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Targeting CCL2-CCR?2 Signaling Axis in Cancer Therapy
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Abstract: Monocyte chemoattractant protein-1 (MCP-1/CCL2) is a member of the CC chemokine family.
CCL2 plays a crucial role in a wide range of biological processes. CCL2 mainly binds to its receptor CCR2
and recruits monocytes, macrophages and T lymphocytes. Many studies have shown that the CCL2-CCR2
axis promotes tumor cells growth and survival, angiogenesis, tumor invasion and metastasis. This review
summarizes the role of CCL2-CCR?2 axis in the development, progression and metastasis of prostate cancer,
breast cancer and liver cancer, as well as the progress, prospects and challenges of clinical trials in targeting
CCL2-CCR2 axis in tumor therapy.
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FEIEH A1, CCL2 7]l Z R i Ak /Y 41 i
JRAE L ANRLETYEANAE . N R AR . IR EL AN B D
EMEAnif . B R WL . R . A A AR L
o 235 1 I 95 S 22 T i R A Mt g 2 A= CCL2 ., NF-
kB, Spl. AP-1MIp53555 3 [H+2 5 CCL21Y 1
it 2 IR B IR B R B A% o IR GO S5 ) 2
g FTNFa, LPS, IL-1. IL-6F1TGF-B%:nl il
iR 240 i 2 A R CCL2 i k™ Bl i F o)
R CCL2MFRIR AR T X S ) H1 28 BIL 4 7 S [
TR E R, A L E AR IE P
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SR 240 R T 2R 3 PR AR S L A ey i
F-Boxf1WD40%& 47 ( F-Box and WD40 domain
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FIKLFS 1R . BFFE N 51 7E BRI B a) 7o o4
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1.2 CCL2-CCR2&M{E Mg 6 5%
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TR SE A RN R A I e RS BT . 18894F e [5] & AE
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P R U AR R SE RO TR AE
P, b Jed 24 B 2 A% 2o R AN ASCRT LA BT R LA
55, AT ABUBS A EE A R RIS . IR oA
S A e AR A SR I 20 BT AR 1 N AR FR R
S rb G 4 e 40 ] R A AT AR AR . SR AR A
M. WCBTANAEAE . AT IE R ST 5 e A A
AR e R R AN A s i i R RS —
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ZAK, Hb P R Az gl . kT CCL2 K&
HAZIKCCR2TESFETAMs Z: 5 IR R 285 7% K15
FEEN, CCL2#E SFHETAMEREMIEALZ, 7
WWVEGF . TGF-B. TNF-oZ&4i K1, ki
Y H A A A A, RIS 2 W I I 4 R B
BEMMP2, MMP9, & S541E/NERRIR S5 EA,
P R A AR 2 A A% . AFSERGE , TCCL2
PR BE B C CL2 1) VF FH G sk 208458 >F 15 490 11 40 it
(MDSC) . H/NCD4+FCDS+TH (218, ik
IFNy/M b5, REMGSRPTRE P PESET-Z1k-1 (PD1)
TETT /IR 4 s e i R
1.2.2 CCL2-CCR2%li 1 3 17 Mg AR A5 o 1 A1
HERIRE RS

CCL2-CCR2 % 12 4 Mol Jeg 20 B 3 1 1753
P& AN RS e LRS- 3- 0l (PIBK ) /AKtfE538 % |
Smad3, p42/p44MAPK ., ERK1/2-MMP2/9%:1(5 5
W, B I R O C AR M T R S R T IR
AU AR AR B4 5 00 g A ML ARG 18 SR
M A BT R CCL2-CCR2IM G ERK 1/2-
MMP2/9 4 ik 5 WA i % B . CCL2AE S Wk Jgs f8 3
ML3E HOK 825 T, i CCL2 8, CCR27E &4 M J
2 25 FRAR 5 B R G5 A B AL LB A A7 R D) AH
Koo TE S NI A M R CNE2 241 s fISUNE 1 41 ifd =y
bk (S18F158-F ) CCL28{CCR2FE L B E ST
R AR (S26MISUNEL ) . 7E{RE Y
41 B bk 3 2 1k CCL28E CCR2AEAE 41 it 152 11 F1 T
%, WAMEYER CCL2AE PR RE W 5 T3 CCR24H
MR AR R ). EAR R S, i
FIKCCL2ECCR2, MR 75 5 K i Ab e 5
1M H 3l FIKCCR2MMZE R B & . 13 CCL2-CCR2
S RE O HE S R 2R RS o [l i Rk CCL2 A
CCR2FJ UBISERK 124 il i, 5T R4 R E
FEEMMP2HIMMP9Z ik, X A fig /& CCL2-CCR2
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1.2.3  CCL2-CCR2%hid 13 755 i 4t il & 4= EMT
PR %

