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Abstract Malignant tumor is still a major problem worldwide. During tumorigenesis or tumor
development, tumor suppressor p53-binding protein 2 (TP53BP2), also known as apoptosis
stimulating protein 2 of p53 (ASPP2), plays a critical role in p53 dependent and independent
manner. Expression of TP53BP2 is highly correlated with the prognosis and survival rate of ma-
lignant tumor patients. TP53BP2 can interact with p53, NF-kB p65, Bcl-2, HCV core protein,
PP1, YAP, CagA, RAS, PAR3, and other proteins to regulate cell function. Moreover, TP53BP2
can also regulate the proliferation, apoptosis, autophagy, migration, EMT and drug resistance
of tumor cells through downstream signaling pathways, such as NF-kB, RAS/MAPK, mevalonate,
TGF-b1, PI3K/AKT, aPKC-i/GLI1 and autophagy pathways. As a potential therapeutic target,
TP53BP2 has been attracted more attention. We review the role of TP53BP2 in tumorigenesis
or tumor development and the signal pathway involved in TP53BP2, which may provide more
deep insight and strategies for tumor treatment.
ª 2022 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co.,
Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
org/licenses/by-nc-nd/4.0/).
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Introduction

Malignant tumor is still a major problem threatening human
health worldwide. According to statistics, among the
number of new cases and deaths in 2020, breast cancer,
lung cancer and prostate cancer are the three most com-
mon cancers reported, while lung cancer, liver cancer and
stomach cancer are the three most common causes of
cancer death.1 Moreover, Isabelle Soerjomataram et al2

predicted that cancer incidence would double in 2070
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compared to 2020. Therefore, it is critical to explore tumor
pathogenesis and effective treatment.

Abnormal expression of some tumor suppressor genes is
often associated with the pathogenesis of human
tumors.3e6 Among them, the expression of tumor suppres-
sor p53-binding protein 2 (TP53BP2), also known as
apoptosis stimulating protein 2 of p53 (ASPP2), is often
reduced due to the methylation of promoter CpG island.7

TP53BP2 is the most distinctive member of the ASPP family.
TP53BP2 was initially identified as a p53 binding protein,
which can regulate p53-mediated apoptosis.8e10 In recent
years, many literatures have reported that TP53BP2 plays
an important role in tumorigenesis or tumor development in
a p53-dependent and independent manner.11e14 In addi-
tion, clinical studies reported that TP53BP2 expression is
significantly downregulated in many tumors, such as lung
Figure 1 Biological structure and interacting proteins network
interacting proteins network diagram (Quoted from the String data
cancer,15 gastric cancer16 and breast cancer.13 Therefore,
we believe that TP53BP2 may be a potential antitumor
target. Herein, we systematically review the biological
structure and binding proteins of TP53 and TP53BP2, the
role of TP53BP2 and its isoforms in tumorigenesis or tumor
development and the signaling pathways involved in
TP53BP2, which may help to further understand its poten-
tial anti-tumor effects and mechanisms.
Biological structure and function of TP53
protein

To better understand TP53BP2, we first comprehensively
introduce the structure, function and interacting proteins
of TP53.
diagram of TP53. (A) Biological structure of TP53. (B) TP53
base).



Figure 2 Biological structure of 53BP2 (A), Bbp (B) and
TP53BP2 (C).
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Biological structure of TP53 protein

TP53 was initially considered as an oncogene, but
increasing research data show that it is a tumor suppres-
sor.17 The tumor suppressor protein p53 encoded by TP53 is
composed of 393 amino acids. There are two activation
domains (TAD) (AA,1e40 and 41e61) at the N-terminal,
which mediate the transcriptional activity of p53. Followed
by a proline rich domain (AA, 62e94), this domain has been
implicated in p53-mediated cell death and growth sup-
pression. After the N-terminal is the DNA binding domain
(AA, 95e292), which can specifically bind to DNA and is the
site of about 80% TP53 mutation. The C-terminal includes a
linker region (AA, 293e325), oligomerization domain (OD)
(AA, 326e356) and carboxyl terminal domain (AA,
357e393). The OD region also includes a nuclear output
signal sequence18 (Fig. 1).

