
BUHIE L BE5E 7 B dEAl . WRF I, RSO SEAE BCLM R ¥ 35 EBAE R [9] [10]. VRN T AR IR
PASEEAE 37 1 7L e 4 G P O 5 AL b ROV LA, T A 200 BCLM YRYT T B0 B . (R, &
LR R U AR RS I 20 AL, DAAR ARORIG IR G YT LA .

2. A BRERTHEBHIEE
21. RRAMEARNRESMITEY

-z 18] Ji % 4¢. (epithelial-mesenchymal transition, EMT) & I 57 514 5 14 i Jeg 4 i 3R A5 B AR 28 R
MEFNLHI[11]. REAEWT LR EMT fEAL IR A B AR e 2] 7 A e slish /e . 7Rk f2d, LR
4N N 1 E-#5%6 25 1 (E-cadherin) % _E R bR G4, [RIEF 138 N-25% 2 11 (N-cadherin) 3 J 28 1445 8] J5i A0
K, AT FEARAH L (8] 35 B I3 5 E R 5 42 28 A8 71[12] [13]. U km et — 5 R BL[14] [15], EMT JfE
SE R e AR, e — AN R IS EMT IR AT s A fE . K, PR g p el 3 B
AAFURFAE, X M) BBV HBERE A BOT R, MR T e E FRRARIEE ). EMT id#5Z Slug,
Snail, ZEB1, ZEB2 Fll Twist fHCHE KR F I+, H52 3] FI#HE 5% . microRNA K& RS % B 1
SL[RIFEMA o

FEUEBER b, LR 5T At e 88 4 i FT SR 6 R R - 0 N LA Bk 58, T BSR4 98 24 i (cireulating
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tumor cells, CTCs). #R1fi, EMEIRLFEF, KZH CTCs ARG REF T FeiE b S Ak NS
DR SR MM S PR [16] [171, A H00G 20 e 40 6 65 7E 16 BA 2 G0 P A7 3G JF 46 2 )z A 28 B R . ik
W, CTCs nJ 5 ifil/INR &, A5 T At M &6, 35 LA FAD L /N A 5 48 60, 8 e A4 P e 81 R4 B B (A P, [
IR BOA: K R 7l it 2 RS2 CTCs Fie b i (R b e #5 R FIdk Jg [18]. b4, CTCs ‘& LA %
(clusters)[ITEAFAE, CTC FERIFERIEAE T3 m T H4> CTC [19]. X ] G5 40 o (A FE B 455 1 4 58 1A
EE S UL FEN M EA SRR X, SRS, EMT SRS AL R AT I8 & CTCs ZEAE A o A8 17 S
FLfRl e 7 Mg 40 378 A 1 R RO

2.2. MhELRREEIRTRAESNE SHM

AR o7 Y AL e A AN R I 28 B i i, Foh HER2 i RIA Y R I BB B A FFAE “ )3 587
REPE[A]o PR AR I T R (1 JHF S5 465 K D 0 A P8 400 B 1) s B R VB R B8 TR R 2% . ka4
JH T S 5 N R NS, 2B HEN Disse [HIFR, HH:5HFANMEEALO] [20]. X —iE FEBAKHZ
Tt £ D57 B A PR B 2 7 RO B IR o L R A 3R 0A 2 P AL IR 7324k, C-X-C Btk IR 724k 4
(CXCRATEMF LR 5 i WL, Lk CXCL12 J i AR fiT A K F 1o (SDF-1a)fEFAHE R imkik, 2
7k CXCL12/CXCR4 15 542 5 AT B RE[21]. B4, BoRanmEd e £, BB ESFW S T
5PN R AR EER, (S0 R g M rE AT SEN AR, e SR NS K A AR . X LA
FOR AR F Y T LR AN TR AT (I R A B S s R

23. RHAEESHEBIA

i g6 A R B T i N PGS, 5t — A0 B Jm A B DA S KA TR 531 . eI fE v, Bt
(0 AR AR O ot fe B B . 25 B I R A R e S, IR I N AR K T B AR 4R
FE I TR B AR Y =it 30[22] » PR T 6 8 LB AR AR Ko 3, 107 2UR TR M4 AR s 2 K HL T R B
JEAG FE R IE) R 4544 [ 23] BRAERE TSN N [24], BRI A KA AE AT BEAL T HE X % 1L PO ARIRIR A, T bl
R, LR A PR R AR A K I R G, T HE BN B B S I R

