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[ Abstract]  Objective To explore the role of CCR5 gene in the migration of myeloid-derived suppressor cells
(MDSCs) into the mouse liver cancer microenvironment. Methods A mouse model of orthotopic liver cancer was
established and changes in the MDSCs were detected by flow cytometry. To observe the effect of mouse liver cancer cell H22
(T-cell) conditional medium (TCM) on the migration of MDSCs, these cells were sorted and pretreated with 100 nmol/L

CCRS inhibitor. Finally, DiR-labeled MDSCs were injected into the tail vein of mice with in situ hepatocarcinoma to observe
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the effect of the CCR5 inhibitor on the migration of MDSCs in vivo. Results The expression of MDSCs in bone marrow,

spleen, and liver was significantly higher in the mouse model of orthotopic liver cancer than that in normal mice. The purity
of MDSCs was 94. 5%, and MDSCs expressed CCRS. Cell migration result showed that CCRS inhibitor reduced the
recruitment of MDSCs by TCM. The in vivo imaging analysis showed that the ability of MDSCs to migrate to the spleen and

liver in vivo was weakened after treatment with CCRS5 inhibitor. Conclusions

CCR5-mediated MDSCs accumulate in the

mouse liver cancer microenvironment. Inhibition of CCR5 in MDSCs may provide a new idea for cancer treatment.
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Figure 1 MDSCs were increased in the mouse orthotopic liver cancer model
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Figure 2 TCM-promoted MDSC migration through CCRS in vitro

gE SRR SEIZH B AN ) MDSCs -5 %) 1R 2H 41
Fb R B PR FRAIG, DLIRL 4B A1 4C, 33X B RH7E I8 S R
b CCR5 X%} MDSCs iR A AR

3 itig

LA, AT BRAE 22 Ff b e £ 3 LA K/ IN B
AR MDSCs i PR3 I, f1 T MDSCs RE#% 38 i
AR HLHIFIH] T 203 A0 NK 20 S AP0 g 4
PERN I RE 1, 2 5 b9 G 9% 7 R 4%, IRtk MDSCs
JEMR A S T A el 4ne S BHRrE
WESE T 2R RIE N F2 5 MDSCs ¥ 3 i #%, el
VEGF, GM-CSF, IL6 CCL2, SI00A8 1 S100A9 %5,
CCL2 / CCR2,SDF-1 / CXCR4,CCL5/CCRS5 & 2%
e FLE g Il | O SR e R DR (8 3R R BA BE o
MDSCs MJZEEEZCHE 2, SR, /-7 MDSCs Z24E 5
JF 98 SR 85 A EL AR ML i AN 58 43 4

Ry T A ESE MDSCs 75 98 A 855 v 55 4E
AORLARL, FRATTR A T /0N BB A7 9 A 7R, L 2R 8%
Fb BT P A R B R I R, FRATT 2 SR BoR AR
JEOAEE T, MDSCs 76 8 86 9 I rp 48 & 3 vk 7

F. AWFIT RS, CCRS il it 5 H A 1k H T
CCLS tHEAEHZ S M@ A& 258, 45 £ Mm%
S AN 1] PR SR B ) B4R FRATT AT 9
FW] T MDSCs 5 ik CCR5M, Wk, AT AR
MDSC /&l it CCRS SRR MATE T, AT
WFFE AT MDSCs FE I RS h SRR R AL, T84T
IPEFEARAS T 4 ) MDSCs, MDSCs F4 43 3% 5
A 2R IRATTE X FLHRAE T 2 Fh MDSCs 433 7
P ARSCRIIIESE T B I Z /9 MDSCs, B
SLH T3 RS AR B AR A A, R I3k A 2R 43R 1
07 1k LA AR A5 R B Y MDSCs T IR S35 50

H T — T AF 9T 26 B, CCL2 43 W7 I J5R R 7k
Bt CCR2 524 Ly-6C" B 40 fis MDSCs ™!,
X ZHMH MCP-1 / CCR2 715 S Mo-MDSC 1T ik
BHREREEMIEN ., WK ER IR, AT R
Pl MDSCs 9 CCRS J5 HAE R BE 71 & MR FRAIL, 1M
HHXF MDSCs W #F YIRS 68 1t A w4 Sl 7E
XFH, CCRS fEHFRE 4 MM 5] MDSCs £ 1 i 72
hREEEN, AR, Rk, R EERIEN
MDSCs F=A: ) CCRS FCAARTEARSPFAR N K 5] ik



