Novel centrosome protein,

antigen

TCC52, is a cancer-testis

Sichen Li,"? Xiaohua Hu,"? Shuang Cui'? and Dacheng He"?3

'Key laboratory of Cell Proliferation and Regulation of Ministry of Education, Beijing Normal University, Beijing 100-875; 2Universities’ Confederated Institute for

Proteomics, Beijing 100-875, China

(Received April 09, 2008/Revised July 16, 2008/Accepted July 25, 2008/Online publication October 14, 2008)

A novel centrosome protein, TCC52, was identified as a cancer-testis
(CT) antigen. The TCC52 gene was tissue-restricted in normal tissues
but highly expressed in lung cancer tissues and some cancer cell lines.
Immunoglobulin G antibody specific to TCC52 was detected in serum
samples from patients with prostate cancer (59.4%, 69/116), cholangio-
carcinoma (17.6 %, 6/34), laryngeal cancer (8%, 8/100) and lung cancer
(5.6%, 4/71) in patients, rather than from healthy donors. Based on its
restricted expression pattern and immunogenicity in some types of
tumor, TCC52, as a novel CT antigen, would be a promising candidate
for cancer immunotherapy. (Cancer Sci 2008; 99: 2274-2279)

Cancer—testis (CT) antigen is a type of immunogenic human
tumor antigen. Restricted expression in normal tissues and
immunogenicity in cancer patients are two major characteristics
of CT antigens.! Therefore, CT antigens are the ideal targets for
immunotherapy of human tumors.!"> During the last two decades,
more than 40 distinct CT antigens have been identified.” However,
a large number of identified CT antigens showed low humoral
immune responses in cancer patients except NY-ESO-1 which
holds the possibility to be one of the most immunogenic CT
antigens.® Thus, it is crucial to identify new CT antigens,
particularly those that could elicit immune responses in humans.

Centrosomes are the microtubule-organizing centers of animal
cells, influencing both tissue architecture and the accuracy of
chromosome segregation."” Since the 19th century, the relation-
ship between centrosome malfunction and tumorigenesis has been
studied."? Centrosome abnormalities could be observed in various
types of cancer and always related to the cancer’s occurrence
development and poor prognosis."'? During our previous study on
centrosome proteomes,'® one of the proteins that was caught in co-
immunoprecipitation, was identified as KIAA 1892 (WDR40A).!?
Its expression was found to be tissue-restricted in normal tissues
and frequently in lung cancer tissues as well as certain types of
cancer cell lines. Thus, we renamed it TCC52 (testis cancer
centrosome-related protein) and registered to GenBank (no.
DQ518909). Furthermore, humoral responses to TCC52 were
detected in four different types of cancer patients, indicating that
TCC52 was the first identified CT antigen that was localized on the
centrosome. It therefore might be a potential target for cancer
immunotherapy. Our finding added more evidence supporting
that centrosomes play a critical role in cancer progression.

Materials and Methods

Cell lines, tumor tissues and serum samples. All cancer cell lines
(HeLa, BGC823, HepGlII, Hepll, MCF7, PC3M, K562, A375,
A549, LTEP-a-2 and NCI-H226) were maintained in Dulbecco’s
modified Eagle’s medium (DMEM) medium (Invitrogen/Gibco,
San Diego, CA, USA) containing 10% fetal calf serum. Twenty-
four lung cancer tissues and paired adjacent non-cancerous tissues
were obtained from General Hospital of Beijing Unit, PLA and
Peking Union Medical College and Chinese Academy of Medical
Sciences. Sera of cancer patients were collected from General
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Hospital of Beijing Unit, PLA, Second Hospital of Xi’an Jiaotong
University, General Hospital of the Chinese People’s Liberation
Army and Third Hospital of Jilin University. Sera of healthy
donors were obtained from a general health examination in staffs
of the General Administration of Sport. All patient samples were
obtained with informed consent with Institutional Review Board
approval.

RNA extraction, cDNA synthesis, and reverse transcription polymerase
chain reaction. RNA extraction, reverse transcription (RT) and
polymerase chain reaction (PCR) were carried out according to
our previous work.!'> Normal tissue cDNA panels (multiple tissue
cDNA panels [MTC] I and II) were purchased from Takara
Biosciences Clontech (Palo Alta, CA, USA). Primers used in the
expression analysis of TCC52 were: forward, 5'-CCGAATTCTAT
GGCCCGGAAAGTAGT-3"; reversed, 5'-TAGTCGACTTAACTCC
AGAGCCCAGCA-3’ (product, 1379 bp). Primers for B-actin were
used as an internal control.

