ONCOLOGY LETTERS 7: 1333-1340, 2014

Collapsin response mediator proteins: Potential diagnostic
and prognostic biomarkers in cancers (Review)
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Abstract. The collapsin response mediator proteins (CRMPs)
were originally identified as mediators of semaphorin 3A
signaling and neuronal differentiation. The CRMP family
consists of five homologous cytosolic proteins, CRMP1-5.
Altered expression levels of CRMPs have been observed in
several malignant tumors, including lung, breast, colorectal,
prostate, pancreatic and neuroendocrine lung cancer. The aim
of the current study was to review the recent progress achieved
in understanding the association between the different levels
of CRMP expression in tumors and their involvement in
pathological functions, such as tumor metastasis, disease
progression, subtype differentiation and clinical outcome, to
address the potential value of CRMPs as biomarkers for the
diagnosis and prognosis of cancer patients.
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1. Introduction

Collapsin response mediator proteins (CRMPs) are
cytosolic phosphoproteins that are highly expressed in
the developing and adult nervous system. CRMPs were
originally identified by different authors and, thus, have
been termed as turned on after division, 64 kDa protein
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(TOAD-64) (1), dihydropyrimidinase-related protein
(DRP) (2), uncoordinated 33-like protein (Ulip) (3),
TOAD-64/Ulip/CRMP (TUC) (4) and CRMPs (4). This group
of proteins is also known as the dihydropyrimidinase-like
protein (DPYSL) family. However, the most frequently used
name in the medical literature is CRMP and, therefore, has
been adopted in the present review. The CRMP family consists
of five homologous cytosolic proteins that are expressed in
distinct yet partially overlapping patterns of expression during
the development of the nervous system in humans, rats and
mice (5-8). The nomenclatures of the five members of the
CRMP family, which are used in different fields of study, are
listed in Table I.

CRMPs are the mammalian homologues of the
Caenorhabditis elegans Ulip gene. Mutations in the unc-33
gene result in severely uncoordinated movement, abnormali-
ties in the guidance and outgrowth of the axons of a number
of neurons and a superabundance of microtubules in neuronal
processes (9). Although CRMPs were originally identified
as mediators of semaphorin 3A (Sema3A)-induced growth
cone collapse, the significant similarity between the CRMP
and worm unc-33 gene sequences indicates an additional
role for CRMPs in the growth and morphology of axons.
Previous studies have indicated that in cultured neurons
CRMPs have a multifunctional role in neuronal development,
including axon formation/extension (CRMPI) (10), axonal
guidance, specification, elongation and branching (CRMP2
and CRMP4) (11-13), filopodial dynamics and growth cone
development (CRMP5) (14).

Among the five CRMP family members, CRMP2 was the
first to be identified; therefore, the majority of studies have
analyzed the mechanisms of CRMP2. In Fig. 1, the signaling
pathways that regulate CRMP2 expression and its associated
biological functions are summarized.

CRMP2 was originally identified as the signaling molecule
of the repulsive guidance cue, Sema3A, which induces growth
cone collapse (15). Sema3A triggers Ras-related C3 botulinum
toxin substrate 1 (Racl) activation through its receptors
neuropilin-1 (NP-1) and plexin A (PlexA), which affects the
downstream kinases and subsequently leads to the activation
of glycogen synthase kinase 3p (GSK-3f). GSK-3f then phos-
phorylates CRMP2 at Thr-509, Thr-514 and Ser-518. However,
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Table I. Nomenclature of the CRMP family.

CRMP1I CRMP2 CRMP3 CRMP4  CRMP5
DPYSLI DPYSL2 DPYSL4 DPYSL3 DPYSL5
Ulip3 Ulip2 Ulip4 Ulipl Ulip6
DRP1 DRP2 DRP4 DRP3 DRP5
Cc22 TOAD-64 hUlip CRAM

CRMP, collapsin response mediator protein; DPYSLI1, dihydro-
pyrimidinase-like protein; Ulip, uncoordinated 33-like protein;
hUlip, human homolog of Ulip; DRP, dihydropyrimidinase -related
protein; TOAD-64, turned on after division, 64 kDa protein; CRAM,
cysteine-rich acidic transmembrane protein.

