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TRIMming p353’s anticancer activity

S Elabd™?, G Meroni® and C Blattner'

Several TRIM proteins control abundance and activity of p53. Along this route, TRIM proteins have a serious impact on
carcinogenesis and prognosis for cancer patients. In the past years, a significant increase has been made in our understanding of

how the TRIM protein family controls p53 activity.

INTRODUCTION

P53 is one of the most important tumour-suppressor proteins. This
tumour-suppressing activity is based on several actions: (i) p53
controls transcription of genes that are involved in cell cycle
control, induction of cell death and senescence and regulation of
cellular metabolism." (i) p53 regulates induction of programmed
cell death by binding to pro-apoptotic and antiapoptotic proteins
in the cytoplasm.? (iii) p53 controls DNA repair.®

Abundance and activity of p53 are tightly regulated and in
differentiated cells they are usually low. In situations with an
increased risk to acquire mutations, the p53 protein accumulates
and becomes activated through posttranslational modifications.*
As cells that lack functional p53 are unable to respond suitably to
cellular stress, they accumulate mutations that favour the
development of tumours.

THE TRIM FAMILY OF PROTEINS

The tripartite motif (TRIM) proteins represent a large protein family
comprising >70 members (Figure 1). The name of these proteins
comes from a three-domain module present in their N-terminal
region also called RBCC motif. This motif consists of a Really
Interesting New Gene (RING) domain followed by one or two
B-Boxes (B1/B2) and a coiled-coil (CC) region (Figure 1). Proteins
with a RING domain frequently display E3 ligase activity. Indeed,
several TRIM proteins modify target proteins with ubiquitin, SUMO
or 15G15.>”7 Some members of the TRIM family lack the RING
domain and TRIM20 possesses a pyrin domain instead of a RING
domain (Figure 1). Several TRIM proteins exist as different isoforms
generated by alternative splicing and they may have different
functions.?® The role of many TRIM isoforms, however, is still
uncharacterized.

Members of the TRIM protein family are involved in many
biological processes, and changes in their abundance or activity
are associated with several pathological conditions, including viral
infections, developmental and neurodegenerative disorders and
cancer. Some TRIM proteins are involved in oncogenic chromo-
somal translocations where the RBCC motif is fused to another
gene, and it is an alluring possibility that the RBCC motif could
have a role in these translocations. Other members of the TRIM
protein family are implicated in cancer development per se.'"”
Several of these proteins control carcinogenesis by modulating
the activity of the p53 tumour-suppressor protein (Table 1).

p53 AND MDM2 (MURINE DOUBLE MINUTE-2), A CONNECTION
FOR DESTRUCTION

The tight regulation of p53 is accomplished to a large extent by
Mdm2 (Figure 2a). Mdm2 regulates p53 by three different
interconnected modes: (i) by inhibiting its transcriptional activity,
(i) by controlling its subcellular localization, and (iii) by modulat-
ing its protein stability (Figure 2b)." Mdm?2 is itself a target gene of
p53, and this feedback loop serves as a pivotal mechanism for
restraining p53 function in the absence of stress.” In response to
cellular stress, p53 is activated and this activation is fine-tuned
through different interactions of p53 and Mdm2, that interrupt the
feedback loop in several ways." Proto-oncogenes such as c-Myc or
Ras prevent Mdm2-mediated degradation of p53 via expression of
the alternative reading frame protein (p19ARF).* Similarly, some
ribosomal proteins bind to Mdm2 upon ribosomal stress and
sequester Mdm2 away from p53.* Other proteins influence the
subcellular localization of p53 or its ability to modulate gene
transcription.* A number of TRIM proteins modulate the abun-
dance and/or the activity of p53 or Mdm2 and by this impinge on
p53’'s tumour-suppressive function.

