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Description
The majority of Clear cell Renal Cell Carcinoma(CcRCC) patients

carries inactivation of the Von Hippel-Lindau(VHL) gene leading to
genetic stabilization of Hypoxia-Inducible Factor alpha(HIFa). The
HIF pathway drives tumor development and progression in the VHL-
inactivated CcRCC. HIF transcriptionally targets over 100 genes (1)
and the loss of VHL function induces constitutive HIF-1α/2α
expression that markedly up regulated their target genes, including
VEGF. Consequently, CcRCC are hyper-vascularized tumors.

Tyrosine Kinase Inhibitors(TKI) primarily targeting VEGF
Receptors(VEGFRs) such as sunitinib, were the first-line therapies for
the treatment of metastatic CcRCC during the last decade (2). In
addition to its anti-angiogenic effects on endothelial cells, sunitinib
directly targets tumor cells to inhibit their proliferation, migration, and
survival (3,4). CcRCC patients receiving sunitinib ineluctably develop
resistance through a genetic adaptation of tumor cells leading to their
survival in the presence of the drug.

Our study (5) demonstrated that sunitinib-resistant CcRCC cells
exhibit higher Polo-like kinase 1(Plk1) expression. This result
suggests that Plk1 induction is part of a genetic program associated
with resistance to sunitinib. Plk1 is a serine/threonine kinase which
acts during cell cycle progression (6) and involved in tumor
progression.

Before our study, the molecular mechanisms linking Plk1
expression and tumor hypoxia were unknown.

In the context of CcRCC, the inactivation of VHL leads to HIF
chronic stabilization and to the up regulation of the transcription of
target genes independently of the oxygen concentration.

We showed that hypoxia-dependent up regulation of Plk1 relies on
HIF-2 but not HIF1-dependent increased transcription, and on
mutation of SETD2 in human CcRCC. Hence, our results are
consistent with the tumor suppressor role of HIF-1α whereas HIF-2α
is considered as an oncogene in CcRCC (7).

Metastatic CcRCC patients relapse despite inhibition of
angiogenesis (with first-line treatment VEGFR-TKI like sunitinib) and
immune checkpoint inhibitors (with second-line treatment anti-PD-1
like nivolumab). Predictive markers of efficacy of the current
treatments and new therapeutic targets are urgently needed for patients
in therapeutic impasses. Thus, Plk1 blockade represents an attractive
and alternative therapeutic solution.

We provided compelling evidence showing that sunitinib resistant
CcRCC cells are highly sensitive to Plk1 inhibition. Targeting Plk1
inhibited tumor and endothelial cell proliferation in mice models.
Therefore, the therapeutic efficacy of Plk1 inhibitors also relies on the
inhibition of angiogenesis, a key phenomenon in CcRCC. We showed
also that aggressive CcRCC cells metastasized in zebra fishes’ tails
without genetic modification beforehand and Plk1 inhibition
prevented this metastatic spreading. This exciting finding warrants
clinical validation.

Moreover, we demonstrated that Plk1 is a driver of tumor growth
orchestrated by the HIF-2 oncogenic pathway in CcRCC. Indeed, Plk1
is linked to a shorter survival in both non-metastatic and metastatic
patients. It is a prognostic factor independent of the clinical prognostic
IMDC score. Hence, a biological marker independent of clinical
parameters provides an added value for the management of patients.

The new gold-standards for metastatic CcRCC patients in the first-
line are TKI, immunotherapy (anti-PD1+anti-CTLA4) (8) or a
combination of both therapies (9,10).

Based on gene expression, methylation status, mutation profile,
cytogenetic anomalies, and immune cell infiltration, 4 subtypes of
CcRCC patients (CcRCC1-4) have been determined (11,12). The
CcRCC2&3-tumors often express proangiogenic genes and have a
good prognostic under TKI therapy. CcRCC4-tumors exhibit an
immune-inflamed phenotype, but an exhausted immune system. The
CcRCC1-tumors belong to an immune-cold phenotype almost without
lymphocyte infiltration (11,12). Both CcRCC1&4 have a bad
prognosis under TKI therapy. Therefore, the CcRCC2&3-tumors are
eligible for TKI therapy and the CcRCC4-tumors are potential good
responders to immunotherapy (BIONIKK clinical trial,
NCT02960906) (13). In contrast, CcRCC1-tumors fail to respond to
either therapy.

Tumors of the CcRCC1 subtype strongly express Plk1. High Plk1
mRNA levels correlated with a poor response to immunotherapy (14).

Moreover, by transcriptomic analyses of CcRCC make by Braund
et al. (15) from the clinical trials Checkmate 010 and 025, we showed
that high Plk1 mRNA levels are predictive marker of a bad response to
nivolumab as a second-line treatment (Figure 1A) while Plk1
expression did not impact the response to everolimus (mTOR
inhibitor) as a second line treatment (Figure 1B).

The following monogram appears decisional for the therapeutic
strategy for patients of the different subgroups:
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• CcRCC2&3 subtypes (low PDL1 and Plk1 expression) are eligible
for TKI,

• CcRCC4 subtype (high PDL1 and Plk1 expression) are eligible for
immunotherapy,

• CcRCC1 subtype (low PDL1 expression but strong Plk1 expression)
are eligible for treatment with Plk1 inhibitors.

Figure 1: A and B, The levels of Plk1 mRNA in tumors from 
metastatic CcRCC patients treated with nivolumab (anti-PD-1) or 
everolimus (mTOR inhibitor) in the second line correlated with OS. 
The third quartile of Plk1 expression was chosen as the cut-off value. 
The Kaplan-Meier method was used to produce survival curves and 
analyses of censored data were performed using Cox models. 
Statistical significance (p values) is indicated.

C. The summary diagram of our study describing the link between 
HIF-2-dependent stimulation of Plk1 gene transcription. In addition to 
its tumor promoting role, Plk1 drives resistance to TKI and probably 
to anti-PD-1 and appears as a key target for a subgroup of metastatic 
CcRCC patients in therapeutic impasses (5).

In brief, our study deciphered the phenomenon linking a physical 
driver of tumor aggressiveness (hypoxia, HIF-2) to a biological

determinant of tumor cell proliferation and angiogenesis (Plk1). The
link between the two actors is HIF-2, which drives Plk1 gene
transcription. In addition to its tumor promoting role, Plk1 drives
resistance to TKI and appears as a key target for a subgroup of
metastatic CcRCC patients in therapeutic impasses (Figure 1C).
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