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Loss of function mutations in CDKN1A are permissive
for APOBEC3-induced mutagenesis
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Abstract: Mutagenic mechanisms that shape the genomic landscape and dysfunction of DNA repair converge to
promote bladder tumorigenesis. A recent study by Arnoff and El-Deiry highlights the unique interactions between
CDKN1A loss of function mutations, which play a key role in cell cycle regulation, modulating DNA repair, and induc-
ing cell apoptosis and senescence, and APOBEC3-induced mutagenesis, the predominant contributor of mutations

in urothelial carcinoma.
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CDKN1A encodes for p21°rl/Wail 3 cyclin-
dependent kinase inhibitor that could bind to
and inhibit the activity of cyclin-dependent
kinase 1/2 (CDK1/2) to halt cell cycle progres-
sion [1, 2]. Besides this, p21°r/Wafl plays a sig-
nificant role in modulating DNA repair process-
es, regulating gene transcription, and inducing
cell apoptosis and senescence [3]. These criti-
cal functions of p21°r/Wall mediate its tumor-
suppressive roles in tumorigenesis.

A recent study by Arnoff and El-Deiry [4] exam-
ined the potential mutagenic mechanisms that
contribute to CDKN1A mutations and their
functional impact on urothelial cancer cells. By
analyzing whole-exome data from The Pan-
Cancer Atlas (TCGA) project, the investigators
found that CDKN1A alterations occur in up to
10.46% of patients with urothelial cancer.
Interestingly, patients with lung cancer, a can-
cer type that shares tobacco smoking as a risk
factor with urothelial cancer, have only a much
lower 1% prevalence of the CDKN1A altera-
tions. This suggests that, despite exposure to
the same external mutagen, other internal
mutagenic mechanisms are responsible for
CDKN1A alterations in urothelial cancers. The

majority (86%) of CDKN1A mutations in urothe-
lial carcinoma patients are truncating loss of
function mutations. Given the high prevalence
of APOBEC3-associated mutational signatures
in urothelial cancers [5, 6] and the APOBEC3
enzymes’ ability to introduce nonsense muta-
tions in viral genomes [7], the authors investi-
gated whether CDKN1A nonsense mutations
may result from APOBEC3-induced deamina-
tion. In addition to these truncating mutations,
the authors also discovered that 16% of the
copy number losses of CDKN1A in urothelial
cancers are heterozygous events. The detailed
mechanisms of these copy number losses are
unknown. More evidence has recently emerg-
ed that APOBEC3-induced kataegis, a pattern
of clustered mutations, is concentrated around
genomic rearrangements [8, 9] and is associ-
ated with chromothripsis regions [10, 11] in
several cancer types, implying that APOBEC3-
induced mutagenesis is also involved in the
genesis of structural variants. Since the single-
strand DNA overhangs at DNA double-strand
break sites are potential substrates for the
APOBEC3 enzymes, APOBEC3 activity could
interfere with  DNA double-strand break re-
pair. Impaired DNA double-strand break repair
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would lead to the loss of heterozygosity [12].
Thus, APOBEC3 activity might contribute to the
copy number loss of CDKN1A in urothelial can-
cer via impairing double-strand break repair.

Furthermore, Arnoff and El-Deiry found that
urothelial cancers harboring CKDN1A muta-
tions frequently co-occurred with alterations in
DNA repair or cell cycle genes, including RB1
and RAB44. As a critical cell cycle gene,
p21Crl/Wafl halts cell cycle progression at dif-
ferent phases by inhibiting the kinase activity
of CDK-Cyclin complexes [3], allowing addition-
al time for DNA repair. Moreover, p21Cri/Wafl jg
critical for regulating DNA repair and activating
apoptosis induced by overwhelming DNA dam-
age [3, 13]. Thus, the loss of function of
CDKN1A is permissive for the accumulation of
mutations in the cancer genome. Interestingly,
p21°rt/Wall mediates the E2F4 transcriptional
complex’s repression of APOBEC3B expression
[14], a predominant mutagenic member of the
APOBEC3 family. In conclusion, loss of func-
tion of CDKN1A potentially promotes the accu-
mulation of APOBEC3-induced mutations via
multiple mechanisms, ultimately contributing
to the prevalence of these mutational signa-
tures in urothelial cancers. The study also pro-
poses a model in which environmental muta-
gens cooperate with other DNA repair pathways
to promote carcinogenesis.

The investigators also found statistically signifi-
cant enrichments in alterations in DNA repair
genes, such as MSH6, PMS1, BRCA1, and
PALB2, in tumors that also had CDKN1A muta-
tions. These results suggest a potential
connection between the loss of function of
CDKN1A and the APOBECS3 activity in urothelial
cancer, finally leading to the accumulation of
the mutations in DNA repair genes. These re-
sults also indicate that urothelial cancers with
the loss of function of CDKN1A could potential-
ly harbor synthetic lethal vulnerabilities [15].

This important study adds to our knowledge
of mutagenic mechanisms that shape the
genomic landscape of urothelial cancers and
highlights the unique interactions between
CDKN1A loss of function mutations and
APOBEC3-induced mutagenesis.
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