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pS7: A multifunctional protein in cancer (Review)
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Abstract. p57 is a cyclin-dependent kinase (CDK) inhibitor,
the first cell cycle regulator that is regulated by imprinting. pS7
was initially considered to be a tumor suppressor based on its
ability to regulate cell cycle progression through its N-terminal
domain. Now, it has been found that p57 is also involved in
the regulation of other cellular processes including tran-
scription, apoptosis, differentiation, development, and
migration via its PAPA repeat and carboxyl-terminal domain.
The multifunction of p57 participate in many processes in
tumorigenesis involving in different mechanisms including loss
of imprinting, loss of heterozygosity, promoter methylation,
histone deacetylation and regulation of microRNAs. Moreover,
upstream signaling pathways, protein-protein interactions
and altered subcellular localization have also been reported
to participate in abnormal expression of p57 resulting in the
occurrence and progression of cancer. However, it is unclear
whether p57 may play a dual role during tumorigenesis under
different cellular processes similarly to its siblings. The
presence of a nuclear localization signal in p57 is intriguing
because it may affect the subcellular localization of p57,
which can result in abnormal proliferation and motility of
cells, and may be oncogenic under certain circumstances, as
observed for p21 and p27.
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Introduction

Any aberrations in normal cell cycle progression can lead to
uncontrolled proliferation that can result in the occurrence
and development of cancer. Cell cycle is a synchronized
process that responds to both positive and negative regulators.
The common negative regulators of the cell cycle are a class
of proteins named the CDK inhibitors (CKI). The CKI can be
grouped into two families: The INK4 family includes p16™K4a,
p15MKib p]8MNKde "and p19™K4, The Cip/Kip family includes
p57KiP2 p21Ciel "and p27Xie! (1).

The p57 is located in 11p15.5 and encodes a maternal
expression. The expression of p57 not only differs spatially
and temporally, but also has an organ and tissue-specific
expression pattern. The level of p57 fluctuates during embryo-
genesis, throughout adulthood and in different phases of cell
cycle. It is expressed in all major organs during embryogenesis
and at high levels in important stages of differentiation in
fetal organs. However, the expression of pS7 declines or is
undetectable in some adult organs including liver and spleen
after birth. In adult tissues, p57 is mainly expressed in skeletal
muscle, heart, brain, lung, kidney, pancrea, testis and placenta
(2-5). In cell cycle, p57 is undulantly expressed in G1-S and
G2-M transitions regulating cell proliferation and differen-
tiation. Thus, it is commonly accepted that p57 is a tumor
suppressor gene. Recent research suggests, however, that
p57 is actually a multifaceted protein that can regulate many
cellular processes to be abnormal in tumorigenesis (6). There
is conflicting evidence on the function of p57 in tumors.
Consequently, there is a growing debate regarding whether
p57 has an oncogenic effect under certain circumstances
like p21 and p27 (6). This review focuses on the structure,
abnormal functions and carcinogenic mechanism of p57 to
investigate its role in tumorigenesis.

2. The structure of p57

The human p57 (hp57) is comprised of 316 amino acids and
three domains shown in Fig. 1, contrasted with human p21
(hp21) and human p27 (hp27) (2,3). In the past, we focused
on the cyclin-CDK regulatory domain. However, a fraction
of BWS patients exhibit major point mutations that are
located outside of the cyclin-CDK regulatory region (7).
This phenomenon supports that p57 can participate in the
regulation of other functions via its PAPA repeat and QT
domains in tumorigenesis.
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Figure 1. The structure and functional domains of hp57, conparison with hp27 and hp21. hp57 consists of three domains: a highly conserved N-terminal, a
carboxyl-terminal and an internal PAPA repeat domain. The N-terminal domain is a conserved CDK inhibitor domain that is also present in the hp21 and
hp27. This region contains three domains: the cyclin binding site (A), CDK binding site (B) and the 3-,, helix motif (C). The carboxyl-terminus of hp57
has a QT domain that contains three motifs: a nuclear localization signal (NLS) is similar with hp21 and hp27; the PCNA binding domain is similar in hp21,
but not found in hp27 (D); a CDK consensus phosphorylation site is conserved between hp57 and hp27, but not found in hp21 (E).

