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The prostate cancer HERV-K gag-related NGO-Pr-54 antigen was 
identified by SEREX analysis using autologous patient serum. 
NGO-Pr-54 mRNA was observed to be faintly expressed in normal 
prostate and strongly expressed in a variety of cancers, including 
ovarian cancer (5/8), prostate cancer (6/9), and leukemia (5/14). A 
phage plaque assay showed that a strong reaction was constantly 
observed with clone ZH042 in which the 5' end of NGO-Pr-54 is 
deleted, suggesting that it contained the sequence coding for the 
protein product. A TI-35 mAb was produced using a recombinant 
protein (438 aa) deduced from the sequence of ZH042. Transfection 
of clone ZH042 into 293T cells resulted in the production of an 
approximately 50-kDa molecule visualized by Western blotting. 
Natural production of the molecule was confirmed in a SK-MEL-23 
melanoma cell line. An indirect immunofluorescence assay showed 
that NGO-Pr-54 protein was expressed on the cell surface as well as in 
the cytoplasm. Cell surface expression was confirmed by flow 
cytometry using the TI-35 mAb. The antibody response against 
NGO-Pr-54 was observed in patients with bladder (5.1%), liver 
(4.1%), lung (3.4%), ovarian (5.6%), and prostate (4.2%) cancer, as 
well as with malignant melanoma (13.2%).
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Introduction
Serological recombinant cDNA expression cloning (SEREX) 

has been utilized for the identification of tumor antigens (1, 2). 
More than 2,000 antigens including cancer/testis antigens, 
mutational antigens, over-expressed antigens, differentiation 
antigens, splice-variant antigens and viral antigens have been 

defined by SEREX (2). Some SEREX-defined antigens, such as 
NY-ESO-1 (3, 4, 5), Her2/neu (6), NY-BR-1 (7), etc., have also 
been identified as targets of cellular immune responses.

Human endogenous retroviruses (HERVs) are genomic 
sequences that result from ancient retroviral infections that 
became fixed in the germ line DNA (8, 9) and represent 
approximately 8% of the human genome (10). More than twenty 
HERV families have been identified (11). Most HERV families 
are defective; however, some families still contain open reading 
frames (ORFs) for retroviral genes (12). HERVs contain gag, pol, 
and env genes encoding polyproteins flanked by two long 
terminal repeats (LTRs) (9, 13). The HERV-K family is the most 
conserved family. It is present as 30-50 proviral copies in the 
human genome (14) and has intact ORFs for the gag, pol, or env
genes (15, 16). No expression of HERVs has been observed in 
most normal tissues. However, HERVs have been shown to be 
expressed in normal placenta (17) and brain (18, 19) from 
patients with multiple sclerosis. In tumors, HERV-K was shown 
to be expressed in teratocarcinoma (20) and HERV-E in prostate 
cancer (21).

In this study, the NGO-Pr-54 antigen was identified by 
immunoscreening of cDNA expression libraries prepared from 
prostate cancer specimens obtained from a patient with 
autologous sera. NGO-Pr-54 is homologous to HERV-K. The 
mRNA expression was examined in various normal tissues and 
in a variety of tumors from different origins. The ORF was 
determined and mAb was produced. Its localization on the cell 
surface as well as in the cytoplasm was demonstrated. The 
immunogenicity of NGO-Pr-54, as evidenced by the production 
of antibody in cancer patients, was shown by ELISA using the 
recombinant protein.
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Figure 1 

NGO-Pr-54 mRNA expression in normal and tumor tissues. (A) Genomic structure of the HERV-K provirus. The HERV-K provirus contains the gag, pro, pol, and env
genes flanked by two long terminal repeats (LTRs). Three clones (ZH1347, ZH042, and ZH023) representing the same gene were recognized in prostate cancer cDNA 
libraries by SEREX using autologous sera; the gene was named NGO-Pr-54. (B) RT-PCR results for NGO-Pr-54 mRNA in a panel of normal tissues (left), prostate cancer 
(middle, Pr-1 to -9), and ovarian (right, OV-1 to -8) cancer specimens. (C) Quantitative real-time RT-PCR for a panel of normal tissues (left) and prostate and ovarian 
cancer specimens (right).

