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TIP30/CC3 was first identified and characterized as a “candidate” tumor-suppressor gene in 1997. Recently,
the TIP30 tumor-suppressor status has been fully established since several studies have described that TIP30
protein expression is frequently downregulated in diverse types of human tumors, and the downregulation is
often associated with tumor progression. TIP30 is involved in the control of cell apoptosis, growth, metasta-
sis, angiogenesis, DNA repair, and tumor cell metabolism. Moreover, TIP30~~ mice spontaneously develop
hepatocellular carcinoma and other tumors at a higher incidence than that of wild-type mice. In this review, we
provide an overview of current knowledge concerning the role of TIP30 in tumor development and progres-
sion. To our knowledge, this is the first review about the role of novel tumor-suppressor gene TIP30 in tumor

development and progression.
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INTRODUCTION

A gene is defined as a tumor-suppressor gene (TSG) if its
mutation predisposes the animal to cancer. A TSG encodes
for a protein that blocks tumor development, negatively
regulating cell proliferation and/or contributing to the main-
tenance of genome stability. Tumor suppressors fall into two
classes: caretakers and gatekeepers. Caretakers suppress
cancer by repairing damaged DNA (e.g., BRCA1/2, MSH2,
etc.), whereas gatekeepers suppress cancer by halting the
cell cycle long enough to repair damaged DNA (e.g., p53,
pRb, etc.) (1,2).

TIP30, also known as HTATIP2 or CC3, is a tumor-
suppressor gene initially identified in 1997. The CC3 gene
was first identified from a differential display analysis of
messenger RNAs (mRNA) from highly metastatic human
variant small-cell lung carcinoma (v-SCLC) versus less
metastatic classic small-cell lung carcinoma (c-SCLC) cell
lines (3). Following the CC3 discovery, human TIP30 (tat-
interacting protein of 30 kDa) was first identified in 1998, in
a separate research study aimed at identifying proteins that

can bind to human immunodeficiency virus-1 (HIV-1) tran-
scription protein Tat, which is encoded by HIV-1 genome,
functioning primarily to increase the level of transcription
during viral replication (4,5). The amino acid sequence of
human TIP30 protein was 98% identical to that of human
CC3, which is evolutionarily highly conserved ubiquitously
expressed as a 27-kDa protein in many human normal tis-
sues, including the heart, brain, lung, kidney, skeletal mus-
cle, and pancreas. Subsequently, it was realized that CC3 and
TIP30 were in fact one and the same protein (6). However,
the precise cellular function of TIP30/CC3 remains unclear.
Sequence analysis showed that TIP30/CC3 is a member
of short-chain dehydrogenases/reductase (SDR) family,
a large protein family of NAD(P)(H)-dependent enzymes
with over 2,000 annotated enzymes with minimally 60
genes found in the human genome (7-9).

TIP30 is frequently downregulated in some cancer
cells, including melanoma, breast cancer, neuroblastoma,
glioblastoma, colon cancer, and hepatocellular carcinoma
(HCC) (3,10,11). Furthermore, TIP307-mice spontaneously

IThese authors provided equal contribution to this work.

Address correspondence to Zheng Li, Department of Orthopaedic Surgery, Peking Union Medical College Hospital, Peking Union Medical College,
Beijing, China. Tel: +86-010-69152812; Fax: +86-010-69152812; E-mail: kleeo@163.com



340

develop HCC and other tumors at a higher incidence than
wild-type mice (10). TIP30 is considered as a tumor sup-
pressor via its proapoptotic activity as well as antimeta-
static and angiogenesis-inhibiting abilities (3,11-16).
Furthermore, TIP30 missense mutation in exon 3 was
found in approximately 24% of various types of cancers
by comparing the TIP30 cDNA sequences in the National
Center for Biotechnology Information databases (10).
TIP30~~mice have a higher incidence of HCC and other
tumors than wild-type mice (10).

In this article, we will review the current knowledge
of TIP30 gene and protein in the regulation of tumori-
genesis and their specific deregulations in human tumors.
We will focus on the involvement of TIP30 functions in
tumor suppressors.