The N-terminal domain. The N-terminus of p57 has been
shown to be necessary and sufficient for inhibition of
proliferation in tumor and is highly conserved among Cip/Kip
family. This region contains three conserved domains: the
cyclin and CDK binding sites and the 3-, helix motif. The
3-,o helix is implicated in inhibiting CDK2 kinase activity
specifically and is indispensable to inhibit cyclin A/CDK2
and cyclin E/CDK2 (8). The cyclin and CDK binding sites of
p57 can bind and inhibit the activity of cyclin E/CDK2,
cyclin A/CDK2, cyclin E/CDK3, and cyclin D2/CDK4
kinase complexes in a cyclin-dependent manner. It shows
considerably less activity toward cyclin B/CDK1 and cyclin
D2/CDK6 complexes. Furthermore, p57 can affect different
cyclins directly but very weakly (2). On the one hand, the N-
terminal cyclin-CDK binding domain of p57 occludes a
substrate interaction domain on a cyclin subunit, leading to its
insertion into the catalytic cleft of a CDK to prevent ATP
binding and catalytic activity. On the other hand, the binding
specificity of p57 is modulated by its phosphorylation of
distinct residues and protein-protein interactions (6,9). In
addition, the cyclin and CDK binding sites of p57 are
implicated for its degradation by ubiquitination to regulate
p57 levels and suppressive functions (10).

The PAPA repeat. The internal domain of p57 consists
primarily of an alternating proline-alanine repeat (PAPA
repeat), which contains a consensus mitogen-associated
protein (MAP) kinase phosphorylation site (2). No equivalent
PAPA domain is present in either p21 or p27. The PAPA
repeat may confer the ability to establish specific protein-
protein interactions affecting the localization of p57 or its
ability to function as a CKI in vivo (9). The presence of the
PAPA repeat provides a high frequency mechanism for
expansion mutation (2). The deletions in the PAPA repeat
are associated with increased risk for a variety of cancers. It
was found that 16 out of 105 patients with cancer of the
breast, bladder, or liver, had deletions within the PAPA
repeat of p5S7 (11). Moreover, the central region of p57 is
known to be essential for the interaction with LIM-kinase 1

(LIMK-1), which enables it to participate in the motility of
tumor cells (12).

The carboxyl-terminal domain. The carboxyl-terminus of p57
consists of a QT domain which exhibits sequence similarity
to the QT domain of p27. The QT domain has three motifs:
a nuclear localization signal (NLS), PCNA (proliferating
cell nuclear antigen) binding domain and a CDK consensus
phosphorylation site. The QT domain involves many functions
including proliferation, apoptosis and cytoplasmic localization
in tumor development. The location and adjacent sequence of
the CDK consensus phosphorylation site is highly conserved
between p57 and p27, but not found in p21. This site may be
involved in feedback regulation of p57 by their target CDKs
to regulate proliferation (3). The PCNA binding domain of
p57 can bind with PCNA to prevent DNA replication in vitro
and entry into S-phase in vivo, this affinity is weaker than
that of p21 (13). The QT domain of p57 also involves in
apoptosis though the c-Jun NH2-terminal kinase/stress-
activated protein kinase (JNK/SAPK) pathway in tumor cells
(14). The mutations in the QT domain do not make the
protein nonfunctional, rather it is made ineffective because it
cannot reach its target cyclin/CDK complexes. Some
researchers think it is a result of truncations in the NLS,
which prevents entry of p57 into the nucleus.