TCC52 recombinant protein and preparation of antibody. TCC52
OREF (454 amino acids) was amplified from HeLa cell cDNA by
using the following primers (forward, 5-ACGAATTCATGGCCCG
GAAAGTAGT-3’; reversed, 5'-GGAAGCTTACTCCAGAGCCC
AGCA-3’). The PCR product was digested with EcoRI and HindIII
and cloned into the expression vector pET30a (Stratagene, La
Jolla, CA, USA). TCCS52 recombinant protein fused with two 6His-
tags was purified by Ni*? affinity chromatography by using the
NiNTA agarose resin (Invitrogen). Following that, the polyclonal
antibody against the full length TCC52 recombinant protein was
prepared in the BALB/c mice.

Mass spectrometry. Protein digestion was performed essentially
as reported,® and peptides were desalted and concentrated using
C18 extraction tips."” The peptide mixture was analyzed with a
Qstar Pulser I Quadrupole TOF-MS mass spectrometer (Applied
Biosystems/MDS Sciex, Foster City, CA, USA).

Immunofluorescence. HeLa cells were grown on coverslips.
Immunostaining was performed by following a previously published
protocol with TCC52 antibody (home-made), antimouse-fluorescein
isothiocyanate (FITC) (Santa Cruz Biotechnology, Santa Cruz,
CA, USA), anti-y-tubulin antibody (Sigma Chemical, St Louis,
MO, USA) and antimouse cy5 (Jackson Immunoresearch) and 4,6-
diamino-2-phenylindole (DAPI) (Calbiochem, San Diego, CA,
USA)."™® Immunofluorescence microscopy was performed with
an FV3000 Olympus microscope (Olympus, Tokyo, Japan).

Immunohistochemistry. Paraffin-embedded sections were heated
at 60°C for 30 min, dewaxed and rehydrated with xylene and
grades of alcohol. Immunohistochemistry was performed by
following a previously published protocol with anti-TCCS52 anti-
sera (at 1:100 dilution) and horseradish peroxidase-conjugated horse
antimouse immunoglobulin (Ig)G (Vector Laboratories, Burlingame,
CA, USA). Sections were incubated with 3,3’-diaminobenzidine
substrate until suitable staining developed and counterstained
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Fig. 1. The construction of TCC52 recombinant protein and the evaluation of home-made TCC52 polyclone antibody. (A) Escherichia coli cells (BL21
strain) transformed with His-TCC52 were treated without (line 1) or with 0.4 mM isopropyithio-B-D-galactoside (IPTG) for 6 h (line 2) and purified
by using the NiNTA agarose resin (lines 3 and 4). (B) Identification of TCC52 by mass spectrometry (MS)/MS. MS/MS spectra of one doubly charged
peptide of m/z of 549.26 corresponding to the sequences LQNETSYSR of TCC52. Predicted N- and C-terminal fragments are marked b and vy,
respectively. Observed fragments are marked by arrows. (C) TCC52 was detected by western blot in proteins extract from HelLa cell (lanes 1, 3 and 5)
and BGC823 cell (lanes 2, 4 and 6) by using home-made TCC52 polyclonal antibody (lanes 1 and 2). Pre-immune (lanes 3 and 4) and TCC52 antibody
depleted of anti-TCC52 immunoglobulins (lanes 5 and 6) were used as negative controls. Molecular weight markers are indicated.

with hematoxylin solution. Pre-immune sera were used as a  expressed in Escherichia coli cells and purified. The purified
negative control. protein was separated by sodium dodecylsulfate polyacrylamide

Enzyme-linked immunosorbent assay. Detection of humoral  gel electrophoresis and stained by Coomassie blue (Fig. 1A). The
response to TCC52 in cancer patients was done by an indirect  purified single band was identified as TCC52 by mass spectrom-
enzyme-linked immunosorbent assay (ELISA) screening system,®  etry analysis (Fig. 1B). The polyclonal antibody against the full-
according to our previous work.!® Data was analyzed statistically ~ length TCC52 recombinant protein was then prepared in the
using the software SPSS ver. 13.0 (SPSS Software, Chicago, IL, = BALB/c mice. To examine the quality of the antibody, home-made
USA). TCC52 antibody was evaluated in HeLLa and BGL823 by western