TEFERAL TG O FRE, PR A0 i R A (Y rT LRI R EZE A . E- R R O B2 EMT [ EE
bR, S R A LR 2R A RS BRAH R [11] . AR BEFURBI[25], fEFLIE I R i, BS540
e 2K P e R 40 e 17 B A R F 6 A A TR AR, 3X — B % 55 1) it L 2 %% 4k, (mesenchymal-epithelial tran-
sition, MET) 5 5%, {4 iR 40 B 75 55 B S0 BB 3R A3 b R RR I, AT 2 1 LA I A9 6 b A7 135 R 389 B
AN, EMT 5 F- 4R O 3R15 4T 5C[26] . CDA4 1 26 1 1 IR 40 o 22 B0 L0 S s fR Bh B 8 0 1R 22 6E
JIBHI TR J1[27]. CD44 =31k CD24 R IA i LI 40 B B A B s (1 1 4H ki e [28] . FL M FR
I A ARSI BT a0 bR ) CD44, IHH6H2 38 CD44vs Fl CD44v6 7 Rk 5 My WL[29] .

Ak, LRSS IR T (hypoxia-inducible factor, HIF) 1 4 it AH 2 3 IR 45 A 55 7L B 0 A e v ik 2%
PIM G HIF 8515 5 2 Bl N0 T 3RIA,, BB A (LS (lysyloxidase, LOX). B #r & I (osteopontin,
OPN). #3[A1 TWIST PRI P B2 4= K[ (vascular endothelial growth factor, VEGF)%. [EIf, 45
SRR 23 5 - 5 L e 4 PR JFR U PN 1) 5 e AR [30]

3. FFERBARIFERRE R

TEFLRRIE AL AL I R b, JRUR B REIE L 7k 22 PRl L IR 7 B 2 K [R5 S FFIERE CTCs Bk 2 i R A
— RAURRR I A, T R T i 40 i 5 AL P % 7% T 1A 555 (premeetasstatic niche, PMN) [7]. 1X —HE& i 7 T
2005 - H Kaplan %55 k32 H . BCLM B TR 5 & 2 MR R M E A BAEH, A5 R MR
KBRS i S 9 0 I RS 2 RRHLEI I EIVE A, a8k CTCs B S 5 At B9 e Bk A
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FLR 5L e ] i ik R 80 2 o DAL 5 IR AT I AR R 4%, T E CTCs RiA 2 Hi %5 S PMN BITE e
VEGF 2 5 Mg A= M TR R [31], AT eSS & s A i as i Bz A2 K R 752 44 (vascular endothelial
growth factor receptors, VEGFRS), == %2 /347 7 /R ML 140 N B2 3R 1T o J&L 2 B 98 ] 43 22 ot [ 7 R 08
VEGFRL [¥)8 $E R IR i T4 E A BURFIE, JR7E CTCs A 2 A B i & & 47 4k 82 (oA %,
BT CTCs fEFFHL T8 o Tt — BRI/ BB i v 5 PR3  VEGFRL 48 i v] LA 2 4]
PMN [, dEmHidl 7 [32]. X VEGFR Wlgin LA, wr 0] R D IF H R AL R, R 28 22 )58
R L 0 AR KRR [33]

UEAh, iR RUR IR A I AE PMN T b IR F 200 B 22 [34] . AN = — R A/ I AR T
30 % 100 nm [4HAMEEN, WHEHT DNAL RNA. & FFURIR 56 2 A it 207, 48 L 34 31k
TR E, HEBHARA A RRAE N R BN, 75 BCLM BRI S E R, S AR
B2 T IR L 23 rb 40 P IO 1A A0 B 4 o 9 B, MM 48635 [ RE 5 R avBS REBSRE S 1k 45 6 AT 12
A 2 5 R AT A S A 2 [35] .

TEAE IR NLRIER R, s R AR K R AR — AT # AT Re 2 24 . 72 PMN IR g R b, 2 M
M2 5Hrb, A PR G g A 3 [EHE S iR S e s ik, R RO T A BRI
1124 fitd (myeloid-derived suppressor cells, MDSCs). iR 5% E W4 1558 [36] . R A R RIS 5 T &
MDSCs £ E 2848, Al T 48 M358 4] 5 2828473 (natural killer, NK)ZH L 40 I B3 1%, X Pl
FIF G P58 AR B RE AL 3 CTCs 78 TR A % A% 1tk 52 A 371

