
Abstract. Regulated mRNA translation plays an
important role in normal cellular functions and
cytoplasmic polyadenylation element binding proteins
(CPEBs) are the key factors that control the elongation of
poly(A) tail during translation. The expression of various
CPEBs has been noted to be linked to tumorigenesis,
tumor growth, invasiveness and angiogenesis; however,
different CPEBs appear to play diverse roles in cancer.
The evidence from the literature suggests that CPEB1 and
CPEB3 act more likely as tumor suppressors; in contrast,
CPEB2 and CPEB4 mainly exert oncogenic effects. In
addition, different CPEB subtypes may interact with each
other to regulate tumorigenesis. All four CPEB mRNAs
contain multiple microRNA (miRNA) binding sites, while
the functions of CPEBs are regulated by various miRNAs.
These results indicate that CPEBs play a significant role
in tumorigenesis; therefore, manipulation of the
expression of different subtypes of CPEBs might modulate
the behavior of cancer cells and provide new therapeutic
concepts for cancer therapy. However, more studies are
required to clarify their definite role in tumor
development. 

Translation and Cytoplasmic 
Polyadenylation Element 
Binding Proteins (CPEBs)

Regulated mRNA translation plays an important role in
normal cellular functions (1, 2). The translation of an
mRNA  is divided into three steps: initiation, elongation
and termination (1). Among them, translation initiation is
the rate-limiting, the most complex and the main target for
translational control mechanisms (3). The 5’end of all
transcribed mRNAs contains a 5’cap and the other end is
blocked by a long stretch, usually in the order of 200-500
nucleotides of adenine residues (poly(A) tail) (1). Both the
cap and the poly(A) tail of mRNAs act synergistically to
facilitate translation (1). The translation is affected by a
number of factors that stimulate or inhibit the translation
of specific mRNAs (1, 2). Among these factors, RNA-
binding proteins that recognize specific motifs in the 3’
untranslated region (3’UTR) of their targets, are important
(1, 2, 4). Of these RNA-binding proteins, cytoplasmic
polyadenylation element binding protein (CPEB) family
are sequence-specific RNA-binding proteins and the key
factors controling the elongation of the poly(A) tail and
polyadenylation-induced translation (2, 5, 6). CPEB binds
the cytoplasmic polyadenylation element (CPE) in the 3’
untranslated regions of responding mRNAs (2, 7-9).
CPEB-mediated effects on translation require at least two
CPEs separated by less than 50 nucleotides in the target
mRNA, which indicates the formation of CPEB-dimer
(10). CPEBs can recruit the translational repression or
cytoplasmic polyadenylation machineries to their target
mRNAs and nucleate a complex of factors that regulates
poly(A) elongation through a deadenylating enzyme (1, 4,
7, 11-13). 
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The CPEB proteins are composed of 4 subtypes (CPEB1-4)
where CPEB2-4 are closely related and CPEB1 is the most
distant member of the family (12-14). All CPEB proteins have
a similar structure with the C-terminal regions composed of
two RNA recognition motifs (RRMs) and two zinc-finger-
containing sequence-specific RNA-binding proteins, as well as
a regulatory N-terminal region (1, 9, 12). The N-terminals of
CPEB1-4 are highly variable, whereas the C-terminals are
more conserved (1). CPEBs mediate many physiological and
pathological processes, including germ-cell development, cell
division, cellular senescence, cell differentiation, synaptic
plasticity, learning and memory (1, 4, 7,11-13). CPEBs regulate
the translation of maternal mRNAs controlling meiotic cell-
cycle progression (15). However, CPEBs are also expressed,
in various combinations, in somatic cells (15). CPEB1, 2 and
4 are essential for mitotic cell division, but CPEB3 is the only
member dispensable for mitotic cell division (15). CPEB1, 2
and 4 have sequential non-redundant functions that promote
the phase-specific polyadenylation and translational activation
of CPE-regulated transcripts in the mitotic cell cycle, with
CPEB1 being required for prophase entry, CPEB2 for
metaphase and CPEB4 for cytokinesis (15). 

