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Renal cell carcinoma (RCC) constitutes the most lethal type of genitourinary cancer.
Understanding of RCC tumor biology helps to identify novel targets and develop directed
treatments for patients with this type of cancer. Analysis from both The Cancer Genome
Atlas Kidney Renal Clear Cell Carcinoma dataset and our RCC samples demonstrated
that the expression level of CORO6 was significantly higher in RCC patients than in
normal kidney tissues, and its level was highly associated with tumor stage and grade.
Importantly, COROG6 expression level was an independent predictor of tumor metastasis
and overall survival in RCC patients. Our cell line data also confirmed that CORO6
knockdown could suppress RCC cell growth as well as cell migration and invasion.
The depletion of COROG6 led to cell cycle arrest at the GO/G1 phase and caused cell
apoptosis. Further, mechanistic dissection showed that CORO6 mediated RCC cell
growth, and cell invasion relied on WNT signaling. Moreover, the in vivo data suggested
that CORO6 knockdown indeed suppressed RCC tumor growth. Overall, our study
defines the oncogenic role of COROG6 in RCC progression and provides a rationale for
developing COROG6-targeted therapies for improved treatment of RCC patients.
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INTRODUCTION

Renal cell carcinoma (RCC) is the most common type of kidney cancer, and its incidence continues
to rise (Siegel et al., 2019). Clear cell renal cell carcinoma (ccRCC) is the most common type of RCC
and accounts for ~80% of all cases (Choueiri et al., 2007; Yin et al., 2020). Understanding of the
biological pathogenesis of ccRCC has led us to identify that von Hippel-Lindau tumor suppressor
(VHL)/hypoxia-inducible factor 2 alpha (HIF2a signaling plays a central role in its development.
VHL inactivation stabilizes HIF2a, which in turn drives hypoxia-induced gene expression, such as
vascular endothelial growth factor (VEGF) (Ratcliffe, 2003; Mcronald et al., 2009; Banumathy and
Cairns, 2010; Zhai et al., 2017). VEGF induction promotes new blood vessel formation, thereby
providing nutrients for tumor cells (Kaelin, 2002; Choueiri, 2011). Therefore, anti-angiogenesis
reflects one of the treatment options for ccRCC patients. Sunitinib, sorafenib, and pazopanib are all
anti-angiogenic drugs that significantly benefit ccRCC patients (Lang and Harrison, 2010; Choueiri,
2011; Keisner and Shah, 2011; Kilonzo et al., 2013). However, patients will eventually progress to
the metastatic stage, which only has an ~10% likelihood of 5-year survival. Therefore, novel and
effective therapies are urgently needed for improved treatment of metastatic RCC patients.
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Wang et al. Oncogenic Role of CORO6 in RCC Development

FIGURE 8 | CORO6-induced ccRCC cell growth and cell invasion/migration were dependent on WNT activation. (A) IWP-O1 had no effect on the CORO6 mRNA
level. 18s rRNA was used as the normalizing control. (B) IWP-O1 had no effect on the COROB protein level. GAPDH served as the loading control. (C) The MTT assay
(Continued)
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FIGURE 8 | showed that IWP-O1 blocked CORO6-induced cell growth of Caki-1 cells. (D) EdU staining revealed that IWP-O1 inhibited COROB6-increased cell
proliferation of Caki-1 cells. Left: representative image of EdU staining. Right: statistical analysis. (E) Pl-stained flow cytometry analysis showed that CORO6-mediated
cell cycle progression from GO/G1 to the S phase of Caki-1 cells was blocked by IWP-O1. Left: representative image of Pl-stained flow cytometry analysis. Right:
statistical analysis. (F) Annexin V-/Pl-stained flow cytometry analysis indicated that CORO6-decreased cell apoptosis of Caki-1 cells was reversed by IWP-O1
treatment. Left: representative image of annexin V-/Pl-stained flow cytometry analysis. Right: statistical analysis. (G) CORO6-induced Caki-1 cell migration was
suppressed by IWP-O1 treatment. Left: representative images of migrating cells. Right: statistical analysis of migrating cells. (H) CORO6-induced Caki-1 cell invasion
was suppressed by IWP-O1 treatment. Left: representative images of invading cells. Right: statistical analysis. **P < 0.01, **P < 0.001, and ***P < 0.0001.
Compared with CORO6 OE, #P < 0.05, ##P < 0.01, ###P < 0.001, and ####P < 0.0001.
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FIGURE 9 | Xenograft mouse model to support the oncogenic role of CORO6
in ccRCC development. (A-C) COROB6 depletion suppressed ccRCC tumor
growth monitored by tumor size (A), growth curve (B), and tumor weight (C).
(D) The mRNA levels of c-Myc, AXIN2, and CCND1 were remarkably reduced
in CORO6-depleted ccRCC tumors. The expression levels of detected genes
were normalized to 18s rRNA. (E) Western blotting showed that the protein
levels of c-Myc, AXIN2, and CCND1 were remarkably reduced in
COROB6-depleted ccRCC tumors. GAPDH was used as the internal control.
(F-H) CORO6-promoted ccRCC tumor growth was inhibited by the
administration of IWP-O1 monitored by tumor size (F), growth curve (G), and
tumor weight (H). **P < 0.01, ***P < 0.001, and ***P < 0.0001. Compared
with COROB6 O, ###p < 0.001 and ####p < 0.0001.

