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PAICS activates the PDL2/RGMb pathway to enhance the M2-TAM invasionin colorectal cancer
CHENG Quan, MAO Yong, FU Huazhou (Hangzhou First People’s Hospital, Hangzhou 310006, Zhejiang,
China)
[Abstract]Objective To investigate the regulation of PAICS on the polarization of tumor-associated macrophages
(TAM) in colorectal cancer (CRC), and to analyse the migration, invasion of CRC and its mechanism. Methods
THP-1 cells were stimulated by PMA to differentiate into MO macrophages, then co-cultured with HCT116 or DLD-1
cells for 48h to generate TAM. Real-time fluorescence quantitative PCR (QRT-PCR) was used to detect the polariza-
tion phenotype of TAM. IL-4/IL-13, LPS/IFN-y were used to induce MO Macrophagesto differentiate into M2-TAM
and M1-TAM. The difference of PAICS protein expression was detected by qRT-PCR and Western blot. M2-TAM
was transfected with PAICS and PDL2 specific small interfering RNA (si-RNA), and the effects of PAICS on the pro-
liferation, migration and invasion of CRC in M2-TAM were detected by CCK-8 and transwell tests, respectively. Re-
sults Macrophages co-cultured with CRC mainly produced M2-TAM, which showed high PAICS expression in
M2-TAM and low PAICS expression in M1-TAM. While PAICS and PDL2 were knocked down respectively in M2-
TAM and co-cultured with CRC cells, the expression of PDL2 and RGMb were decreased, and the migration, invasion
ability of CRC cells were also decreased. After PAICS and PDL2 were knocked down jointly, the expression of RGMb
was decreased more significantly, and the migration, invasion ability of CRC cells were decreased more significantly.
Conclusions There are high expression of PAICS and M2-TAM in CRC. PAICS regulates the expression of PDL2
and RGMD to regulate the M2 phenotype of TAM, thereby promoting the migration and invasion of CRC cells.
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45 B i (colorectal cancer, CRC) /& 4 BREE =K
i DL R, R RE SE T B A R R R
RS (tumor microenvironment, TME) 1% Fh 4 /g
() (R AH ELATE AR IR A 28 A 7% v fo o B A FH
Jif IR AH oG EME IS (tumor-associated macrophages,
TANMD £ TME & & fi i 1) S 40 i, W] A3
21 it B 1~ B AL TR 125 2 B 5, 0 B e S g%
VAT SRR A 2 s, B 24 SR e 24 G 1) 1 B =2 2%
WiZ. T HU RS . BEF R ] TAM {232 | CRC 1)
AEKMIRE R, K 22 250 R A 7 e S ek e v 0 )
PAL M2 FEARES ; BRI, HEI M2-TAM 7] fig 7t CRC
JiEE 4 g 5 TME (R AH BAE F 0582 5 3%, {H M2-
TAM RACHITEENLEN TR — PR R . R A% NE
SLE LKA & i (PAICS) 2 —FhiiEfL
DNA M5 BURERS AL Y& i, 25 CRC 41
IGAE . TR ARKMRZE Y. HATK T PAICS X
TAM WALIIVERT, LRGN CRC 172888 1 HIHL
MR . AWFFERIT PAICS 4% CRC R
Z 5 TAM #ALIAE A AEL S, IARIE W .

1 EREEE

L1 4R A CRCHHHZ& (HT-29.DLD-1.HCT116)
NHRZAN R THP-1 W H L ifg bR 40 2e . 40
H&H 10%064- % 1) RPMI1640 857758 447 K
I5, HESH 5%C0, {1 37 CHEHEBE M TIHE .