p53 CONTROL WITHIN THE TRIM19-DEFINED PROMYELOCYTIC
LEUKAEMIA PROTEIN BODIES

TRIM19, better known as promyelocytic leukaemia protein, is the
most investigated TRIM protein that controls p53 activity. It
normally functions as a tumour-suppressor protein and inhibits
colony formation of transformed cells in soft agar and tumour
growth in nude mice.'""'? Several mechanisms have been
attributed to this tumour-suppressive function, one of which is
the ability of TRIM19 to stimulate p53-dependent transcription
(Figure 3)."*™ As TRIM19-deficient mice are resistant to the lethal
effects of y-irradiation and as DNA damage-induced apoptosis is
prevented in TRIM19-negative cells, it is most likely that TRIM19 is
an obligatory component of p53 activation in response to DNA
damage.'>'® TRIM19 mediates recruitment of p53 and modifying
enzymes such as HIPK2 (homeodomain-interacting protein kinase
2) and CBP (CREB-binding protein) into discrete nuclear structures
called PODs (promyelocytic oncogenic domains), which fosters
p53 stabilization and posttranslational modifications.'” HIPK2
phosphorylates p53 at serine 46, a modification that is further
enhanced by Axin.'®'? As TRIM19 is unable to activate p53 in Axin-
deficient cells, Axin is most likely also an essential part of the
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Figure 1. The TRIM protein family. TRIM proteins are characterized by the presence of a tripartite motif in the N-terminal part that usually
consists of a RING domain (R), one or two B-boxes (B1, B2) and a coiled-coil region (CC). The C-terminal region may or may not contain a COS
(C-terminal subgroup one signature), FN3 (fibronectin type Ill), PRY (SPRY-associated), SPRY (domain in SPla and the RYanodine receptor), ACID
(acidic), TM (transmembrane), PHD (plant homeodomain), BROMO (bromodomain), FLMN (filamin), NHL (NHL-1, HT2A, Lin-41-related), MATH
(Meprin and TRAF Homology) or ARF (ADP-ribosylation factor) domain. PYD: pyridin domain. Domains that are encircled with dots are not
present in all members (adapted from Short and Cox’” and modified according to Ozato et al.”®).

Table 1. TRIM proteins involved in the regulation of p53 activity

TRIM protein Mechanism

Reference

Increase in p53 activity

Enhances p53 phosphorylation and acetylation

Decrease in p53 activity

TRIMS Induces degradation of Mdm2
Increases p53 phosphorylation
TRIM13  Mediates polyubiquitination and degradation of Mdmz2
TRIM19  Protects p53 from Mdm2-mediated ubiquitination and degradation

TRIM21  Ubiquitination of GMPS that culminates in the association of HAUSP with p53 and Mdm2 and destabilization of Reddy et al.®®
p53

TRIM24  Mediates polyubiquitination and degradation of p53 Aliton et al.?®

TRIM25  Reduces acetylation of p53 Zhang et al>*

TRIM28 By using Mdm2 as an adaptor molecule, TRIM28 brings HDAC1 to the vicinity of p53 resulting in deacetylation. Wang et al.%?
TRIM28 furthermore stimulates Mdm2-mediated ubiquitination and degradation of p53

TRIM29  Associates with p53 and causes mislocalisation of p53 in the cytoplasm Yuan et al.*'

TRIM32  Mediates polyubiquitination and degradation of p53 Liu et al*®

TRIM39  Mediates polyubiquitination and degradation of p53 Zhang et al.*°

TRIM59  Mediates p53 polyubiquitination and degradation Zhou et al.”’