Various CPEB subtypes may interact with each other. For
example, there is evidence showing that CPEB1 and CPEB4 are
functionally exchangeable, targeting the same CPE-containing
mRNAs (16). Cell-cycle progression requires phase-specific
regulation of the expression of multiple genes, while both
CPEB1 and CPEB4 are required for cell proliferation and mitotic
entry (7). The CPEB knockdown using short hairpin RNA
(shRNA) in HeLa cells induces proliferation defects that are
modest for the CPEB4 knockdown, stronger for the CPEB1
knockdown and strong still for the double knockdown (7). In
addition, there is a delay in G1 entry in CPEB1 or CPEB1 plus
CPEB4 knockdown HeLa cells, which indicates a defect of in
the progression through G2/M phases or the transition from
G2/M to G1 (7). The interaction between CPEB1 and CPEB4
has also been noted in the regulation of angiogenesis. Increased
levels of CPEB1 and CPEB4 are noted in liver tissues of
cirrhotic patients and the livers and mesenteries of rats and mice
with cirrhosis or/and portal hypertension, as compared with
control tissues (17). In addition, CPEB4 overexpression
promotes cytoplasmic polyadenylation of vascular endothelial
growth factor (VEGF) mRNA, increasing its translation in
cirrhotic liver tissues from patients (17). The interaction between
CPEB1 and CPEB4 in angiogenesis is considered through the
regulation of CPEB4 by CPEB1, CPEB4 auto-amplification loop
and induction of VEGF overexpression by CPEB4 (17). 

CPEBs and Cancer

Cancer development is closely related to the reprogramming of
gene expression and genetic derangement contributes to cell
proliferation, apoptosis, metabolism, invasion and malignant

transformation (18, 19). CPEBs control cellular proliferation,
chromosome segregation and cell differentiation; aberrant
expression of CPEBs correlates with certain types of cancer,
indicating that cytoplasmic RNA 3’ end processing is important
in the control of tumor cell growth (1, 19, 20). Several CPEB-
regulated mRNAs regulate cell-cycle progression, senescence
and cell polarity (20). For example, the antiproliferative
protein, Tob, a component of the Caf1-Ccr4 deadenylase
complex, is involved in the regulation of the expression of the
proto-oncogene myc (21). The c-myc mRNA contains CPEs in
its 3’-UTR, which are recognized by the CPEB (21). CPEB
recruits Caf1 deadenylase through interaction with Tob to form
a ternary complex, CPEB-Tob-Caf1, and negatively regulates
the expression of c-myc by accelerating the deadenylation and
decay of its mRNA (21). In quiescent cells, c-myc mRNA is
destabilized by CPEB-Tob-Caf1, while in cells stimulated by
the serum, both Tob and Caf1 are released from CPEB and c-
myc expression is induced early after stimulation (21). Proper
balance between different isoforms of CPEBs is required to
determine the cell fate between senescence and proliferation,
while ectopic or unbalanced expression of the CPEB subtypes
may contribute to tumor development (1, 15, 19). There is a
report mentioning that CPEB1 is down-regulated in cancers of
the reproductive system, CPEB 1-3 are down-regulated in brain
cancers, CPEB3 and CPEB4 are down-regulated in cancers of
the digestive system and CPEB4 is down-regulated in blood
cell cancers (5); however, other reports showed contradictory
results (1, 15, 19, 20, 22, 23). Therefore, thorough
understanding the characteristics of CPEBs it is important to
clarify the role of various CPEBs in tumorigenesis and develop
strategies for tumor therapy. 