Western blot. Total cell lysis or tissue lysis or purified recom-  blot. As shown in Fig. 1(C), a single band was observed with a
binant protein TCC52 were subjected to immunoblotting with  higher molecular weight (~55 kDa) than predicted (52.5 kDa). The
home-made TCC52 polyclonal antibody (at 1:500 dilution) or  slighter migration may be due to its posttranslational modifica-
human sera (at 1:100 dilution) or B-actin antibody (Santa Cruz  tion in eukaryotic cells. To ensure the specificity of the result,

Biotechnology) as previously described.! both pre-immune sera and sera against TCC52, but depleted of
anti-TCC52 Ig, were used as negative controls.
Results To determine the subcellular localization of TCC52, an indirect

immunofluorescence assay was performed with the home-made

TCC52, a new centrosome protein, detected in cancer cell lines.  TCCS52 antibody on HeLa cells. y-Tubulin, a well-known consti-
TCC52 was previously cloned and deposited in the GenBank  tutive centrosome protein, was served as an indicator for the
database as KIAA1892. As deduced from its primary sequence, centrosome. As shown in Fig. 2, TCC52 was co-localized with
the human TCC52 is a polypeptide of 454 amino acids residues  y-tubulin in both interphase and mitotic cells, which suggested
and its gene is located at chromosome 9p13.3 and exists as a  that TCC52 might be a novel constitutive centrosome protein.
single copy. Six random fields were observed for each phase. More than 95%
To understand the biological function of TCC52, in the present  cells in the same field showed a similar localization pattern as
study, we produced the mouse polyclonal antibody against the = TCC52. The detailed localization pattern of TCC52 in mitotic cells,
full-length TCC52 protein. The TCC52 recombinant protein was  including metaphase, anaphase and telophase, further confirmed
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Fig. 2. TCC52 is showed co-localized with the centrosome during the cell cycle. Double staining with anti-TCC52 (green) and anti-y-tubulin (red) antibodies
revealed a centrosomal localization for TCC52 during interphase (A), metaphase (B), anaphase (C) and telophase (D). 4,6-diamino-2-phenylindole (DAPI)
was used to visualize the DNA (blue). Merged pictures are shown at the right. Scale lines, 5 um.

that TCC52 was a new centrosome protein. The same assays
were carried out on several cancer cell lines from different tissues,
which included BGLS823 (the gastric cancer cell line), HeplI (the
laryngeal cancer cell line) and A549 (the lung adenocarcinoma
cell line). Similar results were obtained (data not shown). Taken
together, our data revealed that TCC52 existed in different cancer
cell lines as a novel constitutive centrosome protein.

TCC52 mRNA was frequently expressed in lung cancer tissues and
several cancer cell lines, but restrictedly expressed in testis among
normal tissues. TCC52 mRNA expression was first examined in
16 normal human tissues (Takara Biosciences Clontech). The
results demonstrated that the TCC52 gene was tissue-restricted
(mRNA detected in pancreas and spleen besides testis) (Fig. 3A).
It was well known that CT antigens were restricted in normal
gametogenic tissues, but aberrantly expressed in tumors. To test
whether the expression pattern of TCC52 meet the criterion of
CT antigens, we examined the mRNA expression of TCC52 in
38 paired lung cancer and adjacent non-cancerous tissues. The
results showed that the expression of TCC52 was detected in
89.47% (34/38) lung cancer tissues, whereas low expression or
undetectable expression was found in the paired adjacent non-
cancerous tissues (Fig. 3B). Because the paired adjacent non-
cancerous lung tissues, even 5 cm distant from lung cancer tissues,
may not be a physiological one, low expression of TCC52 may
be due to some tumor cell infiltration. Additionally, TCC52 mRNA
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Table 1. Summary of TCC52 mRNA expression in lung cancer tissues

mRNA expression

No. positive

34 (89.47%)

No. negative

4 (10.52%)

No. of cases
Clinical stage
land Il 8 1
Il and IV 26
Histological type
Adenocarcinoma
Squamous cell carcinoma 1
Adenosquamous carcinoma
Large cell lung carcinoma
Other types of lung cancer

w

N - b uN
o b~ Ul w

was also expressed in all of the examined tumor cell lines (Fig. 3C).
However, no correlation between TCC52 expression and sex,
age, clinical stages or nodular status was found in lung cancer
patients (Table 1).