Results
Identification of the NGO-Pr-54 gene in prostate cancer by SEREX 
using autologous serum

The prostate cancer specimens were obtained surgically from 
an 80 year-old patient and cDNA expression libraries were 
constructed from the mRNA. A total of 1.3 × 106 cDNA clones 
were prepared. Approximately 2.0 × 105 clones were screened 
with the autologous patient serum using SEREX methodology 
and 125 reactive clones were isolated. These clones correspond 
to 67 different genes, as determined by nucleotide sequencing 
analysis. As shown in Figure 1A, three clones (ZH1347, ZH042, 
and ZH023) represented the same gene which was named 
NGO-Pr-54 and which was found to be a part of the human 
endogenous retrovirus-K (HERV-K) element on chromosome 
22q11.2 (GenBank accession number AP000346). The 
expression sequence tag (EST) database indicated a restricted 
expression pattern for NGO-Pr-54 in normal prostate tissue.

NGO-Pr-54 mRNA expression in normal and tumor tissues and in 
tumor cell lines

NGO-Pr-54 mRNA expression was investigated in a panel of 
normal tissues, tumors, and tumor cell lines by 35 cycle RT-PCR 
using specific primers. As NGO-Pr-54 contains no intron, the 
RNA was pretreated with DNase to remove genomic DNA 

before reverse transcription. As shown in Figure 1B, NGO-Pr-54
mRNA was faintly detectable in normal prostate. Quantitative 
real-time RT-PCR analysis confirmed the results (Figure 1C). In 
tumors, NGO-Pr-54 mRNA was observed to be strongly 
expressed in 6/9 prostate cancers, 5/8 ovarian cancers, and 5/14 
leukemias (Figure 1B). Table 1 summarizes NGO-Pr-54 mRNA 
expression in various tumors and tumor cell lines as determined 
by RT-PCR analysis.

Production of monoclonal antibody (mAb) against NGO-Pr-54
By phage plaque assay, 16/31 sera samples from prostate 

cancer patients reacted with NGO-Pr-54, but none of 30 control 
sera from healthy donors did. Within the three clones, ZH042 
constantly gave a strong reaction despite lacking the N-terminal 
sequence of the putative ORF (715 amino acids) of NGO-Pr-54
(Figure 2A). Therefore, a recombinant protein consisting of the 
C-terminal 438 amino acids was produced and BALB/c mice 
were immunized with the protein to produce a mAb. Five clones 
were obtained: Three IgG1 and two IgG2. TI-35 mAb, which 
was IgG1, reacted strongly to the recombinant protein. 
Figure 2B shows the titration curve of the TI-35 mAb obtained 
by ELISA using the recombinant protein.
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Figure 2 

Production of a monoclonal antibody, TI-35, against NGO-Pr-54. (A) Schematic representation of NGO-Pr-54 and its putative open reading frame (ORF). The recom-
binant protein was produced from the C-terminal 438 amino acids of the putative ORF. (B) Reactivity of monoclonal antibody TI-35 against recombinant NGO-Pr-54 
protein. Control, isotype (IgG1) matched mouse mAb (anti-Lyt-2.1). (C) Western blot of the lysate of 293T cells transfected with NGO-Pr-54 (ZH042) plasmid, mutated 
NGO-Pr-54 (ZH042) plasmid with a point mutation in the start codon (ATG to TTG), NGO-Pr-54 (whole sequence) plasmid, and empty vector (only p3xFLAG-CMV-
14), and SK-MEL-23 using TI-35 mAb.

Table 1  
NGO-Pr-54 mRNA expression in tumors and tumor cell lines.

NGO-Pr-54 protein expression in 293T transfectants and 
SK-MEL-23 by Western blot analysis

We examined NGO-Pr-54 protein expression in the 
transfectants by Western blot using TI-35 mAb. As shown in 
Figure 2C, TI-35 mAb recognized two bands of approximately 
50 kDa and 20 kDa in the 293T lysate when transfected with the 
NGO-Pr-54 (ZH042) plasmid. The 50-kDa band size 
corresponds to the fusion protein of NGO-Pr-54 and FLAG-tag. 
Insertion of a point mutation in the start codon from ATG to 
TTG in NGO-Pr-54 (ZH042) (mutated NGO-Pr-54 (ZH042) 
plasmid) resulted in no bands being detectable in the 293T 
lysate. The 50-kDa band was also detected in the lysate of a 
melanoma cell line, SK-MEL-23, in which NGO-Pr-54 mRNA 
expression had been detected by RT-PCR.