1.2 FE A A AR B P B (PMA, 18 5.
HY18739) . A/ & 4(IL-4, 175 : HYP70445) .IL-13
($2 *5: HYP7033). F # Hy(UFN-y, 1§ 5.
HYP7025) I £ ¥ (LPS, 785 : HYD1056) ¥4 [ 35
MCE AR A BR 22 7] s RPMI 1640 F1IG 2 1L 37
B E 2 [ SR B AERHE A IR A F] s B Ma-
trigel (175 : 354224)  Transwell 40 ffi 55 75 /N = 15 H
LR THEVFBHE R A A Lipofectamine2000 (5
5: 11668019 [ 35 [H 2 BR WA RH A PR A ] ; 5
JF 4 J&@ & I (MMP) 2 (525 : MMP200) f1 MMP9 (5%
5: DMP900) 14 H 3 E R&D ARG A R A F;
PDL2 ELISA ik #) & (It 5: ab231928) Al A
RGMDELISA X7l & (155 : ab314379) ¥4y H 7% [
Abcam nH]; WESEAGHE (PrimeScript™ RT re-
agent Kit, 7% *5: RR037Q). TB Green (1% 5:
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CN830S) I H HA Takara EHRHL A IR A
PMSF (55 ST505) . & H &K RIPA (185
P0013B) F BCA 5 195l 52 771 & (125 : P0009)
B E FiE R AR A R A A5 it PAICS it
& (7 5. abl51472). #i PDL2 itk (1% 5
ab256386) . $iL GAPDH $ifk (125 : ab9485) Il H
Y[ Abcam AR H IR A .

1.3 ERR4EM R A ook 46 100 ng/ml PMA
ALEE THP-1 4/ 24 h LAS 5774 MO B4 A, S48
J& 53 B IL-4 (50 ng/mD/IL-13 (20 ng/mD) B{ LPS
(100 ng/m1)/IFN-y(20 ng/mD) i 5 MO EW&4H A0 5316
M2 5 M1 B R 4H A AR SCRR[S 14 18 #257. TAM
PRAMERY, ¥ MO B4 i 5 45 B e 40 g (DLD-1
ot HCT116) 7E 6 FL transwell L85 9% R Gi 15 9%,48 h
JE RT3 TAM, 73 b H F ERAY

1.4 Transwell IEFEAE 28R ] 24 FL trans-
well RG. X TIERIRL, K 5x10° 4~ HCT116 8¢
DLD-1 Zi i 88T 600 pl & 1% 13 ) RPMI
1640 £ FRFER RN B, FIEEAIMA 7000 2
10%J164- LI ) RPMI 1640 35975, W5 H 48 h )&,
F 4%% R RS 2, T 0.5%%5 S Rk T e,
FARRE R b s = rh AR B 40 B, o 4 M dE A7 4
FHEMEmM R X TRFBRE, ot L =E bk
I 60 ul Matrigel A1 RPMI 1640(1 : 8) IE& Y, IF
76 37 C R 2 h, HRPDBFEIT ALK .

1.5 S5 5E B PCR(QRT-PCR) 461l M1-
TAM # kR EY) HLA-DR.IL-12 F1 M2-TAM #H 5%
FrEY CD163. CD206. IL-10. TGF-B. CCLI17.
CCL22 f7KF o f# Fl Trizol {77 HL 4 i 5 RNA,
P ) Bk 1 ng RNA 8 56 cDNA J5 , 7
F TB Green #£4T qRT-PCR, 5|¥1F 4 W% 1.

1.6 EEICA W T RES (ELISA)  #R4E ELISA it
FIEUH, X4EeT MMP2. MMP9., PDL2 Al
RGMb & A & &t AT A

1.7 /NFH RNA (si-RNA) ##4¢  PAICS F11 PDL2
FEFME si-RNA K IPEXT R si-NC W H g T4
WA IR~ w] Se il SE 50 7 SR F HT-29 . HCT116,
DLD-1.M2-TAM 41 i 55 ml L [F] 35 5] sl N 24 1L
R, 2 B UE B 5 I 23R 44 Lipofectamine 2000 #4 si-
RNA #: et 40, 5597 24 h J5 WA i 47 ) 4k
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6 o 4Hf 53 A HT-29+si-NC HT-29+si-PAICS .M2-TAM+
HT-29+si-NC M2-TAM+HT-29+si-PAICS . M2-TAM+
HT-29+si-PDL2-1. M2-TAM+HT-29+si-PDL2-2.
HCT116+si-NC. HCT116+si-PDL2-1, HCT116+si-
PDL2-2.DLD-1+si-NC.DLD-1+si-PDL2-1,DLD-1+
si-PDL2-2. PAICS ff] siRNA BN 5 -
GCTGCTCAGATATTTGGGTTA-3’, si-PDL2-1 [f]
M RRFS N 5 -ACCCGACAGTACGATTAAGCC-3,
si-PDL2-2 [ # H B 5 5~ 5’ -GCATCTAGCC-
ATGGCAATTCG-3", si-NC WIFRFIIN 5 -
GGTACATCTGGCCAATTGCCAT-3" .

