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Research progress of chemokines and their receptors in breast cancer
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Abstract: Chemokines are small cytokines with chemotactic activity, they are involved in regulating immune
responses and inflammatory responses. In the development of tumors, chemokines are multi-functional mediators
that not only affect the infiltration of immune cells into the tumor, but also have an important impact on tumor
growth, angiogenesis, invasion, and metastasis. Besides, they are important targets of tumor therapy. Here we
review chemokines involved in the regulation of signaling pathways, analyze the mechanism of chemokines in the
development of breast cancer, summarize the chemokines targeted drugs for breast cancer in recent years and make

a prospect about the role of chemokines in anti-breast cancer therapy.
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kinase B, AKT) F1#% [A T~ B (nuclear factor kappa-B,
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W A KK (vascular endothelial growth factor, VEGF)
Hlc-Mycl 12, HeAh, STAT I fm th Re A L R e 5%,
R IH T Bel-2 AR x # 1 (Bcel-2-associated x, Bax)!"l\
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O (forkhead box protein, FOXO)- i fi5 Bk UL B 3- 1% iR
(phosphatidylinositol 3-phosphate, PI3P). &k % i T
1 (hypoxia inducible factor-1, HIF-1) F10f 3.z ) &
F 2% 25 #1851 (mammalian target of rapamycin, mTOR)
&, BETT R 2 B AE W) 22 T R4,

R4y Ak R il PBK/AKT 3842 K342 1
RE, 7£2 Pl il th e B A O, i FL e o BE
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Figure 1 A summary of chemokines signaling pathways. Chemokines regulate cell function through GPCRs, activated GPCRs sensitize

the downstream signaling pathways to promote cell proliferation, survival, invasion, angiogenesis and migration, such as JAK/STATs, PI3K/
AKT, MAPK and PLC. GPCRs: G protein-coupled receptors; JAK/STATs: Janus kinase/signal transducer and activator of transcription;
PI3K/AKT: Phosphatidylinositol 3 kinase/protein kinase B; MAPK: Mitogen-activated protein kinases; PLC: Phospholipase; Bcl-xI: B-cell

lymphoma x1; Bcl-2: B-cell lymphoma 2; Mcl-1: Myeloid cell leukemia 1; VEGF: Vascular endothelial growth factor; Bax: Bel-2-associated

x; Fas: TNF receptor superfamily member 6; IFN-4: Interferon £; PIP2: Phosphatidylinositol biphosphate; PIP3: Phosphatidylinositol tri-

phosphate; PDK1: 3-Phosphoinositide-dependent protein kinase-1; cAMP: Cyclic adenosine monophosphate; mTOR: Mammalian target of

rapamycin; HIF-1: Hypoxia inducible factor-1; JNK: c-Jun N-terminal kinases; ERK: Extracellular signal-regulated kinases; IP3: Inositol-1,

4,5-triphosphosate; DAG: Diacylglycerol; PKC: Protein kinase C
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-1 (programmed cell death-1, PD-1), M1 ¢ 32 B 41
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F12 (extracellular signal-regulated kinases 1/2, ERK1/2).
Jun 28 3 K 5 W 1/2/3 (c-Jun N-terminal kinases 1/2/3,
JNK1/2/3)p38/MAPK F4H il M 5 1853 5 (extra-
cellular signal-regulated kinases 5, ERK5)B34,

W7 R I, CXCR3-B 0 75 3 ERK1/2 2K 3 IF
&1 p38/MAPK M i 1., 145 #% 5% K -F BTB 1 CNC [F]
J54A 1 (BTB and CNC homology 1, Bach 1) #% # fi7. Al
NFE2 #f 2% [A T 2 (nuclear factor erythroid-2-related
factor 2, Nrf2) # fir i, % 5 PU A 17 1ML 4 2 I A
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JR AR A KA A1 T8, CCL2 jf it ERK/MAPK & 1%