CPEB1

CPEB1 is known to be expressed in the brain, ovary, kidney
and lung (19). It regulates germ cell development, synaptic
plasticity and cellular senescence; CREB1 is important for
both meiotic progression and mitotic divisions (5, 24).
CPEB1 neutralizing antibody or dominant-negative mutant
forms of this protein inhibit cell division (2, 25). CPEB1 also
plays a role in the regulation of the mRNAs of several
encoded proteins involved in insulin signaling (24). Both
phosphatase and tensin homolog (PTEN) and signal
transducer and activator of transcription 3 (STAT3) are
negative regulators of insulin action; and CPEB1 directly
regulates the translation of PTEN and STAT3 mRNAs in
human HepG2 hepatocellular carcinoma (HCC) cells (24).
CPEB1-knockout mice have increased expression of PTEN
and STAT3 and decreased insulin signaling to protein kinase
B (Akt) in the livers of mice (24).

Senescence is a process that limits the number of times a
cell divides (12, 26). It can be induced by many environmental
stresses, such as reactive oxygen species, ultraviolet irradiation,
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DNA damage or stress (12, 26). Senescent cells do not divide
and they express high levels of tumor suppressors p53,
p19INK4A and p19ARF (27). Thus, senescence acts like a tumor
suppressor to prevent malignant transformation and contribute
to organizing aging (2). CPEB1 also regulates cell senescence
(1, 2). The CPEB1-mediated down-regulation of translation is
necessary for cells to become senescent (2). Absence of
CPEB1 causes immortalization of mouse embryonic fibroblasts
(MEFs), while the re-introduction of CPEB1 into the knockout
MEFs using retroviral vector rescues senescence (12). CPEB1
requires p53, p19ARF and p16ARF to induce senescence, since
exogenous CPEB1 could not induce senescence in p53, p19ARF
or p16ARF/p19ARF double knockout MEFs (2). Reduced p53
mRNA polyadenylation and translation cause senescence
bypass in CPEB1-depleted cells (28). Furthermore, CPEB1
also controls the cytoplasmic polyadenylation of human P53
mRNA by elongation of its poly(A) tail, while CPEB1
knockdown results in deficient polyadenylation of p53 mRNA
and about 50% reduction of p53 protein levels (1, 28). These
results suggest CPEB1 plays a significant role for inducing
cellular senescence and its functions are closely related to the
functions of p53, p19ARF or p16ARF/p19ARF. CPEB1 also
interacts with myc, which is also a CPE-containing mRNA (2).
Myc is a proto-oncogene and myc mRNA has been found to
coimmunoprecipitate with CPEB1 from wild-type MEFs (2).
In immortal CPEB1 knockout MEFs, myc mRNA translation
is elevated to two- to three-fold and the cells bypass
senescence; in contrast, myc knockdown in immortal CPEB1
knockout MEFs abrogates cell division (2). Thus, the
translational repression of myc by CPEB1 is a key event in
promoting senescence in MEFs (2). Similarly, in human lung
and skin fibroblast primary culture, absence of CPEB1 causes
a bypass of senescence accompanied by extended cellular life
span, which indicates CPEB1 is required to stimulate
senescence (2, 28, 29).

CPEB1 levels are decreased in several types of human
tumors, including ovary, stomach and breast cancers, myeloma,
as well as colorectal and gastric cancer cell lines and myeloma
cell lines (1, 20, 22, 30, 31). The reduced levels of CPEB1
have also been associated with the capacity of these malignant
cells to promote invasion and angiogenesis (22, 32). In the
absence of CPEB1, mammary epithelial cells lose cell polarity
(33). The loss of cell polarity can lead to epithelial-
mesenchymal transition (EMT) and the cells dedifferentiate
and become metastatic (34). The CPEB1-depleted mammary
epithelial cells alter their gene expression profile in a manner
consistent with an EMT and also become motile, which are
made particularly robust when cells are treated with
transforming growth factor-β, an enhancer of EMT (33). Twist,
a transcription factor, plays an important role in EMT and
metastasis (35). CPEB1 interacts with Twist1 mRNA and
down-regulates its expression; in the absence of CPEB1, Twist1
mRNA translation is elevated, which leads to EMT and