1.8 B B EZE (western blot)  FH& 2 (g0
#il77] PMSF [#) RIPA @il BUS A EH .. H
BCA £ FR 5 & I e 2 R, 5 4xSDS - 4F
SEPIR A, 7E 100 C /KB A2 8 min, 85 H

10% SDS-page #t/ 77 B8 1, % #4 % PVDF Ji |
PVDF i 5%/Bi A5 2F 933P 90 min, 353 3 ¥k, A
—PL4 CWELW. M5, PVDF BiEDE 3 I, Yeik
30 min, SEFR —PUEIRIFE 90 min 5, FUEE 3 Ik,
i ECL RE25F T HE A5 .

1.9 4Afu3EFEA I H CCK-8 ki & il 4n i
HHERE ). K 5 000 4 CRC 44 )itk T 96 4L
B, IR I I CCK-8 5, 4R 5 fili i g

%=1 qRT-PCR 3|¥1F%

S HIG 3"

P

HLA-DR F: TCTGGCGGCTTGAAGAATTTG

R: GGTGATCGGAGTATAGTTGGAGC
IL-12 F: ACCTGACCCACCCAAGAACT

R: GGACCTGAACGCAGAATGTC
CD163 F: TTGTCAACTTGAGTCCCTTCAC

R: TCCCGCTACACTTGTTTTCAC
CD206 F: GGGTTGCTATCACTCTCTATGC

R: TTTCTTGTCTGTTGCCGTAGTT
IL-10 F: GCCAAGCCTTGTCTGAGATGATCC

R: TTCACATGCGCCTTGATGTCTGG
TGF-B F: AAGGACCTCGGCTGGAAGTGC

R: CCGGGTTATGCTGGTTGTA
CCL17 F: CTTCAAGGGAGCCATTCCCC

R: CTCTTGTTGTTGGGGTCCGA
CCL22 F: CCGCTCTGCAGGGTATTTGA

R: GCCCCACAGCAAGCCTATAA
PAICS F: TTGCAGAAGAATAGCAACTGGTT

R: CACTGTGGGTCATTATTGGCAT
GAPDH F: GCACCACCAACTGCTTAGCA

R: GTCTTCTGGGTGGCAGTGATG
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FRAXAE 450 nm Ab X B¢ FLIEAT R FE AT o
1.10 4eitJ5vk KM graphpad prism 10.0 Ztit4K
PEHEAT 04T o T2 TR S B bR v 22 7R, SR
K& ZE0Hek K65 . P < 0.05 FonERES50

2 H#R

2.1 CRCH TAMAirEMRIEEN  IRFREIEE
1) TAM RIHER SRR M2 ZbREY) CD163.
CD206.1L-10.TGF-B.CCL17.CCL22 A4/
M1 #FrEY) HLA-DR.IL-12, /LA 1.

2.2 PAICSTEEWR4HMIH I RIA TGN 5 MO0 B
YRR AR L, M2-TAM KIEH = 7KF CD163.CD206.
IL-10. TGF-B. CCL17. CCL22 Fl#{&/KF HLA-
DR.IL-12; M1-TAM ik 57K HLA-DR, IL-12
AR /KT CD163. CD206.IL-10, TGF-B. CCL17.
CCL22, /R E ), WK 2A. PAICS 7E MO 1
MI1-TAM H K FiE, £ TAMucres TAMpp. Al M2-
TAM i3RIk, WK 2B.

