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as an interacting partner of CABYR-a
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Abstract. Calcium-binding tyrosine phosphorylation regu-
lated protein (CABYR), a family of isoforms resulting from
alternative splicing, has been identified as a cancer/testis anti-
gen (CT88) in lung cancer and hypothesized to be a promising
target for immunotherapy. Here, we report the expression
of CABYR in various cancer tissues/cell lines. Expression
profiles of individual isoforms were different among cancers.
Furthermore, protein and mRNA levels did not correlate
for individual isoforms. While CABYR-c/d were the most
abundant splicing variants, CABYR-a was the predominant
protein isoform. Finally, CABYR-a, but not CABYR-c,
was found to interact with a-enolase in vivo. Collectively, the
data indicate that CABYR is a CT antigen widely expressed
in diverse cancer cells. However, individual protein isoforms
may be differentially regulated by post-transcriptional and
post-translational mechanisms and may have a unique role
in carcinogenesis. The protein expression pattern of various
CABYR isoforms is important with regard to the consideration
of using CABYR as a target antigen for the development of
vaccines for cancer therapy.
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Introduction

Calcium-binding tyrosine phosphorylation regulated protein
(CABYR), encoded by the CABYR gene located at chromo-
some 18ql11.2 and chromosome 18 locus Al of human
and mouse, respectively, is a family of highly polymorphic
proteins (1,2). Six alternatively spliced transcripts involving
two coding regions (CR-A and CR-B) have been shown to
encode five protein isoforms (CABYR-a - CABYR-¢) (Fig. 1)
with extensive charge and mass polymorphisms in human
spermatozoa (1). While proteins encoded by both CR-A
and CR-B are produced during spermatogenesis, only
CR-A-encoded acidic isoforms bind calcium. These isoforms
appear to have a much higher molecular weight than the
predicted 50-53 kDa when assessed by SDS-PAGE (1,3).
Although CABYR was originally reported as a testis-specific
protein localized exclusively in the sperm flagellum, which
gains calcium-binding capacity when phosphorylated during
capacitation (1), CABYR-c and CABYR-d are also detected
in the normal human brain and also in the fetal brain and
brain tumors in which the expression is more distinct than in
the adult brain (4). This evidence, together with the detection
of aberrant expression of CABYR-a/b and CABYR-c in
lung cancers and the presence of specific IgG antibodies in
some sera from lung cancer patients but not from the healthy
donors, has defined CABYR as a novel cancer/testis (CT)
antigen and a new potential target for the use in development
of therapeutics for human cancer (5,6).

Recently, CABYR was found in motile cilia of fallopian
tubes and human bronchi in addition to the sperm fibrous
sheath suggesting that it may have a role in calcium signaling
pathways that regulate motility of cilia and flagella (7).
CABYR-c and CABYR-d, which lack calcium binding
capacity, have been demonstrated to interact with GSK38
in vitro (4). Both CABYR and GSK306 genes were found to
be up-regulated in smokers, suggesting a role of these proteins
in carcinogenesis (8).

The present study was undertaken after we identified a
recombinant phage displaying a peptide derived from CABYR
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Figure 1. Diagram of CABYR genomic structure and transcript variants. Translation start codons (v) and stop codons () are indicated. Relative positions of
the primer pairs used to detect splicing variants (1/2, 3/4, and 5/6) and prepare the biotinylated probe (7/8) are indicated by arrows.

that was affinity-selected by a rabbit serum against hepato-
cellular carcinoma HepG2 cells. Here, we show that CABYR
is aberrantly expressed in a wide range of human cancers.
Interestingly, although the CABYR-c/d isoforms are more
readily detected at the mRNA level, CABYR-a is the prevalent
isoform at the protein level. In addition, we found that
CABYR-a, but not CABYR-c, interacts with a-enolase,
suggesting that CABYR may have a role in modulating
a-enolase function.

Materials and methods

Cell culture and tissue specimens. DMEM supplemented with
10% FBS and 50-pg/ml gentamycin was used to cultivate
the hepatocellular carcinoma cell lines, HepG2 and Huh7, the
nasopharyngeal carcinoma cell lines, NPC039, NPC076 and
BM1, the human embryonic kidney cell line, 293T, the breast
cancer cell line Hs578T, the lung adenocarcinoma cell lines
CL1-0 and CL1-5, and the human glioblastoma-astrocytoma
cell line U-87 MG. Tissue specimens were obtained from
Taichung Veterans General Hospital, Taiwan and Buddhist
Tzu Chi General Hospital, Hualien, Taiwan.