metastasis (5, 36). In addition, upon CPEB1 reduction, matrix
metalloproteinase 9 (MMP-9) mRNA, which encodes a
metastasis-promoting factor, undergoes poly(A) lengthening
and enhanced translation (33). In human breast cancer cells that
become progressively more metastatic, CPEB1 is reduced,
while MMP-9 becomes abundant (33). CPEB1-depleted
mammary cells become metastatic to the lung following
injection into mouse fat pads, while ectopically expressed
CPEB1 prevents metastasis (33). All these results suggest the
reduced CPEB1 levels might be related to the tumor formation
and metastasis of the transformed breast cells (5). In addition,
the CPEB1 knockout animals have significantly faster
papilloma formation in carcinogenesis assay than in wild-type
animals (2). For gastric cancer, CPEB1 has been noted to be
down-regulated in gastric cancer cell lines and in 11 of 12
primary gastric cancer tumors (22). Down-regulation of
CPEB1 by methylation of CPEB1 promoter is associated with
diffuse gastric cancer, lymph node metastasis and invasion;
overexpression of CPEB1 impairs these processes (22). 

Glioma stem cells (GSCs) have a potency of self-renewal
and multi-lineage differentiation while playing an important
role in glioma initiation, growth and recurrence (37-40).
Eliminating GSCs from the tumor has been considered an
effective therapeutic strategy (37-40). CPEB1 can induce the
differentiation of GSCs into astrocytes, with glial fibrillary
acid protein (GFAP) expression being positively correlated
with CPEB1 expression (32). CPEB1 overexpression reduces
the expression of Nestin and Notch intracellular domain
(NICD), as well as the efficiency of sphere formation (32).
In contrast, CPEB1 depletion from CSC2 glioma stem cells
significantly increases Nestin expression, Notch1 cleavage
and the efficiency of sphere formation (32). CPEB1
overexpression inhibits tumorigenicity of CSC2 glioma stem
cells in nude mice and the CPEB1 expression negatively
correlates with overall survival in glioma patients (32). In
addition, overexpression of CPEB1 in rat CNS-1
glioblastoma cells inhibits the migration and tumor size on
brain slices (41). These results indicate that CPEB1 may
suppress GSC self-renewal by inducing differentiation and
down-regulates stemness marker expression, tumorigenesis
and infiltrating phenotypes in vivo (32). 

CPEB1 also regulates angiogenesis. Hypoxia is an
important factor to activate tumor cell proliferation and
angiogenesis; tumor cells express hypoxia-inducible factor
1α (HIF-1α) during hypoxia (42). Overexpression of CPEB1
under nonstimulated conditions can repress HIF-1α mRNA
translation in neuroblastoma cells (42). In addition, in chick
embryo chorioallantoic membrane assay, down-regulation of
CPEB1 by methylation of CPEB1 promoter in KATOIII
gastric cancer cells is associated with increased angiogenesis
(22). Overexpression of CPEB1 inhibits angiogenesis and
decreases vascular endothelial growth factor A (VEGFA) and
MMP14 mRNA levels (22).
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Taken together, the data mentioned above suggest that
CPEB1 is a potential tumor suppressor and lack of CPEB1
increases susceptibility to cancer.   