In the past, p57 was considered to express in the nucleus,
however, cytoplasmic expression of this protein has been
demonstrated in various tissue, tumors and derived cell lines
(15-20). A p57 expression construct missing the carboxyl-
terminus (amino acid 281) leads to the cytoplasmic localization
of p57 and its exclusion from the nucleus (2). In some
Beckwith-Wiedemann syndrome (BWS) patients, p57
accumulates in the cytoplasm because the NLS of p57 is
absent (21). These findings suggest that nuclear localization
may be specified by the NLS. The cytoplasmic expression of
p57 has been reported in esophageal carcinomas, non-small
cell lung cancer (NSCLC) and hepatocellular carcinoma
(HCC), but has not been further investigated (15,17,22).
Cytoplasmic p57 can interact with and regulate the activity of
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LIMK-1, which implies the motility of tumor cells (12,18).
Recently, numerous studies show that the p21 and p27, p57
siblings, in the cytoplasm of cancer cells are involved in
tumor invasion and metastasis (23). The NLS of p27
(RKRPAT sequence) is similar to the NLS of p57 (KRKR
sequence). The inactivated NLS of p27 leads to its cyto-
plasmic localization by Akt phosphorylation conferring p27
an oncogenic function and making such localization a
negative prognostic marker (24). The QT domain of p57 has
some phosphorylation sites. However, it has not been proven
that phosphorylation can affect the QT domain of p57 to
change subcellular localization. Although more studies are
need to make clear the relationship between the subcellular
localization and biological function of p57, some researches
support that p57 may play different even opposite roles in the
nucleus and the cytoplasm.

3. The altered functions of p5S7 and cancer

In cancer biology, the abnormal functions of p57 participate
in cancer initiation and progression. p57 was initially
reported to inhibit proliferation. Thus, it is believed to be a
tumor suppressor gene. Now it was found that p57 is also
involved in the regulation of other cellular processes including
apoptosis, differentiation, development, and migration in
tumorigenesis (6). Clinical studies also show p57 is a marker
of aggressive phenotype and prognosis of tumors.

Abnormal cell cycle regulation. p57 plays a very important role
in proliferation of tumor cells. Specifically, p57 can regulate
cyclins, CDKs and cyclin-CDK complexes in the G1-S and
G2-M transitions, modulating both DNA reduplication and
cell mitosis. Thus, absence of p57 results in an unusual increase
in the number of cells in S- and M-phase in tumors. Loss of
p57 in tumor cells leads to: i) The assembly of cyclin
D/CDKG6 prevents formation of the growth-suppressing
form of Rb, which sequesters E2F members and activates
transcription of E2F-responsive genes. ii) The continued
activity of cyclin E/CDK?2 promotes completion of G1 phase
and entry into S phase. iii) The continued activity of cyclin
A/CDK?2 and increasing the levels of cyclin A promote entry
into and passage through S phase (25). In addition, p57 takes
part in endocycles, acytokinetic mitosis and cell fusion to
produce multinucleated giant cells during terminal
differentiation of some mammalian tissues by inhibition of
CDKs (26,27). In rat choriocarcinoma, the presence of
abnormal multinucleated giant cells corresponds with the
level of p57 expression (28). p57 can also modulate cell
cycle progression dependent on the PCNA binding domain of
p57 in tumor. Disruption of either CDK/cyclin or PCNA
binding can partially reduce the ability of p57 to inhibit cell
proliferation. However, loss of both inhibitory functions
completely eliminates the suppressive activity of p57 (13).
Accordingly, it has been reported that the decreased
expression of p57 coincides with overexpression of PCNA,
suggesting a contribution to the occurrence and progression
of lung, pancreatic and hepatocellular carcinoma (17,29,30).
p57 can provide an additional barrier against indefinite
proliferation influenced by telomere length indirectly. In
human mammary epithelial cells (HMECs), expression of
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p57 inhibits the conversion of conditionally immortal cells
to the fully immortal state, which is a rate-limiting step in
cancer progression (31).

