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Abstract

The pro-apoptotic ASPP2 protein has a central role in regulating apoptosis in both p53-
dependent and p53-independent pathways. It has become clear in recent years that ASPP2 has
also a role in other important cellular processes like senescence and regulating cell polarity.
ASPP?2 interacts with numerous proteins in order to exert its pro-apoptotic effect while some
other proteins inhibit its pro-apoptotic activity. These interactions are emerging potential
targets for activation or inhibition. Drugs that activate ASPP2 may not only induce apoptosis
of cancer cells, but also affect other disease-related cellular pathways. Here we review the
interactions of ASPP2 with its partner proteins and their potential targeting for drug

development.
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Introduction

Apoptosis, programmed cell death, is one of the most important regulatory processes in the
cell. Apoptosis maintains the tissues healthy and defends them from malignant
transformation’. The ASPP (apoptosis stimulating proteins of p53) protein family has a key
role in regulating apoptosis. ASPP2 and ASPP1 activate the p53-mediated apoptotic
response, while iASPP inhibits it. The ASPP proteins are also involved in other apoptosis-
related pathways and integrate many factors related to cell proliferation and apoptosis into the
cellular decision-making process 2. Frequently, iASPP is upregulated in cancer, while ASPP2
and ASPP1 are downregulated. This makes the ASPP proteins important emerging targets for
developing anti-cancer lead compounds. In this review we will focus on ASPP2, the major
and most characterized pro-apoptotic member of the ASPP protein family.

ASPP2 was originally identified as p53 binding protein 2 (53BP2), a 528 residues protein that
bound wild type (WT) p53 core domain (CD) but not mutant p53%. A second 1005 residues
isoform, termed Bbp, was discovered as a cytoplasmic protein that bound Bcl-2 and p53, but
was unable to bind both of them simultaneously. Bbp induced apoptosis and was present in
low levels in many normal human cells. Over-expression of p53 did not change the location
of Bbp and it remained in the cytoplasm*~’. Bbp also induced apoptosis via the mitochondrial
death pathway®®. Over-expression of Bbp in cells resulted in an increased number of cells at
the G2/M phase®. Later it was shown that both 53BP2 and Bbp are isoforms of the C-terminal
part of a larger protein termed ASPP2 (Figure 1)>. Both Bbp and ASPP2 are splice variants of
the gene TP53BP2, which is mapped to the long arm of chromosome 1 at q42.1°°. ASPP2
induced the pro-apoptotic activity of p53 better then Bbp but did not induce the cell-cycle
arrest activity of p532 The full length 1128 residues ASPP2 is mostly cytoplasmic and is also
involved in the mitochondrial death pathway?®. While the full length ASPP2 and Bbp as well
as the Bbp N-terminal domain (residues 1-758) are cytoplasmic, the C-terminal domains of
ASPP2 and Bbp (Bbp 759-1005 and ASPP2 600-1128) can also be localized to the nucleus?’.
Since ASPP2 is mostly cytoplasmic, it is unclear how it induces the transcriptional activity of
nuclear proteins like p53. In cerebral ischemia, which results in death of brain cells, ASPP2

levels in brain cells increase™.
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Figure 1: Domain organization of the ASPP proteins. (A) The ASPP2 domains include: an N-terminal domain with a -
Grasp ubiquitin-like fold (UBL), a putative a-helical domain, a Proline rich domain (Pro), Ankyrin repeats (Ank) and a src
homology 3 domain (SH3); (B) p53 domains include: Transcription activation domain (TAD), Proline rich domain (Pro),

core domain (CD), linker region (LD), tetramerization domain (TD) and the C-terminal negative regulatory domain (NRD).