CPEB2

CPEB2 is expressed in the brain, testis and liver (13,19). It
interacts with β-catenin and Ca2+/calmodulin-dependent protein
kinase II (CaMKII) (both are also CPEB1 targets); in primary
hippocampal cultures, the subcellular localization of CPEB2 in
neurons and astrocytes resembles that of CPEB1 (13).
Therefore, there is an overlap in RNA binding specificity
between CPEB1 and CPEB2 (13). Both CPEB1 and CPEB2
can affect the HIF-1α protein levels and HIF activity as there
is an interaction of CPEB1 and CPEB2 with the 3’-UTR of
HIF-1α mRNA (42, 43). Overexpression of CPEB1 and
CPEB2 under non-stimulated conditions can repress HIF-1α
mRNA translation in SK-N-MC neuroblastoma cells (42). In
contrast, stimulation of SK-N-MC neuroblastoma cells with
insulin and, thus, activation of endogenous CPEBs increase the
luciferase reporter gene fused to the 3’UTR of HIF-1α, as well
as endogenous HIF-1α protein levels; such increase can be
abrogated by treating the cells with CPEB1 or CPEB2 siRNAs
(42). Thus, CPEB2, in cooperation with CPEB1, regulate
oxygen homeostasis since HIF-1α is a transcriptional regulator
of several genes involved in mammalian oxygen homeostasis
(42). CPEB2 has been found to play a role in the tumorigenesis
of triple-negative breast cancer (TNBC) (44). TNBC represents
an anomalous subset of breast cancer with a greatly reduced 5-
year survival rate (44). The enhanced mortality and morbidity
of TNBC are related to the high metastatic rate, which requires
the acquisition of anoikis resistance (AnR), a process whereby
anchorage-dependent cells become resistant to cell death
induced by detachment (44). AnR TNBC cells have been found
to have altered mRNA splicing of CPEB2 with increased
inclusion of exon 4 into the mature mRNA to produce the
CPEB2B isoform (44). siRNA-induced down-regulation of the
CPEB2B isoform can re-sensitize the AnR cell lines to
detachment-induced cell death (44). In contrast, ectopic
expression of CPEB2B in parental TNBC cell lines induces
AnR and dramatically increases metastatic potential (44). These
results suggest regulation of CPEB2 mRNA splicing is an
important mechanism in AnR and TNBC metastasis (44) and,
thus, CPEB2B may have an oncogenic effect in TNBC.
However, the role of CPEB2 in tumorigenesis is still limited
and deserves further studies.

CPEB3

CPEB3 is expressed in the brain and heart (19). It mediates
translational repression in neurons and confines the strength of
glutaminergic synapses by translationally down-regulating the
expression of multiple plasticity-related proteins (PRPs),

including the N-methyl-d-aspartate receptor (NMDAR) and the
postsynaptic density protein 95 (PSD95) (45, 46). CPEB3
deficiency imbalances NMDAR-activated CaMKIIα signaling,
which, consequently, fails to repress synaptic strength under
stimulation conditions (46). In addition, CPEB3 knockout mice
exhibit hippocampus-dependent abnormalities that include long-
term spatial memory and short-term acquisition and extinction
of contextual fear memory (46). In neurons, the activation of
NMDARs accumulates CPEB3 in the nucleus and redistributes
CPEB3 in the nucleocytoplasmic compartments to control gene
expression (47). When translocated into the nucleus, CPEB3
binds to STAT5b and down-regulates STAT5b-dependent
transcription (47). CPEB3 is also related to tumorigenesis (48).
It has been found to be down-regulated in colorectal cancer
through the microarray-based high throughput screening (48).
CPEB3 is also down-regulated in human papilloma virus
(HPV)-positive cervical cancers compared with normal tissue;
this down-regulation of CPEB3 is considered to occur before
integration of HPV genome (30). Because CPEB3 is down-
regulated in colorectal cancer and HPV-positive cervical cancer,
it is considered to exert tumor suppression effects. However, the
data in the literature are limited and more investigations are
needed to elucidate the definite role of CPEB3 in cancers.   