pS7 and apoptosis in cancer. pS7 can either promote or inhibit
apoptosis depending on the cellular context and regulative
pathways in tumor cells. Some phenotypes of the p57- mice
display an increase in apoptosis because of a failure to exit
the cell cycle and initiate differentiation (32). pS7 can suppress
pro-apoptotic factors at checkpoints to avoid unintended
cell apoptosis under special circumstances, such as during
endocycle and tumorigenesis (26). The most common way in
which p57 modulates apoptosis is by acting on cyclin-CDK
complexes to arrest the cell cycle. Loss of pS7 expression
promotes E2F1-dependent apoptosis in p577 mice (33). In
breast cancer cell lines, small molecule CDK inhibitor BMS-
387032 transcriptionally activates p57 in an E2F1-dependent
manner, which serves to limit the E2F1 apoptotic activity (34).
The impact of p57 on apoptosis can be regulated by other
signaling pathways and transcription factors. The QT domain
of p57 can bind to the stress-activated signaling proteins as
an endogenous inhibitor of the INK/SAPK pathway to block
apoptosis (14). In p57-null oral carcinoma cells, exogenous
expression of p57 suppresses EGCG (epigallocatechin-3-
gallate)-induced apoptosis via inhibition of JNK signaling
(35). Kruppel-like factor 4 (KLF4) upregulates p57
expression, which in turn inhibits the INK/SAPK pathway in
cancer cells (36). Apart from this, p57 promotes stauro-
sporine-induced apoptosis by translocating to the mito-
chondria and promoting Bax, caspase-9, and -3 activities in
cancer cells (37). There are numerous clinical studies to
demonstrate that the abnormal expression of p57
accompanies imbalance of proliferation and apoptosis in
cancer cell lines and human tumor tissues (34,38,39). In
cancer therapy, the absence of p57 has an influence on pro-
apoptotic functions of anti-cancer drugs, which results in
drug resistance and a poor prognosis. The selective p57
expression sensitizes cancer cells to apoptotic agents such as
cisplatin, etoposide and staurosporine (37). The silencing of
p57 suppresses the p73-mediated apoptosis in lung and
colorectal cancer cell line caused by cisplatin treatment (40).
As a downstream regulator, apoptotic effects of pS7 depend
on the different signals of upstream pathways and regulators,
which allows for the selective removal of damaged cells.

Role of p57 in invasiveness and metastasis of cancer. Tumor
invasiveness and metastasis depend on altered regulation of
cell migration, which requires the regulators of cytoskeletal
dynamics, in particular the Rho family (41). Researchers
have identified a negative feedback loop between the Rho
pathway and CKIs; the Rho pathway controls the expression
and activities of CKIs, while CKIs negatively regulate various
proteins in the Rho pathway. This reciprocal interaction
results in the coordinated control of cellular proliferation and
cell migration in tumors (23). It has been indicated that p57
participates in coordinating the timing of three events:
neuronal differentiation, cell cycle exit, and neuronal
migration during nerve system development (42). p57 is
extensively expressed in skeletal muscle cells during all
stages of embryonic development, which suggests p57 is
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Figure 2. Regualtion of invasiveness and metastasis by p57 in cancer cells. p57 can inhibit the Rho/ROCK/LIMK/Coffilin signaling pathway. p57 interacts and
enhances activity of LIMK-1 and results in actin stress-fiber formation in cancer cells, which ultimately affects cancer cell motility. In the cytoplasm p57 controls
LIMK-1, which leads to an increase of p57 in the cytoplasmic fraction and a decrease in the nuclear fraction. Thus, subcellular localization of p57 is critical in the
regulation of cancer cell proliferation and migration. It is unclear how p57 moves between the nucleus and cytoplasm.

involved in cell migration during development (43). In
Schwann cells, reduced level of p57 participates in
cytoskeletal rearrangements and leads to actin filament
stabilization, altered cell morphology, and down-regulation
of promyelinating markers (44). Thus, the inability to
appropriately halt growth of p57 can lead to malformation
during development, and to carcinogenesis and metastasis.

