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The tumor suppressor p53 plays an
important role in the inhibition of cancer
progression, particularly in response to
chemotherapy or target-specific therapy.
Inactivation or mutation of p53 often
becomes a cancer’s tactic for drug resis-
tance. One of the clinically applied ther-
apeutic strategies is to inhibit poly(ADP-
ribose) polymerase (PARP) activity, as
PARP inhibitors are widely used for sub-
sets of tumors with homologous recom-
bination deficiency due to mutation of
BRCA1/2 or other DNA repair-associated
genes. It has been shown that p53 defi-
ciency or mutation enhances the cytotox-
icity of PARP inhibition in various tumors
(Williamson et al., 2012). A possible
mechanism underlying this is that
loss of p53 impairs DNA repair path-
ways, creating additional tumor vulnera-
bility to PARP inhibition, as wild-type
(wt) p53 transcriptionally induces the
expression of genes involved in DNA
repair (Vousden and Prives, 2009).
Alternatively, missense mutant p53

proteins, which comprise the majority of
p53 mutations, may interact with replicat-
ing DNA in association with PARP to pro-
mote aberrant DNA repair, establishing a
strong tumor dependency on the PARP-
associated repair pathway (Polotskaia et
al., 2015; Xiao et al., 2020). However, re-
cent studies also suggested that wt p53

activity may contribute to tumor response
to PARP inhibition, including a subset of
colorectal cancer (CRC) (Smeby et al.,
2020), as PARP inhibitors were found to
activate the p53 pathway (Hong et al.,
2021). These seemingly contradictory
findings warrant the need of further un-
derstanding the role of p53 in response
to PARP inhibition.

In our recent study (Chen et al., 2021),
we unveiled a long noncoding RNA, the
RNA component of mitochondrial RNA-
processing endoribonuclease (RMRP), as
a novel inhibitor of p53 upon PARP
inhibition. RMRP is responsible for mito-
chondrial DNA replication and biosyn-
thesis of ribosomal RNA. It possesses
tumor-promoting activity in different hu-
man cancers (Yeganeh and Hernandez,
2020). Consistent with this, we found
that RMRP is highly expressed in CRCs,
which is associated with unfavorable
prognosis. Our RNA-sequencing analysis
revealed that knockout of RMRP in CRC
cells dramatically activates the p53

pathway. Overexpression of RMRP pro-
moted, whereas depletion of RMRP sup-
pressed, CRC cell growth and
proliferation in vitro and in vivo. These
cellular functions of RMRP were exe-
cuted by suppressing wt p53 activity, as
RMRP had a minimal effect on p53-null
CRC cells. To elucidate how exactly
RMRP suppresses p53 activity, we per-
formed co-immunoprecipitation coupled
with mass spectrometry analysis. As a
result, we identified SNRPA1 as an
RMRP-binding partner to bridge the inter-
play between RMRP and p53. SNRPA1 is
a component of the spliceosome, but its
role in CRC remained elusive.
Interestingly, SNRPA1 underwent lysoso-
mal degradation in the cytoplasm via the
chaperone-mediated autophagy pathway
upon RMRP depletion. In RMRP-highly
expressing CRC cells, RMRP sequestered
SNRPA1 in the nucleus to block the lyso-
somal degradation of the latter. The nu-
clear SNRPA1 then interacted with p53

and promoted MDM2-mediated degrada-
tion of p53, consequently accelerating
CRC cell growth. Further supporting this,
knockdown of SNRPA1 undermined
RMRP’s function to regulate p53 activity
and CRC cell growth. More interestingly,
we also found that the transcription fac-
tor C/EBPb can activate the transcription
of RMRP by directly binding to the RMRP
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promoter. This finding is coincident
with a previous report showing that
PARP-1 represses C/EBPb activity by in-
ducing its ADP-ribosylation (or
PARylation), while inhibition of PARP-1
increases C/EBPb activity (Luo et al.,
2017). In line with this, we showed that
inhibition of PARP-1 by siRNAs or
PARP inhibitors leads to the increase of
RMRP expression. Also, we demon-
strated that targeting RMRP significantly
enhances cytotoxicity of PARP inhibitors
in wt p53-harboring CRC cells.

Our study suggests a promising strat-
egy to sensitize cancer cells to PARP in-
hibition by reactivating p53. Post-
treatment of relapsed or drug-resistant
cancer cells with a PARP inhibitor could
turn on the C/EBPb–RMRP–SNRPA1–p53

signaling pathway, leading to wt p53

inactivation and consequent resistance
to PARP inhibition as depicted here
(Figure 1). Thus, we propose that, by spe-
cifically targeting this pathway, such as
targeting RMRP or SNRPA1 via exosome-
mediated delivery of antisense oligonu-
cleotides or proteolysis targeting chimeras
against one of them, one could develop
the strategy of synthetic lethality (dual in-
hibition of PARP and RMRP or SNRPA1,
leading to cell death through re-activation
of inactive wt p53 as a result of the PARP
inhibition) as a potential therapy against
those PARP inhibitor-resistant CRC cancer
cells that harbor wt p53 (Figure 1).
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