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Microtubule dynamics is an important factor in cell proliferation
and one of the main targets of cancer chemotherapy. Since micro-
tubule-associated proteins (MAPs) are known to influence micro-
tubule stability, study of MAPs may contribute both to
knowledge of cancer cell biology and to the production of new
anti-cancer drugs. In this study, we identified a new mouse gene
which is a homolog of human cytoskeleton-associated protein,
CKAP2 gene, by differential display analysis. The level of expres-
sion of mouse CKAP2 (mCKAP2) was significantly higher in
NIH3T3 cells expressing RET with a multiple endocrine neoplasia
(MEN) 2A or MEN2B mutation than in parental NIH3T3 cells. Im-
munocytochemical analysis showed that mCKAP2 protein is local-
ized in cytoplasm with a fibrillar appearance, and is co-localized
with microtubules throughout the cell cycle. Furthermore, overex-
pression of mCKAP2 in cells appeared to stabilize microtubules
against treatment with nocodazole, a microtubule-depolymeriz-
ing agent. In addition, levels of human CKAP2 were increased in
some human tumor cell lines examined. These findings suggest
that CKAP2 is a new MAP with microtubule-stabilizing properties
and may represent a new molecular target for cancer chemother-
apy. (Cancer Sci 2004; 95: 815–821)

ell proliferation is closely associated with cytoskeleton or-
ganizing proteins, which play crucial roles in maintenance

of cell structure, as well as mitotic progression. Of the three
main filamentous components, microtubules, actin filaments
and intermediate filaments, microtubules are known to play
roles in intracellular organelle transport, cell division, and
maintenance of cell morphogenesis.1–3) Microtubules are com-
posed of α- and β-tubulin proteins, and since their polymeriza-
tion and depolymerization are essential for cell proliferation,
various anti-cancer drugs have been produced to target microtu-
bule dynamics and thereby inhibit mitotic progression. Some of
these drugs inhibit microtubule polymerization, while others in-
hibit microtubule depolymerization.3–5) Microtubule dynamics
is regulated by accessory proteins called microtubule-associated
proteins (MAPs).6, 7) Many proteins have been identified as
MAPs, and can be generally classified into two categories, mi-
crotubule-stabilizing proteins and microtubule-destabilizing
proteins. The former include tau, MAP2 and MAP4, while the
latter include Op18/stathmin and heat shock protein HSP90.8–13)

Thus, characterization of the effects of MAPs on microtubule
dynamics is necessary for investigation of the mechanisms of
tumorigenesis and production of new anti-cancer drugs.

Neoplastic transformation of cells is triggered by genetic al-
terations which cause extraordinary cell growth and prolifera-
tion. A mutation in an oncogene can alter the function of its
product, and the oncogenic signaling from the mutated protein
can result in various neoplastic properties.14, 15) RET proto-onco-
gene encodes a transmembrane receptor with a tyrosine kinase
domain which is expressed in cells derived from neural crest.16–18)

Glial cell line-derived neurotrophic factor (GDNF) activates
RET, and the GDNF-RET signaling pathway plays an impor-
tant role in the development of the enteric nervous system and
the kidney.19–22) Some mutations in RET result in activation of
the RET protein, which induces neoplastic signaling and devel-
opment of multiple endocrine neoplasia (MEN) type 2A and
2B.23–26) MEN2A is characterized by the clinical features of
medullary thyroid carcinoma (MTC), pheochromocytoma and
parathyroid hyperplasia, while MEN2B is characterized by
skeletal abnormalities and mucosal neuroma, as well as the fea-
tures of MTC and pheochromocytoma. Mutations of RET-
MEN2A are mainly observed at one of six cysteine residues in
the extracellular cysteine-rich domain, while most MEN2B mu-
tations are observed at a methionine residue of codon 918 in the
intracellular kinase domain. The MEN2A type-mutated RET
forms a homodimer by means of disulfide bond formation and
is constitutively activated without ligand stimulation. The
MEN2B mutation in RET may cause a conformational change
in the intracellular kinase domain of RET, leading to its activa-
tion in a monomeric form.27–29)