The Cip/Kip proteins can inhibit the Rho/ROCK/LIMK/
coffilin signaling pathway at distinct levels involving angio-
genesis, invasion and metastasis of cancers (45). Vlachos and
Joseph found that p57 could interact and enhance activity of
LIMK-1 and resulted in an increase in the phosphorylation
and consequent inactivation of cofilin. Accordingly, selective
p57 expression promoted actin stress fiber formation in
cancer cells. They further demonstrated p57 expression could
reduce the actin mobile fraction, which affected its turnover
rate in the cell. These results suggest p57 controls LIMK-1
and ultimately affects cancer cell motility negatively (18).
It is worth noting that the interaction of p57 and LIMK-1
occurs in the cytoplasm, and p57 expression increases in the
cytoplasmic fraction and decreases in the nuclear fraction.
This contradicts a previous study, which shows that p57
regulates actin dynamics by binding and translocating
LIMK-1 from the cytoplasm into the nucleus and cannot
affect its activity (12). It has been proved that the binding of
p27 and p21 to Rho family, as well as regulation of actin
stress fiber occur in the cytoplasm (46,47). These results
indicate that the activity and subcellular localization of p57 is
critical in the regulation of cancer cell motility (Fig. 2).

Some clinical studies show that decreased expression of
p57 is related to increased invasiveness and metastasis in
cancers, categorizing it as a tumor metastatic suppressor
(17,48). Inducible expression of p57 in glioma cell lines
deficient in this CKI reduces their motility and invasiveness
(49). In addition, p57 is involved in angiogenesis via regulating
VEGF mRNA and protein level, which is an important event

in cancer metastasis (50). However, whether p57 promotes
or inhibits tumor cell invasiveness and metastasis remains
controversial. Some studies indicate that pS7 promotes the
invasion and metastasis of cancers. Knockdown of p57 inhibits
migration in some types of cells and overexpression of p57
induces the depolymerization of actin fibers. p27 and p21 in
the cytoplasm, the sibling of p57, decrease actin stress fibers,
which result in increased migration, invasion and metastasis
in HCC and melanoma (51,52). Furthermore, LIMK-1, the
p57 effector, has been shown to either promote or inhibit cell
mobility depending on different cellular context (53,54). A
study has associated elevated LIMK-1 activity with invasive
growth of cancers (55). This signal can represent a
cytoplasmic retention of p57, and consequently a functional
inactivation of the tumor suppressor. These studies indicate
that p57 may play dual roles in invisiveness and metastasis of
cancer depending on different cellular localization and
regulators. More studies are needed for complete clarification.

Differentiation and carcinogenesis. pS7 plays a critical role
in many differentiation processes in all kinds of cells by
performing both redundant and specific functions. Different
signal transduction pathways regulate p5S7 expression in
different tissues. For example, Notch/Hes signaling control the
levels of p57 expression in the differentiation and development
of pancreas, lens, pituitary and intestine (56-59). p57 is induced
by the myogenic factor MyoD in a p73-dependent manner to
participate in myogenesis (60). BMP controls p57 expression
to induce cell growth arrest or terminal differentiation in
normal primary human epidermal keratinocytes and chondro-
cytes (61,62). The altered expression of p57 produces undif-
ferentiated and over-proliferative cells that give rise to cancer.
It has been shown that carcinogenesis of above-mentioned
tissues correlates with the participation of p57 in the abnormal
differentiation. In rhabdomyosarcoma development, myoblasts
are unable to complete myogenic differentiation because
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PAX3-FOXOL1 inhibits p57 transcription via EGR1 (63). In
neural tumors, p57 is a direct target of some transcription
factors including CTIP2 and bHLH to influence cell fate
specification and differentiation (64,65).

p57 is the only CKI required and is the most important
during embryogenesis, thereby making the window for
mutations in carcinogenesis. Generation of p577 mice has
revealed a phenotype that closely mimics BWS in humans,
which is a familial cancer-prone syndrome and a 1000-fold
increase in the risk of childhood tumors (32). Moreover, loss
of p57 contributes to the occurence and high risk of soft
tissue sarcomas and Wilms' tumors (66). Jin and colleagues
found the p577 mice could develop prostatic intraepithelial
neoplasia, a precursor of prostate cancer (67). Moreover, p57
can regulate the cell cycle exit of progenitor cells to control
their proliferation and differentiation in the pancreas, crypt
of the small intestine, the nervous system, and the
hematopoietic system (56,59,68). The dysregulation of stem
cells by p57 could constitute an important pathway by which
it promotes tumorigenesis in leukemia (68). The uncoupling
of the cell cycle exit and differentiation is consistent with
cancer stem cell models, which propose that a small number
of stem cells underlie the growth of differentiated tumors to
produce reoccurence and resistance to treatment.