TIP30: STRUCTURAL FEATURES
AND FUNCTIONS

TIP30 gene is located on human chromosome 11p15.1.
It is an evolutionarily conserved gene encoding TIP30 pro-
tein with the molecular masses of 27 kDa and a polypeptide
of 242 amino acids. Human TIP30 is a cofactor that specifi-
cally enhances HIV-1 tat-activated transcription (5). TIP30
is ubiquitously expressed in normal human tissues, includ-
ing the heart, brain, lung, kidney, skeletal muscle, and pan-
creas, in which its biological cellular function is unknown.
Sequence analysis showed that TIP30 is a member of the
SDR family, which always contains a characteristic motif
at the catalytic site (6,12,17). The amino terminus of TIP30
is the nucleotide cofactor-binding domain, characterizing
Gly-Xaa-Xaa-Gly- Xaa-Xaa-Gly motif (Xaa means any
amino acid), while the residues of the carboxyl terminus
binds to the SDR substrate (6).

Many studies have been conducted to invest the bio-
chemical functions of TIP30 in humans. Elucidation of the
enzymatic activities of TIP30 can provide insights into its
biological functions, as well as its tumorigenetic properties.
It has been reported that TIP30 has Ser/Thr protein kinase
activity, which can undergo autophosphorylation and to
phosphorylate the heptapeptide repeats of the C-terminal
domain of the largest RNA polymerase II subunit in a tat-
dependent manner (5). Mutations of two glycine residues in
the putative nucleotide-binding motif (GXXGXXG) in the
amino terminus of TIP30 abolished its protein kinase activ-
ity, as well as its proapoptotic functions. In addition, TIP30
was reported to act as a negative regulator of nuclear trans-
port, binding directly to importins to inhibit the nuclear
import of proteins (18). Overexpression of TIP30 resulted
in a slower rate of nuclear transport and higher sensitiv-
ity to death signal. Follow-up studies showed that TIP30
overexpression represses estrogen receptor o-mediated
c-myc transcription, whereas CC3 deficiency enhances it.
c-myc is an oncogene encoding a nuclear transcription fac-
tor. Deregulated expression of c-myc is observed in many
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cancers and is associated with poor prognosis (19-21).
TIP30-mediated c-myc transcription might be one of the
possible mechanisms associated with the tumorigenesis
propertied of TIP30 (22). Recent study of the crystal struc-
ture of TIP30 showed that it has a short-chain dehydro-
genases/reductase (SDR) fold and binding specificity for
NADPH family, suggesting that NADPH-binding activity
is important for its biological functions (12).

TIP30 STATUS IN HUMAN CANCERS

Most studies have demonstrated that TIP30 expression
is decreased or lost in various human cancers, consistent
with the role for TIP30 as a tumor-suppressor gene. In
this section, we will discuss the current findings of the
expression of TIP30 in various human cancer types.

Lung Cancer

A high-density tissue microarray using a large-scale
study of clinical samples from lung cancers and adja-
cent nontumor tissues has revealed that the expression
of TIP30 was undetectable or significantly decreased in
lung cancer tissues, and the downregulation of TIP30 was
significantly associated with poor differentiation, poor
prognosis, and high metastatic progression of lung cancer
(16). The significant reduction or absence of TIP30 protein
expression in lung cancers implicated its role in the devel-
opment of lung cancer. In mice models, TIP30 deletion
resulted in spontaneous development of lung adenomas
and adenocarcinomas (23). In human lung adenocarci-
noma cells, knockdown of TIP30 led to prolonged EGFR
(epidermal growth factor receptors) activity, delayed
EGFR degradation, increased EGFR nuclear localization.
ERGR is a transmembrane protein that transduces impor-
tant growth factor signaling from the extracellular milieu
to the cell, and the aberrant activity of EGFR plays a criti-
cal role in the progression of cancer, involving in various
cellular responses including proliferation and apoptosis
(24). Dysregulation of EGFR has been implicated in the
pathogenesis of non-small-cell lung cancer (NSLC) (25).
Thus, TIP30-mediated EGFR upregulation might be one
of the mechanisms that lead to the development of lung
adenomas and adenocarcinomas.