On the other hand, TI-35 mAb detected no NGO-Pr-54 
protein in the 293T lysate when transfected with NGO-Pr-54
(whole sequence) including the putative ORF.

Subcellular localization of NGO-Pr-54
The subcellular localization of NGO-Pr-54 was investigated 

using 293T and COS7 cells transfected with NGO-Pr-54
(ZH042) by indirect immunofluorescence. As shown in 
Figure 3A, staining was observed in non-permeabilized 293T 
and COS7 transfectants by either TI-35 mAb or anti-FLAG 
mAb. Control staining of the membrane by rhodamine-labeled 
www.cancerimmunity.org 3 of 10
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Figure 3 

Subcellular localization of NGO-Pr-54 protein. (A) Immunofluorescence staining of 293T and COS7 transfected with NGO-Pr-54 (ZH042) plasmid without perme-
abilization. TI-35 and anti-FLAG antibody (not shown) detected NGO-Pr-54 protein (green) similarly. The cell membrane was marked with rhodamine-labeled WGA 
(red) and the nuclei were stained with DAPI. (B) 293T and COS7 cells were stained with TI-35 mAb and anti-FLAG antibody after permeabilization. (C) Flow cytometry 
analysis of 293T cells transfected with NGO-Pr-54 (ZH042) using TI-35 mAb with or without permeabilization. (D) Hematoxylin and eosin (H&E) and TI-35 mAb stain-
ing of a melanoma specimen obtained from a patient showing an antibody against NGO-Pr-54. Magnification, 400x.

WGA gave similar results. In permeabilized cells, cytoplasmic 
staining was also observed (Figure 3B). As shown in Figure 3C, 
flow cytometry analysis confirmed the cell surface expression of 
NGO-Pr-54 protein.

A melanoma specimen obtained from a patient who showed 
antibody against the recombinant NGO-Pr-54 was examined 
further by immunohistochemistry. As shown in Figure 3D, 
diffuse staining possibly involving the cytoplasm and membrane 
was observed in the tumor cells.

Antibody response against NGO-Pr-54 in cancer patients

The antibody response against NGO-Pr-54 was investigated in 
cancer patients by ELISA using recombinant protein. Figure 4
shows the titration curves for positive sera from two prostate 
cancer patients, a melanoma patient, and serum from a healthy 
donor. The results are summarized in Table 2. Antibody against 
NGO-Pr-54 was found in sera from bladder, liver, lung, ovarian, 
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and prostate cancer patients, as well as in melanoma patients. No 
antibody was detected in 39 sera samples from healthy donors.

Figure 4 

Antibody response against NGO-Pr-54 in cancer patients. ELISA for sera from 
prostate cancer patients (Pro-1 and -2) and a melanoma patient (Mel-1) using 
recombinant protein. Control, healthy donor.

Table 2  
Antibody response against NGO-Pr-54 in cancer patients.

Discussion
In this study, HERV-K gag-related NGO-Pr-54 antigen was 

identified by SEREX analysis in a prostate cancer using 
autologous patient serum. NGO-Pr-54 mRNA was observed to 
be faintly expressed in normal prostate and strongly expressed 
in a variety of cancers including ovarian cancers (5/8), prostate 
cancers (6/9), and leukemias (5/14). A phage plaque assay 
showed that a strong reaction was consistently observed with 
clone ZH042 having NGO-Pr-54 with a deleted 5' end, 
suggesting that it contained the sequence coding for the protein 
product. TI-35 mAb was produced using the recombinant 
protein (438 aa) deduced from the sequence of ZH042 as 
antigen for immunizing mice. Transfection of clone ZH042 into 
293T cells resulted in the production of an approximately 
50-kDa molecule visualized by Western blot. Natural 

production of the molecule was confirmed in the SK-MEL-23 
melanoma cell line. An indirect immunofluorescence assay 
showed NGO-Pr-54 protein is expressed on the cell surface as 
well as in the cytoplasm. Cell surface expression was confirmed 
by flow cytometry using TI-35 mAb. The antibody response 
against NGO-Pr-54 was observed in patients with bladder 
(5.1%), liver (4.1%), lung (3.4%), ovarian (5.6%), and prostate 
(4.2%) cancer, as well as in patients with malignant melanoma 
(13.2%).