4. Carcinogenic mechanism of p57

The inactivation of p57 occurs in carcinomas of the prostate,
bladder, gastrointestinal tract, liver, pancreas, breast, head
and neck and others (19,67,69-73). In the past, it was thought
that genetic mutation was the principle way of gene
inactivation. However, mutational inactivation of p57 is
infrequent in malignancies. p57 has been mainly reported to be
inactivated via transcriptional and translational modifications in
cancers. The abnormal expression of p57 influence malignant
biological behavior of cancer cells through following multiple
mechanisms.

Loss of imprinting and loss of heterozygosity. p57 is an
imprinting gene and lies in the imprinted domain of 11p15.5.
As a growth regulator, monoallelic expression of p57 increases
the risk of tumorigenesis and abnormalities (74). Loss of
imprinting (LOI) of p57 is frequently observed in a number
of human cancers including breast, bladder, lung, ovarian,
and testicular carcinomas, as well as several types of childhood
tumors, including Wilms' tumor, adrenocortical carcinoma,
rhabdomyosarcoma, and hepatocellular carcinoma (16,75-78).
It is interesting to note that the embryonal subtype of rhabdo-
myosarcoma is characterized by loss of the maternal pS7 (79).
These results suggest that LOI of pS7 contributes to the patho-
genesis of tumors. DNA methylation and histone deacetylation
play an important role in the control of imprinting. p57 is
the focal point of the selective pressure for the imprinting
of 11p15.5. There is a 450- to 500-kb domain extending
from p57 to HI9 that contains multiple imprinted genes.
The establishment of imprinting may be regulated throughout
the entire domain. Thus, LOI might simultaneously affect
several genes including IGF2 and HI9 at this locus that
jointly contributes to the tumor and/or growth suppressing
functions of p57 (75,80). LOI of p57 is associated with LOH.
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11p11.5 is a frequent site for LOH in human cancers, and
p57 itself undergoes LOH in 19% cancers. LOH of p57 was
found in Wilms' tumor, hepatoblastoma, as well as oral, lung,
bladder and breast cancer (16). Activation of the paternal
allele may be a compensatory response to the loss of the
maternal allele, the result of a feedback mechanism to prevent
unlimited growth (31).

DNA methylation and histone modification. The main
epigenetic modification in humans is DNA methylation
and aberrant promoter methylation, which can result in the
silencing of p57. The pattern of p57 methylation in tumor
cell can be divided into two groups: one with extensive
methylation of the entire CpG island and one methylated
only at the region around the transcription start site. p57
methylation participate occurrence, progression and
prognosis in many cancers including lymphoma, leukemia,
lung, esophageal, gastric, hepatocellular, pancreatic cancers,
as well as BWS (81). Tumor suppressor properties of p57 are
dependent on its DNA methylation status. Overexpression of
p57 in leukemic cell lines with methylated p57 promoter
resulted in cell growth arrest and the induction of apoptosis.
In contrast, overexpression of p57 in partially methylated
cells resulted in a moderate inhibition of cell growth and had
no impact on apoptosis (70). In addition, the methylation
status of the p57 promoter may represent a biological marker
for predicting prognosis in patients. In the low-risk group
of diffuse large B-cell lymphoma patients, patients with
p57 methylation showed longer overall survival than patients
without p57 methylation. Interestingly, all patients with
p57 methylation were alive during follow-up (82). Aberrant
methylation of p57 is also related with biological aggressive
phenotype. The methylation of p57 may contribute to the
malignant progression of gastric mucosa-associated lymphoid
tissue lymphomas and transformation from the indolent
chronic phase to the aggressive blast crisis in chronic myelo-
genous leukemia (83).