fEVERIE WSS T BCLM A AT B K . HIRIABEN T-a (TNF-a)if 3 IH 524 455 E-
VB, AT I SR I PR 40 B 70 TS5 P9 IO T B4 B8 1[38]. ki g i B R A R [39]. Hirh, RARBMK
5 1 rp Mk 4 g (immature low-density neutrophils, iILDNS) A] {235 T 45 44 [40], 110 2 f i 25 B vtk b 4
BT $ ) L RS T . AR, 3X SRS 2 B oA m e o H 14 6 41 P B #0155 478 99 (neutrophil extracellular traps,
NETs) K FE M i 7L FF i e Dh e [41] [42], FFAREERE HUAEAEE s NETs nl s i Jm 40 fu R T 4 P NET-
DNA 54k CCDC25 Wt 5| CTCs JF ek sl I ##5[43] . A& BEGR = I, ILDNs w] i1 7y 4 2 8L A1 i
IR DALEFRF LR ARAR U, FREE NETS MURFSRIEAT, @F i (e ik T4 B 1k 1) A i [40] . 22 Tl PR 72 3 B Hh 4
57 240 it 55 9k 5 40 i L 8 (neutrophil-lymphocyte ratio, NLR) 't 5 FL e 5 5 TG AN RAHSE . Aok gu i my
TR I AS [F] (AL BE e R ik R A A% . R @ ) CD8* T 40 B [44], BRAE T 40 M B RY BL I 55
NK 4 i 3y B8 [45] M 2 37 G 32 00 1l Al A 5

4. PhER £ R FFF B fREA 55 O 13 R

FEULIE AR, PR AN IR BERL, T R S 3 2 A1 A SR, B PR IR E AT
FREAROARES, M A R T AT SRR A S . AR EARTIE G, HAeE RGBT,
H e L6 A SR S5 38 LR FT o BRI ) R 1 A K AR5t T e g 400 5 4 20 I 0 40 B % 8 5 e g% 4T
iz (B I AS A BAR R, DR Rg 4t oot JR) 350 e« A A 25 I PR B X RF 20 0

2L e A M N TR IE IR, e e i@ B 32 B 4 . S 9 s A A R B AL,
Ji V) e s L 6 = P B AR DR B [46] o 3L 4 Rl i 25 8 2 -2 (claudin-2) ELEE S T U7 B4 i Ak 2
(extracellular matrix, ECM) 7> (A0 4F&E 8 A A0 IV B IE)AH AR, 1 claudin-2 @i b i S 40 i
Il a2pl F1 aBpL BEGRE VN RLRIG SR M FEFHEH, I AU R fe e e [47]. L
A 2 A AR B SGE o7 e S SN B A, I S A i B R A [20] . SRR R P2, L e 4 A S 4
FOFIAR FAE A claudin-2 fRiE, (HIXFEAMKET 86 RS EGY[48]. FUI M8 4 -5 20 i 1) A B4R
M RN MET RALHFEALMEAK[26]. BFFCRM, AT DLE L7 S AR AL 40 E-cadherin
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T L, IIMAKEN AR E R 2R, S8 1 40 i IR ) &6 44 [25] -

JEEF S A M A D IS o e ) FE B e, 3 A AR N T K BB K B B R s i
P S R ) B — B B R [49] o AL RS I e i 0, A R A - BRI bR (R A, X T Resd
Sy U KA — I 4 At 4 9% R 4K 1 (granulocyte macrophage colony stimulating factor, GM-CSF). T4 &
y (interferony, 1FN-y)55 98 E K7 5585 NK 4080, P[RR i3k 2 3 o 40 i 0 o8 R F [50] . A iF 7t 3 B PR 37
1 20 PR 70 e 98 e S PR T U A 11 A ) S BB B [51] - £ D 45 B e (R 72 T [52]-[54], 7 CTCs
SMEBJE, PR b am i mT DU A gl R AAE K R, B3 A 3-6. VEGF AU A KR 1, BLACHE i
& B EEBE MMP-9 fl MMP-14 45, MRt 3R . SR1, 7E BCLM H 5 BAT X L X s A F ik
BREE— B I — T SR s 1 AU 4 MR T 4y W B ) DMBTL 55 CD62L + 1 2% 3k 40 il
TEf, T CD62L + P I 40 s WAkt R -1 CCL8 #H 55 s Hh MR 40, {23k NETs FITE ORI 5%
[55].

FERFAE S, FFERRAEMRR 1 A 96 4 M0 5 A% 20 MR U5 (1Y) 1 W 48 i (monocyte-derived macrophages,
Mo-Macs) [56]. 1%t W40 Bl & R AR MR AR, e Bam F R A, (22 IR 40 B i) I A2
RIS A . B R B P DA S AR I A RN S S S 2, (RN I A S e i E A TR ik 2,
R AR [57] [58]. CE MR, FLAMEANIN EMT SZHF B 5 b M2 24 E 20 i i) i
F[59].