Most endogenous retroviruses are defective due to the 
presence of stop codons and frameshifts in the genes (9, 22). 
HERV-K is the most conserved family including intact ORFs (9). 
However, the presence of ORFs did not always result in 
translation of the protein (23). NGO-Pr-54 harbors an intact 
ORF spanning gag consisting of 715 aa. While the molecular 
size appeared to be consistent with that of the gag precursor 
determined previously (24), transfection of the full length 
sequence of NGO-Pr-54 failed to produce protein in 293T cells. 
On the other hand, transfection of ZH042 that lacked the 5' 
region from NGO-Pr-54 resulted in the production of a protein 
approximately 50 kDa in size that appeared to be the processed 
form of the gag protein. The exact reason why the transfection of 
the full length NGO-Pr-54 gag gene failed to produce a protein 
product, but transfection of the 5' region-deleted ZH042 
construct resulted in the production of gag protein is unknown 
at present. The HERV-K genome has as a feature the nuclear 
retention of mRNAs, with their export being mediated by Rec 
proteins (25, 26). The lack of protein production by the full-
length sequence could be due to the impairment of nuclear 
export of the HERV-K mRNA. An approximately 20-kDa 
protein was observed in ZH042-transfected 293T cells, which 
might be the mature gag processing product. However, the 
recombinant 438 aa protein used in this study contained no 
protease sequences adjacent to the gag protein. The absence of a 
20-kDa molecule in the HERV-K-expressing melanoma cell line 
SK-MEL-23 might suggest that it is a degradation product due to 
cellular proteases in 293T cells.

Endogenous retroviral sequences have been shown to be 
expressed in human cancers. Increased expression of a HERV-K 
env transcript was shown in melanoma (27) and in breast (28) 
and ovarian (29) cancers as compared to the expression in 
normal tissues. HERV-E mRNA expression was shown in 
prostate cancer, but not in normal prostate (30). HERV-H
expression was shown in gastrointestinal cancer (31). This study 
showed HERV-K gag expression in prostate cancer, ovarian 
cancer, and leukemia. Furthermore, cell surface expression of 
HERV-K gag was shown, something which could be useful for 
antibody therapy of cancer, as seen for HER2/neu (32) or 
NY-BR-1 (33). Localization of the HERV-K gag protein in the 
cell membrane has been shown by Western blotting using 
purified membrane and rabbit anti-HERV-K gag serum (34). 
Recently, HERV-K 22q11.23 was shown to be fused to ETV1, 
creating oncogenic fusions in prostate cancer (35). HERV-K
22q11.23 was expressed in normal prostate at higher levels than 
in other normal tissues. This gene was shown to be 
overexpressed in the LNCap prostate cancer cell line in response 
to synthetic androgen.

The antigenicity of HERV elements has been shown 
serologically and by CD8 T cell recognition. Antibodies against 
HERV-K gag and env have been detected in patients with germ 
cell tumor (24, 36), ovarian cancer (29), leukemia (37), and 
malignant melanoma (27). Moreover, the association of 
antibody response to better prognosis was observed (38). On the 
other hand, Schiavetti et al. (39) identified the antigenic peptide 
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presented by HLA-A2 molecules encoded by a very short open 
reading frame present in the env region of the gene belonging to 
HERV-K. The gene HERV-K-MEL was expressed in most 
malignant melanoma samples. It was also expressed in most 
naevi and as a part of carcinomas and sarcomas. However, in 
normal tissues, it is expressed only in testis and some skin 
samples. HERV-K-MEL is a pseudogene that does not code for a 
retroviral envelope protein. Because of the presence of many 
mutations, a main ORF can not be defined. Thus, the antigenic 
peptide can be encoded by a small ORF. Takahashi et al. (40) 
obtained donor-derived CD8 CTLs recognizing recipient renal 
cell cancer (RCC) in hematopoietic stem cell transplantation 
(HSCT) and identified the peptide epitope presented on HLA-
A11. The peptide was derived from the gene belonging to 
HERV-E, which was expressed in renal cancer cell lines and 
tissues, but not in normal tissues including kidney.