pS7 can be repressed through histone modifications in
both methylation dependent and independent manner to
participate in tumorigenesis. The histone methyltransferases
EZH2 can suppress p57 through histone H3 lysine 27
trimethylation (H3K27me3), and p57 can be strongly activated
by histone deacetylase inhibitor (HDACi) in breast cancer.
Moreover, co-expression of EZH2 and p57 levels provides a
stronger predictive power of breast cancer prognosis (84).
The increased acetylation of histone H3 and H4 at the p57
promoter can induce expression and prevent rhabdoid tumor
growth. The HDACIi, Romidepsin, are potential therapeutic
reagents in the treatment of rhabdoid tumor via specifically
restored p57 expression (85). In gastric tumors, treatment
using demethylating agents, in cases where the promoter is
hypermethylated, or HADCIi, in cases where promoter
histones are deacetylated, reactivates p57 expression (86).
These studies suggest the use of methyltransferase and
HDACI to attenuate epigenetic silencing representing a
possible therapeutic approach to the treatment of certain
tumors.

MicroRNAs. MicroRNAs (miRNAs) can regulate various
pathways that can contribute to the development of a tumor
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by targeting oncogenes and tumor suppressor genes (87).
Studies show that miRNAs directly target the 3' untranslated
regions of p57 mRNAs to reduce reporter gene expression,
as well as diminish p57 protein levels involving cells from
quiescence to proliferation. Ectopic regulation of miRNAs on
pS7 expression results in activation of CDK2 and facilitation
of G1/S phase transition in cancer cells (88). In addition,
the silencing of p57 by miRNAs is not attributable to Skp2-
mediated proteolysis. Until now, miR-25, miR-92b, miR-222
and miR-221 have been shown to regulate p57 both indi-
vidually and combinatorially in cancer cell lines including
cervical, breast and gastric cancer cell lines, as well as leukemia
and glioblastoma cell lines (89,90). miR-25, miR-92b and
miR-106b control the p57 level and promote renewal of stem
cells (88,91). Some researches indicate that miRNAs can
stimulate growth of tumor cells in cancer cell lines and tumor
growth in vivo in a mouse xenograft model via p57 (90). In
clinical specimens, a significant inverse correlation between
miRNAs and p57 was found in gastric cancer tissues and
HCC tissues to confirm p57 participation in carcinogenesis
via miRNAs regualtion (90,92).

Regulation of signaling pathways. Multiple signaling pathways
control p57, a downstream regulator. Any alterations in sig-
naling can cause abnormal function of p57 resulting in tumori-
genesis. p57 can be a direct target of transcriptional repression
by Notch/Hes1, MyoD, p73, BMP2, and BMP6, IGF2, among
others, which participate in the development of pancreatic,
colorectal and esophageal cancers, as well as rhabdomyo-
sarcoma, leukemia, melanoma and others (60,93-96). The
alteration of transforming growth factor- (TGF-8) signaling
pathway is an important and common property of malignant
cells, which induces cell cycle arrest in a p57-dependent
manner. Upregulation of p57 occurs before the TGF-8-induced
G1 cell cycle arrest, which requires transcription and is
mediated via a highly conserved region of the proximal
pS57 promoter. pS7 reactivation was observed after stimulation
with TGF-8 in p57 promoter unmethylated cells but not in
methylated cells. Reduction of basal p57 expression by this
approach also allows hematopoietic cells to proliferate more
readily in the absence of TGF-B (97). Silencing of p57 can
abrogate the TGF-B-induced inhibition of proliferation in
primary human limbal epithelial cells (98). Now it is known
that p57 participates in the development of lung cancer,
leukemia, myeloma and leiomyoma via TGF- signaling
(99-101).

Phosphorylation and ubiquitylation. Notably, some data
demonstrate the existence of an inverse correlation of tumor
cell proliferation with p57 protein levels, but not with mRNA
levels. This indicates a role of posttranslational modifications
in the control of p57. Phosphorylation is an important way to
mediate the structure and many biological functions of p57,
which has many phosphorylation sites. When the amino
acids of p57 are phosphorylated, its affinity for cyclin-CDK
complexes and other proteins is altered. Moreover, phos-
phorylation can change stability of protein and subcellular
localization by altering signal pathways (6).