bz g4k (epithelial-mesenchymal transi-
tion, EMT ) A figth £ CCL2-CCR2%0AE 3k i iid 1=
BRER R LR Z — o b Rk IR A B g
AN A] K EEMT ARG R A 28R ) . A BFoE4k
18 CCL2-CCR2%1 18 1+ ¥4 35 ERK/GSK 3", PI3K/
AKT/NFxB", P3SMAPK"", STAT3"“FiHedge-
hog!" % {5 510 5174 5 iR Al & A EMT

2 #ECCL2-CCR2E BTG R AT 5T

BT, @l HCCL2H Fndii sl CCR240 il 51
[ CCL2-CCR2f LR . s g™ . I
AU R ORGP A N P fe PR 1
YIS B AT Y IR T BT i B o ek A K AL B
IVEAT . AR, AW IiE /N R FLAR
i SL g H CCL2H fp iRl CCL2/K -, —H
SCRG R PICCL2Z5 A0 B, /N BRI 3 CCL27K -
S AR B, I in /) B L R 98 il A B
R AET-M, HE T CCL2-CCR2% ) fifJag I A T AR 5%
PRI oL, WL,
2.1 HIS AR

[ BOR R ¥ Loberg U7 A5 4 iE T 7ESCID/)N
S (TN FNBAN M S Bl ) K 1S AiT 21 s 2
fEVCap, #E[H AJECCL2HFHFTIACNTOSS8H /)N il
CCL2H FHLIRC 114280 RE B I B2~ RS R i 4=
K, HI A CD68+ g A i 511 L K e fwl i 45 11
TR A T2 5T T SCID/INERC IV B PC3
T 4) s 200 M 2 %) I e e RS AR, g 2 I s
NVESTCNTOS88EKJEC1142, 5)H 5 EHFCNTOS8SS
PR e U/ T 47%, T S TEC 1142 a8 4 # ik
DT 87%. i B BHWT 1 32 U5 1 CCL27E S 58 H i il
IR SRS R 2 o RS R R ENR s (Tibia) 5%
B, [HSTCNTO888 K A= I s 4 A BEIK T 96%,

#1 #[ECCL2 -CCR2EAEN IR EIFR 53
Tablel Animal model research targeting CCL2-CCR2 axis

EHHTECII42MIEEAR T95%, HARCNTOSSS i fifi
FHPTIE A K AR FHAS a2 P54 AZ 0 (40 mg/kg, 3
J) , AH5 Z VG A2 B A 8 F AT 3 5 A AR
BTGP . T AJRCCL2H FIHT AR CNTO888 5, /N
CCL2HAIHLIRTECT 1424 A i 2 Bt 4, i
Y e 200 e Sfe Y B 1 = 32 o 4 M R VR 1 CCL2 7 i
PERTA BRI 20 A AT DA S B s B ad R s 4
FEAER,
22 JHE