ASPP2 induces the pro-apoptotic activity of p53

p53 is a transcription factor that induces apoptosis or cell cycle arrest in response to
oncogenic stress such as DNA damage. Thus, p53 protects the cell from malignant
transformation and it is not surprising that the TP53 gene is mutated in about 50% of human
cancers ****. ASPP2 interacts with p53 in vivo and, in response to apoptotic stimuli, induces
its pro-apoptotic activity by inducing the binding of p53 to its target DNA followed by the
transactivation of pro-apoptotic genes. Among the p53 target genes, upregulated by ASPP2
are PIG3, PUMA and Fas/CD95 but not Mdm2 and cyclin G. The effect of ASPP2 on the p53
targets p21 and Bax is not conclusive >>>'®. ASPP2 does not induce the cell cycle arrest
activity of p53*>'’. Endogenous ASPP2 interacts with endogenous p53 and the complex
formation is UV irradiation dependent’. In breast carcinomas, ASPP2 is frequently
downregulated in WT p53 tumors, but not in mutant p53 tumors?. Drosophila ASPP does not
activate drosophila p53 dependent apoptosis, suggesting that the regulation of apoptosis by
ASPP developed later in evolution®. ASPP2 requires both p53CD and the p53 transactivation
activity in order to induce p53 dependent apoptosis™.

ASPP2 and cancer

ASPP2 is frequently downregulated in human cancer, regardless to the p53 status®?2’. It
was suggested that ASPP2 levels are low due to hypermethylation of the ASPP2 gene
promoter or of the promoter regulatory sites?®*%. One functional copy of the ASPP2 gene is
insufficient for the tumor suppressor activity of WT ASPP2: ASPP2 +/- mice develop large
amount of tumors , specifically high-grade Lymphomas and rhabdomyosarcomas, compared

to ASPP2 +/+ mice as a response to y-irradiation®®. ASPP2 null mice show an early
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embryonic death and the few who survive birth die after up to 30 days®?°. In mice, ASPP2
depresses sarcoma tumors regardless of the p53 status (WT or mutant)®. In response to y-
irradiation, ASPP2 +/- primary thymocytes (hematopoietic progenitor cells present in the
thymus) showed low levels of apoptosis and ASPP2 +/- mouse embryonic fibroblasts (MEFs)
showed defective GO/G1 cell cycle checkpoint and completely different gene expression
pattern in comparison to ASPP2 +/+ MEFs®*. Bbp and ASPP2 inhibited the
transformation of fibroblasts transfected with the oncogenes RAS and E1F°>*2. In
hepatocellular carcinoma cells and nude mice, shRNA against ASPP2 led to cancer cells
growth and inhibition of apoptosis due to serum starvation®. Reduced ASPP2 expression is
tightly associated with poor prognosis of cancer patients®®33, Cancer cell lines that express
higher levels of ASPP2 mRNA are more sensitive to various DNA-damaging agents like UV,
X-ray, doxorubicin, and cisplatine than cell lines expressing lower levels of ASPP2 mRNA,
which show resistance to some chemotherapy agents®*>*%. In carcinoma, ASPP2 inhibited
cell migration by Csk dependent inactivation of Src protein?®. As inactivation of ASPP2 is
strongly linked to cancer development, ASPP2 can serve has a good target for developing

anti-cancer drugs that will activate it or mimic its activity.

Regulation of ASPP2 levels

Not much is known about the regulation of ASPP2. It is clear, however, that the regulation of
ASPP2 expression is complex and involves both p53-dependent and p53-independent
mechanisms. In healthy cells p53 suppresses 53BP2 levels, but upon DNA damage 53BP2
and ASPP2 levels increase resulting in activation of DNA damage-induced apoptosis®.
Mdm2 and Mdmx inhibit the transcriptional activity of p53 and by doing so inhibit ASPP2
ability to induce the apoptotic activity of p53 *°. One of the regulators of ASPP2 expression is
E2F, a known activator of p53 apoptotic activity. E2F binds in vivo to the ASPP2 promoter
and upregulates ASPP2 levels **°. Treatment of cells with proteasome inhibitors revealed

that proteasomal degradation modulates the ASPP2 protein levels and apoptotic function®.

The structure of ASPP2

ASPP2 is composed of structured and disordered domains. The N-terminal part (residues 1-
83) has a B-Grasp ubiquitin-like fold (Figure 2A)*". This is followed by a predicted a-helical
domain between residues123-323*. The ASPP2 C-terminal part contains a disordered Proline-
3,4,42

rich (Pro) domain followed by four Ankyrin repeats and an SH3 domain (Ank-SH3)
The crystal structure of the ASPP2 Ank-SH3 domains (residues 926-1118) was first solved in
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complex with p53CD (residues 97-287) (Figure 2B) **. The Ank-SH3 domains also mediate
the interactions of ASPP2 with other partner proteins such as Bcl-2 and NFkB (see below)®*.
The Ank repeats can also serve as a nuclear import sequence®™. ASPP2 Pro is intrinsically

disordered®.