the phosphorylation of CRMP2 at Ser-522 by cyclin dependent
kinase-5 (Cdk5) is a prerequisite for GSK-3B-mediated CRMP2
phosphorylation. The phosphorylated CRMP?2 loses affinity for
tubulin heterodimers, which induces tubulin depolymerization
and microtubule destabilization, thus reducing microtubule
growth at the distal end of axons to encourage axon retrac-
tion (11,16-18). The phosphorylation at Ser-522 by Cdk5 and the
subsequent phosphorylation at Thr-509, Thr-514 and Ser-518
in CRMP1 and CRMP4 was identified to be similar to that
in CRMP2. By contrast, Ras (19), neurotrophin-3 (NT-3) (20)
and brain-derived neurotrophic factor (BDNF) inhibit
GSK-3f via the phosphatidylinositol-3-kinase (PI3K)/Akt
pathway, which subsequently reduces CRMP2 phosphoryla-
tion (pThr-509/pThr-514) and promotes axon growth (19-21).

An additional signaling pathway that causes neuronal growth
cone collapse, but is Sema3A-independent, is lysophosphatidic
acid (LPA) signaling (22,23). LPA is a bioactive phospholipid
and during LPA-induced growth cone collapse, CRMP?2 is
phosphorylated at Thr-555 by Rho-kinase, which is downstream
of RhoA (24). CRMP2 mediates Sema3A signaling, which is
independent of the phosphorylation by Rho-kinase (24).

Neurofibromin is the neurofibromatosis type 1 tumor
suppressor gene product. Previous studies have identified
a novel function of neurofibromin in neurite outgrowth,
involving the regulation of CRMP2 phosphorylation via
direct and indirect associations with CRMP2. Neurofibromin
directly interacts with the active (non-phosphorylated) form
of CRMP2 via the neurofibromin c-terminal domain, but
does not interact with the inactive (phosphorylated) form of
CRMP2. Neurofibromin and CRMP2 are particularly colocal-
ized in the distal tips and branches along the neuritis, which
are recognized as major CRMP2 active sites in the differenti-
ated PC12 cells. The downregulation of neurofibromin induces
the inactivation of CRMP2 through phosphorylation regulated
by Cdk5, GSK-3f and Rho-kinase, which induces the neurite
retraction of the cells (25). Therefore, the functional asso-
ciation between neurofibromin and CRMP2 is essential for
neuronal cell differentiation.

Although CRMPs were originally identified in the
nervous system and are involved in neuronal development,
studies have demonstrated that CRMPs are expressed in
cancerous tissues and may have an effect on cancer progres-
sion and metastasis.
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2. CRMPs as biomarkers in cancer