Biological function of TP53 protein

Tumor prevention is largely dependent on TP53, which is
mutated in approximately 50% of all tumors.17 Under
normal conditions, TP53 is maintained in a low-level state
in vivo. When activated by stress, TP53 inhibits the cell
cycle or promotes apoptosis. There are many interacting
proteins of TP53 protein, including MDM2, MDM4, BCL2L1,
TP53BP2, etc., which together regulate the cell cycle or
apoptosis (Fig. 1). Among them, TP53BP2, discovered at the
time of its earliest identification, can interact with TP53 to
regulate TP53 by enhancing the DNA binding and trans-
activation functions of TP53 on the promoters of proapo-
ptotic genes.19

Biological structure and function of TP53BP2
protein

Biological structure of TP53BP2 protein

TP53BP2, the first member of the ASPP family, is a protein
encoded by 1128 amino acids.19 Prior to the identification
of full-length TP53BP2, Kuniyoshi Iwabuchi and Louie Nau-
movski identified 53BP2 and BBP, two of the N-terminal
spliceosomes of TP53BP2, are composed of 523 and 1005
amino acids, respectively, using yeast two-hybrid system
and N-terminal of anti-apoptotic protein Bcl-2 as
baits.8,19,20 Structurally, 53BP2/BbP/TP53BP2 have a pro-
line rich region (Pro), four ankyrin repeats (Ank) and an SH3
domain at the C-terminal. BbP and TP53BP2 both have a-
helix domain at the N-terminal, while only TP53BP2 has a
ubiquitin-like folding structure (ULD)21 (Fig. 2).

TP53BP2 binding proteins

How does TP53BP2 perform its biological function? It was
reported that TP53BP2 has many binding proteins, which
interact with each other to regulate cell function jointly.
Among them, more proteins bind to the C-terminal of
TP53BP2. The Ank-SH3 domain at the C-terminal of
TP53BP2 can interact with the DNA binding domain of
p53,8,22 BH4 motif or pro-apoptotic regulator factor of Bcl-
2,20,23 and the sites 236e253 and 293e313 of NF-kB p65 to
regulate apoptosis.24,25 The Ank-SH3 domain binds to the
Hepatitis C virus (HCV) core protein and blocks the inter-
action between p53 and TP53BP2 to inhibit p53-mediated
apoptosis.26 The Ank-SH3 domain binds to the C-terminal of
APCL to regulate the localization of TP53BP2 in cells.27 The
Ank-SH3 domain binds to the phosphotyrosine binding
domain and central domain of insulin receptor substrate 1
(IRS-1) to regulate IRS mediated insulin signaling pathway,
growth and development.28,29 The Pro-Ank-SH3 domain in-
teracts with C-terminal Src kinase (Csk) to regulate Src ki-
nase and then regulate epithelial integrity.30 Prior to the
Ank domain, there is an RVKF sequence, known as RVxF
motif, which binds to the catalytic domain of Protein
Phosphatase 1 (PP1) to inhibit PP1 phosphorylase phos-
phatase activity. SH3 domain also binds to the C-terminal of
PP1 to distinguish PP1 subtypes. In addition, the binding of
TP53BP2 and PP1 may regulate the tumor suppressive
function of TP53BP2.31e33 The SH3 domain and YPPPPY
sequence of TP53BP2 combine with VPMRLR sequence and
WW1 domain of Yes-associated protein (YAP) to regulate
the phosphorylation of YAP and then regulate the migration