Here, we report the identification and characterization of a
new mouse gene whose expression is induced by constitutively
activated RET proteins. This gene was isolated by differential
display analysis using NIH3T3 cells expressing the MEN2A or
MEN2B type-mutated RET protein.30) The transcript of this
gene was more strongly expressed in NIH3T3 cells with mu-
tated RET proteins than in parental NIH3T3 cells. Sequencing
analysis showed that this gene is the mouse homolog of the hu-
man cytoskeleton-associated protein CKAP2 gene (also termed
LB1).31–33) In addition, immunocytochemical staining suggested
that this gene product is a microtubule-associated protein with
microtubule stabilizing properties.

Materials and Methods

Cell culture and reagents. NIH3T3 cells expressing RET with
MEN2A mutation (cysteine 634→arginine) or MEN2B muta-
tion (methionine 918→ threonine) and parental NIH3T3 cells
were maintained in Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 8% calf serum (Hyclone, Logan,
UT).34) For microtubule depolymerization analyses, cells were
incubated in medium containing nocodazole (Sigma, St. Louis,
MO).
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Differential display analysis. Total RNAs of NIH3T3, NIH3T3-
RET (MEN2A) and NIH3T3-RET (MEN2B) cells were ex-
tracted using Trizol reagent (Invitrogen, Carlsbad, CA), and
were treated with RNase-free DNase I to eliminate genomic
DNA contamination. Differential display-polymerase chain re-
action (DD-PCR) was performed using the TaKaRa rhodamine
fluorescence differential display system according to the manu-
facturer’s protocol (TaKaRa, Tokyo). The fluorescent products
were subjected to electrophoresis on denaturing urea-4% poly-
acrylamide gels and visualized using FM-BIO II (TaKaRa).
Differentially expressed products were extracted from the gels
and amplified by PCR, and the amplified products were cloned
into pGEM-T vector (Promega, Madison, WI). The cloned PCR
products were subjected to sequencing.

Northern blot analysis. Ten microgram portions of total RNAs
were subjected to electrophoresis on 1% agarose-formamide
gels with formaldehyde and transferred onto Hybond-XL nylon
membranes (Amersham Biosciences, Uppsala, Sweden). North-
ern hybridization was performed using radiolabelled probes of
cDNA fragments identified by DD-PCR analysis.

Sequence determination of mouse CKAP2 gene. An NIH3T3
cDNA phage library constructed in lambda ZAP II vectors
(Stratagene, La Jolla, CA) was screened by conventional plaque
hybridization using the radiolabelled probe of the cDNA frag-
ment identified by DD-PCR analysis. The isolated positive ph-
age clones were converted to plasmids according to the
manufacturer’s protocol (Stratagene). The plasmids were puri-
fied using a QIAGEN Plasmid Kit (Qiagen, Hilden, Germany)
and subjected to sequencing. Double-strand DNA sequencing
was performed by a cycle sequencing program using a BigDye
Terminator Cycle Sequencing Kit (Applied Biosystems, Foster
City, CA). Nucleotide sequences were determined by a Model
310 automated Applied Biosystems sequencer (Applied Biosys-
tems). The sequences were confirmed by checking the products
of 5′-rapid amplification of cDNA ends (RACE) and reverse
transcriptase (RT)-PCR.

Construction of plasmids. Full-length mouse CKAP2
(mCKAP2) cDNA was placed into the vector pcDNA3.1(+)
(Invitrogen) with a FLAG sequence just before its ATG start
codon (pcDNA3.1/FLAG-mCKAP2) in order to produce
FLAG-tagged mCKAP2 protein in cells. Full-length mCKAP2
cDNA was also placed into the vector pEGFP-C3 (Clontech,
Palo Alto, CA) to express the mCKAP2 protein fused with
green fluorescent protein (GFP) on its N-terminus (pEGFP/
mCKAP2). In order to identify the tubulin association domain
in mCKAP2 protein, the following truncated cDNA fragments
of mCKAP2 were subcloned into the vector pEGFP-C3 (frag-
ment sizes are given in number of amino acids): aa 1–319, aa
309–664, aa 510–664, aa 1–159 and aa 160–319. The DNA
fragment cloned into each vector was produced by PCR with
Pfu DNA polymerase (Stratagene).