CRMPI and lung cancer. Similarly to CRMP2, CRMPI
is also a mediator of extracellular guidance cues, such as
Sema3A, and contributes to cytoskeletal reorganization in the
axonal pathfinding process. The involvement of CRMP1 in
cancer progression was first reported by Shih et al (26)who
compared poorly and highly metastatic lung cancer cells using
a cDNA microarray, whereby metastasis-associated genes
were identified on a genome-wide scale. Cluster analysis of the
cDNA microarray results revealed that ~500 genes were posi-
tively or negatively correlated with cancer cell invasiveness;
the majority of these genes were involved in angiogenesis, cell
motility, adhesion and proliferation. However, the expression
of CRMP1 mRNA was identified to negatively correlate with
cell invasiveness (27). The association between an invasive
phenotype and CRMP1 expression in vitro was evaluated by
genetic manipulation of CRMP1 expression. Transfection of
a CRMPI1 construct into a highly invasive lung cancer cell
line was found to significantly reduce the invasive activity of
the cells, whereby morphological changes (from an elongated
to a rounded morphology) and a reduction in filopodia were
observed. A previous study evaluated the association between
CRMP1 expression in tumors and clinical outcome in 80 lung
cancer patients. The results indicted that the expression of
CRMP1 mRNA in non-small cell lung cancer (NSCLC) was
significantly lower than that in the adjacent normal tissues.
The median value of CRMP1 mRNA expression was used to
classify patients into high or low expression groups, whereby
patients with low CRMP1 expression were found to exhibit a
more advanced level of disease and lymph node metastasis. By
contrast, the high expression group exhibited a significantly
longer disease-free and overall survival than those of the low
expression group (26, 28). This study implicated CRMP1 as a
novel invasion suppressor gene in lung cancer.
Cyclooxygenase-2 (COX-2) is considered to be important
in the regulation of CRMP1 in lung cancer; the overexpres-
sion of COX-2 has been reported to decrease CRMP1 mRNA
and protein expression. By contrast, the COX-2 inhibitor,
celecoxib, was found to induce a dose-dependent increase
in CRMP1 expression. COX-2 inhibitors increase CRMP1
expression by inhibiting Spl-DNA complex formation and
enhancing the DNA binding of the CCA AT-enhancer-binding
protein a at the promoter (29). Previous studies have identi-
fied that COX-2 is overexpressed in lung cancer and that
COX-2 expression promotes lung cancer cell proliferation,
invasion and angiogenesis (30, 31). COX-2 inhibitors suppress
cancer development by inducing apoptosis or inhibiting
prostaglandin synthesis, cell cycle progression, angiogenesis
or metastasis (32-34). Therefore, COX-2 may increase metas-
tasis by the regulation of CRMP1 expression in lung cancer
cells. Additionally, connective tissue growth factor (CTGF), a
secreted protein that binds to integrins on the cell surface, has
been observed in breast cancer, pancreatic cancer, melanoma
and chondrosarcoma (35-38). The expression of CTGF has
been found to be associated with anti-invasive and antimeta-
static activities in human lung adenocarcinoma. In addition,
reduced CTGF expression in tumor tissues has been associ-
ated with advanced tumor stage, lymph node metastasis, early
postoperative relapse and shorter patient survival (39). This
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Figure 1. Signaling pathways regulating growth cone collapse, axonal outgrowth and axonal branching through CRMP2. Sema3A triggers Racl activation, via
its receptors NP-1 and PlexAl. This is followed by the activation of GSK-3 which subsequently phosphorylates CRMP2 at Ser-518, Thr-509 and Thr-514. The
GSK-3f-mediated CRMP2 phosphorylation is dependent on the prior phosphorylation of CRMP2 at Ser-522 by Cdk-5. LPA induces CRMP2 phosphorylation
at Thr-555 via RhoA and Rho, and BDNF, NT3, and Ras-GTP inhibit the activation of GSK-3f via PI3K and Akt to activate CRMP2. Neurofibromin directly
interacts with or activates CRMP2 by inhibiting Cdk5, Rho or GSK-3f. Phosphorylated CRMP?2 loses it affinity to tubulin heterodimers and subsequently
induces growth cone collapse or axonal outgrowth inhibition. CRMP2, collapsin response mediator protein 2; Sema3A, semaphorin 3A; Racl, Ras-related C3
botulinum toxin substrate 1; NP-1, neuropilin-1; PlexAl, plexin Al; GSK-3f, glycogen synthase kinase 33; Cdk5, cyclin dependent kinase-5; LPA, lysophos-
phatidic acid; RhoA, Ras homolog family member A; BDNF, brain-derived neurotrophic factor; NT3, neurotrophin 3; PI3K, phopshoinositide 3-kinase; Akt,

protein kinase B.

study indicated that CRMP1 acts as a downstream effector
of CTGF and mediates the anti-invasive and antimetastatic
activities of CTGF (39).

Pan et al (40) identified a novel human isoform of the CRMP
family proteins termed long-form CRMP1 (LCRMPI), which
can be distinguished from the known invasion suppressor,
CRMPI, by its molecular weight and N-terminal exon 1. The
authors revealed a positive correlation between LCRMP1
expression and lung cancer cell invasiveness. Additionally,
high LCRMP1 mRNA expression was associated with poor
overall and disease-free survival in NSCLC patients. The
metastatic lymph nodes demonstrated higher LCRMP1 expres-
sion when compared with that of the primary lung tumors.
Therefore, LCRMP1 was considered to be a cancer invasion
enhancer, which may present as a novel prognostic biomarker
in NSCLC (41). To further understand the mechanisms asso-
ciated with the cancer cell migration and invasiveness of
LCRMPI, Pan et al (40) also revealed that the overexpression
of LCRMPI in non-invasive human cell lines enhances filo-
podia formation and cancer cell migration and invasion via the
stabilization of actin through binding to the Wishott-Aldrich
syndrome protein family 1 (WAVE-1) protein. CRMP1 and
LCRMPI were found to directly interact with each other to
form heterodimers in cells, however, CRMP1 did not interact
with WAVE-1. In addition, the overexpression of CRMP1
was found to inhibit the interaction between WAVE-1 and
LCRMPI, which resulted in the regression of filopodia and
suppression of the invasive ability in LCRMPI1-overexpressing
cells. Such observations suggest that CRMP1 and WAVEI1

