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RIPK3-mediated M2-type polarization of macrophages in colorectal cancer liver metastasis
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Abstract Objective: To study the role of M2-type polarization in macrophages mediated by receptor interact-
ing serine/threonine kinase 3 (RIPK3) in colorectal cancer liver metastasis (CRLM) and its related mechanisms.
Methods: Colon tumors and their paracancer tissues were collected from CRLM patients for pathological analy-
sis. The expressions of RIPK3, CD68 and Arg-1 were detected by real-time fluorescence quantitative polymerase
chain reaction (RT-qPCR). The peripheral blood of CRLM and colon cancer patients was collected, and the mac-
rophage typing was detected by flow cytometry. Serum levels of interleukin-1, IL-6, inducible nitric oxide syn-
thase (iNOS), IL-4, transforming growth factor-f (TGF-p) and IL-10 were detected by ELISA. PLK-RIPK3 and
PLK-NC were transfected into THP-1 cells by lentivirus, and M2-type macrophages were induced by PMA/ILA4.
The polarization degree of the two groups of cells was detected by RT-qPCR and western blotting. The two
groups of cells were co-incubated with human colon cancer cell line WiDr, respectively; the migration, invasion
changes and expression of metastasis associated in colon cancer 1 (MACCI1) and MYC proto-oncogene (c-MYC)
of WiDr cells were detected. Results: The pathological structure of colon tumors in CRLM patients was consis-
tent with liver metastasis of intestinal adenocarcinoma. Compared with paracancer tissues, the expression of
RIPK3 in CRLM tumor tissues decreased while the

expressions of CD68 and Arg-1 increased. Compared
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CRLM patients was more enriched with M2-type macrophages; the serum contents of IL-4, TGF-f and IL-10 in-
creased while the contents of IL-1B and iNOS decreased. Compared with the WiDr+PLK-NC-THP-1 group, the
WiDr+PLK-RIPK3-THP-1 group was less induced into M2 macrophages; the ability to promote migration and in-

vasion of WiDr cells and the expressions of MACC1 and c-MYC decreased. Conclusion: The expression of re-

duced RIPK3 promotes the expressions of MACCI1 and ¢-MYC and tumor metastasis in colorectal cancer cells

by inducing M2-type polarization of macrophages.
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AR (P <<0.05), WK 8. i B M2 Y [ I 441 ity g T N ¥ N
% {12 3% 405 i 8 40 0 6 A AH O 2 DR 3Rk, i i Rk & & & & &
RIPK3 HE% 15 50 M2 780 [ 105 200 0 o 23 i 8 4 L e 7% Qﬁ“ %,y“’ Qf" f“’
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B IK 38.8 J1, BHAFE AL T CRC 1 & #1K 18.8 11, /2
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MDSC & 7 M8 sk 25 558 o 184 1 S Joid 12 B
LA B , LA I 32 0 1) T 40 s 2 (R B D 5 2 53K
Ji I8 e 98 I 9T SR ISR IR 5 i R R Rl 2 — P
P & , MDSC W] 38 3 734y Ji Jed AH O Bk 48
(tumor-associated macrophages, TAM) , i i3 1 715 14
T 20 Mo (Tregs) 1) G 9% $ Dy ae 1, K ¥ S e it 52 1)
YEFH . TAMs 52 00 855w 1) B 22 4o s 4t il 2 — , T
Fe 2 W 5 B BRI I 4 B LR 5 2 e
JE R AE K AN R T JE AR OGM, o, M2 A
TAMs # I\ A (i g 1= 22 5 B AR F . B
A% 40 AN I S8 348 N Pl 98 2 21, 52 AN TR) Al B 355 1 o)
B AT A AR AR [ ) TAMs. ] #E IFN-y A1 LPS
YEFI R 204k M1 B TAMS, P AE TL-4 /6 R 204k
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IL-6.iNOS LA J 4k K7 CCL2 %, LA CD68".CD86
ROy ARAL I (R LA SEE SRS R R FE U
Je 9% AF s M2 2 TAMs = 2233 TGF-B.IL-10, LA
CD68'\CD206 Jy 75 1R, N HLAR ST 1) H 9%
S, AT B A K. B LR B, CD68 TAMSs
REWMZSHEE L EFNEZESE, IR
TAM s & I8 98 i Sl P 15 52 o e g SR P B 110 5%
B —" b, Arg-1 12 40 i 1A
M2 B A, S5 ) S B A AR B4, ARk IKSE AT AR
e M2 B4 S G I A AL FE Y. HEROE , TAMs i@
ik 530k TGF-BAE FH T i Jed 20 B, 33 i 466 e 989 10 122 28
PEBE SR, AHE A K B CRLM H 3 iR 4L A5 A4
M2 B W 4T IR 3 A1 I A %6 PR TL- 1B iN-
OS E &9/ , M1 9 K F TGF-BIL-4.1L-10 7% &\
ETt . BRAh, e M2 2 41 L 48
X e gk LIS 78 CRLM 88 35 Ak A XoF il Jgg 4 92 410 1
KA, X2 BRI R L —. MACCI A
c-MYC & W i Je AH DG HE R, 2 55 i yge 248 i ) 4k
WEERUT . RHITFE R I M2 A B 4 i e b A
45 W7 e 4 B P 988 6 A% A DG R TRl MACC L e-MYC, 3F
R R R 1R 22 AT A% . 13 W] CRLM 22 3 b 41