RT-PCR. Total RNA was prepared using TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) according to the manu-
facturer's instructions. RNA was reverse transcribed in a
reaction mixture of 20 ul containing 5 ug of total RNA,
2.5 pg of oligo dT15, 1 nmole of dANTP and Superscript
IT reverse transcriptase (Invitrogen). Normal tissue cDNA
were purchased from Clontech (Mountain View, CA, USA).
cDNA was amplified by PCR using Taqg DNA Polymerase
(Invitrogen) with 1 pl of the cDNA as the template. Thermal
cycle conditions were as follows: 94°C for 5 min followed by
30 cycles of 94°C for 1 min, 60°C for 2 min and 72°C for
1 min, and then extension at 72°C for 10 min. Integrity of
the cDNA was verified by amplification of the B-actin gene.
PCR products were confirmed by nucleotide sequencing or
Southern hybridization. Primers used in this study are listed
in Table I.

Southern hybridization. Southern hybridization was carried
out essentially as previously described (9) using biotinylated
CABYR DNA obtained by PCR with primers CABYR-7 and
CABYR-8 (Table I, Fig. 1). PCR amplification conditions
were as described above, except that the nucleotide mixtures
contained 1.25 mM biotin-11-dATP (Perkin-Elmer, Waltham,
MA, USA) in addition to 2.5 mM each of dTTP, dGTP, and
dCTP, and 1.25 mM dATP. After hybridization, the membrane
was incubated with alkaline phosphatase-conjugated strep-
tavidin (Invitrogen) and developed using CDP-star chemilu-
minescence reagent (Perkin-Elmer). The hybridization signals
were then detected by an ImageMaster VDS-CL system (GE
Healthcare, Piscataway, NJ, USA).

Plasmids. For nucleotide sequencing, PCR products were
cloned into pGEM-T Easy vector (Promega Co., Madison,
WI, USA). To produce recombinant CABYR proteins for
immunization, the complete coding regions of CABYR-a
(GenBank ID: HM594166) and CABYR-c (GenBank ID:
HM594168) were PCR amplified from NPC076 cell cDNA
with primer pairs CABYR-F/CABYR-a-R and CABYR-F/
CABYR-c-R, respectively, and cloned into pET21b (Merck
KGaA, Darmstadt, Germany) to generate pET-CABYR-a and
pET-CABYR-c. To express Flag-tagged CABYR in 293T
cells, DNA fragments encoding the full length CABYR-a were
amplified from pET-CABYR-a using primer pairs CRA-F/
CRA-R, while CABYR-c was amplified from pET-CABYR-c
with primer pairs CRA-F/CRB-R. Both amplification products
were cloned into the EcoRI/Notl site of pcDNA-FlagB to
generate Flag-CABYR-a and Flag-CABYR-c.

Antibodies. Anti-CABYR antibodies were prepared by immu-
nization of rabbits with E. coli produced His-tagged CABYR.
Briefly, pET-CABYR-a and pET-CABYR-c plasmids were
transformed separately into E. coli BL21(DE3) and the trans-
formants were grown in LB for 3 h, after which expression
was induced with IPTG (I mM). His-tagged CABYR-a and
CABYR-c proteins were purified using a HisBind purification
kit (Merck KGaA) following the manufacturer's protocol.
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Table I. Primer sequence used in this study.
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Primer Sequence?

RT-PCRP

CABYR-1 5-GCTCAGCTTGCTGCTCAGATG-3'

CABYR-2 5'-TCCCTGAAATGTTGACCCAG-3'

CABYR-3 5'-cgaaTtCCCAGATGGAAAAATCTAC-3'

CABYR-4 5'-geggecgcTcaTTCTGGCAGTTGCTC-3'

CABYR-5 5'-agaatTgCCAAAATGATTTCTTCAAAGCCC-3'
CABYR-6 5-TAACATCTGAGCAGCAAGCTG-3'

B-actin-F 5-GCTTGACTCAGGATTTAAAAACTGGAACGG-3'
B-actin-R 5-TATTCAACTGGTCTCAAGTCAGTGTACAGG-3'