may compete for LCRMPI1 binding, which may highlight
the mechanism through which these proteins affect filopodia
formation and cancer cell invasion/migration (41).

A study comparing CRMP1 and LCRMPI expression
levels in tumor specimens obtained from 142 patients with
NSCLC indicated that patients with low levels of CRMP1
expression or high levels of LCRMP1 expression had a poorer
overall and disease-free survival. CRMP1 and LCRMPI are
independent prognostic factors and analysis of the combined
effect of the two proteins on patient prognosis has revealed
that patients with high levels of CMRP1 expression and low
levels of LCRMP1 expression demonstrate an improved
overall and disease-free survival than patients exhibiting low
levels of CRMP1 expression and high levels of LCRMP1
expression. These results indicate that CRMP1 and LCRMP1
counter-regulate cancer metastasis in the clinic (41). LCRMP1
and CRMP1 exhibit opposing functions in the regulation of
cancer cell invasion and metastasis, which may implicate this
pathway as a potential anticancer target.

In addition, LCRMPI appears to act downstream of
cell division control protein 42, a Rho family protein which
is involved in actin rearrangement (42). GSK-3f3 has been
observed to phosphorylate LCRMP1 at Thr-628 and Ser-632
in lung cancer cells, and the Thr-628 of LCRMP1 has been
identified as a dominant and important phosphorylation site for
LCRMPI function. The GSK-33-dependent phosphorylation
of LCRMPI positively regulates filopodia formation, migra-
tion and cancer cell invasion. Furthermore, clinical NSCLC
patients with low levels of inactive GSK-3f and high levels
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of LCRMPI protein expression demonstrated a poorer overall
survival than patients with high levels of the inactive form of
GSK-3p and low levels of LCRMPI expression (42). These
results suggest that high activity of GSK-3f and high levels
of LCRMP-1 expression, are associated with increased cancer
invasiveness and poorer overall survival in NSCLC patients.
Therefore, a new regulatory mechanism for GSK-3f has been
highlighted which involves the phosphorylation of the invasive
enhancer LCRMPI.

CRMP?2 and cancer. Although the majority of studies have
focused upon the involvement of CRMP2 in neuronal develop-
ment, its function in tumorigenesis has also been investigated.
Wu et al (43) analyzed the secretomes of 21 cancer cell lines
derived from 12 types of colorectal carcinoma and revealed
the detection of CRMP2 in the colorectal carcinoma cell
line secretome. Furthermore, CRMP2 mRNA expression
was detected in 43 colon cancer tissues. CRMP2 was iden-
tified as the major CRMP isoform expressed in normal and
tumorous colon tissues, and CRMP2 expression levels were
found to be significantly higher in tumor tissues than normal
tissues, however, no significant differences in expression
were observed in the four other CRMP family members. The
CRMP?2 protein expression was investigated in 169 colorectal
carcinoma tissue sections and the results revealed the posi-
tive staining of CRMP2 in 58.6% of the tumors; however, in
90% of the adjacent non-tumor epithelial cells, weak or no
expression of CRMP2 was observed. Furthermore, CRMP2
was predominantly located in the cytoplasm of tumor cells.
The percentage of positive CRMP2 staining was identified
to be significantly higher in the early stage of the disease
compared with the late stage, and significantly higher in early
lymph node metastasis. However, CRMP2 expression was not
found to significantly correlate with tumor metastasis stage or
five-year survival, although, patients with CRMP2-positive
tumors tended to demonstrate improved five-year survival.
The plasma CRMP2 levels were detected to investigate its role
as a biomarker in colorectal carcinoma. The results indicated a
significantly higher levels of CRMP2 expression in colorectal
carcinoma patients when compared with those of the healthy
controls; however, CRMP2 plasma levels in colorectal
carcinoma patients were not found to significantly correlate
with metastasis or lymph node metastasis (43). These results
indicated that CRMP2 may be suitable as a biomarker for
the diagnosis of colorectal carcinoma, but not as a prognostic
indicator.