Gastric Cancer

In 106 cases of gastric tumors, TIP30 expression is
lost or significantly decreased in primary gastric cancer
compared with that in normal gastric mucous, and loss
of TIP30 expression correlates with the poor clinical
outcome of gastric cancer patients (15). In vitro experi-
ment proved that restoration of TIP30 expression signifi-
cantly inhibited gastric cancer cell growth. Moreover, in
animal models, restoration of TIP30 expression greatly
inhibited gastric cancer cell tumorigenicity and metasta-
sis. The enforced expression of TIP30 downregulated the
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expression of cyclin D1, Bcl-2, Bel-xL, but upregulated
the expression of p27, Bax, p53, caspases 3 and 9, which
may be the underlying molecular mechanism of TIP30-
mediated cell cycle progression (15).

Breast Cancer

In a study including 87 patients with surgically removed
breast carcinoma, the expression of TIP30 was inversely
associated with axillary lymph node metastasis and vascu-
lar invasion, supporting that the expression of TIP30 had
a suppressive function on tumor metastasis (13). TIP30
expression is significantly associated with positive HER-2/
neu status in breast cancer; HER-2/neu is a proto-oncogene
and an established adverse prognostic factor in breast can-
cer (26). Thus, it was predicted that the relation between
expression of TIP30 gene and the HER-2/neu oncogene-
mediated signal pathway might be the possible molecular
mechanism that lead to the suppressive function of TIP30
on breast carcinoma (27). In mouse mammary glands,
deletion of TIP30 gene leads to ductal hyperplasia early
in life and extensive mammary hyperplasia with age. In
mammary epithelial cells (MEC), TIP30 deletion promotes
proliferation of MECs and ductal hyperplasia, leading to
rapid immortalization of MECs, suggesting the absence
of TIP30 in the mammary gland may predispose MECs to
neoplastic transformation (28). In the MMTV-Neu mouse
model of breast cancer, TIP30 deletion dramatically accel-
erated the onset of mammary tumors with ER*/PR~, which
account for about 15% to 25% of breast cancers and dis-
play more aggressive malignant characteristics than ER*/
PR* cancers (29,30).

Hepatocellular Carcinoma

TIP30~~ mice spontaneously develop HCC and other
tumors at a higher incidence than wild-type mice (27,10).
In HCC cells negative for endogenous TIP30, TIP30
mutants promoted cell growth and invasion and inhibit
cisplatin-induced apoptosis. In immunodeficient mice,
one of the TIP30 mutants can greatly accelerate for-
mation of HCC (31). Overexpression of TIP30 greatly
inhibited the growth and lung metastasis of HCC cells in
nude mice, while downregulation of TIP30 significantly
promoted HCC growth and metastases (32). TIP30 gene
promoter was hypermethylated with reduced mRNA
expression in 6 of 10 HCC cell lines, as well as in 47% of
the 59 paired HCC cases. In addition, epigenetic silenc-
ing of TIP30 gene expression by hypermethylation of the
CpG island DNA in promoter region is associated with
poor prognosis in patients with HCC (33).

Other Cancers

TIP30 expression was significantly decreased in
gallbladder adenocarcinoma than in peritumoral tissue
using immunochemistry analysis. Absence of TIP30 was

341

significantly associated with poor differentiation, large
tumor mass, lymph node metastasis, and invasion, serving
as an independent predictor of a poor prognosis in gallblad-
der adenocarcinoma (34). TIP30 protein levels were lower
in colorectal carcinomas compared to normal tissue from
the control group (35). In addition, a higher frequency of
hypermethylation (36%) of TIP30 was observed in col-
orectal carcinomas, while there was no aberrant methyla-
tion in paired adjacent nontumor tissue. Decreased TIP30
was associated with lymph node metastasis and served as
an independent predictor for poor outcomes in pancreatic
cancer patients (36). Moreover, decreased TIP30 expres-
sion was associated with loss of E-cadherin expression, a
cell adhesion molecule required for the formation of stable
adherens junctions whose expression has been reported in
various cancers and is associated with tumor progression
and metastasis (37). In pancreatic cancer, lower TIP30
levels were associated with a more poorly differentiated
histology and downregulation of TIP30 enhanced EGF-
dependent invasion (38). TIP30 was proved to be the
direct target gene of microRNA-10b (miR-10b), which
can enhance pancreatic cancer cell (PCC) invasion medi-
ated by epidermal growth factor (EGF), a promoter of
PCC invasion and metastasis essential for pancreatic duc-
tal adenocarcinoma initiation and progression (38—40).