JHF 200 o 2 T ) & HLAR 2 T R R I o 1
PEMRE . Lisetos KB, FHrCCL2-CCR2{5 5]
LA 161 Jirb 98 26 40 P 3 TAMs [ 3 Wi FT M2 B Ak, 3%
TECDS+THA L, 1k 7 /N U 240 i Hepal-6
LPC-H12, H22/{ ZFp A Ay ( [R]/IN BB T
A R R RAR . RN ) | A
GlaxoSmithKline/\ 7] A CCR2FEHLFIRDCO18 (30
mg/kg ) AbEE Bl i o A FH CCR2 3 [T b /) BRUBEL
WrCCL2-CCR2M5 %, RENE &l 2 100 il I g A= K Ao
B. BETFARERE L. EKAFH, YaoRE WK
B AR T — A RIRCCR2AEHLH (747)
A ARNANSEEIESE T B R AR 4>
P, AT LG A BH bR AR, B4 CD8+T
21 6 %) 5 - 1 B C D8+ T4 I 1 55 443 R 7 ke 31 61
e &, 3 ELAE R S 81 3 A5 A TP
G2 R IR , ISR R RAIEITRL
Fo SR ECCR2IHIFAYT Ja, WA WAL H) /N
SUMFERAL R, I BLCCR24M VA7 7T LAfd
JFF3A /N B30 B ) B
23 FLhyE

QianZE "7 il T CCL2BE4: CCR2+1 4 1 A%
AN A kN BRFLIR R 40 g Met-1 (PyMTiES ) 4%
B R . N/ ORI i CCL2TAR AR BE B 3
BH WM et- 140 it (il 7% . BonapaceZE!" il iE T
CCL2MyPifk (R&DZH] ) BHW /IS B L M98 40 i
4T 120 CCL2 I 3 il Az 200 B D B A BRI LA K

Cancer cell type Mouse Drug Therapeutic effect l:ggzrs_

Prostate cancer cells VCap ~ SCID  CCL2 neutralizing antibody Reduce tumor metastasis, combined with [4,18,22]

and PC3 mouse CNTOS888 docetaxel, enhance antitumor activity

Liver cancer cells Hepal-6, C57BL/ CCR2 antagonist RDC018/  Inhibit tumor growth and metastasis, reduce [19,23]

LPC-H12 and H22 6 mice natural CCR2 antagonist (747) postoperative recurrence, and prolong survival of mice

Breast cancer cells Met-1, Transgenic CCL2 antibody (RD company) Reduce macrophage recruitment [16-17,

MDA-MB-231 and 4T1.2 mice and inhibit tumor growth 24-25]
C57Bl/ CCR2 antagonist (RS504393) Inhibit primary tumor growth and metastasis [26]

Lung cancer cells LLC .
6 mice

and inhibit tumor-associated macrophage aggregation
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W 41 T R L 95 38, DT D2 il 2 8 - 11
. SR I HLCCL2IAYT , 23 hnd L s A
. A IE L /NRISET . CCL2BLIARIRYT
HIET0R G, CCL2/KP-IVH i 5 g & 3, i
KRB A AN e A, CCL25E4E Pz A
PE—2 4040 0 L REAN A . I A0 = A )l A A
KMHF (VEGF-A) FIFI/-%-6 (IL-6) A[gEZ 5
AT TR M4k HPICCL2BT AR, A5
KR HYTHERAER . A IEPICCL2IRYT A, dat
PUVEGF-ALL AR 5% g (1 DLk 56 8%, mT LA i
JeE AL TR W . BonapaceSF 1 BFSY 45 4R
71N, L ] e T B 5 e S 0 < PR 4 e A RS
—ANEERE, TEIEESEYICCL2EMER
R B — 26T -