Nn-Src loop

$‘ \ loop

Fourth
Ankyrin

Figure 2: Structure of ASPP2. (A) The MR structure of the ASPP2 N-terminus (residues 1-83, Green) shows a p-Grasp
ubiquitin-like fold* (PDB ID:2UWQ); (B-E) ASPP2 C-terminal Ankyrin repeats (Pink) and SH3 domain (Cyan) in
complex with: (B) p53CD (Blue), crystal structure*®; PDB ID: 1YCS; (C) p73 CD (Blue), crystal structure®®; PDB ID:4A63;

(D) Bcl-2 (Red), model®®; (E) NFkB p65 (Purple), model™;(F) CagA 23-221 (Grey) bound to ASPP2 746-765 derived
%,

peptide (Orange); PDB ID: 4IRV*. The figure was made using Pymo
An intramolecular autoinhibitory interaction between the Ank-SH3 and Pro domains of
ASPP2: Pulldown assays showed that ASPP2 Ank-SH3 and ASPP2 Pro interact with each
other intramolecularly in vitro. Using peptide array screening and fluorescence anisotropy the
specific binding sites between these domains were revealed. ASPP2 Pro residues 693-712
and 723-737 bound ASPP2 Ank-SH3 residues 931-961 and 1083-1096**. The intramolecular
domain-domain interaction regulates the intermolecular interactions of ASPP2 by an auto-
inhibitory mechanism (Figure 3)*“. In cells, a peptide derived from ASPP2 Pro 726-782
disrupted the interaction between ASPP2 and p53, possibly because of this regulatory
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mechanism*’. Competition experiments showed that ASPP2 Pro and the ASPP2-binding
proteins p53, Bcl-2 and NFkB compete for the same binding site in ASPP2 Ank-SH3. ASPP2
Pro 723-737 and p53CD displaced NFkB 303-332 from binding ASPP2 Ank-SH3. p53CD
displaced ASPP2 Pro 723-737 from binding ASPP Ank-SH3 and its derived peptide 1083-
1096**%. The binding sites of ASPP2 to p53 CD, Bcl-2, and NFkB are different, yet lie on
the same face of ASPP2 Ank-SH3 (Figure 4). The intramolecular binding site to the Pro
domain overlaps these three intermolecular binding sites, in support of a regulatory role of

this intramolecular interaction*®®,

905D, &9

Figure 3: An intramolecular interaction in ASPP2 regulates its protein-protein interaction. The intramolecular
interaction between ASPP2 Pro (Orange) and ASPP2 Ank-SH3 (Pink and Cyan) regulates the interaction of ASPP2 Ank-
SH3 with p53CD (Blue); PDB ID: 1YCS®, The figure was made using Pymol®®.

ASPP2
psacdD SH3 g2 Bcl-2 pa3Ch

" NFB p65 Ankyrir

repeat
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Figure 4: The binding sites of ASPP2 (Pink and Cyan) to p53 CD (Blue), Bcl-2 (Red) and NFkB (Purple) are
different, yet lie on the same face of ASPP2 Ank-SH3; PDB ID: 1YCS® and models®® 2. The figure was made using

Pymol®.

Protein-protein interactions of ASPP2

ASPP2 interacts with numerous protein partners, which are all involved in important
regulatory processes in the cell such as apoptosis. These interactions can result in different
effects (Figure 5). Many of these interactions are potential targets for inhibition and are
emerging targets for anti-cancer drug design. Below we provide details of the current

knowledge about these interactions.
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Figure 5: The interaction network of ASPP2: ASPP2 hinds numerous proteins that are involved in many cellular

pathways. These interactions can be targets for therapeutic intervention. See text for details.