Contrary to its status observed in many cancers, the
serum concentration of TIP30 level was significantly
increased in 23 patients with ovarian cancer than in the
control group (41). Moreover, TIP30 expression was
increased in metastatic prostate cancers. In addition,
overexpression of TIP30 was also proved to promote
the metastatic potential of prostate cancer cells, whereas
knockdown of TIP30 inhibits the prostate cancer cell
invasion (42). In prostate cancer cells, TIP30 enhanced
androgen receptor (AR)-mediated transcription activity.
Androgens and their receptor play a critical role in the
regulation of the physiological function of prostate and
are therefore implicated in the genesis and progression of
prostate cancer (43,44). Alterations in the relative expres-
sion of AR coregulators have been found to associate with
prostate cancer progression (45). It is possible that TIP30
might act as a coactivator in AR-mediated transcription
by contributing to differences in AR ligand specificity
or transcriptional activity. Those studies suggested that
TIP30 might serve as an oncogene in certain tumors.
There are also other TSGs that also have oncogenic prop-
erties, such as E2F1. E2F1, regulating cell death through
activating p53 and p730. pathway, has also been reported
to promote tumor cell migration and invasion, giving it
oncogenic properties (46).

TIP30 TUMOR-SUPPRESSIVE FUNCTIONS

Since its identification, TIP30 cellular functions have
been revealed in large-scale studies. In recent years, the
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frequent downregulations of TIP30 in various types of
human cancers have provided new insight in the under-
standing of TIP30 functions. Both in vitro and in vivo
studies have demonstrated several cellular functions of
TIP30 that contribute to its tumor-suppressive functions.
TIP30 exerts its tumor-suppressive role through influ-
encing multiple cellular processes including apoptosis,
proliferation, metastasis, angiogenesis, DNA damage
repair, and metabolic adaptation. Here we will discuss
what defines TIP30 as a TSG, as well as how TIP30
deregulations contribute to cancer development. As we
mentioned above, there are two kinds of TSG: caretakers
and gatekeepers. Caretakers suppress cancer by repairing
damaged DNA (e.g., BRCA1/2, MSH2, etc.), whereas
gatekeepers suppress cancer by halting the cell cycle long
enough to repair damaged DNA. Some functions char-
acterize TIP30 as gatekeepers, while others characterize
TIP30 as caretakers (Figs. 1 and 2).

TIP30 Regulates Apoptosis

Apoptosis, or programmed cell death (PCD), plays a
significant role in normal development, as well as in the
pathogenesis of cancers. Mutated and deleted proapop-
totic genes can give rise to carcinogenesis and tumor
growth (47). Many studies in vitro have proved that TIP30
has proapoptotic activity. TIP30 played an important role
in inducing cancer cells to apoptosis in various types of
cancers, such as lung cancer, HCC, and gastric cancer
(3,15,16,48-50). High levels of acutely overexpressed
exogenous TIP30 stimulated apoptosis (3,48), while
stable expression of exogenous CC3 sensitizes cells to
apoptosis in response to various factors, including serum
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withdrawal, cytotoxic drugs, y-irradiation, and microtu-
bule poisons (48).