3 ¥B[ECCL2/CCR2EEIERIX IG5

%R [0 CCL2-CCR2% i 224 I PR i 8 5y
YIS B A BUS I RO . BRTE R T 230
R 1) SEL AT T 1) 9 R JE 9 4 S {498 AR CCL2-
CCR24hAy T Bsk 1T BIG RIIRF 5T, PEAN BH BT
CCL2-CRR2ZyW 2z ik . 23l e 253l
%o [ HICCL2H AT FI CCR2 4 i 714 ) CCL2-
CCR2HI ZANIR RIS R0, TL3R2.
3.1 CCL2H A& CNTOS8S

i Centocor/y v JF & 1 A~ # 1)) ACCL21Y
Zj¥)carlumab, tFRHCNTO88S, JElgGlkHLog
BEPUIR, HPIESEMS (@i Els pM) 4545
CCL2, 5CCR2EZARGS G HHEFEFr . — Wil
PRIRES (NCT00537368 ) XFCNTO888H i a5 FH:
i FAACYT 25 W 20 A6 SC A0 Hh il A e 2 1k
2R3N D12 S80I T T3Pk . CNTO8887E
444 FBAR H IR TT META I IS U S AR FR A 45 25 40
PG i 2 v R, R, R E bR 4

#x2 #ECCL2 -CCRUES MG ARIXIE
Table2 Clinical trials targeting CCL2-CCR2 signal axis

2 M0.3% 15 mg/kgis A HE = e HICNTO888 . 4
B1, 28 KRJERME 2. RIRA WA B i K RF
PRI, R4S R EURCNTOSSS 11 il A 56 1Y
TS AT LR A P 15 me/kg, SR RRTCCL2
R AR Bl 4 55 750 512 56 A B CCL2 543 24 il
JihEd A R 28 RS AN [R], CNTOS888%5 24 Jim i 15
CCL2/K - it 32 2 T30, Bifi 5 i 2 CCL2R J&
BN EL 2 M IR YT AT R AE K, IRYT R B
CCL2 ({34ECNTO888-CCL2E A ) AT 000
il BB R, I B S AR R IR
M H FHICNTOSS8IAY T 37 25 -

Centocor/ mJ W23 T CNTO888 % —4~ I Il
JRIE: (NCT01204996 ) 455, iR IR 1Ak T 5351|554
Jei FBH 4 T CNTOS8SBHK A4 Fl bR i AT Jy S 4 4>
PN 2R 8l T2 . XS R 7y i3 52 CNTO888
HZPWEERE, HIME . SEE-RALD KRS
P AL B o R B 2 R R R R A4 A T 245 3R 97 4.
{AJE, CNTOS888 54FMLIT 25 A (i A, REBAT 1Y
SISO H LS 29 255k, [RIR 5S4k 7 290G
fift LA AB A4 CNTO888 A RU P IBr CCL2 Ay 4L
RIS, R, CNTOSSSHIHICCL2 MR ALt
AR A AT PR AT S S e i 45

TECNTOS888YHYT Hir 4 Atdes iy 11 1 i PR 3K 3 A
5% (NTC00992186) H, 46fE 2 KiH)T
TR VTR EA LT 1Y e P i 25 14 iy
H1) 9 B 22 CNTO88S BA— 2 MINGYT . 1k I 4%
R AE/RCNTOS888 ik Lt &7 Kby, /DB EaR
EREBPEANR R, ZCNTOSSSAZHANII)S , 1
B CCL2/K Pl s I, AR T 45 25 )5 AN AT
() CCL2 ¥k B 1k [l I AR PR 1k 25 245 b BT 11
MR, Rk, 7 AR5 H CNTOS888
SR U HA IR SO 25 R, — A E
Jirt A AT B J& CNTO888AN BETE A& % (1) 45 252 B[] 417 ]

Test subject Drug Company Stage Test results References
Refractory advanced Carlumab/ Centocor 1 Ineffective [27]
solid tumor patients CNTOS888'

Solid tumor patients with ~ Carlumab/ Centocor | Ineffective [28]
standard chemotherapy CNTOS888

Metastatic drug resistant Carlumab/ Centocor i Ineffective [29]
prostate cancer patients CNTOS888

Solid tumor with bone CCR2 inhibitor Millennium 1 Positive effect with U-NTX4 decreased [27]
metastasis patient MLN1202° Pharmaceuticals in 14% of the patients

Advanced unresectable CCR?2 inhibitor Chemo Ib Positive effect Patient survival [30]
pancreatic cancer patients  CCX872° Centryx rate increased from 18.2% to 29%