TRIM66  Mediates p53 polyubiquitination and degradation Chen et al.>

Carratozzolo et al.”*
Joo et al*”

Bischof et al.'®
Hofmann et al."”

p53-activating complex in response to DNA damage.'® TRIM19
furthermore increases and prolongs phosphorylation of p53 at
serine 18 and serine 20 and acetylation at lysine 382 in response
to DNA damage by recruiting Chk2 (checkpoint kinase 2), CK1
(casein kinase 1) and the monocytic leukaemia zinc finger MOZ/
KAT6A to p53-containing nuclear bodies.'*?® In addition to
promoting phosphorylation and acetylation of p53, TRIM19
protects p53 from Mdm2-mediated ubiquitination and
degradation.”*?® Some of TRIM19 activities towards p53 after
DNA damage are regulated by posttranslational modifications of
TRIM19. Upon DNA damage, Chk2 phosphorylates TRIM19 at
serine 117 and phosphomimetic mutations of these sites induce
apoptosis even without DNA damage.'”” TRIM19 furthermore
interacts with mutant p53 and enhances its proliferation and
colony-forming ability.?" As trim19 is a target gene of p53, both
proteins are connected by an autoregulatory loop.?

Interestingly, the TRIM19 fusion protein promyelocytic
leukaemia protein-retinoic acid receptor-a induces deacetyla-
tion and degradation of p53 instead of protecting it from
degradation.”

In addition to p53, TRIM19 recruits Mdm2 to PODs while Mdm2
directs TRIM19 to the cytoplasm. Sumoylation of TRIM19 reduces
its interaction with Mdm2 leading to its return into PODs?*?
Upon DNA damage, TRIM19 sequesters Mdm2 in the nucleolus,
which prevents Mdm2-mediated degradation of p53.° According
to its tumour-suppressive function, loss of TRIM19 is frequently
observed in human tumours.?”

OTHER TRIM PROTEINS ACTING ON p53

Several additional TRIM proteins interact with p53 and control p53
activity (Figure 4).
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Figure 2. Mdm2 controls the p53 tumour-suppressor protein. (a) Schematic drawing of p53 and Mdm2. TA: transactivation domain; PR:
proline-rich domain. DNA binding: DNA-binding domain; NLS: nuclear localization signal; Olig: oligomerization domain; NES: nuclear export
signal; Reg: regulatory domain; P53 binding: p53-binding domain; acidic: acidic domain; Zn: zinc; Ring: RING domain. (b) Mdm2 controls p53
activity by binding to the N-terminal transactivation domain, by mediating its monoubiquitination and fostering CRM1-mediated export and
by mediating p53 polyubiquitination and proteasome-mediated degradation. Overexpression of proto-oncogenes such as c-Myc or RAS leads
to the sequestration of Mdm2 by ARF (alternative reading frame) and releases p53 from its control while ribosomal stress leads to the release

of ribosomal proteins and inactivation of Mdm?2.

The interaction of p53 with TRIM24, also called transcription
intermediary factor 1 alpha, was identified in a search for proteins
that interact with TRIM24.2® Further investigations showed
that TRIM24 increased p53 ubiquitination and reduced p53
protein levels and activity in a RING-dependent manner.”® Upon
DNA damage, ATM phosphorylates TRIM24 at serine 768 leading
to TRIM24 degradation and to the release of p53 from TRIM24-
mediated control. As TRIM24 is a transcriptional target of p53,
TRIM24 abundance is increased after DNA damage leading to
p53 degradation and to the shut-off of the DNA damage
response.?® Aberrant expression of TRIM24 is positively corre-
lated with several malignancies and poor prognosis of the
patients. 2%

Many TRIM family members are implicated in very
diverse pathological conditions. TRIM25, also known as Efp
(oestrogen-responsive finger protein), is another example of this
paradigm. TRIM25 was originally identified in a screen for
genes that are regulated by oestrogen.®’ Fibroblasts from
TRIM25~/~ mice grow significantly slower and show an altered
phenotype (CB, unpublished observation).’®> One way by
which this is achieved is by ubiquitinating 14-3-36.>* In
addition, TRIM25 reduces p53 and Mdm2 ubiquitination and

degradation.®* Surprisingly, whereas p53 levels are elevated
after overexpression of TRIM25, its transcriptional activity is
reduced. This decrease in p53’s activity is accompanied by
decreased acetylation of p53.3* Thus TRIM25 has obviously two
distinct activities with regard to p53: (i) regulation of p53
abundance and (ii) control of its transcriptional activity.