Figure 3 TP53BP2 interacting proteins network diagram and C-terminal binding proteins. (A) TP53BP2 interacting proteins
network diagram (Quoted from the String database). (B) DNA binding domain of p53 interact with the ANK-SH3 domain at the C-
terminal of TP53BP2. Asn1072 of TP53BP2 binds to Asn247 of p53 (red), and Asp1091 and Glu1092 bind to Arg273 and Arg280(blue).
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of tumor cells.34e36 The Ank domain binds to a factor
inhibiting HIF-1 (FIH-3), thereby regulating the binding of
TP53BP2 to protein activated receptor-3 (Par3).37 The Pro
domain can bind to the N-terminal of cytotoxic associated
gene A (CagA), inhibit the tumor suppressive function of
TP53BP2 and lead to the oss of cell polarity38e40 (Fig. 3;
Fig. S1).

There are also some binding proteins at the N-terminal
of TP53BP2; for example, the combination of the N-termi-
nal of TP53BP2 and RAS regulates cell aging and autophagy
and enhances p53-mediated apoptosis.41 Binding with Par3
maintains the integrity of tight junctions and cell polarity42

(Fig. S2). In addition, some proteins can bind to both the N-
terminal and C-terminal of TP53BP2; for example, Amyloid
precursor protein-binding protein 1 (APP-BP1) combined
with TP53BP2 inhibits apoptosis and ubiquitin pathway.43

DDA3 combined with TP53BP2 inhibited p53-mediated Bax
activation.44 Ddx42p (one of the dead box proteins) binds to
the N-terminal of TP53BP2 and the Ank-SH3 domain to
regulate apoptosis45 (Fig. S3). TP53BP2 also has intra-
molecular interactions. The Pro domain can be combined
with the Ank-SH3 domain to regulate the interaction be-
tween TP53BP2 and other proteins.46

Role of TP53BP2 and its isoforms in
tumorigenesis or tumor development

Role of TP53BP2 in tumorigenesis or tumor
development

TP53BP2 plays an important role in tumorigenesis or tumor
development. Numerous in vitro and animal experiments
have shown that reduced TP53BP2 expression can inhibit
apoptosis of tumor cells, cause malignant proliferation,
disrupt cell polarity, promote cell migration, and enhance
autophagy and drug resistance to chemotherapy. Clinical
trials have also shown that the expression of TP53BP2 is
often reduced in human malignancies, and reduced
TP53BP2 expression is often associated with tumorigenesis
or tumor development, progression, poor prognosis, and
low survival. In addition, there are some isoforms of
TP53BP2, but these isoforms have opposite functions to
TP53BP2 and are likely to be oncogenes. So, how does
TP53BP2 play its role? Herein, we elaborate on the role of
TP53BP2 and its isoforms in different tumors.

TP53BP2 and liver cancer

Currently, liver cancer is the seventh most common tumor
globally, and is the second leading cause of death among
cancer patients.1 In terms of autophagy, the decrease of
TP53BP2 expression enhances autophagy in hepatocellular
carcinoma (HCC) cells, promoting the survival and drug
resistance of HCC cells. Moreover, clinical trials also show
that the low expression of TP53BP2 is related to the low
(C) DNA binding domain of Bcl2 interact with the ANK-SH3 domain a
of p53 (red), Ser1014 binds to Arg26 (blue), Glu1069 binds to Lys17 a
binding domain of NF-kB p65 interact with the ANK-SH3 domain at
Arg302, Lys303 and Arg304 of NF-kB p65, and Glu1035 binds to Arg
survival rate of HCC patients.47 In addition, TP53BP2 can
also inhibit the autophagy of HepG2 cells by activating the
mTOR pathway.48 In terms of tumor growth, the decrease of
TP53BP2 expression can enhance the tumor initiation abil-
ity and growth by enhancing the mevalonate pathway of
HCC cells,11 and the overexpression of TP53BP2 can
instantaneously induce the apoptosis of liver cancer cells.
However, there is an apoptosis escape mechanism in HCC.
The overexpression of TP53BP2 for a long time (more than
48 h) cannot induce apoptosis, because long-term over-
expression will make nuclear epidermal growth factor re-
ceptors in HCC inhibit the formation of TP53BP2-p53
complex by inducing SOS1 expression.49 Subsequent studies
found that bidirectional regulators participated in this
escape mechanism as an activator.50 Preclinical studies also
showed that diethylnitrosamine (DEN) could activate NF-kB
pathway in TP53BP2 deficient mice and promote the for-
mation of mouse liver cancer model.51 Regarding chemo-
therapy, TP53BP2 can enhance the chemosensitivity of HCC
by inhibiting the expression of X-linked inhibitors of
apoptosis protein (XIAP).52 The deletion of TP53BP2 dis-
rupts stem-like properties and chemotherapeutic resis-
tance to HCC via Src/FAK/Snail axis.53 A clinical study also
found that HCC patients with low expression of TP53BP2
had a higher recurrence rate after transcatheter arterial
chemoembolization (TACE) treatment than HCC patients
with high expression of TP53BP2.54