Notes: 1: Carlumab/CNTO888: CCL2 neutralizing antibody; 2: MLN1202: CCR2 inhibitor; 3: CCX872: CCR2 inhibitor; 4: U-NTX: Urinary type I

collagen amino terminal peptide, a biomarker that measures the metabolic rate of bone cell turnover
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BEFECCL2, BRI FHCNTOS884I | CCL2
PG PRAG /N BUAT 51 IR S 455780 vp 38 7 1 R G i e
o RN I R RS B RICR . A B T I R I B0 245
BokFE, BRI B H XTCNTO888I M =z My, H
CNTOS8S N RERFLLA M Kl 2 CCL2, HATAYIR
55 F- B IOk B B A I RIG YT = S B R o

3.2 CCRHIF

3.2.1 CCR2#MHIFIMLNI202 MLN1202 /& —fif
i 3£ E Millennium PharmaceuticalsZ w) FF & B X
CCR2Z R HA R 50 NI 1gG LIk, 7E—I0
MLN1202%} SR B 7 7 838 i 97 350y T I R
RIS (NCTO01015560) H, 4445 LA KA 15 55
B EBESATERL, 15, 29K FRIkiE FHMLN1202
(8 mg/kg) Ji, TN E ARG PRI b PRI Ji 2
FAR AR (urinary type I collagen amino terminal
peptide, U-NTX ) | H0 e 175 P R0 5 10 20 B 1o 5
$64%. HCCL2H FIFLIACNTO88825 /8], MLN1202
FRITEE R A P HA RIFMm 2. £it43 K
MLNI120245 2540 31 )5 , ZJ14% A0 B ZEuNTX (]
SE M R EER A bR B ) BRAK, R
MLN12027E33% 86 H A B Y720

3.2.2 CCR2pHIFICCX872 #Hafhiit, 4k
AERI2 B R B 33,77, AR AETE AL
7%. ChemoCentryx/s m)/A A0 T HE T CCR2)
7 CCX 872 1 i 8 T bl PRI 1 H8  A=
FERUHE . CCX8T27E (g e A S 1 T H Il PRl 36
Z5REKW], CCX8720M 32 MLy, &M Tk
W25 TER AT T b R iR 56 2 — 55 22 Hp
O FF PRI, AL 50407 B 5 7 B A AN
ATUIBR AR AR (76% & MR IR I 2 & AR 5
) o ZMFFOKCCR2UMIFICCX872 5 1ky7 I
ZFOLFIRINOX ( 5-3URMERE | MR . P
RV FIER ) WG ER, Frfs B B W 352
FOLFIRINOX(/Y7 —IK (£ 12ik) , M E%&H
FIEEACCX872, 127, 45184 WS H| % i
IR H29% . A1 H FFOLFIRINOXAY 756 )
18 2% EAFR, B REA A,

4 FHiL5RE

Zr L RrIR e i A D Bl 5 JoT A4 oA DA 1
CCL2fE g A= A< | (RZBFNELRS . Il PR 34 55
B 57 F W 7] CCL2-CCR2§f HAT I 2 hi g A=
K I LR i /EH . CCL2H FIHTIACNTO888
FICCR2PHIFIMLN1202 ., CCX872 54k | %
i 52 M R4, H E E I PRl iy BUS 45 5 51 AN 3

M, H 8RR A AR CCL2 Hh AptfA s CCR241
il 77 35 A RE 7E fE A5 4 (14 B[R] A5 5 BHLIBr CCL2-CCR2
B, 55 —Fh AT BE AR R S HTCCL2 B A (A 1 A X
A, HAICCL2I A M N5 # 7 A= A2 20 1Y
e, R A A M SR A . AT SR
[ CCL2-CCR2F I AE VAT 5 s AH S AL | 7y )
B, B R B I R 6 Ik 40 R A AR e
AR ULHR R, LR 2 R 225

SEH

[1] sk¥r, EHes. pgdafatateEn-1 (MCP-1/CCL2) S
KRBBFFEBERT]. H EIE R, 2008, 15(5): 735-7. [Zhang
Z, Wang YH. Advances in the relationship between monocyte
chemoattractant protein-1 (MCP-1/CCL2) and tumors[J].
Zhongguo Lin Chuang Xue, 2008, 15(5): 735-7.]