- 1524 - 22224 Acta Pharmaceutica Sinica 2021, 56(6): 1521 -1531
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3925 A1) 48 B\ I U7 40 PR PN R A ) R — e R 4 A 2H 43
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Figure 2 The distribution of chemokines and their receptors in
immunocytes and breast cancer cells in tumor microenvironment.
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B 25 R AR R A T . Yang
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A] FHEE BT E I8 73 1 [/ N 2R A 8 & 3 JE ik
1 (a disintegrin and metalloproteinase with thrombos-
pondin 1, ADAMTS1). A\ % Jii & J& & [ & 8 (matrix
metalloproteinase 8, MMP8) F1 % i 4 J& £ [ B 41 2340

il 5% (tissue inhibitors of metalloproteinase 1, TIMP-1)],
AT SR 380 7L it 8 4 0 R 2 EMITION, CCL18 3@ i i
PI3K/AKT/GSK3p/Snail {5 5 18 %, 175 5 FL I % 41 i
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231 A MCF-7 40 i J& , Slug 3 7 & (9 (vimentin) 14
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H{R 7803, [A#, CCL20 AJifid PKC.Src.AKT .NF-«B
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& CXCLI12, AJ i id ¥ 7% NF-«B i& 4% /& i EMTE,
CCL5 mJ ¥ 2 7L s 240 Ji % 26 EMIT, #ET S & 2 SR B
BIRIT T 245167,
2.2 AR FRHE SRR PR HE X R AR R TS
1EF
22,1 EREYARE  EWEAN L TME dif 4= & 1) 0%
YR, 5 Rl RE A B TUE AH G . B 4 i R A
PR (43 3, M1 BRIM2 B . TAMs @ 5 M2 B E
Wiz 2 O ARLAA, (i a3k L B e R 28 B R NI P 23 WA IR
Bt n]iE i i A R R AR MR R . Su
SRS I, TAMSs 7] 33 7 A2 CCL1S, i ik L i e 4 g
EMT i 7%, & A4 EMT 40 i 73 il 7 A5 00 41 i 45 v
¥ A ¥ (granulocyte-macrophage colony stimulating
factor, GM-CSF), 1% 1k TAMs, i3k 1] & % — AN 1E ) 1 6
IR, s AR JE i F5 8% o Svensson ZEVK L, CCL2/
CCL5 T #8314 2 ), 75 5 L e 4 i £, 398 o
T AT [ JE L BRI e 0. TAMs tB RTS8 I 5 B 4 il
£ CXCLI1, 7% 1t NF-xB/SRY (sex determination region
of Ychromosome) #H 5% i i #5 ¥ & 1 B4 (SRY-related
high mobolity group box 4, SOX4) {5 5 i& 1%, 1 3t FL MR
FEHE LU 5y —J7 I, AR - n] SR AR R 4 g
Jifg AL, R AEE MR E A o« Kitamura 2£72HIE B CCL3
A T R R G [ A i B s A i B, (2 e 4
M AMB A FL RS R 7 . Walens Z573R B, Y697 5 7L
i g S5 A AR AR iR R ¥ CCLLS fig % 3% 48 CCRS I
LR 4 i 281 5 B bR Az, e kIR R AR B O, 5 S L
B R . W E R, CBP/p300 45 & B AL IS IR 1 2
(CBP/p300-interacting transactivator with Glu/Asp-rich
C-terminal domain 2, CITED2) ] i i iff #% CCL20 %
i, SR BRI, 5200 R AR K
222 TiHEZAE MR THELIEERCD /1%
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IE R [F H 4 w26 CD4* T4 AT CD8* T 41 i .
T Ik E 40 g ] st 43 b e 8 A S PR A PR 1 B ik i
KT 524k, 25 LI S )% oA 5, K IEH s
SRR AER . Olkhanud 275 B CCR4 1 35 14 T 41
i (T regulatory cells, Tregs) 7 fiifi 20 23 7 & % )1 il NK
ST D 9% 1 R N 4 B P 2, R 3 L e I S 4
Tregs 20 MU TE H & %)% AL 5 Wk CCLL, ¥i% B 5 2k
CCRS, 345 Tregs 2H i 400 1) 335 12, 38 17 K 2 S 2 011
YEFU®, CCLS5F1 CCL22 Refi% 73 3548 CCRS i A T
M2 1 (T helper 1 cell, Th1) F1 CCR4" 4 B 1 T 41 g 2
(T helper 2 cell, Th2) | TME, Ji1 bR 5 2 41001l 435 28 55 1)
FERLT7 78, Zhang 27V L CCLS iR {E T CD4*CCR3*
T4, BEE EAKEF (growth factor independent 1,
Gfil) ik, Gfil 5L IL4-STAT6 15 5842, 55 CD4' T
S AR AR Th2 B4, g fe ik FURE 5% # . CXCL10
A1 CXCLY A % CXCR3™ ) CD4* T 41 s .CD8" T 4fi
FL R0 NK 40 L, R 42 410 ) P g A A 0 3 5 7 e 8 6 928
(PR FHIS0L, P B 200 D 20 9 7 A= ) CXCL16 5 Th 4H
JfL SR T 1) CXCR6 4 4, Wi I #H 55 CD8™ T 41 fi 1] ¢
Y SR R R B R A Y