1. The ASPP2 - p53 interaction
ASPP2 binds the Pro domain, core domain and linker region of p53 (Figure 1B)**°. p53
cannot bind its DNA targets and ASPP2 Ank-SH3 simultaneously since the binding sites for
the DNA and ASPP2 in p53CD overlap®**"*%. The n-Src loop (residues 1089-1097) and RT
loop (residues 1068-1076) of the ASPP2 SH3 domain bind the L3 loop (residues 236-251) of
p53 while the fourth Ank repeat (residues 1021-1027) of ASPP2 binds the L2 loop of p53
(residues 163-195)*. These sites in p53 are frequently mutated in cancer®’.The affinity of
ASPP2 Ank-SH3 to the different p53 domains was extensively studied and the results are
summarized in table 1. Two different Ky values were measured for the p53CD— ASPP2 Ank-
SH3 interaction, which were either tens of nanomolars or micromolars (Table 1). The
differences may be explained by the different techniques used: In ELISA and SPR one of the
binding partners is attached to a solid surface, while in ITC both binding partners are in
solution. The differences may also be explained by the use of slightly different proteins
fragments in each affinity measurement. The different techniques and protein fragments used
are detailed in table 1. The ASPP2 1089-1097 peptide, derived from the n-src loop, had a
high affinity to p53CD. This peptide stabilized and reactivated p53 mutants in vitro and in
cells®®***. The ASPP2 interaction with p53 is regulated by the intramolecular interaction
between the ASPP2 Ank-SH3 and ASPP2 Pro domains*“. Inducing p53-dependent
apoptosis by stimulating ASPP2 in cancer cells is an attractive approach for designing anti-

cancer drugs®.
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Table 1: Binding of the Ank-SH3 domains of ASPP2 to p53

p53 Proline rich + Core +

p53 Proline rich+ Core p53 Linker linker + tetramerization +

p53 Core domain

domains basic domains
p_53 94-312 94-312 94-292 94-292 56-289 56-289 289-322 56-393
residues
ASPP2
residues 891-1128  902-1128 905-1128 890-1128 925-1128 925-1128 925-1128 925-1128
Method ITC ITC ELISA SPR ITC NMR NMR Fluorescence anisotropy
Kg(uM)  2.240.2% 5% 0.023+0.002¢ 0.03* 1.5+£0.1% 1.3+0.2% 40+5% 1.940.3%

2. ASPP2 interactions with p63 and p73
The p53 protein family members p63 and p73 are transcription factors that regulate cell cycle
arrest and apoptosis. Both are important for proper cell development and have only a minor
role in tumor suppression®*®. ASPP2 interacts with the p63 and p73 in vivo and in
vitro®*’.Using RNAI against p63 or p73 revealed that most of the p53-independent ASPP2-
induced apoptosis is performed by inducing the apoptotic activity of p63 and p73 in response
to DNA damage or Cisplatin. ASPP2 induces apoptosis through p63 and p73 by inducing the
expression of Bax, PIG3 and PUMA but not mdm2 and p21"“AFYCPL apparently by
transactivating these genes®’. In Squamous cell carcinoma, ASPP2 represses the expression
of p63, by inducing NF«B activity. Downregulation of ASPP2 in these cells, which express
an oncogenic isoform of p63, resulted in tumor metastasis*’. p63 and p73 are unable to bind
their target DNA and ASPP2 simultaneously®®. The crystal structure of ASPP2 Ank-SH3 in
complex with p73CD shows that the p73CD binding interface to ASPP2 is very similar to
that of p53CD, but the binding interface between ASPP2 and p73 is smaller than the interface
between ASPP2 and p53 (Figure 2C)*®. A model of ASPP2 Ank-SH3 in complex with
p63CD (residues 154-365) was made based on the crystal structure of the complex between
p53 and ASPP2. The binding affinities of ASPP2 Ank-SH3 to p63CD and p73CD range from

529 The different affinities measured and the

tens of nanomolar to few micromolar
techniques and proteins fragments that were used are described in table 2. Native gel mobility
shift assay showed that the affinity of ASPP2 to p53CD and p73CD is at the low micromolar

range™.
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Table 2: Binding of ASPP2 Ank-SH3 to the p53 protein family members

p53 Core domain p63 Core domain p73 Core domain
p53CD
family p53 94-312 p53 94-292 p63 154-365 p63 123-323 p73 104-333 p73 112-312
residues
AS.PPZ 902-1128 905-1128 902-1128 905-1128 902-1128 905-1128
residues
method ITC ELISA ITC ELISA ITC ELISA
Kg (uM) 52 0.023+0.002%° 2.5% 0.34%0.04%° 2.1% 1.0£0.2%°