TP53BP2 and breast cancer

Global statistics in 2020 showed that breast cancer is the
first common malignancy.1 Breast cancer is divided into
many subtypes, but the current research on TP53BP2 in
breast cancer is limited to lobular and triple-negative
breast cancer. In triple-negative breast cancer tissues, the
expression of miR-30b-5p is significantly higher than that in
para-carcinoma tissues. The expression of miR-30b-5p
negatively regulates the expression of TP53BP2, thereby
activating the PI3K/AKT pathway and promoting cell pro-
liferation and migration.13,55 There is a truncated TP53BP2
(t-TP53BP2) in lobular carcinoma. t-TP53BP2 promotes
tumorigenesis or tumor development by two different
mechanisms: The interaction between t-TP53BP2 and PP1
induces actomyosin relaxation, which leads to tumor initi-
ation, while TP53BP2-mediated YAP activation enhances
tumor progression.56

TP53BP2 and gastric cancer

Gastric cancer is the third leading cause of cancer death
globally, and its occurrence is largely attributed to Heli-
cobacter pylori infection.1,57 CagA is one of the most
dangerous factors in Helicobacter pylori.58 In Helicobacter
pylori infected cells, CagA can promote the binding of
TP53BP2 and p53, but this binding leads to the degradation
of p53 and inhibits cell apoptosis.40 Meng et al reported
t the C-terminal of TP53BP2. Asp950 of TP53BP2 binds to Arg164
nd His94 (yellow), and Asp991 binds to Arg106 (green). (D) DNA
the C-terminal of TP53BP2. Glu936 of TP53BP2 binds to Lys301,
236.
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that the infection rate of Helicobacter pylori was high in
cancer and precancer tissues, resulting in low expression of
TP53BP2.59 A recent study also found that the CagA-
TP53BP2 complex can disrupt cell polarity and lead to
epithelialemesenchymal transition (EMT).38 In addition,
Gen et al16 demonstrated in vitro and animal experiments
that TP53BP2 inhibited invasion of gastric cancer cells and
TGF-b-induced EMT by inhibiting E3 ubiquitin ligase-medi-
ated degradation of Smad7.

TP53BP2 and other malignant tumors

In addition to liver cancer, breast cancer and gastric cancer,
TP53BP2 is also widely involved in tumorigenesis or tumor
development of other malignant tumors. The expression of
TP53BP2 decreased significantly in endometrial endome-
trioid adenocarcinoma,60 oral cancer61 and spinal tumor.62

Inhibition of TP53BP2 expression in endometrial cancer cells
promotes invasion by inhibiting LSR and inducing p-YAP
expression.36 During the development of esophageal phos-
phorus cancer, from normal esophageal epithelium to low-
grade intraepithelial neoplasia, then to high-grade intra-
epithelial neoplasia, and finally develop into esophageal
cancer, the expression of TP53BP2 gradually decreases, the
5-year overall survival (OS) rate of patients is only 13.2%,
and the OS of patients with high expression of TP53BP2 is
significantly higher than patients with low expression.63 In
colorectal cancer, the mRNA and protein levels of TP53BP2
are significantly lower than those in adjacent tissues.64 In
Table 1 Expression and biological function of TP53BP2 in diffe