Despite the fact that TIP30 is defined as a proapoptotic
factor, the molecular mechanism by which TIP30 gene
mediates apoptosis and which component is involved in
the TIP30 pathway remain largely unknown. TIP30 is
proved to be involved in apoptosis partly by cooperating
with the transcription factor p53, a tumor suppressor that
plays an essential role in preserving genome stability and
inhibiting cancer growth. p53 shares one common down-
regulator with TIP30: pigl2 (51). TIP30 can directly and
indirectly enhance the expression of p53 (49,50,52). In
hepatoblastoma cells infected with TIP30, the level of
P53 was increased with asynchronous apoptosis, suggest-
ing that TIP30 participates in apoptotic pathway by coop-
erating with p53. TIP30 was reported to induce apoptosis
by sensing of intracellular oxidative stress through regu-
lating p53 mRNA stability in HCC (49). In HCC, TIP30-
induced apoptosis was dependent on TIP30—p53—-Bax
cascade, requiring the translocation of Bax and the subse-
quent release of cytochrome ¢ and Smac/DIABLO from
the mitochondria (52). In gastric cancer cells, overex-
pression of TIP30 led to upregulation of p27, Bax, p53,
caspases 3 and 9 expression, and the downregulation of
cyclin D1, Bel-2, Bel-xL (15). Recently, TIP30 was found
to directly bind to p53 protein and subsequently inactivate
the p21-promoting ability of p53 (50). TIP30 protein had
a characteristic of phosphorylase kinase activity, which
can phosphorylate the N-terminal of p53 protein (13).
TIP30 protein might phosphorylate p53 C- or N-terminus
to enhance the pS53-dependent apoptotic pathway. In
addition to p53, several other factors are implicated in

Tumor

Defective Apoptosis
Defective Cell Cycle Arrest
Defective Senescence

Tumor

Figure 1. TIP30 tumor-suppressor functions. In normal cell growth or stressed conditions TIP30 regulates DNA replication and/or
DNA repair to maintain genome integrity. Exogenous or physiological stress activates TIP30 to regulate cell proliferation through
the activation of cell cycle arrest, senescence, or apoptosis to prevent tumor transformation. Consequently, TIP30 loss or decreased
expression, as it occurs in human tumors, triggers loss of their functions. TIP30 loss contributes to dysregulation of cell growth and to
enhance genome instability. Thus, TIP30 acts as a tumor-suppressor gene of type I or “caretakers” as well as type II or “gatekeepers”

to prevent tumorigenesis.
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Figure 2. Proposed model of loss or decreased of TIP30-
induced tumorigenesis. Gene mutations or epigenetic inhibited
TIP30 expression to suppress cell apoptosis, induce cell prolif-
eration, metastasis, and angiogenesis.

the proapoptotic action of TIP30. The ectopic expression
of TIP30 was found to elevate the expression of a subset
of proapoptotic genes, such as Bad and Siva (13). Bad is
associated with Bcl-2 and induces apoptosis (53) and Siva
participates in the CD27-mediated apoptosis DNA repair
response and proliferation within cells (54). In addition,
TIP30 can bind directly to karyopherins of the importin
family of nuclear transportins in a Ran-GTP-insensitive
manner to inhibit nuclear import and increase sensitivity
to a variety of death signals (18).

TIP30 Regulates Proliferation

Ectopic expression of TIP30 in HCC cells inhibited
cell proliferation with an increased level of p53 expres-
sion and a decreased level of Bcl-2/Bcl-xL expression.
Moreover, a combination of an adenovirus expressing
TIP30 and the cytotoxic drug S-fluorouracil treatment
suppressed tumor growth and prolonged survival in nude
mice with HCC tumors (55). This finding implicates a
role of TIP30 in suppressing tumor cell proliferation.

TIP30 Regulates Metastasis

In addition to its role in promoting apoptosis and inhib-
iting proliferation, TIP30 can also inhibit tumorigenesis
by inhibiting tumor cell metastasis. TIP30 was reported
to suppress tumor metastasis in various cancer cells in
vitro, including lung cancer, HCC, gastric cancer, breast
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cancer, and colorectal carcinoma (14-16,31-32,35). The
suppressive effect of TIP30 on cancer metastasis was
further demonstrated in nude mice. Inhibition of TIP30
expression significantly promoted lung metastasis and
angiogenesis in nude mice.