3. ASPP2 interaction with Ras
The Ras oncoprotein regulates the cell cycle, apoptosis and senescence and by that affects
cell proliferation and morphology®®*. ASPP2 interacts with Ras and this interaction regulates
the activity of both proteins. The sequence of ASPP2 1-83 has some similarity to sequences
of other Ras binding or Ras associating domains present in proteins like c-Raf and PI3K
although some important positive residues are not conserved*. ASPP2 induces activation of
Ras. The N-terminal domain of ASPP2 (residues 1-123) interacts with Ras resulting in
induction of p53 dependent apoptosis. This is possibly mediated by relocation of the complex
from the cell membrane to the cytosol and nucleus®*®®. Ras induces the activity of MAP
kinase that phosphorylates ASPP2 on Ser 826. This Phosphorylation is required for the
apoptotic activity of the ASPP2-Ras, complex. Thus Ras creates a feedback loop for
amplification of the ASPP2-dependent apoptotic response®. ASPP2 also induces Ras

dependent senescence, which is p53-independent®®>®

. Quantitative biophysical studies
showed using NMR and ITC that the ASPP2 N terminal domain (residues 1-83) does not
bind directly to H-Ras*. It is possible that the interaction in cells requires other factors or

post-translational modifications.

4. ASPP2 interactions with the Bcl-2 family proteins: The Bcl-2 protein family
contains both pro-apoptotic and anti-apoptotic members and has an important role in
regulating apoptosis. Bcl-2, Bcl-X and Bcl-w are among the anti-apoptotic family members®’.
ASPP2 is known to interact with Bcl-2 since the discovery of the Bbp isoform (see above). In
the cytoplasm, Bbp co-localizes with Bcl-2*. Overexpression of Bcl-2 and Bcl-x inhibited the
mitochondrial apoptotic activity of Bbp in cells®®. The Bcl-2- ASPP2 interaction requires
both the Ank and SH3 domains of ASPP2*. Peptide array screening and biophysical methods
showed that ASPP2 Ank-SH3 binds the three Bcl-2 family members Bcl-2, Bcl-x and Bcl-w.

10
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The major binding site for ASPP2 is the BH4 domain of the Bcl-2 family proteins (Bcl-2 7-
24, Bcl-x 6-26 and Bcl-w 6-28) that is important for their anti-apoptotic activity. ASPP2 also
binds a second site in the Bcl-2 proteins, which serves as a binding site for the pro-apoptotic
proteins from the Bcl-2 family (Bcl-2 89-120, Bcl-x 103-123, Bcl-w 41-67). This suggests
that ASPP2 induces apoptosis by binding the Bcl-2 family anti-apoptotic proteins and
releasing the Bcl-2 pro-apoptotic proteins from the complex with them. Among the Bcl-2
family members, ASPP2 had the highest affinity to peptides derived from Bcl-2, due to a
larger proportion of positively charged residues in these peptides compared to peptides from
the other Bcl-2 proteins. A computational model for the complex between ASPP2 Ank-SH3
and Bcl-2 was also made (Figure 2D)%°.

5. ASPP2 interaction with NFKkB: NFxB is a key transcription factor involved in
regulating the immune response and apoptosis’®. Bbp binds the NFkB p65 subunit in vivo and
in vitro. NFxB activation inhibits the apoptotic activity of Bbp in cells®®. Co-transfection of
HelLa cells with Bbp and p65 resulted in inhibition of Bbp-induced apoptosis, although the
Bbp protein level in the cell did not change’. ASPP2 activates NFkB, resulting in inhibition
of the neddylation pathway and specifically inhibition of APP-BP1 induced proliferation of
dividing cells and inhibition of APP-BP1 induced apoptosis of neurons’*. ASPP2 binds p65
through its Ank and SH3 domains but not the Pro region”*. ASPP2 Ank-SH3 binds p65
derived peptides corresponding to residues 21-50 and 303-355 and the affinity to p65 303-
332 was shown to be 0.27 uM*. A computational model of the complex between ASPP2
Ank-SH3 and p65 shows that ASPP2 binds residues 236-253 and 293-313 of p65, which also
mediate the binding of NFkB p65 to its natural inhibitor IxB (Figure 2E)"%. This similarity
suggests that ASPP2 may induce NF«B p65 activation by displacing its natural inhibitor IxB.