Transfection. For transient transfection, cells were transfected
with the expression vectors indicated above using Lipo-
fectamine 2000 transfection reagent according to the manufac-
turer’s protocol (Invitrogen). The cells were used for analyses
48 h after transfection.

Antibodies. Mouse monoclonal anti-FLAG M2, anti-β-actin,
anti-α-tubulin, anti-β-tubulin, anti-vimentin antibodies, Cy3-
conjugated mouse monoclonal anti-β-tubulin antibody and rab-
bit polyclonal anti-FLAG antibody were purchased from
Sigma.

Western blot analysis. Cells on 6 cm culture dishes were lysed
in 500–1000 µl of 2×  sample buffer (62.5 mM Tris-HCl pH
6.8, 2% SDS, 25% glycerol, 5% 2-mercaptoethanol, 0.01% bro-
mophenol blue) with sonication. After boiling for 2 min, the ly-
sates were subjected to SDS-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidene difluoride
membranes (Millipore, Bedford, MA). After blocking with 5%

bovine serum albumin in TBST buffer (20 mM Tris-HCl pH
7.6, 137 mM NaCl, 0.1% Tween 20), the membranes were
probed with anti-FLAG M2 antibody, followed by incubation
with anti-mouse IgG secondary antibody conjugated to horse-
radish peroxidase (Dako, Kyoto, Japan). After intensive wash-
ing, the antigen-antibody complexes were visualized using the
ECL Western blotting detection reagent (Amersham Bio-
sciences).

Fluorescent immunostaining procedure. Cells grown on slide
chambers (Becton Dickinson Labware, Bedford, MA) were
rinsed twice with PBS and fixed by soaking in 100 % methanol
at –20°C for 10 min, then permeabilized with 0.1% Triton X-
100 in PBS. After blocking with 1% bovine serum albumin for
30 min, cells were incubated with a primary antibody for 1 h,
followed by incubation with a secondary antibody conjugated
with fluorescein isothiocyanate (FITC) or rhodamine for 30
min. After intensive washing, cells were examined with the
FLUOVIEW FV500 confocal fluorescence microscope system
(Olympus, Tokyo). For nuclear staining, cells were incubated
with 0.5 µg/ml DAPI (Roche Diagnostics, Basel, Switzerland)
for 10 min after incubation with secondary antibodies.

Statistical analysis for determination of microtubule stability.
NIH3T3 cells with or without GFP-mCKAP2 expression were
treated with 0.25 µg/ml of nocodazole for 20, 30 or 45 min,
and were immunostained with Cy3-conjugated mouse mono-
clonal anti-β-tubulin antibody. More than 500 cells with GFP-
mCKAP2 expression and more than 500 untransfected cells
were counted under the fluorescence microscope, and the per-
centages of cells with microtubule fibrillar appearance were
calculated. The difference in percentage of cells with such ap-
pearance between these groups was examined for significance
by use of the χ2 test.

Results

Cloning and expression of mouse CKAP2 gene. We performed a
DD-PCR analysis using RNAs isolated from parental NIH3T3
cells and NIH3T3 cells expressing RET-MEN2A or RET-
MEN2B proteins (designated NIH3T3-RET (MEN2A) or
NIH3T3-RET (MEN2B) cells). One DD-PCR product exhibit-
ing lower expression in NIH3T3 cells and higher expression in
NIH3T3-RET (MEN2A) and NIH3T3-RET (MEN2B) cells
was identified (Fig. 1A). We cloned a complete cDNA 2304 bp
in length from NIH3T3 cDNA phage library by using the
cDNA fragment identified in DD-PCR analysis as a probe. The
cDNA contained a 1995 bp ORF encoding a predicted protein
of 664 amino acid residues with an expected molecular weight
of 74 kDa. The sequence obtained was confirmed by 5′-RACE
and RT-PCR. Homology search of the newly identified mouse
gene revealed that its predicted amino acid sequence displayed
significant homology with human cytoskeleton-associated pro-
tein, CKAP2. There was 62% amino acid identity between
these two proteins (Fig. 1B). The expected protein sequence
has no discernible domain structure. When we screened a hu-
man testis cDNA phage library using the mouse cDNA to iden-
tify the human homolog of this gene, we obtained four cDNA
fragments of the human CKAP2 gene (hCKAP2). We therefore
concluded that the gene which we identified in the DD-PCR
analysis is the mouse homolog of the human CKAP2 gene
(mCKAP2).