There seems to be two different mechanisms by which
TIP30 inhibit tumor cell metastasis. The first mechanism
is an apoptosis-inducing effect, which was first shown in
v-SCLC cells deprived of growth factors (3). The second
is through its indirect angiogenesis-inhibiting effect (11).
In HCC and lung cancer cells, TIP30 inhibited metas-
tasis through inhibition of osteopontin (OPN) expres-
sion, a key molecule that enhances tumor metastasis
through the induction of metalloproteinase (MMP) and
vascular endothelial growth factor (VEGF) expression
(16,32,56,57). In addition, overexpression of TIP30 can
also repress ERa-mediated c-myc transcription, and loss
of TIP30 increases c-myc expression in the mammary
gland of mice, indicating that TIP30 may regulate tumori-
genesis and tissue development of ERo-targeted organs
(22,58,59). However, in breast cancer, neither ER expres-
sion nor p53 protein was associated with TIP30 expres-
sion, suggesting that TIP30 contributes to the metastasis
at a different step from them. Further investigations are
needed to elucidate the exact mechanism.

TIP30 REGULATES ANGIOGENESIS

Angiogenesis is required in advanced tumor growth
and metastasis. In vitro experiment showed that TIP30
can diminish angiogenesis of tumor cells of both macro-
and microvascular origin (11,16).

The inhibitory effects of TIP30 might be modulated
through the regulation of angiogenic modulators at the
transcription level. TIP30 can induce changes in RNA
levels of several angiogenic-modulating factors, con-
sistent with the overall reduction in angiogenesis (11).
The expression of angiogenic stimulator angiopoietin
1 was markedly reduced, while the expression of some
angiogenic inhibitors, including angiopoietin 2, BAII,
and SPARC, was elevated, indicating that TIP30 inhibit
angiogenesis of tumor cells through the regulation of var-
ious angiogenic modulators.

TIP30 CONTROLS GENE TRANSCRIPTION

It is clear that TIP30 is a transcriptional factor, which
can promote HIV-1 tat-activated transcription through
interaction with tat protein and RNA polymerase II.
TIP30-mediated tumor-suppressive regulation can be
explained by two possible mechanisms. One possible
mechanism is that TIP30 directly affects the transcrip-
tion of genes in the nucleus (13,22). Evidence supporting
this mechanism is that overexpression of TIP30 directly
inhibited transcription of c-myc and osteopontin (OPN)
genes (22,32). Both c-myc and OPN are well-known



344

genes involved in many cancers. c-myc was one of the
first oncogenes identified and has been linked with a
wide spectrum of human cancers. OPN is expressed in
many cancers and plays a crucial role in determining
the oncogenic potential of various cancers, especially
in tumor metastasis (60,61). Increased level of c-myc
and OPN transcription may be one of the mechanisms
of tumorigenesis associated with low levels of TIP30.
The other possible mechanism is that TIP30 indirectly
influences the expression of genes in the cytoplasm by
changing the signal transduction pathways or inhibit-
ing nuclear import of some proteins (62). TIP30 plays a
significant role in the regulation of nuclear EGFR (23),
which plays a critical role in the pathogenesis of human
cancers (62,63). In hepatocytes, TIP30 regulated EGFR
signaling by controlling EGFR endocytic degradation,
and in MMTV-Neu mouse models, TIP30 deletion can
accelerate mammary tumor development by enhancing
EGFR signaling (29,64).