TCC52 protein was expressed in lung cancer tissues and several cancer
cell lines. The existence of TCC52 protein was confirmed by western
blot applied on the same sets of lung cancer tissues and tumor
cell lines. The expression of TCC52 protein could be detected in
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Fig. 3. Expression of TCC52 mRNA. Expression of
mRNA level was investigated by reverse transcrip- .
tion polymerase chain reaction (RT-PCR). (A) TCC52 TCCS2
expression in panel of normal tissue cDNA speci-
mens. Lanes: 1, heart; 2, brain; 3, placenta; 4, lung; .
5, liver; 6, skeletal; 7, kidney; 8, pancreas; 9, spleen; f-actin
10, thymus; 11, prostate; 12, testis; 13, ovary; 14,
small intestine; 15, colon; 16, leukocyte; M, mole-
cular marker. (B) TCC52 expression in six pairs of
lung cancer tissue specimens. T, lung cancer tissues;
N, paired adjacent non-cancerous lung tissues. (C) TCOS2
TCC52 mRNA expression in cancer cell lines: 1, Hela; h
2, MCF7; 3, K562; 4, LEPT-A2; 5, HepGlI; 6, Hepll; 7,
BGC823; 8, A375; 9, PC3; 10, A549; 11, H226; M, [-actin
molecular weight marker.
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Fig. 4. TCC52 protein expression in lung cancer (B) 1 7 3 4 5 6 7 ] g 10 11

tissues (A) and tumor cell lines (B). (A) T, lung
cancer tissues; N, paired adjacent non-cancerous
lung tissues. (B) 1, Hela; 2, BGC823; 3, HepGll; 4,
Hepll; 5, MCF7; 6, PC3; 7, K562; 8, A375; 9, A549;
10, LEPT-A2; 11, H226.
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all of the tested cell lines and lung cancer tissues except the TS
sample (Fig. 4A). In contrast, much lower expression of TCC52
could be detected in the paired adjacent non-cancerous lung tissue
samples. The data was consistent with that from mRNA expression
of TCC52. The representative results are shown in Fig. 4.

The existence of TCC52 protein was also analyzed by immu-
nohistochemistry in normal testis and lung cancer tissues.
Immunohistochemistry carried out to analyze frozen sections of
lung cancer tissues and paired adjacent non-cancerous specimens,
which were analyzed in RT-PCR and western blot, could not show
the expression of TCC52 clearly in our experiment. Immunohis-
tochemistry was then performed by using paraffin-embedded
sections of another 15 lung cancer tissues, and normal testis as
a positive control. Positive staining of TCC52 was observed in
14 of 15 lung cancer specimens. In cancer tissues, staining was
predominantly in the cytoplasm of cancer cells. In the normal
testis, TCC52 expression was generally found in the cytoplasm
of spermatogonia and spermatocytes (Fig. 5).

Humoral response against TCC52 in cancer patients. Although the
expression pattern of TCC52 strongly supported that TCC52 might
be a novel CT antigen, immunogenicity of TCC52 in vivo should
also be taken into account. To evaluate the presence of antibodies
against TCC52 in sera from cancer patients, we performed immu-
noblotting assay-directed ELISA by using recombinant His-tagged
TCCS52. His-tagged protein served as an internal negative control.
The mean absorbance value of healthy donors (0.32 for TCC52)
+ 3 standard deviations (SD; 0.12) was set as a cut-off value (0.68).
Among the 321 sera analyzed, 87 (27.1%) were reactive to TCC52
recombinant protein. The highest percentage of antibody response
was detected in prostate cancer patients (59.4%, 69/116). The
percentages of antibody response in the other three types of
patients were 5.6% (4/71) in lung cancer patients, 17.6% (6/34)
in cholangiocarcinoma patients and 8% (8/100) in laryngeal cancer

Lietal.
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Table 2. Summary for humoral responses of TCC52 in serum samples
from cancer patients and healthy donors

OD value Antibody response

Type' P-value* —_—
Mean SD (%)

N (38) 0.33 0.12 - - -
CC (39) 0.52 0.24 <0.01 6/34 17.6
LGC (100) 0.44 0.24 <0.01 8/100 8.0
LC (71) 0.41 0.18 <0.05 4/71 5.6
PC (116) 0.83 0.34 <0.01 69/116 59.4
Total (321) - - - 87/321 27.1

*A two-tailed Student's t-test was used to assess the statistical
significance of the difference in absorbance values between patients
and healthy donors.

