
screening process. We do not know if base-
line assessments were not completed vs
were completed but not recorded. If the
error is incomplete assessments, is this
because of fragmentation of responsi-
bility of research staff, and can the bur-
dens of documentation for research staff
be streamlined and simplified? Further-
more, does the process need to liberalize
laboratory screening windows and re-
quirement of repeat samples except
where specific correlative studies are
required? With less restrictive screening
criteria, would trial enrollment increase
and speed the development of novel
therapies?

The Statler et al article underscores one
important piece of the puzzle in im-
proving clinical trial enrollment. How-
ever, it should be emphasized that this
is the tip of the “barriers to clinical trial
recruitment” iceberg. We do not know
which patients are excluded from screen-
ing for clinical trials because of lack of
awareness or acceptance, timely refer-
rals, or resources at academic centers
to support clinical trial enrollees. Future
studies must address barriers at all levels
including patient, community provider,
and academic provider level.3,6-9 Patients
require education about the goals of
trials, understanding of risk, and support
of logistics of transitioning to an academic
medical center.3 Referring providers must
have easy access to timely referrals (par-
ticularly relevant in aggressive hematologic
cancers) and not experience untenable
administrative burden and financial re-
percussions of referring patients outside
of one’s practice. At academic centers,
resources for efficient screening must
be in place, as well as support for pa-
tients and their families as they transi-
tion to an academic center, often a
distance from their referring practice.
Finally, as the population of hemato-
logic cancer patients ages, there is an
increasing need to better understand
comorbidity and then design and enroll
older patients with increased com-
orbidity.10 By addressing organizational,
patient, and provider challenges in
clinical trial enrollment, interventions
may be developed to improve clinical
trial recruitment for patients with he-
matologic cancers and bridge the gap
between clinical trial and real-world
patients.
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Shielding p53
from destruction
Deepa Sampath | The Ohio State University

In this issue ofBlood, Jethwa et al identify a novelmechanism that facilitates the
accumulation of mutant p53 (mutp53) as well as wild-type p53 (wtp53) that is
inducedbyDNAdamage in tumor cells. They demonstrate that transformation/
transcription domain-associated protein (TRRAP), a constituent of multiple
histone acetyltransferase (HAT) complexes, acetylates and stabilizes both
mutant as well as DNA damage–induced wtp53 by preventing its nuclear
export and subsequent degradation by MDM2, a negative regulator of p53.1

MDM2 is an E3 ubiquitin ligase that binds
both mutp53 and wtp53 to trigger their
degradation via the ubiquitin-dependent
proteasome pathway.2-4 Under physio-
logical conditions, the constitutive action
of MDM2 keeps the levels of wtp53 low.
DNA damage leads to the transient sta-
bilization of p53, which transcriptionally
induces many p53-responsive targets
including MDM2. MDM2 in turn degrades
p53 and restores it to basal levels.2,3 In
contrast, missensemutations in p53 usually
result in the stabilization and accumulation
of mutp53 across tumor types. Mutations
in p53 occur largely within theDNA-binding
domain of which 6 “hotspot” mutations
(R175H, R179H, G245, G248Q/W, R249,
R282H) occur recurrently in cancer and

exert either a dominant-negative effect
or a gain of function that facilitates tumor
progression.5 In B-cell lymphomas, p53
mutations occur in 30% to 40% of Burkitt
lymphoma and in 40% of chronic lympho-
cytic leukemia that undergo Richter trans-
formation into an aggressive lymphoma.6

Because MDM2 is overexpressed in lym-
phomas,7 there is great interest in un-
derstanding themechanismsbywhich either
mutp53orwtp53 that is induced in response
to DNA damage becomes stabilized.

In this issue, Jethwa et al demonstrated
that TRRAP was well expressed in B cells
and many lymphomas (see figure). Silenc-
ing of TRRAP expression using RNA in-
terference strategies resulted in a decrease
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in the levels of mutp53 across lymphoma
cell lines whereas overexpression of TRRAP
led to an accumulation of mutp53. They
identified that the HEAT repeat do-
main of TRRAP was crucial for stabi-
lizing mutp53. Knockdown of TRRAP
resulted in the binding of mutp53 to
exportin-1 (XPO1), and its export from the
nucleus to the cytoplasm where it bound
to and was degraded by MDM2 via the
ubiquitin-proteasome pathway. Pharma-
cological inhibition of XPO1 resulted in
the nuclear retention of p53. Similarly,
TRRAP knockdown-mediated loss of
p53 was prevented by using proteasome
inhibitors, confirming the role of both
XPO1 and the ubiquitin-proteasome path-
way in degrading mutp53. TRRAP silencing
also prevented the stabilization of wtp53
that accumulated after DNA damage by
the mechanism described above, suggest-
ing that it could shield both mutant and
DNA damage–activated wtp53 from
XPO1-mediated nuclear transport and
subsequent degradation by MDM2. These
findings are intriguing because they un-
cover a previously unknown mechanism
that regulates the stability of p53.

However, a number of unresolved ques-
tions remain. For instance, TRRAP is well
expressed in normal B lymphocytes. So

why does wtp53 under basal conditions
not accumulate in normal cells? It is pos-
sible that TRRAP does not trigger the ini-
tial stabilization of p53 but rather TRRAP
contributes to p53 stabilization by shielding
it from MDM2-mediated degradation. This
is significant because the mechanisms that
stabilize wtp53 are well known whereas
those that cause mutp53 to initially accu-
mulate in tumor cells are less understood.
The second unresolved issue comes from
the knowledge that TRRAP is a component
of multiple HAT complexes. Silencing of
TRRAP led to a substantial decrease in the
acetylation of mutp53. However, contrary
to expectation, they also show that blocking
the activity of histone deacetylases (HDACs)
with HDAC inhibitors (which presumably
favors HAT activity and increases the level
of acetylation on histone and nonhistone
proteins) surprisingly phenocopied the
effect of TRRAP silencing and reduced
acetylation of mutp53. Additional mecha-
nistic work will be required to under-
stand the complex mechanisms by which
TRRAP regulates the stability of mu-
tant as well as DNA damage–activated
wtp53.

In summary, this study identifies TRRAP
as a novel regulator of p53 stability that
may represent a new therapeutic strategy

to eliminate mutp53 in lymphomas and
other cancers.
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Mechanism of TRRAP action. (A) TRRAP acetylation (Ac) of either mutp53 or DNA damage–stabilized wtp53 prevents nuclear export and facilitates accumulation within the
nucleus. (B) Loss of TRRAP leads to XPO1-directed nuclear export and subsequent binding toMDM2, targeting either mutant or DNA damage–stabilized p53 for destruction via
the ubiquitin (Ub)-proteasome pathway.
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