2.3 PAICSE it M2-TAM 5 i J84 4 ffa 384 5 L 32 4% A
RZEMM 1F HT-29 40 ik PAICS Ji&, 5%F
HRZH (si-NCOAH L, CRC iy 40 it (1) 14 58 -3 2
47 ;s CCK-8 i &t F iR, 4 si-PAICS Kb #E 1) M2-
TAM 24 i B 2. 4011 CRC R34 i HT-29 (3658 A
77, IR R AR 28R 06 25 B b 3 B Rl PAICS &5
HT-29 JLR7FRAEINH] HT-29 FIERE AR 22, WA 3.
2.4 R PDL2 %F CRC 4UM0 3454 (50 western
blot 45 5 .78 PDL2 £ TAMucrigs TAMpip, F1 M2-
TAM &2k, £ MO F1 M1-TAM H{ik ik ; CCK-8
50NN, Rk PDL2 #01i HCT116 A1 DLD1 41 2
W58 ; ELISA iR WIrRmfil PDL2 f5 MMP2 #l
MMP9 [#) k7 HCT116 A1 DLD-1 4 o 3 3% %
i, WA 4.

2.5 PAICS X} CRC 12Z8RE/JIf15¢ma  ELISA 45 %
R, M2-TAM fg 2 #1458 HT-29 + PDL2 A1 RGMb
R AR, BMEK PDL2 8t PAICS fE 5 2% FK M2-
TAM 53 (1) HT-29 4fiffd 1 PDL2 F1 RGMb £ [, *(
FH K PDL2 M1 PAICS X} PDL2 1 RGMb ik
MFEEREIRE, WK SA ~ B, Transwell iL#Hl
1R 2RI L5 B EoR, M2-TAM A 2258 HT-29 [
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TR AR 22RE 17, Rk PAICS B{ PDL2 J5, M2-TAM
XF HT-29 PURIE R AR ZE 1 RE )10 5 B, DU R
PAICS #1PDL2 J& , iX P 5 R 2.3, WL 5C ~ D.
3 it

CRC 1B Rt J ik AT Mg ie , o
WL Je 2 Fh A 2R TR IR, 3 A SRR R 22 (IR
B TME 7E M8 1K A2 R R T #1228 R e 59
1 it 3% A AN UL 1% A% AR A [F) F°F 25 2 1R/ FH - TME 1)
0 RS 43 DR e 4 L LAS ) g P =S P o A
ALFELT UEAN A PN 2 20 B« S 2 20 B AN i /AR 87
A BRSO N e T 45 5 e 0 AR ELAE A, R R
A iR 40 R SR AR R AR R AL M, [Rlitk, TME 1
it R 3 e R KRR 55, X TME 2H A2t P 1)
WA T SIS T LUE CRC 697 3R 25 3E

TAM j& TME G e 4 Hf ) 3 220 s 43, 32 8
o IAA R IR - AE AL R T, IR SRENLE P AR (R

aMO
=  =TAMucrus
STAMbip. a ad

. 4 a a é;a aai - &
iﬁ a i a I’! T ch il
® z i
~ 3 f=
=
=
gz 5
=

1

22 Paa
o Mall Ban B 1 118118
»

o 1 0 (o A o P
7 : TAMucrns MO EIELIHE S HCT116 J485 553545310 TAM, TAMowo.
A MO Elg4if5 DLD-1 359838k #3 1) TAM. CRC N4 H M,
TAM Mg AH ¢ E R4t il 5 MO Al LG, aP < 0.05
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BEIR R R 2R R S T RPE EEERS. B
Wk 4 H T DA 57 20 A B R e AS TR RO AR A RS
2 HLEOE I M1 (228 FIE 1 M2 B4 (4t
RO M1 E WA B A (23 Thl 87 FFF g A
HUEE bR A R BE A7 BF AR BT, M L2
J2 i1 IFN-y. LPS B8 44 S K F-a (TNF-a) S5 2
A7i G, ££ TME 1, M1-TAM 433 1L-6.1L-23.
EPEE (ROS) MIHAh 2 5 S0E S B I K HE U8
G I IREN . AHJ, 7E IL-4 IL-10. IL-13 5%,
B Rz BB R S 00, M2 B4R i 23 1L-10
AIL-1R5F BT 2 A0 B R, (g of A8 AF i AR 2R B 9
WEE, LR MR R AR . N T RIE CRC
(1) TME 322 TAM RA, AH#FF0K CRC 4l 5
THP-1 0L 5557 3K45 7 B R4 i {4 7 TAM A5 4Y,
F B CRC ) TME H1 2L M2-TAM A3,