The cellular level of p57 can be controlled by the ubiquitin-
proteasome pathway in vitro and in vivo involving many
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ubiquitin ligases. The elimination of p57 is impaired in Skp2"
cells, resulting in abnormal accumulation of the protein.
Overexpression of WT Skp2 promotes degradation of p57,
whereas expression of a dominant negative mutant of Skp2
prolonges the half-life of p57. However, p57 degradation
also occurs at the GO-G1 transition even in Skp2”- MEFs
indicating that there are other pathways regulating the
expression of pS7 (10). The F-box protein, FBL12 forms an
SCFFBL12 complex and contributes to the degradation of p57
by TGF-B stimulation in a phosphorylation-dependent
manner. The phosphorylation of p57 at Thr 310 is important
for the interaction with FBL12. In addition, the phos-
phorylation of p57 at Thr-310 is required for SCFSkp2
(Skp1/Cull/F-box-type E3 ubiquitin ligase complex)-
mediated ubiquitylation, and the mediation in vitro is in a
manner dependent on the presence of the cyclin E-CDK2
complex (102). Mounting evidence underlines the role of
ubiquitin ligase in proteasomal degradation of p57 in different
tumor types (103). During hepatocarcinogenesis, an increase
in Cks1-Skp2 ligase and ubiquitylation of p57 contribute to
the susceptibility of developing HCC and are associated with
HCC prognosis (104,105). In non-small cell lung cancer, the
most important mechanism for regulation of p57 expression
is degradation by Skp2, which is demonstrated both in vivo
and in vitro (15).

5. Perspectives: promoter or inhibitor of cancer?

The chromosomal location of human p57, at 11p15.5, marks it
as a candidate tumor suppressor gene. There is ample evidence
indicating that p57 affects carcinogenesis and biological
behavior of tumor cells, the efficacy of anti-cancer agents,
and the prognosis of patients. p57 can suppress oncogene-
mediated transformation of primary cells, which demonstrate
that altered p57 expression serve as a ‘second hit’ during
tumorigenesis (13). However, recent studies show that CKI
proteins have interesting alternative functions from suppressor
to oncogene. In subsets of many human tumor types, the
function of the Cip/Kip family is altered by their relocalization
to the cytoplasm (23). The upregulation of p21 and p27 in the
cytoplasm of many cancer cells indicates that loss of nuclear
CKIs is important for cancer cell proliferation. Moreover,
increases in cytoplasmic p21 and p27 may be an oncogenic
factor, which is involved in high tumor grade, tumor invasion
and metastasis (106-108). Although there is no direct evidence
to prove that p57 is an oncogene, some researchers have
found that p57 expression is high in carcinoma of the colon,
pancreas and liver (109-111). In childhood tumors, increased
p57 mRNA was found, suggesting an oncogenic role for p57,
but protein expression was not examined. Yan et al found
~10% of p57-null animals survived to adulthood, and no
spontaneous tumors were observed at the age of 5 months
(32). p57 as a peroxisome proliferator-activated receptor-§3
(PPARB) target gene provides a possible mechanistic
explanation for tumor endothelial hyperplasia and
deregulation of tumor angiogenesis. The expression of p57 in
tumor cells is required for blood vessel formation and tumor
growth in PPARf3”- mice. When expressed in the tumor cells,
pS7 inhibits tumorigenesis by a direct inhibitory effect of
tumor cell proliferation, while its expression in tumor
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endothelial cells is required for blood vessel formation and
thus tumor growth (112). These results suggest that the loss
or subversion of the regulatory mechanisms governing p57
expression may lead to the specific loss of the tumor
suppressive function of p57 while maintaining the oncogenic
ones.

Since p57 is the least studied CKI, and many roles of
p57 remain controversial, more studies are required to
understand the functions of p57 in tumors. It is a matter of
perspective in research whether p5S7 may play a dual role
during tumorigenesis. An interesting direction is whether the
NLS of p57 affects the subcellular localization resulting in
abnormal cell proliferation and motility to act as an oncogene
similarly to the p27 and p27. Much work needs to be done.
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