Probe synthesis®
CABYR-7
CABYR-8

His-tagged expression plasmid construction
CABYR-F

CABYR-a-R

CABYR-c-R

Flag-tagged expression plasmid construction
CRA-F
CRA-R
CRB-R

5'-tggatccAATGATTTCTTCAAAGCCC-3'
5'-tAagcTTGTCACCAGATCCTGAAC-3'

5'-cgaATICTGCCAAAATGATTTCTT-3'
5'-tAagcTtITTCAGCTGTTGATTCCCC-3'
5'-aacaagcttGTTTTCAGTTTCTGC-3'

5'-agaatTcCCAAAATGATTTCTTCAAAGCCC-3'
5'-tgcggecgCTTATTCAGCTGTTGATTCCCC-3!
5'-tgeggecGCTCAGTTTTCAGTTTCTGCTTTGCG-3'

“The mismatched nucleotides are in lower case and restriction enzyme recognition sites are underlined. "The relative positions of CABYR
specific primers used in RT-PCR and probe synthesis are shown in Fig. 1.

After extensive dialysis against PBS, the purity was monitored
by SDS-PAGE and the protein concentration was determined
using Protein Assay Dye Reagent Concentrate (Bio-Rad,
Hercules, CA, USA). Rabbits were immunized subcutaneously
with recombinant CABYR-a or CABYR-c proteins (150 pg;
emulsified with complete Freund's adjuvant for the first
injection and incomplete Freund's adjuvant for the boost)
four times at 2-week intervals. Rabbit anti-human a-enolase
(H300) and mouse monoclonal anti-B-actin (Acl5) anti-
bodies were obtained from Santa Cruz Biotechnology (Santa
Cruz, CA, USA) and Novus Biologicals (Littleton, CO,
USA), respectively.

Western blotting. Cells were lysed with NP-40 lysis buffer (1%
NP-40, 150 mM NaCl, 50 mM Tris-HCI, pH 8.0) and tissues
were pulverized using liquid nitrogen. Proteins were extracted
with modified Camiolo buffer (0.25% Triton X-100, 300 mM
NaCl, 10 mM EDTA, 75 mM potassium acetate, 100 mM
L-arginine, pH 7.4) (10). Both buffers contained protease inhi-
bitor cocktail including 1.04 mM AEBSF, 0.85 M aprotinin,
40 uM bestatin, 14 yuM E-64, 20 uM leupeptin, 15 uM
pepstatin (Sigma-Aldrich, St. Louis, MO, USA). Normal liver
and testis proteins were purchased from Clontech. Western
blotting was performed following standard procedures (9).

The blots were probed with appropriate primary antibodies
and detected with alkaline phosphatase-conjugated goat anti-
rabbit or anti-mouse IgG secondary antibodies. The immuno-
reactive band was visualized by developing with BCIP and
NBT (5-bromo-4-chloro-3-indolyl phosphate/nitroblue tetra-
zolium).

Identification of CABYR-interacting protein(s) by immuno-
precipitation. Flag-tagged expression plasmids were
transiently transfected into 293T cells using jetPEI reagent
(Polyplus-transfection Inc., NY, USA) according to the manu-
facturer's instructions. Briefly, 293T cells were cultured in
10-cm diameter cell culture dishes until they reached 60%
confluency and then 20 pg of the Flag-tagged expression
plasmid was added to each dish. After 48 h, cells were
harvested and lysed with NP-40 lysis buffer. After 10 min
on ice, lysed cells were centrifuged (16,000 x g) for 15 min at
4°C to separate the cytoplasmic and nuclear fractions. The
supernatants were incubated with anti-Flag M2 agarose
(Sigma-Aldrich) for 2 h with shaking at 4°C. The protein-
bound M2-agarose beads were washed three times with
NP-40 lysis buffer, and the immunoprecipitates were eluted
3 times with 0.1 M glycine/HCI (pH 3.5) and neutralized
immediately with 1 M Tris-HCI (pH 9.5). Eluted samples
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Figure 2. RT-PCR analysis for expression of CABYR transcript variants in cancer cell lines using isoform-conserved primers (top) and CABYR-a/b specific
primers (middle) detected by ethidium bromide staining (A) and normal tissues using isoform-conserved primers detected by Southern blotting with CABYR-

specific probe (B). B-actin was used as an internal control.

Table II. CABYR mRNA expression in liver, lung and esophageal cancers.