A5y =MO
=MI-TAM
g 4§ i EM2-TAM
g, = a2
#iFe 8 B OB OB . "
=< - [T] rn [} I |}
ZL0 N A B B B 3 1
< - ] rn [} [} |} N -
Z i 0N _n_ N _N_NN_NB_§
M 1 L i 0 o Pl - |y [ [ o . . ]
ol gl LN L
o iR §ia A afl Ba a

HLA-DR IL-12 CD163 CD206 IL-10 TGF-p CCL17 CCL22

B MO MI-TAM TAMicris TAMbio: M2-TAM

PAICS O KD
—_— == _43kD

A .., A A
Ll = o= = = =

A S PG E R PCR BTEARSME T M1-TAM Fl M2-TAM /43, B
SN PAICS 7 M2-TAM H #1314 . MO Jy PMA #ili# THP-1 4iifr=2E,
MI-TAM >N LPS/IFN-y#ili# MO /=4, M2-TAM A IL-4/IL-13 4 MO 724,
TAM A RIAR 5% EWE 0, PATCS S il A% b 3 & 6 ke BRI Ik e &
55, LPS NS 2 HE, IL N 42 4, IFN R T . 5 MO AEL, aP < 0.05

1 CRC ' TAM AR EMEIEEM 2 TAM (¥ 34 AN PAICS [RIA T
A 25 B 3T : cs5[a D 5
2.0 - - 4 4
m 15| W = - =, 2 3
é 1.0 +si-NC 2 | = oy o 5
= * 5i-PAICS F1F ) =2 =
RANP | ~M2-TAM+si-NC+HT-29 ®» R
0.5 ~M2-TAM+si-PAICS+HT-29 1 | ®
00 L 1 1 ] 0 ! ! 1 1
20 40 60 80 20 40 60 80 0 0
I ) () I 1) (h) n m 1

Ay CCK-8 Kl HT-29 435l % si-NC Fll si-PAICS J& AN LG FE 17 5 : B 9 CCK-8 Kl 4373144 si-NC Al si-PAICS ¥ 443 M2-TAM 24 h
J& » B HT-29 $L855% 36 h B4R IG5 ; C D A transwell 3EAS FZ ZZ R I0AG M A1 R i F A2 284500 . T 2 PBS+HT-29, 11 4 M2-
TAM+siNC+HT-29, [l M2-TAM+si-PAICS+HT-29, TAM Jy i8I Al 3¢ E N2 i, PAICS Dy 10 ik S B ok PR BT 19 i & B . 15 PBS+
HT-29 41AHEE, aP < 0.05

3 PAICS ilid M2-TAM []F0 3 fil e 3 4  JE 78 AR 2%
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B 5K, PAICS 7£ CRC FmKik, 325
CRC 4Hffuti 5 . ;TR 228, Jash CRC IR [a) 78 )i
ALY AHF A 45 B TR, PAICS 2 4E M2-TAM
B#IA, 1 CRC ) TME H LA M2-TAM ~=E, Kt
PAICS 5 TME 4 i .CRC Ji f& & JE AEAE A e H
AW T4 BT IR, 78 CRC Hi ik PAICS JE- R RE & 2
B CRC 4 3 5 , 3X 1] 855 44 4 S8 R 41 it A A7
IR CBAR G . AR AL R IR, 7E M2-TAM i
ik PAICS J5 Bt &3 41| CRC 4UfIe . TR
TAMicris  TAMpwo:  M2-TAM M1-TAM

A MO
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2%, X3k PAICS %} CRC #fg 2@t 5 TME #
HAER S

IR TT CIE D OB IR TT A RO,
CRC W5y iR 7 1 BALHE G B Ar £ s 3] T 2 e
SRR E AR R ", PDL2 A AR ihyT #E
M, WOEBAYE CRC Rk, 5EH B AF R E
MSTASE WY, {HJE KT PDL2 #£ TME %5 CRC
B AR LR IR E R D> . AR BN,
£ M2-TAM HRgAIC PDL2 GE2 25 4041 CRC 21 i 184

