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Oxidative stress-induced sumoylation
of TP53INP1 (tumor protein p53-

induced nuclear protein 1) is essential to
enhance the TP53 response. Sumoylation
of TP53INP1 on the K113 residue,
which is mediated by protein inhibitor of
activated STAT 3 (PIAS3) and chromo-
box homolog 4 (CBX4) and removed by
SUMO1/sentrin specific peptidase
(SENP1, 2 and 6), favors its interaction
with TP53 in the nucleus and enhances
TP53-induced gene expression.

Commentary

Tumor protein p53-induced nuclear
protein 1 (TP53INP1) is both a TP53 co-
factor and a TP53 target gene and conse-
quently its expression is induced in
response to several physical and chemical
stresses.1–3 TP53INP1 directly interacts
with TP53 and also binds kinases such as
homeodomain interacting protein kinase
2 (HIPK2) and protein kinase C delta
(PKCd), which modulate TP53 transcrip-
tional activity by phosphorylation thereby
creating a positive feedback loop between
TP53 and TP53INP1.4,5 TP53INP1
expression is also modulated by the onco-
genic microRNA miR-155, which is over-
expressed in many cancers.7 Interestingly,
TP53INP1 interacts with LC3 and
ATG8-family proteins through the LC3-
interacting region (LIR) to promote
autophagy-dependent cell death. Several
lines of evidence point to a tumor suppres-
sive activity for TP53INP1; for example,
TP53INP1 knockout mice have increased
susceptibility to cancer.6 Moreover,
TP53INP1 expression is lost early during
pancreatic cancer progression7 and restor-
ing its function in pancreatic cancer cell

lines reduces their malignancy.7 The
tumor suppressive function of TP53INP1
is strongly associated with its ability to
enhance the antioxidant function of TP53
and TP53INP1-deficient cells accumulate
more intracellular reactive oxygen species
(ROS) than wild-type cells.8 As for any
kind of stress, the response to oxidative
stress involves rapid fine tuning of protein
function, a process mainly achieved
through post-translational modifications
(PTMs) of key proteins. It is now recog-
nized that PTMs mediated by ubiquitin
family members are involved in all
biological functions of the cell. Small
ubiquitin-like modifier 1 (SUMO1) is an
ubiquitin-like protein that mediates
sumoylation of target proteins. In contrast
to ubiquitylation, sumoylation modifies
lysine residues included within a consen-
sus sequence in a specific sumoylation site.
A search for sumoylation sites in
TP53INP1 revealed one potential site at
lysine 113. After verifying that TP53INP1
is indeed sumoylated on this lysine resi-
due, we explored the functional role of
this PTM and specifically the TP53
response to oxidative stress.

Findings

TP53INP1 has been shown to be
involved in 2 main cell survival/death pro-
cesses: (1) TP53-dependent regulation of
apoptosis and cell cycle arrest, and (2)
TP53-independent regulation of the auto-
phagic flux. First, we demonstrated that
sumoylation of TP53INP1 is not involved
in its autophagic functions. Next, using
oxygen peroxide and the antioxidant mol-
ecule N-acetylcysteine (NAC) we showed
that this specific PTM of TP53INP1 is
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triggered by oxidative stress; NAC
decreased TP53INP1 sumoylation
whereas H2O2 treatment significantly
increased it.

Using the K113R sumoylation-defi-
cient mutant of TP53INP1 we showed
the importance of this PTM for its func-
tion under oxidative stress conditions and
in particular with regard to TP53-medi-
ated regulation of gene expression and
antiproliferative effects. Indeed, we
showed that TP53INP1 sumoylation is
necessary for regulation of cell death and
cell cycle progression under basal condi-
tions, and that induction of this PTM is
required to trigger apoptosis under condi-
tions of oxidative stress. Specifically,
sumoylation of TP53INP1 is necessary for
its association with TP53 in the nucleus
and is essential to enhance the transcrip-
tional activity of TP53 on target genes
involved in apoptosis and cell cycle
control.

Like any PTM, sumoylation is sup-
ported by a set of enzymes that mediate
the addition of SUMO1 to the substrate,
the SUMO ligases, and a set of enzymes
that removes SUMO1 from the targeted
protein, the SUMO hydrolases or desu-
moylases. Molecular studies of TP53INP1
sumoylation using a siRNA approach to
knockdown gene expression revealed that
PTM is mainly mediated by 2 E3 ligases,
CBX4 and PIAS3, and that desumoyla-
tion is performed mainly by the SUMO
specific protease, SENP6, possibly in con-
junction with the secondary enzymes
SENP1 and 2.

Discussion

TP53 is almost certainly one of the
proteins that undergoes the widest variety
of PTMs: it is phosphorylated, acetylated,
methylated, ubiquitinated, neddylated,
sumoylated, O-GlcNAcylated, and ADP-
ribosylated.9 These modifications of TP53
can directly affect its activity, but they also

create a code that is read by reader pro-
teins containing specific PTM recognition
domains, which in turn modulate the
function of TP53. Our findings show that
not only TP53, but also some of its molec-
ular partners, are tightly regulated by
PTMs. For example, TP53INP1 has to be
sumoylated in order to be an efficient
inducer of the TP53-dependent response
to oxidative stress although the underlying
mechanism remains unclear at present. As
sumoylation of TP53INP1 strongly
enhances its interaction with TP53 in the
nucleus, and because TP53 has no SUMO
Interacting Motif (SIM), it is likely that a
third intermediate containing at least one
such motif forms the bridge between
TP53 and sumoylated TP53INP1. This
intermediate, presumably one of the 931
known TP53 interacting proteins (gene-
cards data), would reside in the nucleus to
favor interaction with both partners.