The antibody response to HERV products and CTL 
recognition of HERV-derived peptides in cancer patients 
suggests that HERVs are immunogenic in cancer patients and 
can be utilized as target antigens for cancer immunotherapy.

Abbreviations
HERV, human endogenous retrovirus; ORF, open reading 
frame; SEREX, serological recombinant cDNA expression clon-
ing
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Materials and methods
Mice

BALB/c and SCID mice were purchased from Japan SLC 
(Shizuoka, Japan). The mice were bred at the Laboratory Animal 
Center in Okayama University. The experiments were 
conducted according to the Guidelines for Animal Experiments 
at Okayama University, the Japanese Government Animal 
Protection and Management Law (No. 105) and the Japanese 
Government Notification on Feeding and Safekeeping of 
Animals (No. 6).

Tissues and sera
Prostate cancer specimens used for SEREX were obtained 

surgically from a patient at Aichi Cancer Center (Nagoya, 
Japan). Tumor specimens used for reverse transcription (RT)-
PCR analysis were obtained surgically from patients at Okayama 
University Hospital (Okayama, Japan) and Osaka University 
Hospital (Osaka, Japan). Sera were obtained from 39 healthy 
donors and cancer patients at Okayama University Hospital. 
Informed consent was obtained from each healthy donor and 
each patient for the use of specimens and sera.

Cell lines
293T is human embryonic kidney cell line 293 transfected with 

the SV40 T gene (41). NS-1 is a myeloma cell line derived from 
BALB/c MOPC-21 cells (42). COS7 is a cell line derived from 
SV40-transformed African green monkey kidney cells (43). 
Colon cancer cell lines SK-CO-1, WiDr, LS 174T, SW480, 
COLO 201, COLO 320DM, and LoVo were obtained from the 
American Type Culture Collection (ATCC, Rockville, MD). 
DLD-1 was obtained from the RIKEN BioResource Center 
(Ibaraki, Japan). Lung cancer cell lines OU-LC-MS, OU-LU-5, 
1-87, 11-18, PC-9, LK-87, QG-56, EBC-2, and LC-1sq were 
described previously (44, 45, 46). OU-LU-17 was provided by 
Dr. M. Shimono (Okayama University Graduate School of 
Medicine, Dentistry and Pharmaceutical Sciences, Okayama, 
Japan). Prostate cancer cell lines LNCap, DU 145, and PC-3 
were obtained from the American Type Culture Collection. 
Mesothelioma cell lines C-13 and YM were established in our 
laboratory. ACC-MESO-1 and ACC-MESO-4 were obtained 
from the RIKEN BioResource Center (47). Melanoma cell lines 
SK-MEL-19, SK-MEL-23, SK-MEL-27, SK-MEL-28, 
SK-MEL-37, SK-MEL-64, CLL-MEL were provided Dr. R. Ueda 
(Nagoya City University Graduate School of Medical Sciences, 
Nagoya, Japan). The acute T cell leukemia cell line Jurkat was 
obtained from the American Type Culture Collection. These cell 
lines were maintained in RPMI 1640 supplemented with 10% 
FCS.

Total RNA isolation and cDNA synthesis
Total RNA was isolated from frozen tumor specimens and 

pellets of washed cell lines using an RNeasy Mini Kit (QIAGEN, 
Hilden, Germany). Isolated RNA was treated with DNase 
(TURBO DNA-free, Ambion, Austin, TX, USA) to remove 
genomic DNA contamination. Treated RNA (2 µg) was reverse 
transcribed into single-stranded cDNA using Moloney murine 
leukemia virus reverse transcriptase (Ready-To-Go You-Prime 
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First-Strand Beads, Amersham Biosciences, Piscataway, NJ, 
USA) and oligo (dT)15 as a primer. Complementary DNA was 
tested for integrity by amplifying the glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) transcript for over 30 
cycles. An RNA panel from normal tissues was purchased from 
Ambion and treated with DNase as described above.

Reverse transcription (RT)-PCR analysis
To amplify the NGO-Pr-54 cDNA segment, primers specific 

for NGO-Pr-54 were designed. Primers for RT-PCR were: 
5'-CGTCTAATTCACCAGCAACAC-3' (forward), 
5'-TAGACTTTTGAGCAGCATCTTG-3' (reverse). The 
amplification program for NGO-Pr-54 was 10 s at 98°C, 30 s at 
55°C, and 1 min at 72°C for 35 cycles after denaturing at 98°C 
for 2 min. These cycles were followed by a 10-min elongation 
step at 72°C. The PCR products (702 bp) were analyzed on a 
0.8% agarose gel.