34

vp [ H AR PR 2R A R 2019 4R 7 H A5 29 B8 7 Chin J Comp Med, July 2019, Vol. 29,No. 7

1063 )
16.0% 83.4%
10°7
Q
S
= 1043
10°4
03
0 10°_ 10° 105 10°
—P 156G
CCRS #4771
B 1640 TCM CCRS inhibitor
6 6
10771 489 98.4% 10°F1 46% 98.5% 10°3 1 03% 98.8%
10° 10°3 ' 10°3
g
1043 103 10°3
10°4 10° 10° 4
BRI T Yy T R RARILL YT Ty T ™Y T T e
0 10°  10° 105 10° 0 10°  10° 10° 10° 0 10°  10° 105 10°
e — T 0E
G-MDSCs Mo-MDSCs
C 3-
20A *xx *rx
S 154 ~
£X% 25
=% X =
=} [
=25 T B3 1
2 5 E T
E 4
0 T T 0 T T
1640  + = = 1640+ 5 :
c™ + + TCM + +
CCR5#I5 - * CCR5#I5 = i+

CCRS inhibitor

CCRS inhibitor

. ALGERSHT MDSC SRR L5 B X404 2 v MDSC B iE A5 00 ; C . MDSC 37 3 3 7 41 i

B, ™ P<0.01, ™ P<0.001,

B3 (&4 TCM Fit CCR5 5% MDSC W T

Note. A, Proportion of MDSC subsets before migration. B, Flow cytometric analysis of the subsets of MDSCs

in the lower chamber. C, Number of MDSCs in the lower chamber. ** P<0.01, ** P<0.001.

Figure 3

CCRS F Treg"™"' . IEAh, Jil i 43 16 114 3 6 84 10 1R 1
AT CCRS YU iz i , 1 HLiA b 8 H & m b
() CCRS 263k, J& SEFRATTRe X6 I i 40 i J2: 75 5% i)
MDSCs ) CCR5 Fikiff— IR AT,

1T CCRS X 4 Ji i 8 1) E5 2444, CCRS M L
RPN A S b VA T7 80 bR, EHRGE, CCRS i 5
Maraviroc £E45 % H e 40 i T A S An s A 1
VERI 0 8 g A0 AL 4% 100 3kl i 91 Ao 0 2L,
IR AN RS = A, CCRS #1175 S48 1
Ji 98 6 T R R O 5 400 i %) 52 W R 3 1
B16 2 /N BB AL o i) MDSCs 3% £, i)

=4
7

TCM promoted MDSC subset migration through CCRS in vitro

CCL5 A FAARFL IR MDSCs BYZIfE , Wm0 i fich e
PRI FRATAE B DR A /N R R Y AIESE CCRS
VBN 36 97 SR AR v REME. FRATTH0 ] MDSCs 1Y
CCRS , P14 L i 1)/ BRU A S R A 1, & AT
R E/INGUIT M B MDSCs i 728 /b, 6 W HT # g
F—E R b2, B 2 IR i) MDSCs 7% /b
Je HEXT e G 30k 5 1 TR 23 37 31— e R

2k LT AR CCRS 45 MDSCs [ Jif
Jeg DA TR /N B e 0 LR A7 32 A%, i) MDSCs
f) CCR5 A] LLygi/b MDSCs 76 AT i B AR, I I ke 35 i
T AR




ofE F A R kA 2019 4E 7 A %5 29 45 78] Chin J Comp Med, July 2019, Vol. 29, No. 7 35

X CCR3#HIF
Control CCRS inhibitor

—
wn
f

SRR (108 pls)
Radiant efficiency
S o =

XHHE  CCRS#MF
Control CCRS inhibitor

154
B @ = -
| CCRSIMFIF ag
Control CCRS5 inhibitor &5 101
T
% b5}
' RE s
B Liver E%
B~
0
XHHE  CCRS#MfH
o] CCR5347] Control CqRS inhibitor
C Control  CCRS inhibitor ¥
~
B Spleen 2
p § 2
alc]
B
04

X CCRSHGIF
Control CCRS inhibitor

. A: MDSCs 7/ R AL/ AR IR RS (1 BT ; B MDSCs

TR FIAF R AE S ; C. MDSCs i

ER B, © P<0.05,
B4 5SS MDSCs ZEAR PR 17

Note. A, Major portion of MDSC migration in mice with in situ liver

cancer. B, Migration of MDSCs into the liver.