TIP30 REGULATES TUMOR CELL
GLUCOSE METABOLISM

Cancer is a metabolic disease. Cancer growth depends
on the ability of tumor cells to balance the metabolic
equation, which is characterized by highly variable oxy-
gen and glucose inputs on one side and survival and
unbridled proliferation on the other side. HeLa cells
with silenced TIP30 showed superior metabolic adapta-
tion and long-term survival time in low glucose in com-
parison to control HeLa cells, implicating that silencing
of TIP30 strongly improves survival of tumor cells in
response to glucose limitation (65). Absence of TIP30
expression promotes mitochondrial oxidative phospho-
rylation (OXPHOS) in tumor cells in low glucose but
does not affect the glycolytic pathway. Silencing of CC3
in tumor cells highly dependent on glycolysis gives them
the metabolic flexibility to utilize both OXPHOS and
glycolysis for their metabolic needs. Given that TIP30
has a negative effect on myc expression and that myc
plays a significant role in regulating genes involved in
both glycolysis and OXPHOS (66—68), it was concluded
that myc gene might contribute to the high mitochondrial
respiration in TIP30 silenced cells. The metabolic flex-
ibility acquired by cells after silencing of TIP30 may be
one of the mechanisms for the development of human
tumors that frequently have low or absent expression of
TIP30.

TIP30 REGULATES DNA DAMAGE
RESPONSES

The human genome integrity is constantly disrupted
by various genotoxic agents from the exogenous environ-
ment [chemicals, ultraviolet (UV), etc.] and endogenous
environment (replication, oxidative stress, etc.). Thus, the
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ability to repair damaged DNA is critical for living organ-
isms. TIP30 has been demonstrated to be involved in DNA
damage responses. Excess TIP30 impaired DNA damage
repair after both UV exposure and oxidative stress, nega-
tively influencing cell survival (69). Excess TIP30 inhib-
ited the expression levels of DDB2/XPE and p21CIP1,
and prevented the induction of c-FOS after UV exposure
(69). These genes are all proven to be involved in the DNA
damage repair through various mechanisms in numerous
publications. DDB2, also known as Xeroderma pigmen-
tosum group E, is required in the nucleotide excision
repair (NER) of DNA damage (70). p21CIP was proven
to be involved in the UV-induced DNA damage response
(71,72). C-FOS is an early response gene induced by
UV (23) and was necessary for the efficient repair of the
UV-induced DNA damage (73-75). The changes in those
genes are potential culprits in the effects of CC3 on cel-
lular responses to UV.

REGULATION OF TIP30 EXPRESSION

As mentioned above, TIP30 was frequently deregulated
in a variety of human malignances. However, the mecha-
nism leading to its deregulation in human cancer remains
unclear. Deregulation of gene expression can be caused
by two mechanisms: genetic alterations, namely gene
mutation or loss of heterozygosity (LOH), and epigenetic
events, such as CpG island promoter hypermethylation.

Regulation of TIP30 Expression by
Genetic Alterations

One possible mechanism is that TIP30 itself is muta-
ted and subsequently results in its aberrant expression.
Evidence to support this notion is that mutations were
frequently present in TIP30 exon 2 in many cancer cells,
while no mutations existed in normal cells. For example,
somatic missense mutations of TIP30 gene were present
in human HCC tissue specimens, leading to either insta-
bility or the abnormal cellular distribution of TIP30 pro-
tein. Mutations in the region of a nucleotide-binding motif
(GXXGXXG) between residues 25 and 31 of TIP30 pro-
teins resulted in a lack of apoptotic properties (18). TIP30
mutations not only lead to losing the tumor-suppression
function but also to gaining new functions including
acceleration of tumorigenesis by altering the expression
of N-cadherin gene (31). In addition, it is well known that
TIP30 gene was located in human chromosome 11p15, at
which loss of heterozygosity (LOH) is frequently present
in many tumor types, including the breast cancer, esopha-
geal adenocarcinoma, gastric adenocarcinoma, and spo-
radic adrenocortical cancer (76-78). LOH at 11pl5 was
reported to be present in 61.5% of gastric cancers and
53.3% of esophageal adenocarcinoma, implicating that
LOH might be the mechanism for the deregulation of
TIP30 in various malignancies.
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Regulation of TIP30 Expression by
Epigenetic Change