Consistent with the inhibition of p53 function, TRIM25 over-
expression has been observed in ovarian, breast and lung
tumours.*>~’

TRIM29, also known as the ataxia telangiectasia group D
complementing gene product, is another TRIM protein that affects
p53 activity. TRIM29 was cloned in an attempt to identify the gene
responsible for the autosomal-recessive disorder Ataxia
telangiectasia.’® TRIM29 binds to histones and DNA repair
proteins, including ATM, Msh3, RING finger protein 8 (RNF8)
and the Tat-interactive protein-60 (TIP60) complex, and is
required for efficient phosphorylation of H2AX.3%*° It does not
have a RING domain and controls p53 by binding to its
C-terminal domain leading to mislocalization of p53 in the
cytoplasm and inhibition of its nuclear activities.*’ The interac-
tion between p53 and TRIM29 is fine-tuned by modification
of lysine 116 of TRIM29. Although p300 acetylates TRIM29,
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Figure 3. TRIM19/PML (promyelocytic leukaemia protein) stimulates p53's transcriptional activity in response to DNA damage. TRIM19/PML
recruits p53, Chk1 and 2 (checkpoint kinase 1 and 2), HIPK2 (homeodomain interacting protein kinase 2), CK1 (casein kinase 1), MOZ/KAT6A
(monocytic leukaemia zinc finger/K(lysine) acetyltransferase 6A) and CBP (CREB-binding protein) into PODs, which facilitates phosphorylation
and acetylation of p53. These modifications lead to the activation of p53 and transcription of its target genes, including p21, 14-3-3 s, GADD45
(growth arrest and DNA damage 45), PML, PAI-1 (plasminogen-activator inhibitor type 1), MGMT (O%-alkylguanine DNA alkyltransferase),
ERCCS (excision repair cross-complementing rodent repair deficiency, complementation group 5), POLK (DNA polymerase kappa), BAX (Bcl-2-
associated X protein), PUMA (p53 upregulated modulator of apoptosis) and NOXA (phorbol-12-myristate-13-acetate-induced protein 1).
P, phosphorylation; S, sumoylation; A, acetylation.
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Figure 4. TRIM proteins interact with p53. TRIM19, TRIM24, TRIM25, TRIM29, TRIM32, TRIM39 and TRIM59 associate with p53. Whereas TRIM19
activates p53, TRIM25 and TRIM29 inhibit p53 activity by reducing its acetylation and by fostering nuclear export, respectively. TRIM24,
TRIM32, TRIM39 and TRIM59 abolish p53's activity by mediating polyubiquitination and degradation. Cellular stress directs phosphorylation of
TRIM24, resulting in its degradation and the release of p53 from its control. ATM: ataxia telangiectasia mutated, CHK1/2: checkpoint kinase 1/2,

p38: p38-mitogenactivated kinase, ATR: taxia telangiectasia and Rad3-related protein.

which increases its association with p53, HDAC9 (histone co-activator for p53, translocates the protein from the nucleus to
deacetylase 9) deacetylates TRIM29 resulting in increased p53 the cytoplasm and fosters its degradation.*?

activity and reduced cell survival*' After ultraviolet- In line with the inhibition of p53 activity, TRIM29 is over-
irradiation, TRIM29 furthermore binds to TIP60, a transcriptional expressed in several human tumours, including pancreatic and
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Figure 5. Several TRIM proteins regulate p53 by controlling Mdm2.
The Mdm2 protein controls p53 abundance by mediating its
polyubiquitination and proteasomal degradation. TRIM8 and
TRIM13 increase p53 abundance and activity by inducing the
degradation of Mdm2, whereas TRIM28 decreases p53 activity by
stimulating Mdm2-mediated ubiquitination and degradation of p53.
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lung cancer.®* Yet, as TRIM29 is also able to activate nuclear
factor-kB and Wnt signalling, not all tumour-promoting activities
of TRIM29 may be ascribed to the regulation of p53.%**