The genomic locus of mCKAP2 is on mouse chromosome 8
and contains 9 exons covering a region of about 17 kb, accord-
ing to the mouse genomic sequence in GenBank. Northern blot
analysis of mCKAP2 using a mouse Multiple Tissue Northern
Blots membrane (Clontech) revealed a single band of about 2.4
kb with the highest expression in testis (Fig. 2A).

Localization of mCKAP2 in cells. We next examined the location
of mCKAP2 protein in NIH3T3 cells. Because an antibody
816 Jin et al.



against mCKAP2 could not be obtained, we transfected
pcDNA3.1/FLAG-mCKAP2 plasmids into NIH3T3 cells.
Western blot analysis with anti-FLAG antibody revealed that
FLAG-tagged mCKAP2 (FLAG-mCKAP2) protein was de-
tected as a band of about 84 kDa (Fig. 2B). When the FLAG-
mCKAP2 protein was immunostained 48 h after transfection, it
was found to be distributed in cytoplasm with a fibrillar appear-
ance in the transfected NIH3T3 cells (Fig. 3A, a, d). In some
cells, the fibers appeared to spread from one center (Fig 3A, a,
d). The same distribution of FLAG-mCKAP2 was observed in
Cos-7, HEK293 and HeLa cells transfected with pcDNA3.1/
FLAG-mCKAP2 plasmid (data not shown). Because the pat-
tern of localization of FLAG-mCKAP2 was similar to those of
proteins involved in cytoskeleton organization, we checked for
co-localization of mCKAP2 protein with cytoskeleton organiz-
ing proteins, such as vimentin, β-actin and α- and β-tubulins.
NIH3T3 cells transfected with the pcDNA3.1/FLAG-mCKAP2
plasmids were doubly immunostained using both rabbit poly-
clonal anti-FLAG antibody and mouse monoclonal anti-vimen-
tin, anti-β-actin, anti-α-tubulin or anti-β-tubulin antibody,
followed by reaction with FITC-conjugated anti-rabbit IgG and
rhodamine-conjugated anti-mouse IgG secondary antibodies.
FLAG-mCKAP2 protein was co-localized with α-tubulin (Fig.
3A, a–c) and β-tubulin (Fig. 3A, d–f) proteins forming micro-
tubules and microtubule organizing centers, but not with vi-
mentin or β-actin (data not shown).

When the transfected cells were incubated with 5 µg/ml of

nocodazole, an inhibitor of microtubule polymerization, for 1 h,
the fibrillar appearance of FLAG-mCKAP2 was lost, as also
observed for tubulins (Fig. 3A, g–i). To confirm the mCKAP2
localization described above, we constructed another vector,
pEGFP/mCKAP2, and NIH3T3 cells were transfected with it
to produce GFP-fused mCKAP2 protein (GFP-mCKAP2).
Transfected cells were immunostained with mouse monoclonal
anti-α-tubulin antibody and rhodamine-conjugated anti-mouse
IgG secondary antibody. Co-localization of GFP-mCKAP2
with α-tubulin was also observed (data not shown). Further-
more, co-localization of FLAG-mCKAP2 and α-tubulin was
detected in the spindle and the midbody during the mitotic
phase (Fig. 3B, e–l), indicating that mCKAP2 is a microtubule-
associated protein.

