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PROTECTION

Many tumours exhibit dysfunction of the
pS3protein, a crucial suppressor of cancer.
But, because the cause of this dysfunction
varies, so, too, must potential treatments.
By Michael Eisenstein, infographic by
Lucy Reading-Ikkanda
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The p53 protein is
involved in a dizzying array
of healthy physiological
functions. In many cases,
p53 controls these
functions by regulating
gene expression.
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CENTRE OF ATTENTION

The gene that produces p53 (known as TP53)

is the most well-studied gene in the human
genome, having been cited in more than

10,000 papers since its discovery in 1979 (ref. 2).

Gene Number of citations

TP53
EGFR 6,241
TNF 6,153

Data from NCBI-NLM as of 25 January 2022.
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AHEALTHY FUNCTION

Healthy cells express low levels of p53. The protein is normally trapped in
an inhibited state, and these inactive p53 molecules are swiftly broken down.

The p53 protein is made up MDM2
of multiple functional domains:

Transactivation domain (TAD) recruits
other proteins that regulate the expression
of genes that are bound by p53.
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DNA-binding domain (DBD)
recognizes and binds to response-
element sequences adjacent to

el S AT R SIS A regulatory protein called MDM2

keeps p53 in its inactive state. Under
normal conditions, MDM2 adds
chemical modifications to p53 that
mark it for destruction by the cell.

Oligomerization domain (OD)
allows p53 molecules to interact with
each other and form tetramers.

Various cellular stressors can cause
MDM2 to separate from p53. When
this happens, p53 is shuttled from

the cytoplasm into the nucleus. Metabolic/ Oncogene DNA
Many of these stress triggers are oxidative stress mutations damage
directly linked to cancer. °
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by a p53 tetramer

Inside the nucleus, four molecules of p53
assemble into a tetramer that binds to specific
response-element sequences in DNA.

The target genes can produce a
range of responses, depending
on the severity of the stress.

Severe

Mild |
cell division on hold while it stress stress
triggers DNA repair, or tunes

cellular metabolic activity.

For mild stress, p53 might put

For severe stress, p53 can put
cells into a state of permanent
growth arrest or trigger cell
death through apoptosis.
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division
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Watch an animation
at go.nature.com/
collections/p53-outline
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in the TP53 gene, or because of the dysfunction
of proteins that regulate p53. In either case,
these problems give cancer the green

light to progress.

Even after 40 years of research, clinicians still lack drugs that can
specifically target tumours with p53 dysfunction. But several
promising therapeutic strategies are now undergoing trials.

TUMOURS WITH MUTANT p53

JUMOURSIWITHIMUTANIPSS Some small-molecule drugs can bind mutant p53 in a way

Around 80% of p53 mutations that restores normal folding. Several such drugs are now in
affect 20 acids in the preclinical or early-stage clinical development®. However,
protein’s DBD, causing it to this approach requires therapy to be tailored to each
misfold and also interfering Mutated — > patient’s particular TP53 mutation.

with the recognition of p53

target genes”.
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Even one mutated copy of Inactive . Drug
TP53 can fuel tumour clump of y
formation, given that a p53 Defective
defective p53 protein tetramer Mutated
combined with other, normal p53
p53 proteins will form a
non-functional tetramer. Some
studies suggest that mutant p53
also inflicts damage by
accumulating as aggregates of

misfolded proteins®.

Twl.IlIIYIDO.:._JYRPSEW;gH TUMOURS WITH WILD-TYPE p53

g p Drugs that block MDM2's ability to inhibit p53 might
Even if TP53 is not ) offer a solution for tumours that produce an excess of
mutatgd, pS3 function MDM2 (ref. 7). Multiple companies currently have such
can still be disrupted. candidate drugs in clinical trials.

For example, some
tumours produce Excess

excessive MDM2 that of MDM2

keeps p53 trapped in

an inactive state. Drug ME_)M2 cannot
bind to p53

CANCER SET LOOSE . POTENT PARTNERS
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It_oss o'f 25 f'unct|on SalRiclote ) ~ The p53-oriented drugs tested so far have shown minimal or ®
umorigenesis and cancer J i thei But by helping t li 53
e e [ ety . modest efficacy on their own. But by helping to normalize p
] function, these drugs could be used in combination with °
° o existing therapeutic strategies to give them a boost. o
Tumour cells are able e S Q ®
to tolerate severe DNA (7 S 9 Q
damage, enabling o) ®
them to resist / @ @ Q
chemotherapy. Cell - APOPTOSIS INDUCERS > :
division ¢ / N\ There are multiple proteins that tumour cells can
Without p53, the ° exploit to inhibit cell death. Restoring p53 function @
brakes are taken off o B drives the degradation of one of these, known as MCL-1. o .
the cell cycle, Combining this treatment with drugs that knock out
resulting in o o similar proteins, such as BCL-2, might therefore promote e
unchecked cell > o apoptosis more effectively than either treatment alone. o °
proliferation. ° @
e o @ )
@ Loss of p53 function ° °
might also promote ° ® ° °
the inactivation of ° IMMUNE-CELL ACTIVATORS ©
immune cells that The loss of p53 function puts tumours into an
kill cancer cells. Tumour o immunosuppressed state. Restoring normal function
- could prime tumours to respond to drugs such as the
- checkpoint inhibitor pembrolizumab.
]
° References: 1. Fischer, M. Oncogene 36, 3943-3956 (2017); 2. Levine,
— A. ). & Oren, M. Nature Rev. Cancer 9, 749-758 (2009); 3. Gomes, A. S.

et al. Cancers 13, 3344 (2021); 4. Sabapathy, K. & Lane, D. P. Nature
Rev. Clin. Oncol. 15, 13-30 (2018); 5. de Oliveira, G. A. P. et al.
Biomolecules 10, 548 (2020); 6. Hu, J. et al. J. Hematol. Oncol. 14, 157
(2021); 7. Takahashi, S. et al. Cancer Sci. 112, 2361-2370 (2021).

Nature | Vol 603 | 3 March 2022 | §3

© 2022 Springer Nature Limited. All rights reserved.