It is interesting to consider sumoylation
of TP53INP1 as a possible mechanism for
oxidative stress-specific regulation of the
TP53-TP53INP1 axis. Indeed, SUMO1
activating and conjugating enzymes, as
well as desumoylating enzymes, have
redox-sensitive catalytic sites. Importantly,
the effect of oxidative stress on SUMO
conjugation is dose-dependent; thus, low
levels of ROS might prevent the SUMOy-
lation of cellular substrates whereas higher
concentrations might impair the deconju-
gation and lead to an accumulation of
SUMO conjugates. Hence, depending on
the intensity and duration of the oxidative
stress, TP53INP1 might differentially
modulate the response of TP53 with
respect to high-stress response genes.

Moreover, our findings for TP53INP1
imply that other TP53-associated proteins
may be subject to the same kind of PTM-
dependent regulation of their functions.
Indeed, it may be as interesting to study
PTMs of TP53-associated proteins as to
study modifications of TP53 itself. It is
also possible that different types of PTM

regulate the function of TP53 and TP53-
associated proteins depending on the type
of stress.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were
disclosed.

References

1. Okamura S, Arakawa H, Tanaka T, Nakanishi H, Ng
CC, Taya Y, Monden M, Nakamura Y. p53DINP1, a
p53-inducible gene, regulates p53-dependent apoptosis.
Mol Cell 2001; 8:85-94, http://dx.doi.org/S1097-2765
(01)00284-2 [pii]

2. Tomasini R, Samir AA, Vaccaro MI, Pebusque MJ,
Dagorn JC, Iovanna JL, Dusetti NJ. Molecular and func-
tional characterization of the stress-induced protein (SIP)
gene and its two transcripts generated by alternative splic-
ing. SIP induced by stress and promotes cell death. J Biol
Chem 2001; 276:44185-44192; PMID:11557757; http://
dx.doi.org/10.1074/jbc.M105647200M105647200 [pii]

3. Tomasini R, Samir AA, Pebusque MJ, Calvo EL, Totaro
S, Dagorn JC, Dusetti NJ, Iovanna JL. P53-dependent
expression of the stress-induced protein (SIP). Eur J Cell
Biol 2002; 81:294-301; PMID:12067065

4. Tomasini R, Samir AA, Carrier A, Isnardon D, Cecchinelli
B, Soddu S, Malissen B, Dagorn JC, Iovanna JL, Dusetti
NJ. TP53INP1s and homeodomain-interacting protein
kinase-2 (HIPK2) are partners in regulating p53 activity. J
Biol Chem 2003; 278:37722-37729; PMID:12851404;
http://dx.doi.org/10.1074/jbc.M301979200 M301979200
[pii]

5. Yoshida K, Liu H, Miki Y. Protein kinase C delta regu-
lates Ser46 phosphorylation of p53 tumor suppressor in
the apoptotic response to DNA damage. J Biol Chem
2006; 281:5734-5740; PMID:16377624; http://dx.doi.
org/M512074200[pii] 10.1074/jbc.M512074200

6. Gommeaux J, Cano C, Garcia S, Gironella M, Pietri S,
Culcasi M, P�ebusque MJ, Malissen B, Dusetti N,
Iovanna J. Colitis and colitis-associated cancer are exacer-
bated in mice deficient for tumor protein 53-induced
nuclear protein 1. Mol Cell Biol 2007; 27:2215-2228;
http://dx.doi.org/MCB.01454-06[pii] 10.1128/MCB.
01454-06

7. Gironella M, Seux M, Xie MJ, Cano C, Tomasini R,
Gommeaux J, Garcia S, Nowak J, Yeung ML, Jeang
KT, et al. Tumor protein 53-induced nuclear protein
1 expression is repressed by miR-155, and its restora-
tion inhibits pancreatic tumor development. P Natl
Acad Sci USA 2007; 104:16170-16175, http://dx.
doi.org/10.1073/pnas.0703942104

8. Cano CE, Gommeaux J, Pietri S, Culcasi M, Garcia S,
Seux M, Barelier S, Vasseur S, Spoto RP, P�ebusque MJ,
et al. Tumor protein 53-induced nuclear protein 1 is a
major mediator of p53 antioxidant function. Cancer Res
2009; 69:219-226; PMID:19118006; http://dx.doi.org/
69/1/219[pii] 10.1158/0008-5472.CAN-08-2320

9. Gu B, Zhu WG. Surf the post-translational modification
network of p53 regulation. Int J Biol Sci 2012; 8:672-
684; PMID:22606048; http://dx.doi.org/10.7150/
ijbs.4283 ijbsv08p0672 [pii]

e964044-2 Volume 1 Issue 3Molecular & Cellular Oncology