Zrb g AR 11 M2 7Y WG AT S (R 0 L R 5 2 1) 32
PR Z —.
RIPK3 2 F2 P ML T S 5 40 1, H N K
B A IS K () I 45 A4 3R RHIM, 79 238 3 A B4R
A, S8 RIPK3 R AL , FF35 L R 1 MLKL, 5 5
Y R A TR SRR . BFFE R, MR A
o RIPK3 ik i, H 20 MO F2 7 P58 B0 K SF 38 m
RIPK3 A LA\ 5 B R A g [a) M1 ARA, , 17 M1 B B R
Y i 58 25 B R AR R 1 R B0 I T gk — 25 T ) 48 E
RN, 2 5K 5% T D EEY . Coornaert 55k
I, RIPK3 ik = 1] 38 5 [5 5 240 i i 1 s ok 6 e
Y H VIR ACTE 1, 005 B ks AR A I A A= o 3
WF 5T 4R IE , 76 T 41 i e (HCC) £ 3 A 0 %2 31 RIPK3
FIE T B 5 I 4L b MDSC B98I0 ¢, T4
G P R 30 R R AR A, O 5 e R TS A
RAHK, 53— IiHf 70 K B, RIPK3 7] i RIPK3-
PGE2 ¥ /£ CRC 4 i 53 H % MDSC (1) 842 5L
il 00 1) 5 I 400 i 28 2 IR, 4] CRC 1 R A2 0 K
JR©, ix st HAROR RIPK3 2 5 BG4 i Th AE (14
2, HE IR e VR IT MR SR L TR B R A AR
FUR B CRLM 35 i 8 4 23 RIPK3 3£ 15 &2 PR 1K
7E THP-1 41 ffg ik 22 78 RIPK 3, A] DA S 2 4100 1) L 1
M2 B ERE A A Ak . B4, 3 2 IE RIPK3 (I E
Wk 281 B T 485 1 e 240 B 1) 402 2 7% T die Ak S 3
Ui B RIPK3 REH 2 5 5 05 400 it 1) 4 0% 1A 15 T RE N
s IR B A AN R . R BT IR, AR ST LA
CRLM E#E AW FVIN AL PR 7 RIPK3 X F 4 40
oy RUL R R B R (s . 4 R OR RIPK3 3R
KRR R T M2 2 A0 i AR Ak, S O R L
PRI AL T G 2 MRS , i 28 I8 448 i (1) 3 4% FN 1R
%, I X SRR . %45 BN R T 4% RIPK3
Iy FREAT IR S AR T I AT PR RN B B, N R 4
WFFESRAL T B Z R e S AR , o R e
TRITIRALE TR R

SEH

[1] BRAY F, FERLAY J, SOERJOMATARAM 1, et al. Glob-
al cancer statistics 2018: GLOBOCAN estimates of inci-
dence and mortality worldwide for 36 cancers in 185
countries[J]. CA: A Cancer Journal for Clinicians, 2018,
68(6): 394-424.

[2] SINGH N, BABY D, RAJGURU J P, et al. Inflammation
and cancer[J]. Annals of African medicine, 2019, 18 (3):



- 78

]I R R A ) 2023 Jan;40(1)

121-126.

[3] TAURIELLO F, BATLLE E. Targeting the microenviron-
ment in advanced colorectal cancer[J]. Trends in Cancer ,
2016, 2(9): 495-504.

[4] MEDINA E J, ARANDA F, BERRAONDO P. Myeloid-
derived cells are key targets of tumor immunotherapy[J].
Oncoimmunology, 2014, 3(4): €28398.

[S1 YING L, BENJANUWATTRA J, CHATTIPAKORN S C,
et al. The role of RIPK3-regulated cell death pathways
and necroptosis in the pathogenesis of cardiac ischaemia-
reperfusion injury[J]. Acta Physiologica, 2021, 231 (2):
el3541.