An additional study by Oliemuller er al investigated the
protein expression of CRMP2 in 91 NSCLC patients (44).
The authors identified that CRMP2 was expressed in the
cytoplasm of normal and tumor tissues, with a higher
expression exhibited in tumor tissues than in normal tissues.
Phosphorylated CRMP2 was also investigated and identified
only in the tumor tissue, predominantly located in the nucleus.
The authors analyzed the association between CRMP2 and
clinical outcome in NSCLC patients and revealed that total
CRMP?2 expression was not associated with overall survival
or recurrence-free survival. Such results are similar to those
described in the colorectal carcinoma study by Wu et al (43).
While, a significant correlation was identified between the
high levels of phosphorylated CRMP2 (Thr-514) and shorter
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overall survival in the study by Oliemuller ez al (44). However,
the correlation between high levels of phosphorylated CRMP2
expression and poor overall survival was only demonstrated
in patients who did not receive adjuvant therapy. These results
indicate that the phosphorylated form of CRMP2 may present
as a prognostic marker for NSCLC. The mechanism of this
observation was investigated, which revealed that CRMP2
is involved in cell division in a phosphorylation-dependent
manner. CRMP?2 is phosphorylated at the Thr-509, Thr-514
and Ser-518 residues by the protein kinase, GSK-33. CRMP2
phosphorylation impairs its binding to tubulin and delays
spindle assembly and entry into the metaphase of the cell
cycle. By contrast, non-phosphorylated CRMP2 increases
microtubule stabilization and interferes with the cell cycle
progression into anaphase. Additionally, overexpression of
phospho-defective mutant CRMP2 increases the expression
of P53 and P21, which induce apoptosis. Therefore, the pres-
ence of phosphorylated forms of the CRMP2 protein appear
to be a distinctive feature of highly proliferative cells. Thus,
in NSCLC, CRMP2 expression is crucial for cell survival,
and may be a useful therapeutic target (44).

The expression of CRMP?2 in breast cancer was previ-
ously investigated by Shimada et al (45), who revealed that the
mRNA and protein expression of CRMP2 were significantly
decreased in breast cancer tissues compared with that in the
normal tissues. However, no statistically significant difference
was identified in the expression of the other CRMP family
members (CRMP1 and CRMP3-5). Additionally, in breast
cancer tissues, CRMP2 expression was not found to signifi-
cantly correlate with histology, tumor diameter, histological
grade, lymph node metastasis, lymphatic or venous invasion,
or tumor stage. However, the expression of phosphorylated
CRMP2 was detected in breast cancer tissues, but not in
normal mammary tissues. Furthermore, the phosphorylated
CRMP2 was found to predominately localize in the nuclei of
breast cancer cells and was found to significantly increase in
tumors with a higher histological grade (45). The phosphory-
lation of CRMPs is sequentially catalyzed by two kinases,
Cdk5 and GSK-3f. Cdk5 has been previously shown to be
involved in the proliferation of invasive breast cancer cells,
via the antagonization by the Cdk inhibitor, roscovitine,
or by targeted knockdown of Cdk5 (46,47). The increased
nuclear localization of GSK-3f in breast cancer tissues has
also been reported (48). Thus, the phosphorylation of CRMP2
in the nuclei of breast epithelium by Cdk5 and GSK-3p may
contribute to breast cancer progression.

The aforementioned results indicated that, although total
CRMP2 levels were differentially expressed in various tumors
(increased expression in NSCLC and colorectal carcinoma
tissue, and decreased expression in breast cancer) and had no
association with clinical outcome, a common change in the
levels of phosphorylated CRMP2 was observed in NSCLC and
breast cancer. In the two tumor types, phosphorylated CRMP2
was detected in the nuclei which was found to be associated
with the clinical outcome of patients. Therefore, phosphory-
lated CRMP2 may present as a prognostic biomarker in
NSCLC and breast cancer, and possibly other tumors.