Tubulin association domain in mCKAP2. To determine the tubu-
lin association domain in mCKAP2, the truncated fragments of
mCKAP2 cDNA (aa 1–319, aa 309–664, aa 510–664, aa 1–
159 and aa 160–319) were subcloned into vector pEGFP-C3
and the corresponding GFP-fusion proteins were transiently ex-
pressed in NIH3T3 cells (Fig. 4A). GFP-fusion protein harbor-
ing the aa 1–319 or aa 160–319 mCKAP2 fragment exhibited
a fibrillar appearance in cytoplasm, as did cells with the GFP-
full-length-mCKAP2 protein, while the GFP-fusion protein har-
boring the aa 309–664, aa 510–664 or aa 1–159 fragment was
diffusely distributed in cytoplasm without a fibrillar appearance
(Fig. 4B). This finding indicated that the tubulin association do-
main in mCKAP2 resides within the region of amino acid resi-
dues 160 to 319.

mCKAP2 overexpression stabilizes microtubules against nocoda-
zole treatment. Because it is known that some MAPs play roles
in assuring microtubule stability against microtubule-depoly-
merizing agents, we investigated the effect of mCKAP2 over-
expression on microtubule stability to nocodazole treatment.
NIH3T3 cells transiently transfected with pEGFP/mCKAP2

1

mCKAP2

A

B

RET

28S

2 3

Fig. 1. mCKAP2 transcript expression in NIH3T3, NIH3T3-RET (MEN2A)
and NIH3T3-RET (MEN2B) cells, and amino acid sequence alignment of
mCKAP2 with hCKAP2. A) Determination of mCKAP2 expression by
Northern blotting. The upper and middle panels show the blots probed
by mCKAP2 and RET cDNAs, respectively, while the lower panel shows
18S ribosomal RNA as a quantitative control. Lane 1, NIH3T3 RNA; lane
2, NIH3T3-RET (MEN2A) RNA; lane 3, NIH3T3-RET (MEN2B) RNA. B)
Amino acid sequence alignment of mCKAP2 with hCKAP2. Amino acids
identical in the two sequences are indicated in boldface. Dashes indi-
cate gaps.
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Fig. 2. Northern blot analysis of mCKAP2 mRNA and Western blot
analysis of FLAG-mCKAP2 protein. A) Northern blot analysis of mCKAP2
mRNA expression in normal mouse tissues. The upper and lower panels
show the blots probed by mouse CKAP2 and β-actin cDNAs, respec-
tively. B) Western blot analysis of FLAG-mCKAP2 protein. NIH3T3 cells
transfected with pcDNA3.1/FLAG-mCKAP2 or pcDNA3.1(+) plasmids
were disrupted in 2× sample buffer, and lysates were subjected to
Western blotting with mouse monoclonal anti-FLAG antibody. Lanes 1
and 2 show the lysates of NIH3T3 cells transfected with pcDNA3.1(+) or
with pcDNA3.1/FLAG-mCKAP2, respectively.
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plasmids were treated with 0.25 µg/ml of nocodazole for 20,
30 or 45 min, and were fixed and immunostained with Cy3-
conjugated mouse monoclonal anti-β-tubulin antibody. As
shown in Fig. 5, A and B, endogenous microtubule fibrillar ap-
pearance was hardly detected under these conditions. On the
other hand, microtubules were quite stable to nocodazole treat-
ment in NIH3T3 cells expressing GFP-mCKAP2 (Fig. 5A).
Percentage expression of microtubule fibrillar appearance was

significantly higher for cells expressing GFP-mCKAP2 than for
cells without GFP-mCKAP2 expression at all time points ex-
amined (Fig. 5B). Similar findings of microtubule stability
were observed when FLAG-mCKAP2 protein was transiently
expressed in NIH3T3 cells (data not shown). This result sug-
gested that mCKAP2 overexpression makes microtubules stable
to nocodazole treatment, and that mCKAP2 might have micro-
tubule-stabilizing properties.

CKAP2 expression in human tumor cell lines. Because it was re-
ported that hCKAP2 was expressed at high levels in human tu-
mors such as hematopoietic tumors and gastric carcinomas,31–33)

we screened its expression in 26 human tumor cell lines by
Northern blotting. hCKAP2 expression was upregulated in some
tumor cell lines, although the difference in its expression lev-
els appeared to depend on individual cell lines rather than their
histologic types. No alteration was observed in the size of the
transcripts (Fig. 6).