TRIM32, also called HT2A (HIV-Tat-interacting protein 2A), was
identified in a yeast two-hybrid screen for HIV-1 Tat-interacting
proteins.*” The relation between TRIM32 and p53 has been found
when TRIM32 popped up in a search for p53 target genes.*®*”
Further analysis showed that p53 binds to the promoter of trim32
and activates its transcription.*® Yet, while induction of Mdm2 can
be seen already 3-5h after DNA damage, induction of TRIM32
requires up to 15 h. TRIM32 is, however, not only a target gene of
p53. It can also bind to p53 and target it for proteasome-mediated
degradation.”® In line with this activity, TRIM32 is frequently
overexpressed in tumours.***® Although a significant part of the
tumour-promoting activity of TRIM32 is brought about by the
regulation of p53, TRIM32-mediated ubiquitination of the Abl-
interactor 2 tumour-suppressor protein may also contribute to its
oncogenic activities.*’

Another TRIM protein that regulates p53 directly is TRIM39, also
known as RNF23. TRIM39 binds to and ubiquitinates p53 and
targets it for degradation in a RING-dependent manner,>®
indicating that TRIM39 may act as an ubiquitin ligase for p53.
Downregulation of TRIM39 markedly reduced proliferation of
several cell lines with wild-type p53 and increased expression of
p53 target genes.’ In addition to ubiquitinating p53, TRIM39
modifies Mdm2 with SUMO.® Whether this modification of Mdm2
contributes to the inactivation of p53 by TRIM39 awaits further
investigation.

By searching for mRNAs that are specifically increased in gastric
tumour samples, TRIM59 was identified as a further TRIM protein
regulating p53.>" TRIM59 interacts with p53 and increases p53
ubiquitination and degradation while its downregulation reduced
proliferation and migration of gastric cancer cells.’’ Increased
levels of TRIM59 have been observed in gastric tumours and they

were associated with advanced tumour stage, reduced expression
of p53 target genes and reduced patient survival.”’

A further RING-less TRIM protein that is controlling p53
abundance is TRIM66, also known as transcription intermediate
factor 1 delta. Overexpression of TRIM66 was found in osteosar-
coma where it was associated with lung metastasis and poor
survival. Its downregulation increased the abundance of p53 and
the apoptosis markers caspase 7 and caspase 9.>

TRIM PROTEINS ACTING VIA MDM2

Although some TRIM proteins control p53 activity by directly
acting on p53, others affect p53's activity by interacting with
Mdm2 (Figure 5).

One of these proteins is TRIMS, also known as the glioblastoma
expressed RING finger protein.*?

TRIM8 mediates growth suppression and this decrease in
proliferation depends on the RING domain and on the presence
of p53. Misregulation of TRIM8 has been observed in a wide range
of neoplasms.®*** It is, however, not clear whether the RING
domain is needed because it confers E3 ligase activity or whether
it acts as a scaffold. Its antiproliferative activity is based on
decreasing Mdm2 protein stability, which leads to increased
abundance and activity of p53. Interestingly, TRIM8 decreases
Mdm2 protein stability without directly interacting with Mdm2.
TRIM8, however, associates with p53 and p53 may bridge TRIM8
and Mdm2 to allow Mdm2 degradation.*® In addition to stabilizing
p53, TRIM8 increases p53 phosphorylation at serine 15 and serine
20 leading to the induction of its target genes p27 and gadd45
while expression of the pro-apoptotic target genes bax and puma
and induction of apoptosis is not affected.>* Thus TRIM8 may not
only control p53 activity but also influence the cell fate.
Interestingly, TRIM8 transcription is stimulated by p53, which
connects the two proteins by a positive feed-forward loop.>* How
this loop is interrupted when p53 activity needs to be shut-off
remains to be determined.