223 BEERIFER % EING LA (myeloid-derived
suppressor cells, MDSCs) MDSCs 7E 1 i i =4, &
DCs- 5 W 2 i R 48 i 1) T A, LA 5 38 ) S 0% 2
JfL B %5 (¥ B8 77« MDSCs 0] 43 9 £ #% (polymorphonu-
clear, PMN) MDSCs (PMN-MDSCs) ¥4 (monocytic,
M) MDSCs (M-MDSCs) 4 fi il %

B AR IEDY, 32 3 M FL AR JE T M-MDSCs 41 g

i CXCR2 A CXCR4 1 U7 e 1% i 4k MDSCs IT 7%
F| TME, M52 00 38 TS . Chen S5 I, bk 2
BN R AH i IL-8 KA i B 8 s CXCR2, i ik
MDSCs 7E i 987 /J> B4 i 98 51 a0 A0 3z i 99 2 485 1 5 4
IL-8 FL o B T AR VA 97 1 LA yak /b S i s 4% # 4L 44
MDSCs % & . & IF4E CCLS Ak {2 MDSCs
FEA AR, T E] CD8' T 40 i R A% 8 1, e it
LA 3k 2B, CCL1 F1 CCL2 A2 #F MDSCs 7E 7L it
Jeri /IS BRI (1) RRUSRESSY, L RO A B 9 4 19 CXCL17,
AT HE T MDSCs 78 fili 5 1) U, 75 Sl 1055 A B, i ik
Ji IR VR R A A, B AR Il A 160,
2.2.4 HIZIRYARE (DCs) DCs A2 ThHE i 58 (1 Pt JE 36
AN, BEE BTSRRI T 40 R, i 1 G R T 52 T
o DCs 73 Ai T bk B R itk 0 4, FAE LR AS [ 355
7 Y T8 A 2 e FE S 9% Th e i) B A, 1 DCs 1)iL % it 72
Z B Z PS5 A T

WF9C & L, CCL19 B CCL21 wf i 1k #5715 H1 J5 1
DCs T # B B L HR M TH M E £IX, FF T

PR IOS FH o 407§ e CCL21 f) MCF-7 ] {2 i DCs
T P 18 BORT 2 3 Uy e, HOREUS 9 DCs i 3
Th1 B4 40 X -7 7 A4, W0 CD8* T 4 Jfa, fie 445 [
MCF-788, 538315 CX3CL1 M 7L i g 48 i v] {2 i3k DCs
TEJR N SRR, MM o35 7L IR B & I il s 1), Beile R
P07, RN 2 Ak 1) — OB AL CXCL14 &AL K 1
Al It NF-«B {5 5 B2 305 DCs, 715 HAEJE#M 4
U SERNBOE, (R HE T T 403G 58, 1X 9 i 8 o 2
SRR AL TR R . HEl, iR AT 0 DCs 4i i
IR AE AL I e R B, A Rk — PR
3 BEETFEALRERTHMER
3.1 FLARERVATTIUR