Discussion

It is well-known that the homeostatic balance of proteins re-
quired for the maintenance of normal biological cell activities
is lost in neoplastic cells as a result of oncogenic signaling.
Many proteins, including growth factors and their receptors,
signal transducers, and transcription factors, have been shown
to participate in oncogenic signal pathways. Our aim is to iden-
tify the genes involved in oncogenic signal pathways associated
with the mutated RET proteins which result in tumor develop-
ment. In this paper, we have reported a new mouse gene exhib-
iting significant homology with the human CKAP2 gene. The
hCKAP2 gene was originally identified as a gene highly ex-
pressed in diffuse large B cell lymphoma, and its product was
subsequently reported as a cutaneous T-cell lymphoma-associ-
ated antigen.31, 32) In addition, it was shown that this gene prod-
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Fig. 3. Co-localization of mCKAP2 with microtubules. A) NIH3T3 cells
transiently transfected with pcDNA3.1/FLAG-mCKAP2 were doubly im-
munostained with rabbit polyclonal anti-FLAG antibody and mouse
monoclonal anti-α-tubulin antibody (a–c, g–i) or anti-β-tubulin anti-
body (d–f), followed by detection with FITC-conjugated anti-rabbit IgG
secondary antibody and rhodamine-conjugated anti-mouse IgG sec-
ondary antibody. Cells were treated with 5 µg/ml nocodazole for 1 h
before immunostaining (g–i). The left panels (a, d, g) show FLAG-
mCKAP2 localization, while the middle panels (b, e, h) show α- or β-tu-
bulin localization. Merged images are shown in the right panels (c, f, i).
B) NIH3T3 cells transiently transfected with pcDNA3.1/FLAG-mCKAP2
were doubly immunostained with rabbit polyclonal anti-FLAG antibody
and mouse monoclonal anti-α-tubulin antibody, followed by detection
with rhodamine-conjugated anti-rabbit IgG secondary antibody and
FITC-conjugated anti-mouse IgG secondary antibody. Nuclear staining
with DAPI was performed after incubation with secondary antibodies.
Cells in interphase (a–d), metaphase (e–h) and late telophase (i–l) are
shown. The leftmost panels (a, e, i) show FLAG-mCKAP2 localization,
the second panels (b, f, j) α-tubulin localization, the third panels (c, g,
k) nuclear staining and the rightmost panels (d, h, l) show merged im-
ages. Arrowheads indicate the midbody.
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Fig. 4. Tubulin association domain in mCKAP2. A) The mCKAP2 frag-
ments fused with GFP are illustrated. The amino acid (aa) numbers of
the N- and C-termini of the fragments are indicated. The closed bars
represent fragments whose GFP-fusion proteins exhibited fibrillar ap-
pearance in cytoplasm. B) Localization of the GFP-fusion mCKAP2 frag-
ments in cells. Fibrillar appearance was observed for GFP-fusion
fragments of aa 1–664 (a), aa 1–319 (b) and aa 160–319 (f), whereas
diffuse distribution was observed for GFP-fusion fragments of aa 309–
664 (c), aa 510–664 (d) and aa 1–150 (e).
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uct was located in cytoplasm with a filamentous pattern,
indicating its association with cytoskeletal fibers. Recently, dur-
ing preparation of this manuscript, Bae et al. reported that lev-
els of CKAP2 are increased in primary human gastric
adenocarcinomas and that hCKAP2 is co-localized with micro-
tubules.33) They suggested that hCKAP2 might be useful for
discriminating adenocarcinomas from tubular adenomas.