Expression frequency (no. positive/no. tested)

CABYR-a/b CABYR-c/d CABYR-¢?
Tumor tissue Adjacent tissue Tumor tissue Adjacent tissue Tumor tissue Adjacent tissue
Tumor type (%) (%) (%) (%) (%) (%)
Lung 12 (3/25) 0 (0/13) 80 (20/25) 38.5 (5/13) 16 (4/25) 0 (0/13)
Liver 43.8 (7/16) 6.3 (1/16) 87.5 (14/16) 93.8 (15/16) 0 (0/16) 0 (0/16)
Esophagus 16.6 (7/42) 6.3 (2/32) 59.5 (25/42) 31.3(10/32) 4.8 (2/42) 6.3 (2/32)

2All CABYR-e positive specimens were CABYR-a/b positive except for one lung tumor tissue.

were separated by SDS-PAGE, and proteins were detected
by Western blotting or by silver staining as previously
described (11).

Results

Expression of CABYR mRNA in human cell lines and in tissues
Jrom cancer patients. With the finding that a phage displaying
a peptide derived from CABYR was affinity-selected by
anti-HepG2 antiserum, we examined the expression of
CABYR in the HepG2 cells together with a panel of other
human cell lines by RT-PCR using the isoform-conserved
primers, CABYR-1 and CABYR-2 (Fig. 1, Table I). Distinct
0.65 kb bands and faint 1.6 kb bands corresponding to the
sizes of CABYR-c/d and CABYR-a/b transcripts, respectively,
were obtained (Fig. 2A). The identity of these two DNA

fragments as CABYR was verified by nucleotide sequencing
of the products (GenBank ID: HM594167, HM594163) and
by Southern hybridization of all samples (data not shown).
CABYR-a/b mRNA could be detected in almost all tested
cells with relative intensities significantly lower than the
CABYR-c/d. To minimize the effect of target length on
amplification efficiency, we used CABYR-a/b specific PCR
primers that generated 0.65-kb products (CABYR-3 and
CABYR-4) (Fig. 2A). The levels of CABYR-c/d were
consistently higher than the CABYR-a/b based on relative
band intensities compared to the internal control, 3-actin.

Next, we examined the expression of CABYR mRNA
in tumors and adjacent tissues from liver, esophageal, and
lung cancer patients using the isoform-conserved primers,
with commercially available normal tissue cDNA as a control.
In addition to CABYR-a/b and CABYR-c/d (verified by
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Figure 3. Western blot analysis of CABYR protein isoform expression in
normal human tissues (A), cancer cell lines (B), and tumor tissues from liver
cancer patients (C). Primary antibodies used are as indicated.

Southern hybridization), PCR products corresponding to
the CABYR-e transcript (verified by nucleotide sequencing)
(GenBank ID: HM594169) were obtained in some tissue
samples (data not shown). CABYR-a/b mRNA was detected
more frequently in tumor tissues than in adjacent non-
cancerous tissues but CABYR-c/d and CABYR-e had different
patterns of expression (Table II). CABYR-c/d was more
frequently detected in tumor tissues of lung and esophageal
cancers but was also detectable in most liver tissues from liver
cancer patients. In contrast, CABYR-e was detected in lung
and esophageal cancers but not in liver cancer. Interestingly,
CABYR-a/b or CABYR-e were only detected in CABYR-c/d
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positive samples. It is noteworthy that CABYR-c/d but not
CABYR-a/b was detected in several normal tissues other
than testis and brain, including lung and liver in one of the
two batches of tissue from Clontech (Fig. 2B).

Expression of CABYR protein in liver cancer tissues and
cancer cell lines. To investigate whether the RNA expression
translates to a biologically significant level of protein, we
prepared antisera against the recombinant CABYR-a and
CABYR-c proteins. The recombinant proteins were recognized
by anti-HepG2 serum, confirming the presence of CABYR-
specific antibodies in this serum (data not shown). After
verifying their specificity, the sera against the recombinant
CABYR were used to examine normal testis and liver proteins
by Western blot analysis. Three groups of immunoreactive
bands, corresponding to CABYR-a/b, CABYR-c and CABYR-d,
were detected only in normal testis but were not detected in
normal liver protein by either antiserum (Fig. 3A). Interes-
tingly, although the mRNA level of CABYR-c/d was signi-
ficant higher than that of CABYR-a/b in normal testis
(Fig. 2B), it appears that CABYR-a/b were at least as
prevalent as CABYR-c/d proteins.

