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The yin yang of sunitinib: One drug, two doses, and multiple outcomes
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ABSTRACT

Our recent work showed that sunitinib exerts dual effect on cancer cells in different dose ranges. In
clinically relevant doses, cancer cells tolerate sunitinb cytotoxicity by upregulating pro-survival MCL-1 and
activating mTORC1 signaling. Inhibition of MCL-1 or mTORC1 sensitized cancer cells to sunitinib. Analysis
of tissues from patients correlated MCL-1/mTORC1 induction with resistance to sunitinib.

Resistance to chemo- and targeted therapy represents a major
clinical hurdle in cancer management. In a big part, drug
resistance can be attributed to the activation of pro-survival
responses in cancer cells. The initial response of cells to stress
such as that triggered by anticancer agents is geared toward
adaption and resistance through upregulation of survival
responses. However, if the stress is overwhelming or pro-
longed, cell death is initiated. Therefore, the ultimate outcome
of exposure to anticancer agents and whether cells can cope
and survive or fail and die depend on a variety of factors
including the type, duration, and level of the insult as well as
the adaptive capacity of cancer cells.

Among targeted therapies introduced recently, sunitinib has
become one of the most commonly used first-line therapy for
the treatment of several types of cancer. However, resistance to
sunitinib has emerged as the major limitation for its clinical
use. A high percentage of patients are intrinsically resistant to
sunitinib, and the majority of initially responsive patients even-
tually become resistant in few months, leading to a very modest
overall therapeutic benefit."”” Sunitinib is a multi-tyrosine
kinase inhibitor that modulates a wide array of targets directly
or indirectly. It therefore does not come as a surprise that sev-
eral studies have proposed diverse mechanisms of cytotoxicity
as well as resistance of sunitinib. Many of those studies relied
on comparison of gene expression profiles of sunitinib-sensitive
versus resistant cancer cells and therefore had the shortcoming
of not being suitable to identify molecular mechanisms of resis-
tance that do not involve modulation of gene expression such
as activation of signaling pathways or modulation of protein
degradation. Moreover, most of those studies used concentra-
tions of sunitinib that are higher than those thought to be phar-
macologically relevant in patients.’
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In our study published recently,* we applied a unique approach
as compared with other studies, focusing on the adaptive pro-sur-
vival responses that cells opt to for maintaining their viability and
tolerating the cytotoxic effects triggered by sunitinib. We then fur-
ther analyzed the relevance of those adaptive responses to intrinsic
as well as acquired resistance of cancer cells to sunitinib. We partic-
ularly focused on the modulation of mTOR signaling and the level
of the antiapoptotic Bcl-2 proteins MCL-1, BCL-2 and BCL-XL as
crucial determinants of cell survival and resistance to anticancer
agents.s’6

Initially, in each of several cell lines representative of differ-
ent types of cancer; renal cell carcinoma, pancreatic neuroen-
docrine tumor, colorectal and osteosarcoma, we distinguished
sunitinib concentration ranges that are either tolerated from
those that exert cytotoxic effects. The thresholds above which
sunitinib concentration started to be cytotoxic varied among
different cell lines but were generally above the concentration
reachable in patients. Our analysis of cell lysates derived from
different cell lines treated with doses of sunitinib on either sides
of the cell-line-specific threshold showed that sunitinib exerts
dual effects on MCL-1 levels and mTOR complex I (mTORC1)
signaling in both concentration ranges. In cytotoxic doses,
sunitinib triggered a decline in MCL-1 levels and inhibition of
mTORCI signaling activity. Conversely, in lower concentra-
tions, i.e. below the cytotoxic threshold (that are likely to be
more clinically relevant), sunitinib treatment resulted in
enhancing MCL-1 levels and induction of mTORCI activity.
Consistent with these in vitro results, sunitinib increased MCL-
1 levels and mTORCI1 activity in murine tumor xenografts.
Importantly, we found that induction of MCL-1 and mTORC1
represents pro-survival cellular responses that account for the
observed lack of cytotoxicity of clinically relevant doses of
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Figure 1. Schematic representation of mechanisms of resistance and sensitivity to sunitinib mediated by dual modulation of MCL-1 and mTORC1 at different dose ranges.

sunitinib as inhibition of MCL-1 or mTORCI1 greatly sensitized
cancer cells to those doses of sunitinib.

Among the wide range of cellular processes regulated by
mTORC], autophagy is a prominent example.® MCL-1 has also
emerged recently as a negative regulator of autophagy through
regulation of autophagy mediator Beclin 1.”* Consistent with
the dual effect of low and high concentrations of sunitinib on
mTORCI and MCL-1, we observed that low and high concen-
trations of sunitinib inhibit and induce autophagy, respectively.
This finding may contribute to explaining the conflict between
studies that investigated the interplay between sunitinib and
autophagy and reached different conclusions.”"

Beyond the specific results related to sunitinib, in more gen-
eral terms, these results highlight an important experimental
and conceptual necessity sometimes overlooked by researchers,
which is important in exploring the reproducibility of certain
results against a wide range of doses. Our results therefore pro-
vide a warrant against hasty generalization of results obtained
by a single dose of any given drug.

Deeper mechanistic analysis revealed that sunitinib modu-
lates MCL-1 levels by affecting its proteasomal degradation.
Furthermore, the dual effect of sunitinib on MCL-1 stability in
different dose ranges of sunitinib was attributed to dual effect
on GSK38 and ERK phosphorylation, whereas lower doses of
sunitinib inhibit GSK38 and activate ERK, and the opposite
occurs in higher dose ranges. GSK38 and ERK in turn phos-
phorylate MCL-1 in different sites leading, respectively, to
increasing and decreasing its proteasomal degradation. Modu-
lation of GSK3p by sunitinib in both ranges also mediated the
effect on mTOR signaling.

Finally, our analysis of tumor samples derived prior and
post treatment from sunitinib-resistant patients provided the
proof of concept that the increase in MCL-1 levels and

mTORCI activity upon treatment contributes to resistance to
sunitinib.

The reported absence of evident direct cytotoxic effects for
clinically relevant doses of sunitinib on cancer cells led to shift-
ing the focus to its antiangiogenic effects and ultimately posi-
tioning it in the group of antiangiogenic drugs.” Our results
thus provide detailed molecular explanation for the reported
absence of evident direct cytotoxic effects of clinically relevant
doses of sunitinib on cancer cells, which led to shifting the
focus to its antiangiogenic effects and ultimately positioning it
in the group of antiangiogenic drugs.

Taken together, our results indicate that dual modulation of
MCL-1 stability and mTORCI signaling exerted by different
dose ranges of sunitinib is a major determinant of resistance or
sensitivity of cancer cells to sunitinib (Fig. 1) and further give a
rationale for potential synergistic therapeutic benefit of a com-
bination of sunitinib and MCL-1 or mTOR inhibitors that war-
rants further clinical testing.
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