Tumor types TP53BP2
expression in
tumor

Hepatocellular
carcinoma

Lower expression

Breast cancer Lower expression
Gastric cancer Lower expression

Endometrial endometrioid
adenocarcinoma

Lower expression

Oral cancer Lower expression

Spinal tumor Lower expression
Endometrial cancer Lower expression
Esophageal squamous

cell carcinoma
Lower expression

Colorectal cancer Lower expression
Renal cell carcinoma Lower expression

Gallbladder cancer Lower expression

Pancreatic cancer Lower expression
renal cell carcinoma, histone deacetylatlase 1 (HDAC1) in-
duces reduced expression of TP53BP2, promoting cell pro-
liferation and resistance to 5-fluorouracil in vitro and animal
experiments. Clinical trials have shown that the down-
regulation of TP53BP2 protein is associated with increased
TNM stage, and the survival rate and prognosis of patients
are also poor.12 Low expression of TP53BP2 is associated
with poor prognosis in patients with gallbladder cancer, and
down-regulation of TP53BP2 expression promotes invasion
and metastasis of gallbladder cancer cells through the aPKC-
i/GLI1 pathway.65 In pancreatic cancer cell lines with
TP53BP2 overexpression or knockout, cell proliferation ac-
tivity was significantly inhibited or promoted, and in vitro
and animal experiments also showed that the decrease of
TP53BP2 could make cells insensitive to gemcitabine.66

In conclusion, TP53BP2 affects tumorigenesis or tumor
development from the perspective of cell proliferation,
apoptosis, autophagy, migration, EMT and chemothera-
peutic drug resistance (Table 1).

Role of TP53BP2 isoforms in tumorigenesis or
tumor development

In recent years, some studies have found multiple isoforms
of TP53BP2, but these isoforms have lost their tumor inhi-
bition effect, and promote tumorigenesis or tumor devel-
opment. DN-TP53BP2, an isoform of N-terminal deletion of
about 254 amino acids, is often expressed in breast cancer.
DN-TP53BP2 suppresses p53 target gene transactivation,
rent tumors.

Biological function References

Promote proliferation, autophagy and
chemotherapeutic drug resistance;
Associated with patient prognosis and
survival

11,47,48,49,

50,51,52,53,54

Promote proliferation and migration 13,53

Promote proliferation, migration, cell
polarity and EMT

16,38,59

TP53BP2 might become candidate
markers for the early diagnosis of EEA

60

Associated with advanced and
moderately differentiated disease

61

Promote proliferation 62

Promote cell migration 36

Promote ESCC generation and
migration

63

Promote proliferation 64

Promote proliferation; Associated
with patient prognosis

12

Promote cell migration; Associated
with patient prognosis

65

Promote proliferation and
chemotherapeutic drug resistance

66
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promoter occupancy, and endogenous p53 target gene
expression in response to DNA damage. Moreover, DN-
TP53BP2 promotes progression through the cell cycle. In
addition, DN-TP53BP2 can also combine with TP53BP2 and
halt its function, and may inhibit the expression of
TP53BP2.67 TP53BP2, another isoform that lacks most of the
C-terminal, results in its inability to interact with p53.
TP53BP2 is highly expressed in human colorectal tumors
(CRC) and promotes tumorigenesis or tumor development by
enhancing cell proliferation, promoting cell migration and
endowing chemotherapy-induced apoptosis resistance.68

From these data, the functions of DN-TP53BP2 and TP53BP2
are opposite to those of TP53BP2. It is of great significance
Figure 4 Suppression of cancer s
to get a deep insight into TP53BP2 isoforms for clinical
treatment.
Suppression of cancer signaling pathways by
TP53BP2