6. ASPP2 interactin with the Helicobacter pylori cytotoxin associated antigen A
(CagA): H. pylori infection is the strongest known risk factor for gastric cancer. CagA is one
of the most important factors that link infection with H.Pylori to the development of gastric
cancer’>™. The gene TP53BP2 that expresses ASPP2 was upregulated in H.pylori-exposed
gastric epithelial cells”. Upon infection of cells with H.pylori, endogenous ASPP2 relocates
near the bacteria attachment®’. ASPP2 330-861 interacts with H. Pylori CagA 1-877 in cells
and this interaction is followed by relocation of ASPP2 near the cell membrane’®. Yeast two-
hybrid experiments with the CagA N-terminus (19-257) as bait showed that it binds the
ASPP2 Pro (residues 684-891) and more specifically residues 726-782 of ASPP2*.

11
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Following its interaction with CagA and only in the presence of CagA, ASPP2 recruits p53
but instead of promoting apoptosis, ASPP2 interaction with p53 and CagA results in
inhibition of apoptosis. This interaction results in proteasomal degradation of p53 and
consequently inhibition of the apoptotic response of the host cell. A tertiary complex between
the three proteins was not observed. Cells transfected with H.pylori showed resistance to
apoptosis as a response to the apoptosis inducing agent Doxorubicin. However, H.pylori-
infected cells that where treated with ASPP2 shRNA were not resistant to Doxorubicin-
induced apoptosis™®. ASPP2 726-782 and ASPP2 746-765 interact with CagA in cells and
disrupt CagA interaction with endogenous ASPP2, resulting in apoptosis of cells expressing
ASPP2 726-782. ASPP2 726-782 disrupts the interaction between ASPP2 and p53, but it is
possible that this is due to ASPP2 regulatory intramolecular interaction, that includes the
peptide region and not the disruption of ASPP2-CagA interaction***®*’. The crystal structure
of CagA N-terminus 19-257 complex with the ASPP2 derived peptide 726-782 was solved,
showing that CagA forms a deep cleft in which the ASPP2 peptide binds and forms a helix
(Figure 2F). Most mutations performed in the binding residues of both proteins based on the
crystal structure did not disrupt the interaction between the proteins in vivo and in vitro. The
mutations that did have an inhibitory effect are ASPP2 726-782 Y754A or K751A and CagA
I105A. These residues are thus the most important residues for the interaction. Only the
ASPP2 Y754A mutation completely abolished the interaction between the proteins. Multiple
mutations in CagA 19-235 were required for disrupting the complex (CagA 19-235
F114A+W212A, 1105A+V107A, and F114A+F219A)".

7. Protein phosphatase 1 (PP1): ASPP2 interacts with the C-terminal part of PPl
(residues 896-1030) in vitro and in vivo’""®. ASPP2 inhibits PP1 activity specifically towards
certain substrates such as glycogen phosphorylase but not myosin p-light chain’’". ASPP2 is
unable to bind PP1 and p53 simultaneously’”. The Ank repeats of ASPP2 , between residues
903-934, interact with the consensus binding motif RVKF of PP17""°. A peptide derived
from ASPP2 903-934 inhibited PP1 binding to proteins that regulate PP1 activity, M3 and

G, which also contain the RVKF motif’®

. A computational model that was confirmed by
binding experiments with mutated proteins, predicted that PP1 260-261, which is positively
charged, interacts with Glu 938 and ASP 940 of ASPP2. A peptide derived from PP1301-330
includes a Proline rich motif PXXPXR, a consensus sequence that binds SH3 domains. This

peptide binds ASPP2 probably through it SH3 domain®. However deleting the SH3 domain

12
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did not affect the interaction of ASPP2 and PP1”". Peptide array screening showed that
ASPP2 Ank-SH3 binds PP1 residues 19-48 and 297-323%,