FLIRE RS 2 1 o BRI v 73 R 3 2K R %
AR (hormone receptor, HR*) FLARJE - N3 2 4= KA
TR 2 BHYE (HER-2") 7L AR FIMES 25 324K (estrogen
receptor, ER). Z2 {4 % 52 & (progesterone receptor, PR).
HER-2 ¥J 4 B 1 1) = B 1% 3L IR % (triple negative
breast cancer, TNBC). HR*F I & FL 7 & % WY
LAY, 9o AR T & H R BET T B, Wnfth s SRR
DABEL T MEI 3R 5 AR B 4 s S 4E = BE (fulvestrant) B
TP ER & il SR i (femara) B 75 i 4 (arimidex)
FIAK P 3£ 30 (aromasin) 55 10 1) BEBER 19 & B, H H R
2 HURTT ) AS AT RE G M 2 7 AR T 24 1, AT BUR
7R . HER-2* 24 FL s v, e 24 ] 6 ok 44 ff =% T
o BRI I AR K R 1 2 AR A 2 AR KR 1, T
TR IR S 1 3R SR 2030 I PR . FH 2450 R . e B A
(i 22 B BT ) A TR U 52 A A ) R (g i
JB), (BB 3 i A & 7= AR i 2504, TNBC 2 FL AR
2 25 Ve Em A, Tk = B SRS I B R 2R, T
Jat 2. —ERIRIT IR T S AT, s AT
I BN RN IR R AP0, R Z b7 2
Y CEHE R, B IR 24 1 1R = A L S R R A
i R AT IR e AL VR T TR AR . R, A TR
FUHT Y R RS R SE (1 ¥ ) 245 ) 75 7L e 16 97

A& HERENE .
32 EEELEFRAEZHAGYMEIREDON
5“1:

3.2.1 #[E CXCR4HIZH4)  CXCR4FE LM T140 2
Jok i PR b8 W FH - HIV BYR 97, BIF 5L R B, T140 K 3L
KA e A A H CXCL12 i 5 1 MDA-MB-231 41
JIER ST RNFEREET, angk 10711, TN 14003 WZ811 .
MSX-122 %5 T140 FE LY 6e 0% B 2 D> 30 e %
Fels100, e Ak i PR - T HIV 835 1) CXCR4 5 5t
71l AMD3100 5 1] 8 it FH r CXCL12/CXCR4 15 5 i %
R B LR il 35 B8 A FH U020, Yang 2RI 5 £
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Table 1 Chemokine therapeutic targets on breast cancer. Tregs: T regulatory cells

Target Compound Mechanism Stage Company Reference
CXCR4 antagonist ~ T140 Inhibition of CXCL2 induced migration  Preclinical [97]
MSX-122 Inhibition of cAMP Preclinical [98]
TN14003 Limitation of tumor metastasis Preclinical [99]
WZ811 Restraint of invasion Preclinical [100]
AMD3100 Reduction of lung metastasis Preclinical AnorMED [101,102]
GST-NT21MP Inhibition of CXCL2 induced migration  Preclinical [103]
AMD3465 Suppression of Tregs and MDSCs Preclinical [104,105]
CTCE-9908 Inhibition of tumor growth Phase 2 British Canadian BioSciences [106]
Balixafortide Mediation of endocrine resistance Phase 3 Polyphor [107]
CCRS antagonist Maraviroc Reduction of lung metastasis Preclinical [108-110]
Vicriviroc Inhibition of invasion Preclinical [109,110]
Leronlimab Inhibition of tumor migration Phase 2 CytoDyn [108]
CXCR3 antagonist ~ AMG487 Inhibition of lung migration Preclinical [111]

P52 7%, GST-NT2IMP £ JIk 7] &I CXCL12 5 3 1 3L
Ji e 20 i AR G R B FIAE FE BB 7). CXCR4A/NF 5 $T
71 AMD3465 R i1l L it 2 A= R 1e) fi o 50 A7 3% 2
8 a2 G 158 240 Jf0 A B B8 B A R IR O . BIF AT R,
AMD3465 4 $i 71 e % 9 /> it 98 N Tregs 1 MDSCs
oo T K 2,3- X000 S B 10§ R DIMT &g
i 3 5% J)f B3 P CD8™ T 40 g 1) Bt i e 5 Y, Bk 5 182
AMD3465 fil DIMT, AJ 4E 2% 3L g i 5 #5 %, bk 7¢
DN TT ME A 1 A # M 3L e B A T R A E HE0e,
CXCLI12 ¥ Bk 5814 CTCE-9908 5 £ 4 45 A2 B L i IfiL
BN B A K Bl F 5% 4K 2 (vascular endothelial growth
factor receptor 2, VEGFR2) .73 [ Hii & DC101 B¢t 1.
AR BGRIBE S AT, B Mg 4 Y A S 1 9 1081 CXCR4
54177 balixafortide 5 S A AR IE G B, 7896 97T HLIE
R R I L B T S IR I O