Quantitative real-time RT-PCR
Two-step real-time RT-PCR was run on an Applied 

Biosystems 7500 Real-Time PCR System (Applied Biosystems, 
Foster City, CA, USA). The gene-specific primers and TaqMan 
probe for NGO-Pr-54 were designed using Primer Express 
software (version 1.5) (Applied Biosystems). The forward 
primer was 5'-CAGCGATGGCGTCTAATTCA-3' and the 
reverse primer was 5'-AGTGGGCGGCTGAGGATAC-3'. The 
TaqMan probe was 5'-FAM-AGCAACACAGGACGCGGCGC-
TAMRA-3'. PCR was performed with TaqMan Universal PCR 
Master Mix (Applied Biosystems), the primer pair, TaqMan 
probe, and cDNA solution (corresponding to 60 ng total RNA). 
The thermal cycling conditions comprised an initial 
denaturation step at 95°C for 10 min, followed by 40 cycles of 
95°C for 15 s and 60°C for 1 min.

Construction of cDNA libraries
Messenger RNA was isolated from prostate cancer specimens 

using a Fast Track mRNA purification kit (Invitrogen, Life 
Technologies, Carlsbad, CA, USA). Complementary DNA 
expression libraries were prepared in a λZAP expression vector 
using a cDNA library kit (Stratagene, La Jolla, CA, USA).

Immunoscreening of cDNA expression libraries
Complementary DNA expression libraries were screened with 

autologous patient serum as described previously (48). Briefly, 
the serum was diluted 1:10 and preabsorbed with phage-
transfected Escherichia coli lysate. Nitrocellulose membranes 
containing the phage plaques at a density of 4,000-5,000 pfu per 
130 mm plate were incubated overnight at room temperature 
with the serum diluted 1:200. After washing, the filters were 
incubated with alkaline phosphatase-conjugated goat anti-
human Fcγ. The reactive clones were visualized with 5-bromo-
4-chloro-3-indolyl-phosphatase and nitroblue tetrazolium.

Sequence analysis of reactive clones
pBK-CMV phagemids were excised in vivo from positive-

staining phage. cDNA inserts were subjected to DNA 
sequencing using an ABI PRISM Model 377 automated 
sequencer (Perkin Elmer, Norwalk, CT, USA). The sequence 
alignments of the clones were analyzed for similarity using 
BLAST software, Genbank, EST, and SEREX databases.

Preparation of plasmid vectors
The NGO-Pr-54 cDNA was excised from pBK-CMV 

phagemids and ligated into a pcDNA3.1(+) vector (Invitrogen) 

and a p3xFLAG-CMV-14 expression vector (Sigma-Aldrich, 
Munich, Germany). TOP10 Escherichia coli cells were 
transformed with the recombinant vector. Plasmid DNA was 
purified using a QIAprep Spin Miniprep Kit (QIAGEN). 
Insertion of cDNA was confirmed by DNA sequencing.

Production of the recombinant NGO-Pr-54 protein
The NGO-Pr-54 cDNA corresponding to the C-terminal 438 

amino acids of the putative ORF was amplified by PCR. The 
amplified DNA was ligated into the histidine-tag-containing 
vector pQE30 (QIAGEN). NGO-Pr-54/pQE30 was introduced 
into M13. His-tagged recombinant NGO-Pr-54 protein was 
purified by nickel ion affinity chromatography (HisTrap HP, GE 
Healthcare, Uppsala, Sweden).

Generation of a monoclonal anti-NGO-Pr-54 antibody, TI-35
BALB/c mice were immunized intramuscularly with 

NGO-Pr-54/pcDNA3.1 (100 µg) four times at 2-week intervals 
using an electric pulse generator (CUY-21, BEX, Tokyo, Japan). 
Mice were boosted intraperitoneally with recombinant 
NGO-Pr-54 protein (100 µg) twice at a 2-week interval. Spleen 
cells from immunized mice were fused with NS-1 myeloma 
cells. Hybridoma cells were cultured in ClonaCell-HY Medium 
D (StemCell Technologies, Vancouver, BC, Canada). The 
production of NGO-Pr-54 specific monoclonal antibody from 
the hybridoma was assessed by ELISA using recombinant 
NGO-Pr-54 protein. SCID mice were administered 
intraperitoneally with hybridoma cells. The monoclonal 
antibody was purified from ascites of the mice via protein G 
affinity chromatography (Amersham Biosciences).