JeEE FH 5% B £T 44 44 i) (cancer-associated fibroblasts, CAFS) 2 #4) Jil R A 45 ) B 56 2, Hiok B B
A5 e, R (hepatic stellate cells, HSCS)HA 2 I CAFs ¥ H ZR 2 —([60]. R4 i
7553 HSCs i1k, Mg HSCs S idh >Reidicd 31 o fMJed 40 M (1 6 B L AR 2% . A 17% R 1 GE i g A K [61]
AL HSCs AT LA I A 58 LOX SRIAHG FR % ECM, AT {2 328 L s 40 M 1) 4 B 1k e AL [62] o AR
it 2 (relaxin, RLN)@& —FE7E T FHH S R Bt 2R 4e ik, & nT DAIHIE 4k HSCs BIE PR 2 it AT 27 44k
FIVHIR o AHSCH FEE R AR URLIE 1 i RLN FRIBTRL DNA, I SR FIORLAIC S S ) e 7% 1 L B 4
HMIEAL T HSCs, M AL B FURMIA S, A HAHI T O IR BRI R A A2 K [63] . [RII, JHALHT HSCs /]
DASRAF AT T LA B () T R, 75 5 T 52 PN B At LRI P 5z 400 P % ek R B A ML 2, AT I B i
IR ML/ A2 B [64] -

JFF- 4 M A BT A% R A T AN 8 AV 4 o TR R mT 20 WA B 5% 22 2 K IR~ 1 (Insulin-like Growth Fac-
tor-1, IGF-1)F1 AT 40 i A4 K A 74 25 1 (hepatocyte growth factor-like protein, HGFL)%5: % f A K A7, ixit
A7 Al (e Bk FF 55 R [65] . A8 T 703 WA BELIST 46 A8 M I Al (40 IGF-1 155 4% 5 T LA | &5 P g A it e 40
R S8 P I A2 [66] [67] HdhaE, FUARRET RON ZAkid %1k, HGFL I ¥us RON, 1Y 5@ e i 4R |
LR AR ZE[68].

5. FLRBTEBHNTERR

FER RS FL I B Th, HER-2 BHVE FLAR e S % (K KU A N e, = B AL 2 s AHEE
Z N, HR FHPE/HER2 [ 1% L B8 2 1 e A8 R A R i IR[69]. Rl WP KL HR FHE/HER2 FH1%
FU A P AL AEAE I, 18 36.0 AN, T = F B L SR 1 b A AR AR B A [69] . AT LK
W, AR R Z N Z R, RRT RN B EREN, Z2ZRESHIESS, HEBLEEZE >25
cm 5P ARVIZIATEZ BCLM HUIERA 5 S A A7 LGB R 2K [70]. A0SR IE S A 1 B AT A
BCLM 73 NTLRTERS: SEFERE (<3 MAFHEM KPR R L)« AR & PR A2 (>4 AN AERL G PERTIE RS 2 1E)
R A YRR RS (IR I R A PR SE TDIR)  RIEMEIF R R (URig VR IR I VRS RS, B SOOI JHF ) AE A A
P RETR @RS TREC R, PRI IZ RS, 120 SR IR & AR A rh R M & PR BRI R R R K
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AR BURAHIK[71].
6. FL.BRARATHBRIRSIBTT

AT, FURIF R RRT EEA T REMEAYRIT[72]. PIT T K IR XY, ZREEH
ZHRIT RS AR YT A W e K h A T A A (7.5 N H vs. 3.9 N H, P<0.001), {HPSZHLEHL
MATEI RSB Git B 2= 5185 M H vs.15.6 N H, P=0.380) [73]. Mth4h, ZRHEBSER
Fi 5% 2 2 LU R R B N I I 7 SR B Re A R AE AT 3R AR, AL AEAZ A 230 20.6 A~ F A1 20.5 A H[74]. %t
TREARE 2 IR SR EAZ KGR 7 (0 B, AT 2% L8 AT R 5 At I L K B T B B AR R AT T % [72] .
— DB X LM R 1 1 A S PP T B RS REF IR T 8, 45 R R AL ek AR AR A
79MNH, LSRRI 19.2 AN A 751 Ak, S RlR D BR AR A B8 A K TR T A RS R 1 A AT
Wi PadkaE, SR Rl A R B R A ok e AR AR AR 12.0 N A, LB AEAF R K TiL 60.0
HI[76]. —TRGMELEREIR, VIR R &, Hh B RAA N 17.0 NH,
th AL S EAF VA Dy 295 2 116.0 M H o BRI AMERS, VIR RE v B F i kak &, Aok
JEAAFIATE 10.0 & 36.0 N H 28, WAL AAFIATE 32.0 & 58.0 ™M H Z[H[77].

7. INEERE

TR T e RS 72 — A B IR 40 A Y AERFE 55 T IEAA B 3L [ OB R RE o 25N IAT LR BEAR G AT,
SOMBAZ . Pt . PR TR B WURBE . A BE, R LRSS0 T HLH ST
HERWCGA SR, ARG RS T SE B8 (B BR 507 170, NS 8T R B ANG T BCLM FHTJ7 1% BL5E 2 i o

SE
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