[6] YAN G, ZHAO H, ZHANG Q, et al. A RIPK3-PGE cir-
cuit mediates myeloid-derived suppressor cell-potentiated
colorectal carcinogenesis[J]. Advances in Cancer Re-
search, 2018, 78(19): 5586-5599.

[7] CHEN W, ZHENG R, BAADE P D, et al. Cancer statis-
tics in China, 2015[J]. Ca-a Cancer Journal for Clinicians,
2016, 66(2): 115-132.

[8] NAGTEGAAL I D, KNIJN N, HUGEN N, et al. Tumor
deposits in colorectal cancer: improving the value of mod-
ern staging- a systematic review and meta- analysis[J].
Journal of Clinical Oncology, 2017, 35(10): 1119-1127.

[91 VEGLIA F, PEREGO M, GABRILOVICH D. Myeloid-
derived suppressor cells coming of age[J]. Nature Immu-
nology, 2018, 19(2): 108-119.

[10] JACHETTI E, CANCILA V, RIGONI A, et al. Cross-talk
between myeloid-derived suppressor cells and mast cells
mediates tumor- specific immunosuppression in prostate
cancer[J]. Cancer Immunology Research, 2018, 6(5):552-
565.

[11] YAN Y, ZHANG J, L1 J H, et al. High tumor-associated
macrophages infiltration is associated with poor prognosis
and may contribute to the phenomenon of epithelial-mes-
enchymal transition in gastric cancer[J]. OncoTargets and
Therapy, 2016, 9: 3975-3983.

[12] RHEE I. Diverse macrophages polarization in tumor mi-
croenvironment[J]. Archives of Pharmacal Research,
2016, 39(11): 1588-1596.

[13] MURRAY P J, ALLEN J E, BISWAS S K, et al. Macro-
phage activation and polarization: nomenclature and ex-

perimental guidelines[J]. Immunity, 2014, 41: 14-20.

[14] MA W, AO S, ZHOU ], et al. Methylsulfonylmethane pro-
tects against lethal dose MRSA- induced sepsis through
promoting M2 macrophage polarization[J]. Molecular Im-
munology, 2022, 146(1): 69-77.

[15] YE Z, XU S, XIN Y, et al. Tumor-associated microglia/
macrophages enhance the invasion of glioma stem- like
cells via TGF-P1 signaling pathway[J]. Journal of Immu-
nology, 2012, 189(1): 444-453.

[16] KOBELT D, ZHANG C, CLAYTON I A, et al. Pro-in-
flammatory TNF-a and IFN-y promote tumor growth and
metastasis via induction of MACCI[J]. Frontiers in Immu-
nology, 2020, 11: 980.

[17] FENG J,MA J,LIU S,et al. A noncoding RNA LINC00504
interacts with c-Myc to regulate tumor metabolism in co-
lon cancer[J]. Journal of Cellular Biochemistry, 2019,
120(9): 14725-14734.

[18] DANIELS B P, SNYDER A G, OLSEN T M, et al. RIPK3
restricts viral pathogenesis via cell death-independent neu-
roinflammation[J]. Cell, 2017, 169(2): 301-313.

[19] HAO Q, KUNDU S, KLEAM J, et al. Enhanced RIPK3
kinase activity- dependent lytic cell death in M1 but not
M2 macrophages[J]. Molecular Immunology, 2021, 129:
86-93.

[20] COORNAERT I, HOFMANS S, DEVISSCHER L, et al.
Novel drug discovery strategies for atherosclerosis that
target necrosis and necroptosis[J]. Expert Opinion on
Drug Discovery, 2018, 13(6): 477-488.

[21]LIY M, LIU Z Y, WANG J C, et al. Receptor-interacting
protein kinase 3 deficiency recruits myeloid-derived sup-
pressor cells to hepatocellular carcinoma through the che-
mokine (C-X-C Motif) ligand 1-chemokine (C-X-C Mo-
tif) receptor 2 axis[J]. Hepatology, 2019, 70 (5): 1564-
1581.

A5 AR

B M, BREA, FhEER . RIPKS A5 1) B 40 Al M2 A
WRAGAE S5 L e 7 b I FE (D). ) PH R R 524,
2023, 40(1): 71-78. DOI:10.16190/j.cnki.45- 1211/r.2023.
01.012

GAO H, YIN Y J, SUN Z H. RIPK3-mediated M2-type
polarization of macrophages in colorectal cancer liver me-
tastasis[J]. Journal of Guangxi Medical University, 2023,
40(1):71-78.DOI:10.16190/j.cnki.45-1211/r.2023.01.012