[2] Yoshimura T, Robinson EA, Tanaka S, et al. Purification and
amino acid analysis of two human glioma-derived monocyte
chemoattractants[J]. J Exp Med, 1989, 169(4): 1449-59.

[3] Yoshimura T. The production of monocyte chemoattractant
protein-1 (MCP-1)/CCL2 in tumor microenvironments[J].
Cytokine, 2017, 98: 71-8.

[4] Lim SY, Yuzhalin AE, Gordon-Weeks AN, et al. Targeting the
CCL2-CCR2 signaling axis in cancer metastasis[J]. Oncotarget,
2016, 7(19): 28697-710.

[5] Nakatsumi H, Matsumoto M, Nakayama KI. Noncanonical
Pathway for Regulation of CCL2 Expression by an mTORC1-
FOXK1 Axis Promotes Recruitment of Tumor-Associated
Macrophages[J]. Cell Rep, 2017, 21(9): 2471-86.

[6] Yumimoto K, Akiyoshi S, Ueo H, et al. F-box protein FBXW7
inhibits cancer metastasis in a non-cell-autonomous manner[J]. J
Clin Invest, 2015, 125(2): 621-35.

[7] Paget S. The distribution of secondary growths in cancer of the
breast 1889[J]. Cancer Metastasis Rev, 1989, 8(2): 98-101.

[8] Liu Q, Zhang H, Jiang X, et al. Factors involved in cancer
metastasis: a better understanding to "seed and soil" hypothesis[J].
Mol Cancer, 2017, 16(1): 176.

[9] Wang Y, Zhang X, Yang L, et al. Blockade of CCL2 enhances
immunotherapeutic effect of anti-PD1 in lung cancer[J]. J Bone
Oncol, 2018, 11: 27-32.

[10] Yang J, Lv X, Chen J, ef al. CCL2-CCR2 axis promotes metastasis
of nasopharyngeal carcinoma by activating ERK1/2-MMP2/9
pathway[J]. Oncotarget, 2016 , 7(13): 15632-47.

[11] Li S, Lu J, Chen Y, et al. MCP-1-induced ERK/GSK-3/Snail
signaling facilitates the epithelial-mesenchymal transition and
promotes the migration of MCF-7 human breast carcinoma
cells[J]. Cell Mol Immunol, 2017, 14(7): 621-30.

[12] Han R, Gu S, Zhang Y, et al. Estrogen promotes progression of
hormone-dependent breast cancer through CCL2-CCR2 axis by
upregulation of Twist via PI3K/AKT/NF-kB signaling[J]. Sci Rep,
2018, 8(1): 9575.



AYBBRH 38 HZY2019F 55464525587 Cancer Res Prev Treat,2019,Vol.46,No.5

- 475 -

[13] Grund EM, Kagan D, Tran CA, et al. Tumor necrosis factor-alpha
regulates inflammatory and mesenchymal responses via mitogen-
activated protein kinase kinase, p38, and nuclear factor kappaB
in human endometriotic epithelial cells[J]. Mol Pharmacol, 2008,
73(5): 1394-404.

[14] Chen W, Gao Q, Han S, et al. The CCL2/CCR2 axis enhances
IL-6-induced epithelial-mesenchymal transition by cooperatively
activating STAT3-Twist signaling[J]. Tumour Biol, 2015, 36(2):
973-81.

[15] Zhuang H, Cao G, Kou C, et al. CCL2/CCR2 axis induces
hepatocellular carcinoma invasion and epithelial-mesenchymal
transition in vitro through activation of the Hedgehog pathway[J].
Oncol Rep, 2018, 39(1): 21-30.