In the above part, we reviewed the role of TP53BP2 in
tumorigenesis or development, but this is not the only role
of TP53BP2. TP53BP2 also needs to form a cascade through
downstream signal pathways to promote or inhibit tumors.
Next, we elaborate on the signal pathways involved in
TP53BP2 (Fig. 4).
ignaling pathways by TP53BP2.
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The NF-kB pathway

The NF-kB pathway is an important inflammatory signaling
pathway and a key mediator connecting inflammation and
tumor.69,70 NF-kB is involved in regulating cell apoptosis,
proliferation, tumor migration and invasion, and abnormal
activation of NF-kB is often observed in cancer tissues.71,72

The binding pattern of NF-kB to TP53BP2 is similar to that
of its natural inhibitor I-kB, suggesting that TP53BP2 may
also be an inhibitor of NF-kB.25 Wang et al51 investigated
the effects of TP53BP2 on the NF-kB pathway and hepato-
cellular carcinoma, suggesting that TP53BP2 knockdown
can promote hepatic inflammation and hyperplasia by
activating the NF-kB pathway, and overexpression of
TP53BP2 can inhibit NF-kB pathway and prevent HCC. In
TP53BP2 deficient squamous cell carcinoma (SCC) mice,
TP53BP2 binds to I-kB and mediates p63 inhibition by
inhibiting DNp63 (a component of the NF-kB transcription
complex) via Rel/A P65, and regulates SCC through in-
flammatory signaling pathway.73

RAS signaling pathway

RAS is one of the earliest oncogenes, and mutations of RAS
are found in about 20% of human tumors.74 Carcinogenic
RAS can transform cells and promote tumorigenesis. Pre-
vious studies have shown that TP53BP2 binds to RAS-GTP via
the N-terminal on the cell membrane to activate the RAS
signaling pathway, thereby enhancing p53-mediated
apoptosis41 and activate the RAS/RAF/MEK/ERK pathway to
promote cell senescence.75 TP53BP2 is also a novel sub-
strate of mitogen-activated protein kinase (MAPK). RAF/
MAPK pathway is the most studied downstream RAS
signaling pathway. First, TP53BP2 interacts with activated
RAS on the cell membrane to activate RAF. Activated RAF
activates mitogen-activated and extracellular signal kinase
(MEK). MEK phosphorylation further activates MAPK, which
in turn phosphorylates Ser827 of TP53BP2. Finally, phos-
phorylated TP53BP2 interacts with p53 to promote cell
apoptosis.76

Mevalonate pathway

The stability and structure of plasma membrane of cells are
largely dependent on cholesterol, and a previous study has
shown that there is abundant cholesterol in the cell mem-
brane of cancer cells.77 Cholesterol synthesis is mainly
achieved through the mevalonate pathway, and some tu-
mors have been shown to depend on this pathway for
growth.78 3-hydroxy-3-methylglutaryl CoA reductase
(HMGCR) is the rate-limiting enzyme of the mevalonate
pathway. Its transcriptional activation is controlled by
sterol regulatory element binding protein-2 (SREBP-2).
Under the regulation of SREBP-2, acetyl CoA is converted
into cholesterol and another non-sterol isoprene for cell
needs.79 It was found that the interaction between
TP53BP2 and SREBP-2 in the nucleus negatively regulated
the mevalonate pathway. In HCC-LM3 cells with decreased
TP53BP2 expression, HMGCR mRNA and protein levels were
significantly increased, as well as intracellular cholesterol
content. Clinical trials have also shown that patients with
high levels of TP53BP2 and low levels of HMGCR have a
better prognosis.11