the involvement of WNT signaling in CORO6-mediated ccRCC
growth in vivo.

DISCUSSION

Identification of novel therapeutic targets for ccRCC remains
a primary scientific research focus. In this study, we found
that the CORO6 level was significantly increased in c¢cRCC
patients compared to normal kidney tissues. Importantly, the
COROG6 level was tightly associated with tumor metastasis
and OS of ccRCC patients, strengthening the prognostic value
of CORO6 in ccRCC patients. Our experimental findings
also suggest that CORO6 functions to promote cell growth
and cell migration/invasion of ccRCC cells, which may be
attributable to the activation of WNT signaling. Moreover, the
results from an in vivo xenograft mouse model revealed that
CORO6-depleted ccRCC tumors grew more much slowly than
control ones. Overall, our study defines the oncogenic role of
CORO6 in ccRCC development and provides a rationale for
developing COROG6 targeted-therapies for improved treatment of
ccRCC patients.

Coronin family members have recently been recognized
for their role in cancer development. We previously found
that CORO3 serves as tumor-promoting factor to control
cell growth and invasion of ccRCC cells. Downregulation of
CORO3 by its specific upstream miRNA, miR-26, appeared to
prevent CORO3-induced cell growth and invasion (Wang et al.,
2020). Other studies have also consistently documented that
CORO proteins are overexpressed in various cancers, including
breast cancer, gastric cancer, and hepatocellular carcinoma (Thal
et al.,, 2008; Wu et al,, 2010). For gastric cancer in particular,
CORO3 has been observed to promote cancer metastasis by
upregulating the expression levels of MMP9 and cathepsin
K (Ren et al, 2012). All of these data suggest that CORO
proteins play an oncogenic role in cancer carcinogenesis.
Here, we investigated CORO6 as a tumor-promoting factor in
ccRCC development. As actin-binding proteins, coronin family
members may affect the dynamics of actin polymerization,
which in turn influences the protrusive structures of cancer
cells with invading or migrating potential. Therefore, disruption
in the CORO6 level may prevent the formation of protrusive
structures and subsequently impair the invading capacity of
cancer cells.
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Moreover, we observed CORO6 regulation of WNT signaling
by increasing WNT1, WNT3, and WNT10B, suggesting that
CORO6-induced ccRCC cell growth and invasion may be
attributable to the activation of WNT signaling. Of note,
WNT signaling in c¢cRCC development has been widely
recognized. Previous documents have shown that high
expression levels of WNT1 and WNTI10B were observed
in ccRCC tissues and cell lines (Hsu et al, 2012; Kruck
et al.,, 2013; Xu et al.,, 2016). Furthermore, both WNT1 and
WNTI10B were independent predictors for prognosis in
ccRCC patients. In addition, most other molecules involved
in WNT signaling were also dysregulated in ccRCC patients,
highlighting the pivotal role of WNT signaling in the progression
of this type of cancer. Indeed, inhibitors specific to WNT
signaling are being widely developed (Koller et al, 2013;
VON Schulz-Hausmann et al, 2014) and they may present
promising therapeutic applications in the treatment of
ccRCC patients.

The mechanism by which CORO6 activates WNT signaling
remains unknown and deserves further investigation. We
hypothesize that with the WD40 repeat domain, CORO6 may
serve as a scaffold protein to regulate numerous signaling
pathways, including WNT signaling. It is possible that CORO6
interacts with certain proteins that serve as essential components
of WNT signaling to control RCC progression. In summary,
our study identifies CORO6 as either a novel potential
biomarker or therapeutic target for improved treatment of
ccRCC patients.
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