Because of the lower background, we used anti-CABYR-a
to examine the CABYR protein expression in liver tissues
from cancer patients as well as in cancer cell lines including
U-87 MG, which had previously been shown to express
CABYR-c and CABYR-d isoforms (4). No signal was
detected in immunoblots probed with pre-immune serum (data
not shown). Immunoreactive bands of sizes corresponding
to CABYR-a/b, CABYR-c and CABYR-d were detected in
human cell lines (Fig. 3B) as well as the liver tumor tissues
(Fig. 3C). Surprisingly, we found that the CABYR-a/b
proteins of cancer origin migrated slightly faster than the
corresponding testis protein and was detected in tissue samples
without detectable CABYR-a/b transcripts. The expression
profiles of CABYR-c and CABYR-d proteins were more
heterogeneous and also did not correlate with the mRNA
levels. The data suggest that CABYR-a/b protein may have a
longer half-life than the CABYR-c/d and that their expression
is differentially regulated.

CABYR-a and CABYR-b are similar in size and pl. To
clarify the identity of the immunoreactive bands around the
78-kDa marker, we performed PCR using primers CABYR-5
and CABYR-6 (Fig. 1, Table I) to amplify the cDNA from
cancer cell lines. A fragment corresponding to CABYR-a/c
but not to CABYR-b transcripts was obtained in all tested
cells (data not shown), suggesting that the immunoreactive
bands migrated around 78 kDa are the products of the
CABYR-a transcript. Finally, we determined the nucleotide
sequences of the RT-PCR products amplified from the
NPCO076 cells using the primers CABYR-F and CABYR-a-R
(Table I). The deduced amino acid sequences were identical
to the testis CABYR-a, suggesting that the size variation
may due to post-translational modifications.

CABYR-a interacts with a-enolase. In an initial attempt to
elucidate the biological function of CABYR, we used co-
immunoprecipitation to isolate potential CABYR binding
partner(s). Because the anti-CABYR sera were not able to
recognize the CABYR proteins in their native form, we trans-
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Figure 4. Demonstration of the interaction between CABYR-a and a-enolase by immunoprecipitation and Western blot analysis. Silver staining (left
panel) and Western blots of the anti-Flag immunoprecipitates from 293T cells transfected with pcDNA-Flagh (1), Flag-CABYR-a (2) and Flag-CABYR-c (3).
«, Flag-tagged CABYR; «, endogenous CABYR; ¢, a-enolase. Primary antibodies used are as indicated.

fected Flag-tagged expression plasmids into 293T cells and
immunoprecipitated the cytoplasmic fraction with an anti-
Flag antibody. After SDS-PAGE analysis, a band located
near 50 kDa, in addition to the CABYR proteins, was
detected in the immunoprecipitates of the Flag-CABYR-a
expressing cells (Fig. 4). The 50-kDa protein was recovered
and subjected to tandem mass spectrometric analysis. It
was identified as a-enolase. This was further confirmed by
Western blot analysis of the immunoprecipitates with an anti-
a-enolase antibody (Fig. 4). Notably, such a protein-protein
interaction was not observed in in vitro pull down assays
(data not shown), suggesting that the interaction is confor-
mational dependent or that it occurs only under certain
conditions.

Discussion

Due to their restricted expression profile in normal tissues,
CT antigens are considered to be ideal candidates for
therapeutic cancer vaccines (12,13). Currently, there are over
130 CT gene families in the CT database (http://www.cta.
Incc.br) based on their mRNA expression profile. Recently,
sperm fibrous sheath proteins, CABYR and Sp17, were
proposed to be a new class of target antigens useful for
developing cancer vaccines. One advantage of these two
CT antigens lies in their post-meiotic expression pattern,
which may reduce the risk of permanent injury to the testis of
patients (5). Sp17 has been reported in various malignancies
(14-16). In contrast, the expression of CABYR has only
been examined in brain and lung cancers (4,6). In this study,
we analyzed the expression of CABYR in tissues from liver,
esophagus, and lung and in human cell lines of different
histological origin at the mRNA and protein levels by RT-
PCR and Western blot analysis, respectively. We found that
CABYR-a/b and CABYR-c/d were detected in all cancer cell
lines and were differentially expressed in tissues from cancer
patients suggesting that CABYR may be a CT gene widely
expressed in different cancer types.