TRIM13, also called Ret finger protein 2 or LEU5 (leukaemia-
associated gene 5) was identified while searching for genes
located at 13q14, a locus that is frequently deleted in B-cell
chronic lymphatic leukaemia.”® TRIM13 is an unstable protein that
is involved in endoplasmatic reticulum-associated protein
degradation.®® It co-localizes with Mdm2 in nuclear structures
and mediates Mdm2 polyubiquitination and degradation in a
RING-domain-dependent manner resulting in increased p53
stability and activity.”® Accordingly, overexpression of TRIM13
induced apoptosis. Notably, TRIM13 is induced by y-irradiation
and this induction may contribute to the accumulation of p53.>”

TRIM28, also known as KAP1 (KRAB-associated protein 1) or
TIF-1B (transcriptional intermediary factor 1 beta) has been cloned
as a co-repressor of the KRAB (Kriippel-associated box)-domain.*®
TRIM28 is part of the N-CoR1 (nuclear receptor co-repressor 1)
complex and recruits the HDAC complex NuRD (nucleosome
remodeling deacetylase) and the methyltransferase SETDB1 (SET-
domain bifurcated 1) to promoters.”®™!

Mdm2 as well as its close homologue MdmX (Mdm4) co-
precipitate with TRIM28, an interaction that involves the coiled-
coil region of TRIM28 while the C-terminal PHD and bromodomain
are left free for other interactions.*” By using Mdm?2 as an adaptor
molecule, TRIM28 is able to bring HDAC1 into the vicinity of p53
resulting in enhanced deacetylation of p53 and reduced
transcriptional activity.®? In addition to inhibiting p53’s transcrip-
tional activities, TRIM28 cooperates with Mdm2 to promote p53
ubiquitination and degradation. As this activity requires the RING
domain of Mdm?2, it is most likely that TRIM28 is not ubiquitinating
p53 itself.5? The regulation of p53 by TRIM28 is further modulated
by MAGE (melanoma antigen) proteins.®® TRIM28 binds to several
MAGE proteins and this binding leads to increased ubiquitination
and reduced activity of p53.%% The interaction between Mdm?2 and
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Figure 6. TRIM21 controls p53 activity by ubiquitinating GMPS. Normally, GMPS is sequestered in the cytoplasm owing to TRIM21-mediated
monoubiquitination while USP7 (ubiquitin-specific-processing protease 7)/HAUSP is associated with p53 and Mdmz2 resulting in Mdm2 de-
ubiquitination and maintenance of sufficient Mdm2 levels to target p53 for degradation. Upon genotoxic stress, TRIM21 is separated from
GMPS and non-ubiquitinated GMPS can enter the nucleus and displace Mdm2 from the interaction with p53 resulting in its stabilization.

TRIM28 is counteracted by p19ARF. As p19ARF has a higher
affinity for Mdm2 than for TRIM28, it releases Mdm2 from the
interaction with TRIM28 and shifts the balance towards an
interaction of Mdm2 and p19ARF.5? In line with its role as a
suppressor of p53 activity, expression of TRIM28 is elevated in
lung and breast cancer.>*®> Expression of TRIM28 was furthermore
strongly correlated with the metastatic potential and its inactiva-
tion in hepatocytes promoted hepatocellular cancer in mice.f*%’

Several other TRIM proteins have been reported to modify
Mdm?2 through SUMOylation.® Whether this activity also occurs
in vivo and whether it is relevant for p53's anticancer activity
remains to be determined.