C 25

33D 20 [ g e SPDL2-1
i i : Gl si- -
raics S R R mis kL A ~si-PDL2-2
— — T— _43kD A //—L — HCTI116
210 *
Fos |
GAPDH e — a— a— i
- “'——‘—-—_351(D 00 I 1 1 ]
20 40 60 80
B si-NC  si-PDL2-1 si-PDL2-2 B ()
PAICS -—— —33KkD 25 1 . si-NC
HCTI116 20 .- si-PDL2-1
- - i ~si-PDL2-2
GAPDH s wmm—  wm— 15 F
—35kD = = DLD-1
1.0 -
—55kD =
05 |
PAICS s DLD.1
00 1 1 1 |
GAPDH o S S ' 20 40 60 80
—35kD I 8] Ch)
b DLD-1
50 HCT116 60 I - 80 I HCT116 80 r DLD-1
-
al | =
~ 240 [ | 60 b ~ 60
E E40 z E
Z N2 = = N2
gzo_-ﬁﬁ SR B Bl e
= o EE : | HBHE:
10-... R B B BEEdE B B R
si-NC si-PDL2-2 si-PDL2-1 si-NC si-PDL2-1si-PDL2-2 si-NC si-PDL2-1si-PDL2-2 $i-NC si-PDL2-1si-PDL2-2

¥E: A N PDL2 7ER AR A TAM )KL 50, B NTE HCT116 A1 DLD-1 41 fH ik PDL2 AR AL, C NTE HCT116. DLD-1 4+
P PDL2 & 40 B 5815 5, D N7E HCT116. DLD-1 41 g ik PDL2 j5 MMP2 Al MMP9 25 [ £ 15 0L . CRC A% ELE , TAM A
JAHSCE R, MMP AR &R EH. 5 si-NC A, aP < 0.05

4 @Mk PDL2 #ii| CRC 4H M3 5

_ _ C
A 800 . B 40 4 D, a
~ 600 f 230 b 3L ®
E £ 2 2’
2 400 |- 2 L 22k s
?\.’ ° ) ;2
2 ab = g ®

200 { 10 | z 1+ =
& ) B g, & B b b ab ab ., =1 ab ab

0
I T v v I T I v Vv rnomwv v 0

I

#: AB ¥ ELISA f&il] PDL2 . RGMb #3&7KF-; C.D 4 Transwell £l 40 ML # AR &1 0. 1 25 HT-29: 11 5 M2-TAM+si-NC+HT-29; I1I

N M2-TAM+si-PAICS+HT-29; [V M2-TAM+si-PDL2+HT-29; V >y M2-TAM+si-PDL2+si-PAICS+HT-29, PAICS i i 1% il 5 2 ok ik 3%

FAmE & i, CRC N4 B s, TAM IR A1 oC EVE i i . 55 HT-29 4AA L, aP < 0.05; 55 M2-TAM+si-NC+HT-29 ZHAf Et, bP < 0.05
5 PAICS i#iif PDL2/RGMb #43 M2-TAM {¢ CRC 2 Z&#¢ 77

1 v v
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Va T MAMEZ, X F ] PDL2 A58 CRC iR %
PERIE 1. I PAICS REAIN 2] PDL2 3Rk N,
PDL2 8 ¥F1E N PAICS [ RUF7E M2-TAM Hrif %
CRC 41 i{228f% )1, PDL2 5 RGMb I HAEFH C
BEUE Bl 2 5 IR a8 ¥R 9T, A PDL2/RGMD 8 i
RE S 5 0 R AR Y AR TR A AL R, 4l
BRI PAICS F1 PDL2 36847 RGMb 21k, [7]
i ] M2-TAM X} CRC HIRIRZ&RE 11, BRA R
PAICS #1 PDL2 Il %} M2-TAM {i£ CRC 1&Z&f¢ /14
Gl EELERTAR

zi EFTIR, #E CRC ) TME HE ik M2-TAM,
PAICS J#jd M2-TAM #75 CRC W58 . TR A=
28, i fIk PAICS fedlii] PDL2/RGMD i i .
FIZERZE A (8 7 0 T 2

PEETUBKASRR AR SLORdRAE IR S B 05 BB St
s RN R RIS R NS S Y S &

2 % X @

[1] SUNG H, FERLAY J, SIEGEL R L, et al. Global cancer statistics
2020: GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries[J]. CA Cancer J Clin, 2021, 71(3):
209-249.