CPEB4

CPEB4 is expressed in the brain, heart, kidney and lung (19).
CPEB4-associated mRNAs are significantly enriched in
multiple cellular functions that are relevant to tumorigenesis,
including Ras-related molecules, cell signaling components,
chromatin remodeling proteins, cyclins, apoptosis-related
molecules, stress and inflammation factors, metabolic
enzymes and genes related to cell migration and metastasis
(19). In addition, CPEB4 has been reported in association with
tumor growth, vascularization and invasion in invasive ductal
breast carcinoma (IDC), colorectal cancer, pancreatic ductal
adenocarcinoma, metastatic prostate cancer and glioblastoma
(19, 49-52). High expression of CPEB4 has been observed in
48.6% of IDC samples and is possibly related to increased
histological grading and N stage of IDC (50). IDC patients
with high CPEB4 expression show shorter overall survival as
compared with IDC patients with low CPEB4 expression (50).
In addition, CPEB4 mRNA expression is higher in the
metastatic prostate cancer compared to primary cancer (51).
CPEB4 is overexpressed in highly metastatic PC3 prostate
cancer cell line compared with stromal and epithelial tissues
from benign prostatic hyperplasia (51). Further, CPEB4 levels
is negatively correlated with epithelial marker CDH1 and
positively correlated with mesenchymal markers (SNAL1 and
ZEB2) in prostate cancer cells (51). 

Colorectal cancer tissues highly express CPEB4 and high
CPEB4 expression is correlated with advanced tumor stage,
lymph node metastasis, distant metastasis and poor
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prognosis in patients with colorectal cancers (52). CPEB4
is also highly expressed in the peripheral blood of colorectal
cancer patients (53) and CPEB4 expression is positively
associated with expression of Ki-67, a marker for
proliferative cancer cells (52). Suppression of CPEB4
expression by siRNA in SW480 and LOVO colon cancer
cells enhances apoptosis and decreases cellular proliferation
and is associated with decreased expression of anti-
apoptotic protein Bcl-X and increased expression of pro-
apoptotic protein Bax (52). CPEB4 is also overexpressed in
glioblastomas but not expressed in normal astrocytes or
paratumor tissues (19,49). CPEB4 down-regulation in
glioma cells results in reduced tumor size, cellular
proliferation and microvessel density, as well as increased
apoptosis (19, 49, 54). In addition, glioma cells with CPEB4
suppression have reduced vimentin expression and
decreased invasiveness than the control cells, thus indicating
that high CPEB4 expression in astrocytic tumors correlates
with a clinically aggressive feature (49, 54). Moreover,
CPEB4 also regulates the glioma stem cells, whereas
suppression of CPEB4 expression inhibits the growth,
proliferation and invasion of glioma stem cells (54). 

CPEB4 is overexpressed in pancreatic ductal
adenocarcinoma (PDA) (19). The frequency of increased
expression of CPEB4 is 34.6% in low-grade pancreatic
intraepithelial neoplasias (PanINs), 71.4% in high-grade
PanINs and 88.8% in moderately or well differentiated
PDAs; this frequency is relatively low in undifferentiated
PDAs (36.3%) (19). CPEB4 suppression using siRNA in
RWP-1 pancreatic cancer cells reduces Matrigel invasion and
soft-agar colony formation (19). In addition, CPEB4 down-
regulation using siRNA in pancreatic tumor cells slows
tumor growth and decreases the capability to form tumors in
non-pancreatic tissues, resulting in a slower progression to
death in mice (19). Furthermore, the pancreatic tumor with
CPEB4 knockdown has a decreased microvessel density and
increased stromal formation in mice, as compared with the
controls (19). Tissue plasminogen activator (tPA) has a role
in tumor proliferation, migration, invasion and angiogenesis.
tPA has been noted to be absent in normal pancreas and is
overexpressed in 85% of PDA (19). Down-regulation of
CPEB4 can induce a shorter poly(A) tail in tPA mRNA and
decrease tPA protein expression without affecting tPA mRNA
levels in PWP-1 pancreatic ductal cancer cells (19). Further,
suppression of CPEB4 using shRNA in RWP-1 cells reduces
the tPA expression in the subcutaneous or intraperitoneal
RWP-1 xenografts in mice (19). Ectopic expression of tPA
in xenografted RWP-1 cells depleted of CPEB4 increases the
number of tumors in mice (19). In addition to tPA, the pro-
oncogenic functions of CPEB4 in pancreatic cancers also
affect several mRNAs associated with tumorigenesis, such
as SMAD3, Bcl2 and MMP-7, suggesting CPEB4 regulates
cancer progression in different ways (19). 