TRIM PROTEINS ACTING ON p53 VIA OTHER PARTNERS
TRIM21, also known as Ro52, an autoantigen that is commonly
found in patients with Sjogren’s syndrome and systemic lupus
erythematosus, regulates p53 in a very elegant way involving the
herpesvirus-associated ubiquitin-specific protease (HAUSP) and
the guanosine 5'monophosphate synthase (GMPS).%*%°

HAUSP can associate with GMPS, which stimulates HAUSP
activity.”” GMPS is usually kept in the cytoplasm due to interaction
with and monoubiquitination by TRIM21 (Figure 6). This way,
HAUSP is free to associate with p53 and Mdm2 in the nucleus and
to deubiquitinate Mdm2 culminating in p53 degradation. Upon
genotoxic stress, GMPS is released from the interaction with
TRIM21 leading to the accumulation of GMPS in the nucleus and
the displacement of Mdm2 from the complex with p53 and
HAUSP followed by p53 stabilization.®® According to its regulatory
role for p53, higher amounts of antibodies against TRIM21 have
been found in cancer patients.”’

TRIM PROTEINS REGULATED BY p53

As described above, several TRIM proteins that regulate p53 itself
or Mdm2 are, in turn, transcriptionally regulated by p53.
Additional transcriptional targets of p53 are TRIM22 and TRIML2.

TRIM22, also called Staf50 (stimulated transactivated factor of
50 kDa) has first been identified as an interferon-inducible gene.
TRIM22 is transcriptionally activated by p53 in several cancer cell
lines owing to a p53-responsive enhancer-like element in the first
intron.”? Ectopic expression of TRIM22 reduced clonogenic
growth, suggesting that it may contribute to the growth-
suppressive effect of p53. Breast tumour cells frequently show
downregulation of TRIM22, which correlates with p53 activity. Low
levels of TRIM22 are, furthermore, associated with a higher risk of
relapse and a higher mortality rate of patients with Wilms
tumour.”>”*

TRIML2 (tripartite motif family-like 2), a protein without the full
RBCC motif, has been identified by searching for p53 targets
whose induction depends on the polymorphism at amino acid 72
of p53. TRIML2 was specifically upregulated by the arginine variant
owing to enhanced promoter binding. Although downregulation
of TRIML2 reduced p53 protein levels, transcription of most genes
was not affected. Induction of some pro-apoptotic genes was,
however, reduced while transcription of some cell cycle arrest-
inducing genes was enhanced, indicating that TRIML2 may affect
the decision between life and death.”® In line with the regulation
of p53, according to the ONCOMINE database, TRIML2 is down-
regulated in several cancers.”®

CONCLUSIONS AND OUTLOOK

In summary, the involvement of TRIM proteins in the control of
p53 anticancer activity is broad and not only exploits their ability



to act as E3 ubiquitin ligases but also their scaffolding and de-
localizing features. The majority of TRIM proteins implicated in p53
regulation use their E3 ubiquitin ligase activity to counteract p53's
anticancer role while others promote or prevent other types of
posttranslational modifications. As the TRIM proteins are impli-
cated in several processes and signalling pathways, it is
conceivable that they might come into play upon different stimuli
and may participate in independent pathways converging on p53
activity. Is the growing number of TRIM proteins implicated in p53
function just a reflection of their huge numbers? It is possible that
subgroups of TRIM proteins might participate within the same p53
pathway. In particular, as many TRIM proteins have an important
role in innate immunity,”® one possibility is that their participation
in p53 regulation established a direct regulatory relationship of
p53 with the innate immune pathway. Along the same line, the
TRIM family has been more recently implicated in the regulation of
autophagy. Although the mechanistic insights are still incomplete,
p53 is reported to inhibit autophagy and this may be another
court where TRIM and p53 may fight or collaborate.

The fact that several of the above-mentioned TRIM proteins are
also transcriptional p53 targets makes the story more intriguing
and further supports the idea about a complex fine-regulation of
p53. It is now time to start considering the p53 control by TRIM
proteins as a whole, taking into account both positive and
negative p53 regulators of the TRIM family and consider that
several of them are also able to heterodimerize and form different
complexes.
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