CRMP4 and cancer. Prostate cancer is the most common type
of solid organ malignancy affecting males. Among the adverse
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pathological features, the presence of pelvic lymph node
metastasis is the strongest predictor of poor outcome. Using
proteomic-based expression profiling, Gao et al (49) identified
that CRMP4 was significantly decreased in pelvic lymph node
metastatic prostate cancer compared with localized prostate
cancer. Western blot analysis and real-time polymerase chain
reaction (RT-PCR) procedures verified the proteomic results.
CRMP4 expression was detected predominantly in the cyto-
plasm of epithelial cells and its expression was evident in all the
benign prostate hyperplasia specimens observed. The authors
also analyzed the expression patterns of all five members of
the CRMP gene family (CRMP1-5) in benign prostate hyper-
plasia and prostate cancer tissues. However, of all the CRMP
family members, the CRMP4 gene was determined to be the
only gene differentially expressed in prostate cancer tissues.

Analysis of the correlation between CRMP4 expression
and postoperative relapse and clinical metastasis identified
that patients with localized prostate cancers, with a relatively
low CRMP4 expression level at diagnosis, exhibited rapid
biochemical relapse and clinical metastasis. Furthermore,
the expression levels of CRMP4 were found to decrease in
these patients with progression from localized to metastatic
lesions. However, patients with lymph node metastatic prostate
cancer with high CRMP4 expression levels demonstrated no
biochemical relapse or clinical metastatic findings until the
two-year follow-up. These data implicate CRMP4 as a metas-
tasis suppressor and progression predictor in prostate cancer.
To investigate the mechanism by which CRMP4 expression
is downregulated in metastatic prostate cancer, Gao et al (49)
analyzed the structure of the CRMP4 promoter region.
However, no mutations were identified in the sequences of the
CRMP4 promoter core region in metastatic prostate cancer or
prostate cancer cell lines, but it was identified that the methyla-
tion of a CpG island within the promoter region of the CRMP4
gene was responsible for downregulation of CRMP4 expres-
sion (49). CRMP4 is an intracellular phosphoprotein involved
in the rib-like actin bundles of lamellipodia and the functional
regulation of the actin cytoskeleton in motile cells (50), which
may be relevant for metastasis suppression.

The biological function of CRMP4 has also been reported
in pancreatic cancer, by Hiroshima ez al (51). Of all the CRMP
family members (CRMP1-5), only CRMP4 expression was
found to significantly increase in pancreatic cancer compared
with the corresponding non-cancerous pancreas tissues.
Knockdown of CRMP4 in prostate cancer cell lines expressing
high levels of CRMP4 did not affect cell proliferation, but did
reduce cell invasion in vitro. CRMP4 expression was identified
to be higher in poorly differentiated adenocarcinomas when
compared with other histological types. In addition, CRMP4
expression was found to correlate with severe venous invasion
and liver metastasis; however, no such correlation was identi-
fied with other parameters, including lymph node metastasis,
lymphatic invasion, intrapancreatic neural invasion, extrapan-
creatic plexus invasion, curability or recurrence rate. Therefore,
CRMP4 is considered to be involved in liver metastasis via
venous invasion in pancreatic cancer, which is the first step
of metastasis. In addition, CRMP4-positive groups exhibited
significantly poorer two-year overall survival and relapse-free
survival when compared with the CRMP4-negative groups. In
multivariate analyses, the authors identified venous invasion
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and elevated CRMP4 expression as independent prognostic
factors for overall survival, whereas lymphatic invasion and
elevated CRMP4 expression were identified as prognostic
factors for relapse-free survival. These results indicate that,
in pancreatic cancer, CRMP4 may present as a marker for
metastasis and a predictor for prognosis.

