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Fik: RAEYE B0 PTRSPO3IESS B s Mz A 8 3Rk, /4l Bs hRSPO3FRIA 5 H A A4 (natural
killer, NK ) ZUf0i2E . NKAUEE 5 FRB A, FIFR L JERNA (short hairpin RNA, shRNA ) FlgJi YL i
SL.RSPO3MIH Y SW480-RSPO3-KDAII Rk . RSPO3id #3A5HHCT116-RSPO3-OEAM ik K A1 A% REAM MO bk . >R 4t
Hid ) £5-8 (cell counting kit-8, CCK-8) Fuilll /&SNS A2 2 i YL A M bk ) A B S 7 . R VR A AR 2 A 45 A e U A it
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Pl ek 1 5 22 A AN SR PR /NS WASORIHCT 11645 I AN 9385 ( P>0.05 ) FIANMEER (P>0.05) . {HEM/NRKN, 5
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FURE M INERIR I, RSPO3 RO 35080 T IR A MR Al 2O P NK AR Y L) (R : 6.4240.94 vs 5.2540.59, P=0.04;
AT . 8.2740.29 vs 6.48+1.48, P=0.04) ; [MiRSPO3:d 33k &80 T W E N A ATI 21 20 NK AR Y b ] (oL
5.2940.16 vs 7.020.49, P=0.01; M. 6.3910.39 vs 8.14+0.34, P<0.05) . FIEIEHNAIKRE ( The Cancer Genome
Atlas, TCGA ) BT R, RSPO3ZFKIEENKAfEMIREHCDS6 (=0.58, P<0.05) FICDI16 (r=0.64,
P<0.05) RIZEXBEIEASE, I SNKIEIRFREPICD69 (=051, P<<0.05) FIKLRBI1 (7=0.37, P<<0.05) HIFRERE
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[ Abstract ] Background and purpose: The occurrence and development of colorectal cancer involve the activation of multiple
oncogenes and the inactivation of tumor suppressor genes. At present, the role of wild-type R-spondin 3 (RSPO3) in the growth of

colorectal cancer is still unclear. This study aimed to investigate the effect of RSPO3 on the growth of colorectal cancer and explore
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the underlying mechanisms. Methods: RSPO3 expression in various tumor tissues and adjacent tissues and the relationships between
RSPO3 expression and natural killer (NK) cell infiltration and activating molecules in colorectal cancer tissues were analyzed by
bioinformatics. RSPO3-knockdown SW480 (SW480-RSPO3-KD) and RSPO3-overexpressed HCT116 (HCT116-RSPO3-OE) gene
modification cell line as well as their control cell lines were established by short hairpin RNA (shRNA) and lentiviral infection. Cell
proliferation in vitro were detected using cell counting kit-8 (CCK-8). Cell cycle of colon cancer stable cells and the proportion of
NK cells in spleen and transplanted tumor tissues of nude mice were determined by flow cytometry. The growth of SW480-RSPO3-
KD and HCT116-RSPO3-OE stable cell subcutaneous xenografts in vivo was observed in BALB/c nude mice. The Wnt gene activity
was detected by dual-luciferase reporter system. Results: Expression level of RSPO3 was low in a variety of solid tumor tissues
including colorectal cancer tissues compared to their adjacent normal tissues. RSPO3 knockdown or overexpression did not affect
cell proliferation (P>0.05) and cell cycle in colon cancer cells in vitro (P>0.05). Surprisingly, RSPO3 knockdown significantly
promoted the growth of SW480 subcutaneous xenograft tumor (260.2+162.4 vs 1 311.74570.1, P<<0.05). RSPO3 overexpression
significantly inhibited the growth of HCT116 subcutaneous xenograft tumor (1 549.0+£241.2 vs 512.14£250.0, P<<0.05). Flow
cytometry analysis showed that the percentages of NK cells in spleen and xenograft tissues were significantly decreased in mice
transplanted with RSPO3-KD cells compared with control nude mice transplanted with control cells (spleen:6.42 +0.94 vs 5.25+0.59,
P=0.04; transplanted tumor: 8.27+0.29 vs 6.48+1.48, P=0.04). The percentage of NK cells was significantly increased in mice
transplanted with RSPO3-OE cells compared with control mice transplanted with control cells (spleen: 5.2940.16 vs 7.0240.49,
P=0.01; transplanted tumor: 6.394+0.39 vs 8.14 £0.34, P<<0.05). The Cancer Genome Atlas (TCGA) data analysis showed that
expression of RSPO3 was positively correlated with the expressions of NK cell markers CD56 (R=0.58, P<<0.05) and CD16 (R=0.64,
P<<0.05), and with the expressions of NK cell activation markers CD69 (R=0.51, P<<0.05) and KLRBI (R=0.37, P<<0.05). RSPO3
knockdown inhibited the activity of Wnt luciferase (1.00+0.00 vs 0.4540.09, P<<0.05), and RSPO3 overexpression increased the
Whnt luciferase activity in colon cancer cells (1.00+0.00 vs 1.754-0.14, P<<0.05). Conclusion: RSPO3 can significantly inhibit the
growth of colorectal cancer xenograft in vivo and increase NK cell frequency and Wnt activity in colon cancer cells. RSPO3 may be a
potential colorectal cancer suppressor.
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WA R AR 41 (Cancer Cell Line
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Fig. 1 Expression of RSPO3
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n pancarcinoma