As aberrant high expression level of CPEB4 has been
demonstrated in a variety of malignancies, CPEB4 appears to
exert pro-oncogenic effects to affect tumor growth, invasion
and vascularization (19). However, the functions of CPEB4
in non-small cell lung cancer (NSCLC) seem to be different
(55). The CPEB4 expression is relatively weak in NSCLC
samples and relatively high in non-cancerous adjacent tissues
(55). In addition, the CPEB4 expression is closely correlated
with the overall survival of NSCLC patients, with high
CPEB4 being correlated with better survival in NSCLC
patients (55). Further, knockdown of CPEB4 can promote the
migration and invasion of NSCLC cells (55). The down-
regulation of CPEB4 in NSCLC disapproves the concept of
pro-oncogenic effects of CPEB4 (55). Such contradiction is
considered related to the various downstream targets
modulated by CPEB4 in different kinds of cells (55).
Certainly, more studies are needed to clarify these issues.

CPEBs and microRNA

MicroRNAs (miRNAs) are small non-coding RNAs with
19-23 nucleotides in length found in all mammalian cells.
These miRNAs are incorporated into the RNA-induced
silencing complex and then target the 3’-UTR (untranslated
region) of a specific mRNA by a seed sequence that is
located near the 5’ region of the miRNA. The consequences
of miRNA binding are that the mRNA is silenced or
degraded, resulting in a reduced expression level of the
protein encoded by the targeted mRNA (55-57). miRNAs
regulate genes involved in various pathways, such as cell
death, cell proliferation, stress response and metabolism
(55-57). Because all CPEB mRNAs contain multiple
miRNA binding sites, miRNAs are also considered to
regulate the functions of CPEBs (12, 58). Cyclin E1 is a
member involved in cell-cycle transition (59). The cyclin
E1 (CCNE1) mRNA has two CPEs and two miR-15/16
target sites within the 3'UTR (59). Experiments using
competitor RNA and mutated cyclin E1 3'UTRs suggest
cooperation of CPEB and miR-15/16 to sustain repression
of the cyclin E1 mRNA during early stages of maturation
in Xenopus oocyte, which indicates cyclin E1 is co-
regulated by CPEB and miR-15/16 (59). In addition, miR-
122 has been found to control CPEB1 mRNA translation
(60), while miR-26 and miR-92 regulate CPEB2 mRNA
stability (58). CPEB3 is also regulated by miRNA. miR-
107 is up-regulated and CPEB3 is down-regulated in HCC
tissues compared with non-tumor tissues (6, 20). In
addition, miR-107 overexpression in the Huh7 and HepG2
HCC cells can down-regulate the CPEB3 expression by
directly targeting the CPEB3 3’-UTR (6). The miR-107-
induced down-regulation of CPEB3 is accompanied by the
up-regulation of epidermal growth factor receptor (EGFR)
and phospho-Akt, as well as down-regulation of p21 (6).
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miR-107 overexpression can promote the proliferation of
HepG2 and Huh7 HCC cells, enhances the migration and
invasion of Huh7 cells and increases the tumor growth of
subcutaneous HepG2 xenografts in nude mice (6).
Restoration of CPEB3 by co-transfection of miR-107 and
CPEB3 into the Huh7 cells decreases miR-107-induced
proliferation and migration (6). Therefore, the miR-
107/CPEB3/EGFR axis is considered to play an important
role in HCC progression (6).