Neuroblastoma is the most common type of extracranial
solid tumor in children and is derived from neural crest
precursor cells. Neuroblastoma may differentiate into benign
tumors, such as ganglioneuroma and ganglioneuroblastoma,
or regress spontaneously. Furthermore, certain types of neuro-
blastoma demonstrate resistance to chemotherapy and easily
metastasize. In our previous study, CRMP4 mRNA expres-
sion was found to increase in neuroblastoma cell lines during
retinoic acid-induced cell differentiation (52). In addition,
recent studies detected an increase in CRMP4 protein levels
following retinoic acid treatment (53,54). In neuroblastoma
tissues, CRMP4 expression was difficult to detect in poorly
differentiated neuroblastoma cells, whereas positive CRMP4
expression was found in cells undergoing neuronal differen-
tiation in ganglioneuroblastoma and in fully differentiated
ganglionic cells in ganglioneuroma. Furthermore, in ganglio-
neuroblastoma and ganglioneuroma, CRMP4 expression was
higher in cells undergoing neuronal differentiation than in
cells with more differentiated features. CRMP4 expression was
not observed in the normal ganglion cells of the surrounding
ganglia in contrast to the neoplastic neuronal cells (53). These
observations in neuroblastic tumors are similar to the expres-
sion patterns of CRMP4 in nervous system development,
which demonstrate a transient upregulation of CRMP4 expres-
sion during ongoing neuronal differentiation.

The opposite effects on CRMP4 expression in prostate
and pancreatic cancer metastasis may reflect the difference
in the predominant expression of CRMP4 splice isoforms.
Previous studies have revealed that the 75-kDa CRMP4 long
isoform (CRMP4b or TUC-4b) and its short counterpart
(CRMP4a or TUC-4a), exhibit opposite functions in neurite
outgrowth (55,56). In addition, Pan er al (40) demonstrated
that LCRMPI1 promotes invasion in small cell lung carci-
noma, whereas this action is antagonized by the CRMP1 short
isoform. Pan et al also demonstrated that the 22- to 72-amino
acid sequence of the N-terminal is important in filopodia
formation, and that fusion of this N-terminus with the core
region of CRMP2 may promote filopodia formation in pros-
tate cancer. The presence of a 75 kDa CRMP4b isoform was
detected in the Capan-1 pancreatic cancer cell line, and it was
determined that CRMP4b is 100% homologous with LCRMP1
in the 22- to 72-amino acid sequence of the N-terminal. Thus,
CRMP4b may be involved in pancreatic cancer malignancy.

CRMP5 and cancer. The involvement of CRMPS in cancer
was first identified when the CRMP5 autoimmune antibody
was detected in the sera of patients with paraneoplastic neuro-
logical syndrome, usually associated with small cell lung cancer
and, less frequently, thymoma (57). CRMPS5 antibodies were
detected predominantly in patients with non-invasive thymoma,
which suggested an association between CRMP5 and benign
disease. CRMPS5 antibodies were not found to correlate with the
prognosis of small cell lung cancer, however a trend towards the
longer survival of CRMP5-negative patients was observed (58).



1338

Table II. Expression and biological values of CRMPs in cancers.
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CRMP and Expression of CRMP in tumor tissues Prediction of clinical outcome by CRMP Ref.
cancer type
CRMPI
Lung cancer Increased Yes 26
LCRMPI
Lung cancer Decreased Yes 40
CRMP2
Colorectal cancer Increased No 43
Lung cancer T-CRMP2, increased; T-CRMP2, no; nuclear P-CRMP2, yes 44
nuclear P-CRMP2, increased
Breast cancer T-CRMP2, decreased; T-CRMP2, no; nuclear P-CRMP2, yes 45
nuclear P-CRMP2, increased
CRMP4 45
Prostate cancer Decreased in metastatic cancers or during Yes 49
cancer progression
Pancreatic cancer Increased Yes 51
Neuroblastic tumor Increased in differentiated tumors Yes 53,54
CRMP5
Neuroendocrine Increased in high-grade subtypes Yes, in high-grade subtypes 60
lung cancer
Glioblastoma T-CRMPS, increased; Yes 62

nuclear CRMPS, increased

CRMPs, collapsin response mediator proteins; LCRMP1, long-form CRMP1; T-CRMP, total CRMP; P-CRMP, phosphorylated CRMP.

