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FAwm X & B Evidence for a role of Collapsin Response Mediator
Protein-2 (Crmp-2) in signaling pathways that
regulate the proliferation of non-neuronal cells
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Collapsin response mediator protein-2 (Crmp-2), also known as
Crmp-62/TOAD-64/Ulip2/DRP2, belongs to a family of phosphoproteins involved in neurite
outgrowth and axonal guidance. It was recently re.ported that phosphorylation of Crmp -2 at
threonine 514 by GSK3p regulates neuronal polarization and that overexpression of a
non-phosphorylatable form of Crmp-2 or inhibition of GSK3B induced the formation of
multiple axon-like neurites in hippocampal neurons. Moreover, phosphorylation of Crmp-2 at
threonine-555 by Rho kinase has also been shown to regulate growth cone collapse through
both Semaphorin IIIA-dependent and independent pathways. To date, most of our
understanding on the biological significance of Crmp-2 has been in the context of its function
in neurons. Although a few studies have also reported that Crmp-2 is also expressed in
mitotically active, non-neuronal cells and was even observed to co-localize with microtubule
structures the implications of Crmp-2 expression in these cells is poorly understood. This
current study explores the biological significance of Crmp-2 and its phosphorylation in

'mitotically-active, non-neuronal cells.
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Protein lysates from mouse tissue and fibroblastic cell lines were subjected to

two-dimensional gel electrophoresis followed by Western blotting using an antibody against
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Crmp-2. For fluorescence imaging studies, expression plasmids coding for EGFP fusions of
wild. type or mutant Crmp-2 cDNA were transfected' into human and mouse cell lnes.
Fluorescent signals were visualized using a confocal microscope equipped with suitable
filters. GSK3B inhibition was carried out by incubating fibroblasts at varying concentrations
of LiCl. Rho kinase inhibition was performed using HA1077 or ¥-27632.

S
Two dimensional electrophoresis followed by Western Blotting revealed the existence of
multiply phosphorylated forms of Crmp-2 in mouse fibroblasts and non-neuronal tissue. In
HeLa cells, overexpression of wild type Crmp-2 resulted in nuclear blebbing and consequent
cell death 48 hours after transfection. Cells overexpressing a Crmp-2 mutant that lacked
amino acids 413 to 572 exhibited altered localization of Crmp-2 and earlier onset of nuclear
aberrations. Furthermore, overexpression of a T555A mutant of Crmp-2 wherein threonine
555 was replaced with the non-phosphorylatable amino acid, alanine also resulted in cell
death 48 hours after transfection. In all cases, cells overexpressing Crmp-2 or its mutant
forms were com pletely eliminated from culture even under selective conditions. \
Using the GSK3p inhibit,olr, LiCl], it was demonstrated that phosphorylation of Crmp-2 at
threonine 514 in fibroblasts was dependent on GSK3Q activity. Furthermore, a drop in
phosphorylated threonine 514 levels was observed as fibroblast cultures approached
confluence. This dephosphorylation event was reversible; when confluent cultures were
re-plated and allowed to grow in low cell density conditions, phosphorylated threonine 514
levels again increased. Reduced threonine 514 phosphorylation levels were also observed
after serum starvation-induced quiescence. Re-addition of serum resulted in the restoration
of phosphorylated threonine 514 levels com parable to that of pre-starvation levels.
Interestingly, hy per phosphorylation of Crmp-2 at threonine 555 was observed in an ATM
mouse tumor. and a derivative cell line. A previous study has shown that Rho kinase can
phosphorylate Crmp-2 at threonine 555 in neurons. Nevertheless, treatment with the Rho
kinase inhibitors, HA1077 and ¥-27632 did not reduce threonine 555 phosphorylation levels

in both non-tumor fibroblasts and tumor cell line.
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This study has presented evidence for a non-neuronal function of Crmp-2, specifically in
the control of cell proliferation, and that Crmp-2 function in mitotic, non-neuronal cells is
effected through its phosphorylation by associated kinases. Similarities in the regulation of
Crmp-2 phosphorylation in neurons and fibroblast could be observed, such as the

responsiveness of Crmp-2 phosphorylation at threonine 514 to GSK3p activity. While the

131



iﬁteraction between GSK3pB and Crmp-2 is important for the establishment of polarity in
neurons, the findings of this current study suggesf that the interaction between GSK3p and
Crmp-2 is has implications ih the establishment of cellular quiescence "in mitotic,
non-neuronal cells.

Results show a correlation between elevated threonine 514 phosphorylation levels and a
state of active proliferation while hy perphosphorylation of threonine 555 was observed in a
malignancy. Taken together, a scenario can be envisioned wherein hyperphosphorylation of
certain amino acid residues of Crmp-2 may result in increased cellular proliferation,
consequently leading to tumorigenesis.

- The non-responsiveness of threonine 555 phosphorylation to Rho kinase inhibition,
suggests that a yet to be identified kinase phosphorylates Crmp-2 in mitotic, non-neuronal
cells. Alterations in the kinase activity of this unidentified protein may explaih the

hyperphosphorylation of Crmp-2 at threonine 555 and may have important implications in

tumorigenesis.
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This study has demonstrated that Crmp-2, a protein well-known for its role in the
establishment of neuronal polarity, is also involved in signaling pathways that regulate thé
proliferation of non'meuronal cells. The involvement of Crmp-2 in these pathways is
mediated via its phosphorylation by GSK3B and a yet to be identified kinase, and is
independent of Rho kinase activity. Perturbations in the activity of associated kinases may

lead to de-regulation of Crmp-2 phosphorylation levels and consequently, carcinogenesis.
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AMRIZ. FEMZERMIZIZEH T S Collapsin response mediator protein-2 (Crmp-2)DAEME
HERERFLI-LDTH D, ERF R CRMBBEMICRAEREZZE ALK Crmp-2 D@FFER
ERIZE-T, ZDY V2 EDHRABRES JUHRBHEICN T2 HE2BAR LTS, &5
KHF—ERERRLFCEEECENFEEAVT, Crmp2 O VEILTHIREE BT L. %
DFER. KD 4 5FBESP Lz 57z, (1) Crmp-2 DBFRERIZ L0 MARBEIBREIND, (2
Crmp-2 DA LAV 514 BT 28 Vb Miao#EMAE I X 2B KRIEIC—HKLTHD,
b GSK3pEHIZERF L THE Z 5, (3) Crmp-2 DX LA = ¥ 555 1EW < 20D B8 A MKk T
BEIZY) VERIEENT WS, (4) BRHEFMIIZS TS Crmp2 A LA = 555 D) vE{bix. #
R TRDENTVWS Rho ¥ — ¥ TR, RED2KRAODF F—EIKKFT %, ZDOHFRIC
0. Crmp-2 ) VERILOFIHORE IZ LD REEED 2 WIE DB AL DG E R Z &N % AThetE A8
RREIN. Crmp-2 AW EMOBELK - SRMHRICEH 2T T, FEMERMAIRDBES
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