CPEB4 has also been noted to be regulated by miRNAs
in cancer. In colorectal cancer, CPEB4 exhibits pro-
oncogenic effects and is a target of miR-203, a tumor
suppressive miRNA (52). Colorectal cancers have high
CPEB4 expression, that is correlated with tumor growth and
patient prognosis (52). miR-203 is significantly decreased
in colorectal cancers compared to adjacent normal tissues
while inhibiting cancer growth and enhancing cell apoptosis
(52). Transfection of miR-203 precursor in SW480 colon
cancer cells inhibits CPEB4 protein expression; in contrast,
transfection of miR-203 inhibitor in the SW480 cells
increases the CPEB4 mRNA and protein CPEB4 expression,
which indicate that CPEB4 is negatively regulated by miR-
203 in colorectal cancer cells (52). Further, restoration of
CPEB4 can inhibit the miR-203-induced apoptosis signaling
pathway, which then enhances cell proliferation and
suppresses cell apoptosis (52). In NSCLC, miR-1246 is
frequently up-regulated and CPEB4 is usually reduced (55).
miR-1246 can promote NSCLC cell migration and invasion
and CPEB4 knockdown enhances cell migration and
invasion, resembling the effect of miR-1246 (55). Co-
transfection of miR-1246 inhibitor and siRNAs targeting
CPEB4 into NSCLC A549 cells demonstrated that CPEB4
knockdown partly neutralized the suppressive effects of the
miR-1246 inhibitor on NSCLC cell migration and invasion
(55). These data suggest that CPEB4 is a direct and
functional target of miR-1246 in NSCLC (55).

Conclusion

Regulated mRNA translation plays an important role in normal
cellular functions and the CPEBs are the key factors that
control the elongation of poly(A) tail during translation. These
CPEBs direct coordinated programming of gene expression in
the cells; however, anomalous expression of various CPEBs
have been noted to be linked to the tumorigenesis, tumor
growth, invasiveness and angiogenesis (1, 15, 19, 20, 22, 23).
Different CPEBs appear to play diverse roles in cancers. The
evidence from the literature suggests that CPEB1 and CPEB3
act more likely to be tumor suppressors; in contrast, CPEB2
and CPEB4 exert oncogenic effects, although there is still some
controversy. In addition, a cancer type may simultaneously
have the changes of the expression levels in multiple CPEB
subtypes, such as colorectal cancer, breast cancer and glioma
(Table I), thus indicating that different CPEB subtypes may
interact with each other to affect tumorigenesis. All four CPEB
mRNAs contain multiple miRNA binding sites and various
miRNAs can regulate different CPEB subtypes to modulate
their functions (58). Therefore, manipulation of the expression
of different CPEB subtypes or targeting miRNAs to regulate
the CPEBs might modulate the behavior of cancer cells and be
used as a treatment strategy for cancer. However, the activation
of different signaling pathways by various CPEB subtypes may
exert either pro-oncogenic effect or tumor suppression. The
mechanisms and the signaling pathways of various CPEB
subtypes in tumorigenesis are still unclear. More studies are
needed to clarify their definite role in tumor development and
the development of cancer therapy strategies.  
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Table I. The function of CPEB subtypes in various cancer types.

Cancer types                                 CPEB1                         CPEB2                           CPEB3                            CPEB4                             References

Gastric cancer                                   −                                                                                                                                                           22
Colorectal cancer                              −                                                                          −                                      +                                    22,48,52
Pancreatic cancer                                                                                                                                                  +                                         19
Breast cancer                                     −                                   +                                                                             +                                 22,33,44,50
Ovarian cancer                                  −                                                                                                                                                             30
Cervical cancer                                                                                                              −                                                                                 30
Prostate cancer                                                                                                                                                      +                                         51
NSCLC                                                                                                                                                                  −                                         55
Glioma                                               −                                                                                                                  +                                 19,32,49,54
Myeloma                                           −                                                                                                                                                             31

CPEB, Cytoplasmic polyadenylation element binding protein; NSCLC, non-small cell lung cancer. −: tumor suppression. +: tumor promotion.
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