ELISA
Recombinant NGO-Pr-54 protein (1 µg/ml) in 0.05 mol/l 

carbonate buffer (pH 9.6) was adsorbed onto 96-well plates 
(Nunc, Rochester, NY, USA) at 4°C overnight. Plates were 
washed with 0.05% Tween-20/PBS and blocked with 200 µl/well 
of 5% FCS/PBS for 1 h at room temperature. After washing, sera 
serially diluted with 5% FCS/PBS were added to each well and 
incubated for 2 h at room temperature. After washing, diluted 
goat anti-human Fcγ or goat anti-mouse IgG, labeled with 
horseradish peroxidase (Jackson ImmunoResearch, Baltimore, 
PA, USA) was added and incubated for 1 h at room temperature. 
After washing, the substrate solution [50 mmol/l citric acid, 
100 mmol/l Na2HPO4, 0.03% ortho-phenylenediamine, and 
0.1% H2O2 in distilled water (pH 5.0)] was added to each well. 
After adding 3 mol/l H2SO4, the absorbance was read at 490 nm.

Western blot analysis
293T cells were transiently transfected with plasmids using 

Lipofectamine 2000 (Invitrogen). The lysate of transfectants and 
SK-MEL-23 was prepared with RIPA Lysis Buffer (Santa Cruz 
Biotechnology, CA, USA). The cell lysate was separated by 
electrophoresis under reducing conditions and transferred to a 
polyvinylidene difluoride (PVDF) membrane (Hybond-P; 
Amersham Biosciences). The membrane was incubated with TI-
35 mAb (1 µg/ml) or anti-FLAG M2 mAb (Sigma-Aldrich) 
(1 µg/ml) for 1 h at room temperature. Bound antibody was 
detected with alkaline phosphatase-conjugated second antibody 
(1:1000; Pierce, IL, USA) using an AP Conjugate Substrate kit 
(Bio-Rad Laboratories, Hercules, CA, USA).

Immunofluorescence staining
Transfected 293T or COS7 cells growing on glass slides were 

fixed with 4% paraformaldehyde. For intracellular staining, cells 
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were permeabilized by treatment with 0.5% Triton-X. Staining 
was performed using TI-35 mAb (1 µg/ml) or anti-FLAG M2 
mAb (1 µg/ml). Bound antibody was detected with FITC-
labeled anti-mouse IgG F(ab')2 (Sigma-Aldrich) at a 
concentration of 20 µg/ml. Rhodamine-conjugated wheat germ 
agglutinin (WGA) (Vector Laboratories, Burlingame, CA, USA) 
was used for staining of the cell membrane. Nuclei were stained 
with DAPI (VECTASHIELD, Vector Laboratories). Slides were 
visualized using a fluorescence microscope (Biozero BZ-8000, 
Keyence, Osaka, Japan).

Flow cytometry analysis
The FACScan (Becton Dickinson, Mountain View, CA, USA) 

was used according to the manufacturer's instructions.

Immunohistochemistry
Tumor specimens were fixed with buffered formalin and 

embedded in paraffin. Five-micrometer sections were placed on 
glass slides, heated at 60°C overnight, and deparaffinized with 
xylene and ethanol. Glass slides were microwave-heated in 
antigen retrieval buffer (10 mmol/l citrate buffer, pH 6.0) using 
a pressure cooker for 20 min. After the inactivation of 
endogenous peroxidase with 0.3% H2O2 for 5 min, specimens 
were preincubated with serum-free blocking solution 
(DakoCytomation, Kyoto, Japan). TI-35 mAb was added at a 
concentration of 5 µg/ml and incubated for 2 h at room 
temperature. After washing, DAKO EnVision+ horseradish 
peroxidase-conjugated goat anti-mouse IgG (Dako Cytomation) 
was applied. After incubation for 30 min at room temperature, 
the specimens were visualized with 3,3'-diaminobenzidine in 
H2O2 and counterstained with hematoxylin solution.
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