The TGF-b1 pathway

Transforming growth factor b1 (TGF-b1) is one of the com-
ponents of the tumor microenvironment, which is involved
in cell proliferation, differentiation, inflammation and
other cellular regulatory pathways. TGF-b1 is a typical
factor promoting liver fibrosis. A previous study has found
that TP53BP2 may reduce the fibrosis of LX-2 cells by
inhibiting the autophagy induced by TGF-b1, and also has an
anti-TGF -b1 anti-apoptosis effect.80 In addition, TGF-b1
can induce EMT through the Samd2/3 signal.81 Gen et al16

showed that inhibiting the expression of TP53BP2 can
significantly inhibit the expression of Samd7. As a negative
regulator of Smad2/3, inhibiting Smad7 can promote the
phosphorylation and nuclear accumulation of Smad2/3 in
GC cells and then promote TGF-b1 induced EMT. It is well
established that Smad7 can be ubiquitinated and degraded
by ITCH (a HECT type E3 ubiquitin ligase). Subsequently, the
immunoprecipitation and ubiquitination experiments show
that TP53BP2 reduces the ubiquitination of Smad7 by
interacting with ITCH, and Smad7 negatively regulates
Smad2/3, thereby inhibiting TGF-b1-Smad2/3 pathway
mediated EMT.

PI3K/AKT pathway

Phosphoinositol-3-kinase (PI3K) pathway transmits extra-
cellular signals and activates tyrosine kinase receptor (AKT)
and G-protein-coupled receptor, which are required for
normal cell growth.82 The PI3K/AKT pathway is a key
regulator of survival during cell stress, and abnormal acti-
vation of this pathway is often observed in tumors.13,83e85 A
recent study showed that inhibiting TP53BP2 expression
promotes the growth and migration of triple negative
breast cancer (TNBC) cells through this pathway.13 PI3KR1
(P85 a) negatively regulates the PI3K pathway. After
inhibiting the expression of TP53BP2, the expression of
p85a decreased and the p-Akt increased. In summary, these
studies suggest that down-regulation of TP53BP2 activates
the PI3K/AKT pathway in TNBC cells.

aPKC-i/GLI1 pathway

The transcription factor glioma-associated oncogene ho-
molog 1 (GLI1) is a key factor in the Hedgehog (Hh)
pathway, whose abnormal activation often leads to tumor-
igenesis.86 aPKC-i can activate the Hh pathway to promote
the proliferation of cancer cells.87 Li Tian et al further
investigated the role of TP53BP2 in an aPKC-i pathway.
Research shows that TP53BP2 can interact with aPKC-i and
GLI1, while knockdown of TP53BP2 reduced this effect
(including the interaction between TP53BP2 and GLI1 in the
nucleus) and increased aPKC-i and GLI1 expression. In
addition, as aPKC-i expression increases, GLI1 is phosphor-
ylated and transferred to the nucleus, where it binds to
downstream promoters to release chemokine factors, such
as CCL2, CCL5, TNFA, and aPKC-i, which may form positive
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feedback to further amplify signals, ultimately leading to
EMT in gallbladder carcinoma cells.65

Autophagy pathway

Autophagy is a lysosomal dependent cellular degradation
process. The induction of autophagy under stress is very
critical for maintaining intracellular homeostasis. Auto-
phagy has beneficial and harmful effects in the early and
late stages of hepatocarcinogenesis.88 Many studies have
shown that TP53BP2 is involved in the regulation of auto-
phagy. TP53BP2 is structurally similar to ATG12 and LC3 at
the N-terminal and can competitively bind ATG5/ATG12
with ATG16 to inhibit RAS-induced autophagy.89 As the
expression of TP53BP2 is often reduced in pancreatic can-
cer, autophagy of pancreatic cancer cells is enhanced,
leading to increased resistance to gemcitabine.66 The
decrease of TP53BP2 in HCC patients also leads to increased
BECN1-dependent autophagy and promotes the survival of
HCC cells.47