The biological role of CRMPS in tumor tissues was first
reported in thoracic tumors. Neuroendocrine lung tumors
comprise a family of tumors with shared neuroendocrine
differentiation features, but exhibit diverse clinical behav-
iors. High-grade neuroendocrine lung tumor patients have a
higher risk of a poor prognosis and must receive multimodal
treatment. In addition, these tumors can be misdiagnosed as
undifferentiated NSCLCs, including poorly differentiated
lung adenocarcinoma or squamous cell carcinoma (59). A
previous cohort study of 164 thoracic tumor specimens
revealed strong and extensive CRMP5 expression in 98.6%
of high-grade neuroendocrine lung tumors, including small
cell lung carcinomas and large cell neuroendocrine carci-
nomas (60). However, this extensive staining was highly
specific and was not observed in any of the squamous cell
carcinomas or adenocarcinomas, even those with poorly
differentiated phenotypes. By contrast, the majority of
low-grade neuroendocrine lung tumors were negative for
CRMPS staining. Furthermore, in lymph node metastases,
the pattern of CRMPS5 expression exactly matched that
observed in the corresponding primitive biopsy specimen.
However, lung metastases originating from other carcinomas
did not exhibit CRMP5 expression. Although CRMPS5 was
highly expressed in patients with high-grade neuroendocrine
tumors with short survival and extensive stage disease, the
weak CRMPS5 expression identified in low-grade neuroen-
docrine tumors had no prognostic value. Since CRMP5 was
not expressed in the neuroendocrine cells or any other cells

in the normal adult lung, the expression of CRMPS5 in tumor
tissues may present as a useful marker to aid the pathological
diagnosis of high-grade neuroendocrine tumors.

Glial tumors are the most common types of primary
brain malignancies. Glioblastoma multiforme (GBM;
grade IV astrocytoma) accounts for 80% of malignant
astrocytomas and is characterized by an extremely poor
prognosis; 50% of patients succumb to the disease within
one year of diagnosis (61). Gene expression profile analysis
revealed a set of 70 genes that were more highly expressed in
rapidly progressing tumors, which stratified GBMs into two
groups that differed by more than four-fold in the median
duration of survival. In the group exhibiting CRMP5 gene
overexpression, patients had a life expectancy of less than
half of that of patients with low CRMPS5 expression (62).
Brot et al also found that CRMP5 demonstrates cytoplasmic
and nuclear localization in GBM tumors, however, CRMP5
only exhibits a cytosolic distribution under physiological
conditions (63). Furthermore, the authors revealed a novel
CRMP5 short isoform which is present in the nuclear
compartment of tumor cells. This short isoform of CRMP5
is a product of CRMPS5 cleavage at the C-terminal that
results in the exposure of the nuclear localization signaling
site for active translocation. Additionally, nuclear CRMP5
increases cell proliferation activity and the abrogation of
nuclear translocation prevents this activity. Therefore,
nuclear CRMP5 may be responsible for the proliferative
characteristic of glioblastoma.
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3. Conclusion and prospects

CRMPs are major phosphoproteins found in the developing
and adult nervous system. The biological functions of CRMPs
in axonal outgrowth and neuronal differentiation may provide
CRMP-expressing tumor cells with the characteristics asso-
ciated with tumor migration, invasion and differentiation.
The present study summarized that different members of
the CRMP family are involved in different tumors; CRMP1
and CRMP2 in lung cancer, CRMP2 in breast and colorectal
cancer, CRMP4 in prostate cancer, pancreatic cancer and
neuroblastoma, and CRMP5 in neuroendocrine lung cancer
and glioblastoma. In these types of cancer, the CRMP family
members are associated with diverse functions, including
metastasis, progression and prognosis/diagnosis (Table II).
Thus far, the role of CRMPs in cancer has rarely been reported.
Compared with the expression of total CRMPs, in certain
cancers, the phosphorylated CRMP levels and nuclear localiza-
tion of CRMPs may be more important. As shown in Fig. 1, the
majority of signaling molecules exert their functions through the
phosphorylation of CRMPs. Although CRMPs were originally
identified as cytosolic proteins, in certain cancers, the nuclear
localization of CRMPs has been detected and may be useful
for predicting the clinical outcome. Further study is required
to elucidate the exact functions of CRMPs, particularly with
regard to phosphorylation and nuclear localization in cancers.
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