[21 ZHUYANIJIN,CHENM Y, ZHU T H, et al. Critical steps to tumor
metastasis: Alterations of tumor microenvironment and extracellular
matrix in the formation of pre-metastatic and metastatic niche[J].
Cell Biosci, 2020, 10: 89.

[3] KIM J, BAE J S. Tumor-associated macrophages and neutrophils
in tumor microenvironment[J]. Mediators Inflamm, 2016, 2016:
6058147.

[4] AGARWAL S, CHAKRAVARTHI B V S K, BEHRING M, et al.
PAICS, a purine nucleotide metabolic enzyme, is involved in tumor
growth and the metastasis of colorectal cancer[J]. Cancers, 2020,
12(4): 772.

[5] HUANG Y J, YANG C K, WEIP L, et al. Ovatodiolide suppresses
colon tumorigenesis and prevents polarization of M2 tumor-associated
macrophages through YAP oncogenic pathways[J]. J Hematol
Oncol, 2017, 10(1): 60.

[6] PEREZ-CRUZ M, ILIOPOULOU B P, HSU K, et al. Immunoregulatory

- 1009 -

effects of RGMb in gut inflammation[J]. Front Immunol, 2022, 13:
960329.

[7] HUANGH W, CHANG C C, WANG C S, et al. Association between
inflammation and function of cell adhesion molecules influence on
gastrointestinal cancer development[J]. Cells, 2021, 10(1): 67.

[8] MIKULA-PIETRASIK J, URUSKI P, TYKARSKI A, et al. The
peritoneal “soil” for a cancerous “seed”: A comprehensive review
of the pathogenesis of intraperitoneal cancer metastases[J]. Cell
Mol Life Sci, 2018, 75(3): 509-525.

[9] GEZ,DING S Z. The crosstalk between tumor-associated macrophages
(TAMs) and tumor cells and the corresponding targeted therapy[J].
Front Oncol, 2020, 10: 590941.

[10] YANG Q Y, GUONN, ZHOU Y, et al. The role of tumor-associated
macrophages (TAMs) in tumor progression and relevant advance in
targeted therapy[J]. Acta Pharm Sin B, 2020, 10(11): 2156-2170.

[11] DENARDO D G, RUFFELL B. Macrophages as regulators of
tumour immunity and immunotherapy[J]. Nat Rev Immunol, 2019,
19(6): 369-382.

[12] CHANMEE T, ONTONG P, KONNO K, et al. Tumor-associated
macrophages as major players in the tumor microenvironment[J].
Cancers, 2014, 6(3): 1670-1690.

[13] ITALIANI P, BORASCHI D. From monocytes to M1/M2 macrophages:
Phenotypical vs. functional differentiation[J]. Front Immunol, 2014,
5:514.

[14] SICA A, MANTOVANI A. Macrophage plasticity and polarization:
in vivo veritas[J]. J Clin Invest, 2012, 122(3): 787-795.

[15] MANTOVANI A, MARCHESI F, MALESCI A, et al. Tumour-
associated macrophages as treatment targets in oncology[J]. Nat
Rev Clin Oncol, 2017, 14(7): 399-416.

[16] MATOS A 1, CARREIRA B, PERES C, et al. Nanotechnology is an
important strategy for combinational innovative chemo-immunotherapies
against colorectal cancer[J]. J Control Release, 2019, 307: 108-138.

[17] FENGM, ZHAO Z W, YANG M X, et al. T-cell-based immunotherapy
in colorectal cancer[J]. Cancer Lett, 2021, 498: 201-209.

[18] WANG H B, YAO H, LI C S, et al. PD-L2 expression in colorectal
cancer: Independent prognostic effect and targetability by deglycosylation[J].
Oncoimmunology, 2017, 6(7): €1327494.

[19] PARK J S, GAZZANIGA F S, WU M, et al. Targeting PD-L2-RGMb
overcomes microbiome-related immunotherapy resistance[J]. Nature,
2023, 617(7960): 377-385.

Wi H #:2024-04-07
(R YmiE:FNEIL)