322 $B[E CCRS 754 CCRS 5 #7545 % o
(maraviroc, MVC).vicriviroc (SCH 417690) 1 CCL5 A\
PEAL B B UK (leronlimab) H Al 1E 78 1 AR 56 B B,
L 3E N RE AL 45 LR U8, Velasco-Velazquez 250101
P, maraviroc A1 vicriviroc ¥ H8 JI ¥ 40 i P9 45 25 1 F+
i, 0 B TR A PR R 22 . HLIG IR AT A F b R
I, maraviroc ] /b /)N BRI 8 MDA-MB-231 41 i
PRI RS o K MDA-MB-231-LN 4 8\ L fig
JIii &, %5 F maraviroc fl c MR 16-1 ($§ IL-6R 44 1 7] &
B AR Bk BT RT 2 B IR TNBC R AR, mTE
Bk iR A Fp L1101 AT, R R L 1A) CCRS 1R 38T 245 P B
2 CCL5 3Rk 73 WL 25, T g 23 9 3L s 16 2 42 it
AR BB IT T

3.2.3 $B[E CXCR3ZG4) /£ L MR LR, 18 i
T 41 5% 43 9 CXCL9CXCL10 A1 CXCL11, B H
A CXCR3 K 1A I 245 1) i 7 AR 1 1 pi i g8 R0 .
CXCR3 5 #7071 AMG487 R LATE A4 Py 4100 1) 2L Jlt Jos 1) il
A, 555 CXCLY.CXCL10.CXCL11/CXCR3

A SCRETE RPN AR A, R4 B L S s
JC 4 AT CXCR3 #5 Bt 77 T3 B %% # T R 2 — Fh 58 A
RO AS . HeAh, DA KB A CXCR3 5 5 il % 1) 24
I R AR A BOR i e, 0 Bk K 4 (dipeptidyl
peptidase-4, DPP4) 1l 57 7] 3 i CXCL10/CXCR3 i&#
2% 1 5 b R HE R R i e R VR YT IR, {H DPP4 41
1] 77 4 7] 38 i+ CXCL12/CXCR4/mTOR/TGF- 15 5 i
P T8 i L e R AT SR B SRR, IR
B (cyclooxygenase, COX) 1 fill 7 7] 3 i 4% i1 CXCL9
FTCXCL10 A Ji 4 it A (10 R 135 A #2470 o9 1 A FH 14
tE Ak, W58 R BT PD-1 Hi A 7E CXCR3 i B /N B &
AedE /NI, SRR AR AR TS AZ AR ECAR 1 (programmed
cell death-ligand 1, PD-L1)/PD-1 4 7] fit il i CXCL9.
CXCL10 Ml CXCL11/CXCR3 il & % $u i 983 75 FH0S,
BRI PR b HEAT A6 2R 23 4 &, i PD-1 47044 R0 41
i1l T 20 M 3% A4 245 ) 20 M 2 T 9bk B2 4 R A O Bt R 4
(cytotoxic T lymphocyte antigen 4, CTLA4).PD1 #i {&
T COX HI il 71), B 4 92 0E Bc 74 A CXCR3 5 91t 771 Bk
F, AT RE SRR B G R e e 8 o 8
4 RERRE

KR FT R B, Ak DR X 4% R 6% 38 i 5 i g
1 i e 8 AR S B 2 4 i A 28 EC AV S B4 o) L e e e
YA AR AR E . DRt SR A A R T A
FLZ A 2R T B B R 9T FL R g S R )
B HAT, 16K b OB o A R A g 12 W bs
B, I B o B a4k R 1 2 kN S I AR,
H B — SR Ak R TR 9T 200 2 DUR IS 46, iF AL %
AR TR 259, N2 AN @ s Ok, BRE RIESUIE
PEFR 7 10T A AR 22 10) R 15 7 Uk, G S (7] G 728 240 i 7=
AR T LR B — 20?2 B T A A
TEA ERATE R 2 75 I i e A TR B, e AT Rt B
A R 4 AR A 7 BE A A R IR N
Fi, X Ho 2 55 H ELAE 5 B S AE AL 0 A B el B DA
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