By expounding the signal pathways involved in TP53BP2,
we found that under normal circumstances, most of the
downstream signal pathways of TP53BP2 are inactive, but
some are active, such as the NF-kB pathway, Mevalonate
pathway, TGF-b1 pathway, PI3K/AKT pathway. The aPKC-i/
GLI1 way is off, but RAS signal pathway is active. Under
normal circumstances, the combination of TP53BP2 and RAS
promotes p53 mediated apoptosis. However, the expression
of TP53BP2 is often reduced in tumors, which leads to the
failure of Ras signaling pathway to function normally, while
the NF-kB pathway, Mevalonate pathway, TGF-b1 pathway,
PI3K/AKT pathway, aPKC-i/GLI1 way activation promotes
the proliferation, autophagy, metastasis, and lipid deposi-
tion of tumor cells, and inhibits the apoptosis of tumor
cells. Therefore, can TP53BP2 be used as a therapeutic
target to inhibit tumorigenesis or tumor development
through appropriate measures?

Prospects

TP53BP2 has been reported as a tumor therapeutic target in
some studies. Recombinant human adenovirus TP53BP2 can
inhibit HCC by inhibiting the expression of p-ERK and p-
STAT3, cooperating with oxaliplatin to inhibit cell prolif-
eration, autophagy and promote apoptosis.90 In colorectal
cancer, oxaliplatin induces phosphorylation of Ser92/
Ser361 of TP53BP2, and phosphorylated TP53BP2 promotes
apoptosis of HTC116 cells in a p53-dependent manner.91 In
addition, in colorectal cancer, TP53BP2 can inhibit auto-
phagy and promote chemotherapy drug resistance in a p53-
independent manner, thereby promoting oxaliplatin medi-
ated apoptosis.92 The combination of herpes simplex virus 1
thymidine kinase (HSV-TK), ganciclovir (GCV), recombinant
adenovirus p53, and recombinant adenovirus TP53BP2 im-
proves the efficacy of HCC patients lacking functional p53,
however, single ASPP2 overexpression cannot induce
apoptosis of p53 mutated HCC cells.14 The natural extract
luteolin can significantly inhibit the proliferation of HepG2
cells and significantly up-regulate the expression of p53 and
TP53BP2.93
Although the current research has found that over-
expression of TP53BP2 can effectively improve tumorigen-
esis or tumor development, it is noteworthy that TP53BP2
also has an important p53-dependent function. TP53BP2
was first discovered through p53, which binds to wild-type
p53 but cannot bind to mutant p53. The combination of
TP53BP2 and p53 promotes p53-mediated transcriptional
activation and cell apoptosis. p53 mutations have been
observed in 50% of malignant tumors, making TP53BP2 un-
able to function normally. Therefore, tumor treatment for
TP53BP2 alone may not achieve good results. For example,
overexpression of TP53BP2 alone could not induce
apoptosis of p53 mutant cells. Wang et al only studied the
effect of luteolin on HepG2 with wild type of p53, but did
not know what effect it would have in cells with p53
deletion or mutation. Therefore, the path of using TP53BP2
as a gene drug or chemotherapy drug and screening drugs
targeting TP53BP2 to treat malignant tumors is still in in-
fancy and needs further exploration.

Further study on the regulation of TP53BP2 is also
conducive to the discovery of TP53BP2 targeted drugs. In
recent years, the regulation of TP53BP2 has been explored.
Current studies have shown that E2F, signal translator and
activator of transcription 1 (STAT1) and RAS association
domain family 10 (RASSF10) can positively regulate the
expression of TP53BP2,94e96 while HDAC1 inhibits TP53BP2
expression by blocking the binding of E2F to TP53BP2.12 In
addition, mir-21 and mir-30B-5p can negatively regulate
the expression of TP53BP2.55,97 However, these regulations
are limited to the transcriptional level, and the regulation
of TP53BP2 in other aspects, such as post-transcriptional
level, translation level, and post-translation level, remains
unclear and needs to be studied.

The evidence for TP53BP2 as a tumor suppressor gene is
gaining increasing interest. Further studies on the role of
TP53BP2 in tumor genesis and development and the
signaling pathways involved in TP53BP2 may provide more
evidence and strategies for tumor treatment.
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