[16] Qian BZ, Li J, Kitamura T, et al. CCL2 recruits inflammatory
monocytes to facilitate breast-tumour metastasis[J]. Nature, 2011,
475(7355): 222-5.

[17] Bonapace L, Coissieux MM, Wyckoft J, ef al. Cessation of CCL2
inhibition accelerates breast cancer metastasis by promoting
angiogenesis[J]. Nature, 2014, 515(7525): 130-3.

[18] Loberg RD, Ying C, Craig M, et al. CCL2 as an Important
Mediator of Prostate Cancer Growth In Vivo through the
Regulation of Macrophage Infiltration[J]. Neoplasia, 2007, 9(7):
556-62.

[19] Li X, Yao W, Yuan Y, et al. Targeting of tumour-infiltrating
macrophages via CCL2/CCR?2 signalling as a therapeutic strategy
against hepatocellular carcinoma[J]. Gut, 2015, 66(1): 157-67.

[20] An J, Xue Y, Long M, et al. Targeting CCR2 with its antagonist
suppresses viability, motility and invasion by downregulating
MMP-9 expression in non-small cell lung cancer cells[J].
Oncotarget, 2017, 8(24): 39230-40.

[21] Zhao L, Lim SY, Gordon-Weeks AN, et al. Recruitment of a
myeloid cell subset (CD11b/Grlmid) via CCL2/CCR2 promotes
the development of colorectal cancer liver metastasis[J].
Hepatology, 2013, 57(2): 829-39.

[22] Loberg RD, Ying C, Craig M, et al. Targeting CCL2 with systemic
delivery of neutralizing antibodies induces prostate cancer tumor

regression in vivo[J]. Cancer Res, 2007, 67(19): 9417-24.

[23] Yao W, Ba Q, Li X, ef al. A natural CCR2 antagonist relieves
tumor-associated macrophage-mediated immunosuppression to
produce a therapeutic effect for liver cancer[J]. EBioMedicine,
2017, 22: 58-67.

[24] Kitamura T, Qian BZ, Soong D, et al. CCL2-induced chemokine
cascade promotes breast cancer metastasis by enhancing retention
of metastasis-associated macrophages[J]. J Exp Med, 2015, 29,
212(7): 1043-59.

[25] Linde N, Casanova-Acebes M, Sosa MS, et al. Macrophages
orchestrate breast cancer early dissemination and metastasis[J].
Nat Commun, 2018, 9(1): 21.

[26] Schmall A, Al-Tamari HM, Herold S, ef al. Macrophage and
cancer cell cross-talk via CCR2 and CX3CR1 is a fundamental
mechanism driving lung cancer[J]. Am J Respir Crit Care Med,
2015, 191(4): 437-47.

[27] Sandhu SK, Papadopoulos K, Fong PC, et al. A first-in-human,
first-in-class, phase I study of carlumab (CNTO 888), a human
monoclonal antibody against CC-chemokine ligand 2 in patients
with solid tumors[J]. Cancer Chemother Pharmacol, 2013, 71(4):
1041-50.

[28] Brana I, Calles A, LoRusso PM, et al. Carlumab, an anti-C-C
chemokine ligand 2 monoclonal antibody, in combination with
four chemotherapy regimens for the treatment of patients with
solid tumors: an open-label, multicenter phase 1b study[J]. Target
Oncol, 2015, 10(1): 111-23.

[29] Pienta KJ, Machiels JP, Schrijvers D, et al. Phase 2 study of
carlumab (CNTO 888), a human monoclonal antibody against
CC-chemokine ligand 2 (CCL2), in metastatic castration-resistant
prostate cancer[J]. Invest New Drugs, 2013, 31(3): 760-8.

[30] Noel MS, Hezel AF, Linehan D, et al. Orally administered CCR2
selective inhibitor CCX872-b clinical trial in pancreatic cancer[J].

J Clin Onco, 2017, 35(4_suppl): 276.
(448 Flkir; RXf: L]

fE& TR
FUNGR: 28 Sak, BB LF
ARE: LFRMMAE, BT LFER, HFREREHRLT



