Nucleolar Stress Induction by Oxaliplatin and Derivatives
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ABSTRACT: Platinum(II) compounds are a critical
class of chemotherapeutic agents. Recent studies
have highlighted the ability of a subset of Pt(II) com-
pounds, including oxaliplatin but not cisplatin, to in-
duce cytotoxicity via nucleolar stress rather than a
canonical DNA damage response. In this study, influ-
ential properties of Pt(Il) compounds were investi-
gated using redistribution of nucleophosmin (NPM1)
as a marker of nucleolar stress. NPM1 assays were
coupled to calculated and measured properties such
as compound size and hydrophobicity. The oxalate
leaving group of oxaliplatin is not required for NPM1
redistribution. Interestingly, although changes in
diaminocyclohexane (DACH) ligand ring size and
aromaticity can be tolerated, ring orientation ap-
pears important for stress induction. The specificity
of ligand requirements provides insight into the
striking ability of only certain Pt(II) compounds to
activate nucleolar processes.

The chemotherapeutic agent cisplatin has inspired
the synthesis and investigation of thousands of Pt(II)
analogs.! Of these, only two other compounds — car-
boplatin and oxaliplatin — have met FDA standards
for medical use. Until recently, it was believed that
the cytotoxicity of these compounds could be attrib-
uted solely to their DNA crosslinking abilities and
subsequent induction of the DNA Damage Response
(DDR), a known trigger of apoptotic pathways.2 As
the body of research on Pt(II) reagents has grown, a
more complex picture has emerged of the mecha-
nisms of action behind these ubiquitous drugs.2 A
striking recent discovery is that oxaliplatin, but not
cisplatin or carboplatin, causes cytotoxicity via dis-
ruptions in ribosome biogenesis rather than DDR.3

Ribosome biogenesis occurs in the nucleolus, a con-
served and highly structured organelle in eukaryotes.
Disruptions of the nucleolus or ribosome biogenesis
trigger the nucleolar stress response, which leads to
cell death or senescence via activation of the tumor
suppressor p53. Because its molecular mechanisms
are not yet fully understood, and due to its potential
role as a chemotherapeutic target, this fascinating
stress process is an area of intense interest in the
fields of molecular biology and medicine.*-7

The specificity of oxaliplatin as a nucleolar stress
inducer is intriguing when considered alongside
other data indicating a relationship between Pt(II)
compounds and the nucleolus.8 Post-treatment fluo-
rescent labeling of clickable Pt(II) drug analogs has
shown localization of these compounds to the nu-
cleolus,8? and there is significant evidence that Pt(II)
compounds associate with ribosomes and ribosomal
RNA (rRNA).10-16 The structural determinants and
molecular mechanisms by which only specific Pt(II)
compounds may cause a nucleolar stress response
are not understood. Here, we explore properties of
oxaliplatin and other Pt(II) compounds and find that
a narrow window of derivatives is able to induce nu-
cleolar stress. The results define a set of constraints
for Pt(II) compounds to induce this unique cell death
pathway.
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NPM1 relocalization caused by Pt(ll) compounds
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the biomolecular interactions that maintain nucleolar
integrity. More work is needed to understand this
fascinating biological stress process and to define the
specific properties of Pt(II) compounds that cause it.
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