MDSCs into the spleen.

C, Migration of
* P<0.05.

Figure 4 Migration of MDSCs in vivo was detected by

an in vivo imaging system

SE 3k :

(1]

[5]

Kumar V, Patel S, Tcyganov E, et al. The nature of myeloid-
derived suppressor cells in the tumor microenvironment [ J].
Trends Immunol, 2016, 37, 208-220.

Sica A, Massarotti M. Myeloid suppressor cells in cancer and
autoimmunity [ J]. J Autoimmun, 2017, 85; 117-125.
Gabrilovich DI, Ostrand-Rosenberg S, Bronte V. Coordinated

regulation of myeloid cells by tumours [ J]. Nat Rev Immunol,

2012, 12 253-268.
FIPET, TRLEIT, ARIETE. B ZR R VR A4 0 i A M 7 R
RS IIE R (1], SEHFNER 22 3, 2018, 21(5) .

813-817.

Yin Z, Li C, Wang J, Xue L. Myeloid-derived suppressor cells:
Roles in the tumor microenvironment and tumor radiotherapy [ J].
Int J Cancer, 2019, 144(5) : 933-946.

Elwan N, Salem ML, Kobtan A, et al. High numbers of myeloid
derived suppressor cells in peripheral blood and ascitic fluid of
cirrhotic and HCC patients [ J]. Immunol Invest, 2018, 47(2) .
169-180.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Highfill SL, Cui Y, Giles AJ, et al. Disruption of CXCR2-
mediated MDSC tumor trafficking enhances anti-PD1 efficacy
[J]. Sci Transl Med, 2014, 6. 237ra67.
Katoh H, Wang D, Daikoku T, et al. CXCR2-expressing
myeloid-derived suppressor cells are essential to promote colitis-
associated tumorigenesis [ J]. Cancer Cell, 2013, 24 631-644.
Sawanobori Y, Ueha S, Kurachi M, et al. Chemokine-mediated
rapid turnover of myeloid-derived suppressor cells in tumor-
bearing mice [ J]. Blood, 2008, 111: 5457-5466.

Combadiere C, Ahuja SK, Tiffany HL, Murphy PM. Cloning and

functional expression of CC CKR5, a human monocyte CC

chemokine receptor selective for MIP-la, MIP-13, and
RANTES [J]. J Leukoc Biol, 1996, 60(1); 147-152.
Cambien B, Richard-Fiardo P, Karimdjee BF, et al. CCLS

neutralization restricts cancer growth and potentiates the targeting
of PDGFRbeta in colorectal carcinoma [ J]. PLoS One, 2011,
6: €28842.

Sicoli D, Jiao X, Ju X, et al. CCRS receptor antagonists block
metastasis to bone of v-Src oncogene-transformed metastatic
prostate cancer cell lines [ J]. Cancer Res, 2014, 74. 7103
=7114.

Velasco-Velazquez M, Xolalpa W, Pestell RG. The potential to
target CCL5/CCR5 in breast cancer [ J]. Expert Opin Ther
Targets, 2014, 18: 1265-1275.
Halama N, Zoernig I, Berthel A, et al. Tumoral immune cell
exploitation in colorectal cancer metastases can be targeted
effectively by anti-CCR35 therapy in cancer patients [ J]. Cancer
Cell, 2016, 29. 587-601.

Groth C, Hu X, Weber R, et al. Immunosuppression mediated
by myeloid-derived suppressor cells ( MDSCs) during tumour
progression [ J]. Br J Cancer, 2019, 120; 16-25.

Appay V, Rowland-Jones SL. RANTES:

a versatile and

controversial chemokine [ J]. Trends Immunol, 2001, 22. 83
-87.
Zhao W, Xu Y, Xu J, et al. Subsets of myeloid-derived
suppressor cells in hepatocellular carcinoma express chemokines
and  chemokine  receptors  differentially [ J ]. Int
Immunopharmacol, 2015, 26: 314-321.
T IRIER  VFRES, 45, AR A BT 5 e/ S AL
SRR P ZOR R R PR Y e g (1], P [ Se R sh o
%, 2013, 21(4) ; 42-46.
Xu Y, Zhao W, Wu D, et al. Isolation of myeloid-derived
suppressor cells subsets from spleens of orthotopic liver cancer-
bearing mice by fluorescent-activated and magnetic-activated cell
sorting: similarities and differences [ J]. Int J Clin Exp Pathol,

2014, 7. 7545-7553.

(F#%5270)