However, expression profiles of each isoform may be
different among cancers. For example, CABYR-e was not
detected in any liver specimens but in 16% of lung tumor
specimens and in 4.8 and 6.3% of esophageal tumor and
adjacent tissues, respectively. In addition, CABYR-c/d was

detected in a high percentage of liver tumor and adjacent
tissues and more frequently in tumors than in adjacent tissues
of lung and esophageal cancer (Table II). Our current data
suggest that CABYR is widely expressed in different cancers
and that the expression profile may reflect changes in cell
status. This assumption is supported by previous finding that
CABYR exhibits reversible, increased expression with active
smoking (8). Furthermore, the occasional detection of
CABYR-c/d mRNA in normal tissues by us (Fig. 2B) and
others (4,6,7) may also be due to the expression of CABYR
in normal tissues may be controlled by other factors, resulting
in a mosaic pattern of expression. It is noteworthy that
we found that 7 out of 8 CABYR-e positive specimens were
both CABYR-a/b positive and CABYR-c/d positive. The
presence of a specific CABYR mRNA may correlate with
cellular abnormality or with histological type, as has been
reported in lung cancer (6). In either case, CABYR may have
potential as a diagnostic marker and therefore deserves to
be studied further.

In addition to the mRNA expression, we also examined
the expression of CABYR protein by Western blotting using
rabbit anti-CABYR-a and found that there was no correlation
between mRNA and the corresponding protein expression
(Figs. 2 and 3). For example, the CABYR-a protein isoform
was detected in all tested samples including mRNA-negative
liver specimens but the opposite was found for CABYR-c/d.
This discrepancy may be the result of variation in the liver
tissue sampling area or of the differential sensitivity of the
antiserum used, which exhibits higher avidity to CABYR-a
than CABYR-c/d (Fig. 3A). However, the observation that
Hs578T and U-87 MG cells contained high levels of CABYR-c
protein ruled out the latter possibility. Together, the data
indicate that the different isoforms of CABYR gene product
may be regulated differentially. It has been reported that
in human mRNAs length is positively correlated with the
mRNA decay rate (17) and longer proteins are relatively more
stable (18). Thus, our results implicate that CABYR-a/b
is more stable than CABYR-c/d at protein level. Notably, a
pseudogene with 50 and 85% homology at the RNA level to
CABYR-a and CABYR-c, respectively, is present on chromo-
some 3 (GenBank ID: NG_002394). It will be of interest
to know whether this pseudogene plays a function in the
differential regulation of the CABYR protein expression.
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It has been demonstrated in vitro that CABYR interacts
weakly with radial spoke protein 3 (RSP3) via its RII
dimerization domain (7) and that CABYR-c/d are substrates
of GSK38 (4). In this study, we showed that CABYR-a
interacts with a-enolase in vivo but not in vitro. It is possible
that this interaction depends on appropriate modifications
or/and physiological conditions such as phosphorylation or/
and Ca?* concentration (19-21). It has been proposed that in
the cytoplasm of tumor cells, a-enolase and other glycolytic
enzymes interact with the cytoskeleton system and that such
association may provide ATP to promote the migration of
tumor cells (22-24). Furthermore, a-enolase can also be
expressed on the cell surface depending on the activation
status or pathophysiological conditions (25). Up-regulation
of a-enolase is strongly associated with disease malignancy
(26-28). Therefore, it is possible that CABYR-a plays a role
in the regulation of cellular energy or acts on the signal
transducing pathway that is initiated upon binding of plas-
minogen to a-enolase. Our data, together with the finding
that CABYR-c/d isoforms but not CABYR-a interact with
GSK38 (4), indicate that different isoforms may have a
differential roles during carcinogenesis.

In conclusion, we have detected aberrant expression of
the CABYR gene in tissues from lung, liver, and esophageal
cancer patients, with CABYR-c/d transcripts being found
most frequently and abundantly, followed by CABYR-a/b
and then CABYR-e. However, expressions of individual
isoforms do not correlate with mRNA levels, suggesting that
individual protein isoforms may be differentially regulated by
post-transcriptional and post-translational mechanisms. The
detection of CABYR-c/d transcripts in several normal tissues
(Fig. 2B), together with the previous finding that CABYR
protein is detected in the motile cilia of human bronchi and
fallopian tubes (7), indicate that it is important to understand
the expression profile of individual protein isoforms in
normal tissues. Caution should therefore be taken in using
CABYR protein as an immunotherapeutic target until iso-
form expression is better understood. In addition, the
identification of a protein that interacts with CABYR in vivo
provides a clue to deciphering the functions of this protein.
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