A, B: The Oncomine database suggests that RSPO3 is relatively low expressed in a variety of human solid tumors, including colorectal cancer; C:

Expression of RSPO3 in various tumor cell lines in CCLE database; D: TISIDB database showed the correlation between RSPO3 expression and

various immunoinfiltrated lymphocytes, and RSPO3 expression in colorectal cancer was significantly positively correlated with NK cells. TIL: Tumor

infiltrating lymphocytes. *: P<<0.05; **: P<<0.01; ***: P<<0.001.
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Fig.2 Construction of RSPO3 knockdown or overexpressed colon cancer cell lines

E2

A: RSPO3 expression in human colon epithelial cells NCM460 and a variety of colon cancer cell lines; B: shRNA knockdown RSPO3 expression in

SW480 cell line; C: Lentivirus infection induced RSPO3 overexpression in HCT116 cell line. KD: Knock down; OE: Overexpression.
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Fig.3 Effects of RSPO3 on the growth of SW480 or HCT116 cell line in vitro and in vivo

A, B: The effects of RSPO3 knockdown or overexpression on cell proliferation of SW480 or HCT116 cell line were analyzed by CCK-8; C,
D: Flow cytometry was used to detect the effects of RSPO3 knockdown or overexpression on SW480 or HCT116 cell cycles; E, F, G: Effects
of RSPO3 knockdown on the growth of SW480 subcutaneous xenograft tumors; H, I, J: Effects of RSPO3 overexpression on the growth of

HCT116 subcutaneous xenograft tumors.*: P>0.05.
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Fig. 4 RSPO3 affects the proportion of NK cells ir vivo

A, B: Flow cytometry was used to analyze the proportion of NK cells in single cell suspension of spleen after transplantation of SW480-RSPO3-
KD or SW480-Ctrl subcutaneous xenograft tumor; C, D: Flow cytometry was used to analyze the proportion of NK cells in the subcutaneous tumor
of SW480-RSPO3-KD or SW480-Ctrl; E, F: Flow cytometry was used to analyze the proportion of NK cells in spleen single-cell suspension after
transplantation of HCT116-RSPO3-OE or HCT116-Ctrl subcutaneous xenograft tumor; G, H: Flow cytometry was used to analyze the proportion of
NK cells in the subcutaneous xenograft tumor of HCT116-RSPO3-OE or HCT116-Ctrl.
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Fig.5 Correlation analysis of RSPO3 expression level with NK cell markers and NK activated markers

A: Spearman correlation analysis based on TCGA colorectal cancer database showed that RSPO3 was highly positively correlated with CD56
(NCAM1I), =0.58, P<<0.05; B: RSPO3 was highly positively correlated with CD16 (FCGR3A), 7=0.64, P<<0.05; C: RSPO3 was highly positively
correlated with CD69, r=0.51, P<<0.05; D: RSPO3 was moderately positively correlated with KLRB1 (=0.37, P<<0.05).
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Fig. 6 Effect of RSPO3 knockdown or overexpression on
luciferase activity of Wnt

A: Wnt luciferase activity was down-regulated after RSPO3
knockout; B: Wnt luciferase activity was up-regulated after RSPO3
overexpression.
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