We identified the mouse CKAP2 gene in DD-PCR analysis
using NIH3T3 cells and their derivatives, NIH3T3-RET
(MEN2A) and NIH3T3-RET (MEN2B) cells. Expression of
this gene was increased in the latter two cell types. These find-
ings suggest the possibility that the CKAP2 gene affects the bi-
ological properties of tumor cells. We recently reported that
genes differentially expressed among NIH3T3-RET (MEN2A),
NIH3T3-RET (MEN2B), and parental NIH3T3 cells can be

classified into four categories; 1) those highly expressed in both
NIH3T3-RET (MEN2A) and NIH3T3-RET (MEN2B) cells
(type I); 2) those highly expressed in NIH3T3-RET (MEN2A)
cells (type II); 3) those highly expressed in NIH3T3-RET
(MEN2B) cells (type III); and 4) those highly expressed in pa-
rental NIH3T3 cells (type IV).30) Type I included genes in-
volved in cell growth, tumor progression and invasion, whereas
type IV included genes implicated in tumor suppression. The
pattern of expression of mCKAP2 is consistent with that of type
I genes. To further investigate whether or not mCKAP2 expres-
sion is directly induced by mutated RET, we used MEF3T3 Tet-
Off cells in which the gene expression is repressed by addition
of tetracycline.30) However, transient expression of the mutated
RET protein did not significantly affect the level of mCKAP2
expression (data not shown). In addition, we found that
hCKAP2 expression was not induced by GDNF stimulation
(data not shown). Considering also the finding that hCKAP2 is
upregulated in some human tumors, it is possible that mCKAP2
expression was secondarily induced as a result of a constitutive
tumorigenic signal by mutated RET protein.

The results of our immunocytochemical analyses showed that
mCKAP2 protein is distributed in cytoplasm with a fibrillar ap-
pearance, and that mCKAP2 is co-localized with microtubules
and microtubule organizing centers. Co-localization of
mCKAP2 and microtubules was observed throughout the cell
cycle. In addition, our findings suggested that mCKAP2 over-
expression stabilized microtubules against treatment with the
microtubule-depolymerizing agent nocodazole. Thus, it is pos-
sible that mCKAP2 is a microtubule-associated protein that
functions as a microtubule stabilizer, like MAP2 and tau. Lev-
els of MAP2 are reported to be increased in brain tumors, mel-
anocytic tumors, pulmonary carcinoid tumors and small cell
lung cancers, all of which are related to the nervous and neu-
roendocrine systems.35–38) Expression of tau was observed in
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Fig. 5. mCKAP2 overexpression stabilizes microtubules against no-
codazole treatment. NIH3T3 cells transiently transfected with pEGFP/
mCKAP2 plasmids were treated with 0.25 µg/ml of nocodazole for 20,
30 or 45 min, and were immunostained with Cy3-conjugated anti-β-tu-
bulin antibody. A) Examples of fluorescence microscopic images of cells
with GFP-mCKAP2 expression (a–f) or GFP expression (g–i) and un-
transfected cells treated with nocodazole for 20 min. The left panels
show GFP-mCKAP2 (a, d) or GFP (g) localization, the middle panels (b,
e, h) β-tubulin localization, and the right panels (c, f, i) show merged
images. Microtubule fibrillar appearance was observed in cells with
GFP-mCKAP2 expression (indicated by arrowheads), while microtubule
fibrillar appearance was not observed in cells with GFP expression (in-
dicated by arrows) or untransfected cells. B) Percentages of cells with
microtubule fibrillar appearance. More than 500 cells with GFP-
mCKAP2 expression and more than 500 untransfected cells were
counted under a fluorescence microscope, and the percentages of cells
with microtubule fibrillar appearance were calculated. A significant
difference in this percentage was observed between cells with GFP-
mCKAP2 expression and untransfected cells at all time points observed
(P : <0.0001 by χ2 test).∗∗
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tumors including astrocytomas, oligodendrogliomas,
chondrosarcomas and gastrointestinal stromal tumors,39–41) and
tau phosphorylation is associated with anti-cancer drug sensi-
tivity and drug-induced apoptosis.42–45) We and other investiga-
tors found that expression of the CKAP2 gene is also
upregulated in some human tumors. Because some anti-cancer
drugs target microtubule dynamics, the status of MAPs in cells
might play a crucial role in determining the drug sensitivity of
cancer cells. CKAP2 might thus prove useful as a target of can-

cer chemotherapy.
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