N, normal; CC, cholangiocarcinoma; LC, Lung cancer; LGC, laryngeal
cancer; PC, prostate cancer; Total, total no. of patients.

patients, respectively. However, the response was not detected in
healthy donors. The absorbance value of negative control in each
experiment was below 0.01 and the absorbance value of nonspecific
control for each positive serum was below the cut-off value.
Fig. 6(A) and Table 2 summarize the results, and Fig. 7 shows
the typical titration curve of positive and negative sera. Western
blot was performed to further confirm the presence of TCC52
antibodies in the aforementioned sera. Recombinant TCC52 protein
served as antigen and the ELISA-positive sera as primary antibody.
TCC52 antibody-positive sera were further confirmed to be positive
by western blot. In contrast, healthy sera, the negative control and
the nonspecific control remained negative, which were consistent
with the results from the ELISA assay (Fig. 6B). To sum up, our
results strongly support that TCC52 is a novel CT antigen and
might be a target for cancer immunotherapy.
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Fig. 6. Humoral responses against TCC52 in cancer patients and healthy
donors by enzyme-linked immunosorbent assay (A) and western blot (B).
(A) N, normal; CC, cholangiocarcinoma; LGC, laryngeal cancer; LC, lung
cancer; PC, prostate cancer. (B) Lanes 1-11, positive reaction with sera from
patients; lanes 13-20, negative reaction with sera from healthy donors;
lane 12, negative control. Molecular weight markers are indicated.

Discussion

Cancer-testis antigen is a type of antigen whose expression is
highly restricted, primarily in normal testis, but aberrantly in a
wide range of different tumor types.! Because of their restricted

2278

Fig. 5. TCC52 protein expression in normal testis
(A,B) and lung cancer tissues (C, adenocarcinoma;
D, squamous). Cytoplasm staining was observed
mainly in spermatogonia and spermatocytes and
tumor cells. Scale lines, 50 um (A,B,D) and 20 um (B).
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Fig. 7. Antibody production against TCC52 in prostate patients. Serially
diluted sera from three patients with prostate cancer (®, X, ) and sera
from three healthy donors (¢,l,4).

expression pattern, CT antigens have taken center stage in cancer
antigen identification and vaccine development.!? In this study,
we for the first time demonstrated that TCC52, a novel centrosome
protein, shows tissue-restricted expression pattern in normal tissues.
Based on its expression profile and humoral immune response,
it was reasonable to recognize TCC52 as a new member of CT
antigens. To our knowledge, TCC52 was the first identified CT
antigen that was localized on the centrosome. A growing body
of experimental evidence provides the foundations for the essential
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roles of the centrosome in tumorigenesis. Although whether TCC52
represents a class of centrosome proteins which show a tissue-
restricted expression pattern in normal tissues remains to be
elucidated, one thing that can be confirmed is that TCC52, as a
potential target for cancer therapy, might play some roles in
tumor treatment through modulation centrosome-related functions.
Moreover, the specific localization of TCC52 might provide
valuable clue to further investigate the biological function of
TCC52.

As opposed to the conventional view that CT antigens are
expressed only in gametogenic tissues, low expression of TCC52
was observed in normal pancreas and spleen. It was not a surprising
result because recent studies revealed that a couple of CT antigens
were present in some other normal tissues.>!*20 However, the
expression of CT antigens in non-gametogenic tissues was very
low and unlikely to result in the presence of immunologically
relevant levels of major histocompatibility complex/CT peptide
complexes. Thus, this does not impair their immunotherapeutic
potential in most cases.’ It has been suggested that CT antigen
genes often form families on the X chromosome.® Interestingly,
unlike the other CT antigen genes, the TCC52 gene is localized
to 9p13.3.

In addition to the analysis of mRNA expression, western blot
and immunohistochemistry should be performed to confirm the
expression of TCCS52 protein in cancer. Western blot results clearly
showed that TCC52 was expressed in lung cancer tissues (except
T5) and all the examined cell lines. Because we know that the
protein level sometimes does not necessarily reflect the mRNA
level as a result of mRNA degradation, different translational
regulation and protein degradation, it is not unexpected that
TCC52 protein expression was not detected in TS lung cancer
tissue samples. Taken together, the results from western blotting
provided further evidence to support TCC52 as a CT antigen in
lung cancer. One thing necessary to note is that the low expres-
sion was detected in the adjacent non-cancerous tissues. Although
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In summary, we have identified a novel CT antigen, TCC52.
Because it was the first identified CT antigen that localized on
the centrosome, with the features of tissue-restricted expression
pattern in normal tissues and a high frequency of humoral responses
in different types of cancer, the new centrosome protein might
play a critical role in cancer progression and be a potential target
for cancer immunotherapy.
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