Epigenetic change refers to a stable change in gene
expression that can be inherited through subsequent cell
divisions, without a change in DNA sequence. Epigenetic
changes could be divided into two categories: DNA
methylation (79) and histone modifications (80). DNA
methylation occurs mainly in CpG islands and results in
transcriptional repression (81). In addition to silencing
due to gene mutations, epigenetic changes are associ-
ated with transcriptional inactivation of many genes and
play an important role during carcinogenesis and tumor
development. Aberrant promoter hypermethylation is a
common mechanism for loss of function of several tumor-
suppressor genes, DNA repair genes, and other genes in
human cancers. Hypermethylation of TIP30 was found
in 47% of the HCC patients, whereas it was not detected
in normal liver tissues, and epigenetic silencing of TIP30
gene by CpG island DNA hypermethylation is proven to
be associated with poor prognosis of HCC (33). In addi-
tion, in human colorectal carcinoma, a higher promoter
methylation was involved in the decreased expression of
TIP30 (35). Thus, the methylation of specific promoters
may lead to the transcriptional silencing of TIP30 in these
cancers and subsequently leads to cancer progression.
However, the methylation status in other cancers remains
unknown. Further studies are needed to elucidate the pos-
sible relationship between the expression of TIP30 and
promoter hypermethylation in other malignancies.

MicroRNAs (miRs) are endogenous 18-25 nucleotide
noncoding RNAs that target specific mRNA for transla-
tional repression or degradation (82). miRs can regulate
various cellular functions, including cell survival, prolif-
eration, migration, invasion, and metastasis, and expres-
sion levels of miRs are often deregulated in cancer (83,84).
In pancreatic cancer, miR-10b promoted pancreatic cancer
cell proliferation and invasion by suppressing the expres-
sion of TIP30 (38). The study provides a novel sight involv-
ing a miR—-TSG—tumor-suppressor axis to understand the
mechanism of TIP30’s tumor-suppressive function.

IMPLICATIONS IN CANCER MANAGEMENT

Given that deregulated expression of TIP30 was
identified in a number of human cancers, it provides an
attractive approach for anticancer therapies. First of all,
TIP30 can be used as biomarkers for cancer diagnosis.
By monitoring the TIP30 status in an individual tumor,
such as alterations in gene and protein levels, we can
predict the risk of cancer development and progression,
as well as the prognosis of the cancer. Since TIP30 was
downregulated in many kinds of cancers, reintroduction
of the TIP30 gene or stabilization of the TIP30 protein
level may be an attractive strategy for cancer manage-
ment. Moreover, given that TIP30 inhibits tumorigenesis
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by promoting tumor apoptosis, inhibiting tumor metasta-
sis and angiogenesis, restoration of its tumor-suppressing
function may inhibit tumor growth, serving as a potential
target for cancer therapy.

CONCLUSIONS AND FUTURE DIRECTIONS

In conclusion, TIP30, mutated or depleted in a vari-
ety of human malignances, is a well-characterized tumor
suppressor. TIP30 exerts its tumor-suppressor function
through induction of apoptosis, inhibition of proliferation,
metastasis and angiogenesis, regulation of gene transcrip-
tion, and participation in the glucose metabolism and DNA
damage repair process. TIP30 can regulate the expression
of various tumor-related genes and proteins, such as p53,
c-myc, OPN, and EGFR, all of which are involved in the
tumorigenesis and might be the underlying mechanism for
the tumor-suppressive functions of TIP30. The studies on
the molecular mechanism that lead to the deregulations of
TIP30 were relatively limited. Both gene mutations and
epigenetic modifications of TIP30 were all proven to be
involved in the regulation of TIP30.

Previous studies have focused on cellular and molecu-
lar mechanisms on how TIP30 exert its tumor-suppressive
role. However, how and why TIP30 is lost in tumors remains
unclear. Relatively little is known about the mechanism that
leads to downregulation of TIP30 in human cancers. Quite
recently, several mechanisms, such as promoter hypermethy-
lation as well as miRNAs (microRNAs) including miR-10b,
have been showed to regulate TIP30’s tumor-suppressor
functions (33,35,38). The exact molecular mechanism that
initiates TIP30 downregulation remains unclear. Genetic
and epigenetic susceptibility as well as environmental fac-
tors might play a role in this process. A better understanding
of the upstream regulator for TIP30 could provide important
insights for scientists and physicians to design better strate-
gies to restore the TIP30 tumor-suppressor function as an
efficient means to treat cancer patients.
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