8. Regulation of cell polarity— the ASPP2 interactions with PAR-3, FIH-1 and
Siah2: The PAR complex regulates mammalian cell polarity®’. Endogenous ASPP2 interacts
with the PAR complex through it N-terminal residues (1-353) that bind the PAR-3 N and C
termini (residues 1-269 and 584-1337). In cells, the ASPP2 - PAR-3 complex is important for
epithelial cell polarization®. The complex has a role in regulating the formation of cell tight
Junctions and in the development and maintenance of apical domains®*®. In mice, ASPP2
has an important role in regulating neuroepithelium polarity, differentiation, cells
organization and tissue 3D morphology, and inhibits uncontrolled proliferation of progenitor
cells®®. ASPP2 co-localizes with PAR-3 and the PAR complex in apical cell-cell junction of
polarized epithelial cell in vivo and in cells®*®. In polarizing cells, ASPP2 interacts with
PAR-3 in the future location of the cell-cell interaction even before the PAR complex
formation. ASPP2 and PAR-3 do not localize in this area unless they are in a complex 8.
The ASPP2-PAR-3 interaction is not affected by the PAR complex inhibitor Lgl® but other
factors regulate the activity of the ASPP2-PAR-3 complex: ASPP2 is hydroxylated in vivo on
N983 by FIH-1. FIH-1 knockdown impaired ASPP2 interactions with PAR-3 and relocated
them to the cytoplasm®. Under hypoxia, Siah2 interacts with ASPP2 resulting in proteasomal
degradation of ASPP2 and downregulation of ASPP2 activity in regulating tight junction

integrity, tissue morphology and cell polarity ®.

9. Other protein partners of ASPP2: ASPP2 was also shown to interact with other
proteins including: Insulin receptor substrates®® ®8, APP-BP1™, Adenomatous polyposis coli
protein-like (APCL)®, Yes-associated protein (YAP) “%9 1300%, Hepatitis C virus (HCV)
core protein®>*% DDA3%, TAZ*, and DEAD box protein, Ddx42p®. Not much is known

yet about the mechanism of these interactions and their biological effect.
Conclusions- ASPP2 as an anti-cancer drug target

ASPP2 is downregulated in many types of cancer cells. This results in impaired apoptosis of
these cells and is one of the major reasons for their survival. ASPP2 carries out its function
by binding to numerous proteins involved in many cellular pathways. Taken together, this
sets the interactions of ASPP2 as emerging targets for the development of anti-cancer lead

compounds (Figure 6).
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The interactions of ASPP2 are involved in regulation of apoptosis both in the p53 dependent
and independent pathways. The ASPP2 interactions with p53 family members are highly
important in the context of the p53-dependent apoptosis. By mimicking or activating the
ASPP2 activity, the p53 apoptotic activity can be induced. A peptide derived from the ASPP2
n-src loop (residues 1089-1097) made cancer cells expressing WT p53, but not p53 null cells,
sensitive to y -radiation®*. Other important potential targets are the ASPP2 interactions with
p63, p73, Bcl-2 and Ras, which are key proteins in apoptotic and oncogenic pathways. Drugs
that will mimic ASPP2 will induce the pro-apoptotic activity of these proteins and will lead
to apoptosis of cancer cells. Other potential targets are inhibition of the anti-apoptotic
outcome of the ASPP2 interactions with CagA, NFkB and HCV core protein. Reversing the

role of ASPP2 back to pro-apoptotic is the challenge in these cases.

There is a lot to reveal about the ASPP2 interactions network and this information is essential
for target definition and for addressing specificity issues of potential ASPP2-inhibitory lead
compounds. Taken together, the currently existing data shows that ASPP2 interactions are
highly important emerging targets for developing anti-cancer lead compounds. Studying the
exact molecular mechanisms of these interactions is essential for targeting ASPP2 for

therapeutic purposes.
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Figure 6: ASPP2 as an anti-cancer drug target: ASPP2 (Cyan and Pink, PDB ID:1YCS™®) binds numerous protein
partners that inhibit its apoptotic activity (Red: NFkB, Purple, PDB ID: 1LEI®"; HCV core protein; DDA3; and CagA, Grey,
PDB ID: 4DVY®) or induce it (blue: p53 protein family, shades of Blue, PDB IDs: 1YCS*, 3QYN® and 4A63%; Ras,
Green, PDB ID: 6Q21; p300; and Bcl-2 anti-apoptotic family members, shades of Red, PDB IDs: 4IEH'®, 100L%? and
3SP7.). The red and blue circles Represent small molecules that can serve as potential anti-cancer drugs by interfering with
ASPP?2 interactions. Note that the location of these drugs in the figure does not necessarily represent their actual binding site

on the ASPP2 structure. The figure was made using Pymol®®.
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ASPP2 induces apoptosis and is downregulated in many types of cancer, making it a promising target
for anti-cancer drugs.
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