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Abstract
We attempted to determine whether the immune reactions elicited by aberrantly expressed testis
antigens contribute to the beneficial responses to interferon (IFN)-α therapy and other therapies in
patients with polycythemia vera (PV). We screened a human testis cDNA library using SEREX
(serological analysis of tumor antigens by screening an expression cDNA library with sera from three
patients with PV who had undergone IFN-α-induced or other therapeutics-induced remission). We
identified two novel PV associated tumor antigens, PV65 (eIF-2α) and PV13 (protamine 2). These
2 antigens elicited IgG antibody reactions in a subset of PV patients but not in healthy donors,
suggesting that they are authentic tumor antigens. Increased phosphorylation of PV65 in response to
stimulation of IFN-α, and upregulation of PV13 in tumor cells might enhance their abilities in
elicitation of immune reactions in patients. These findings provide new insights into the mechanism
underlying the regulation of the self-antigen repertoire in eliciting anti-tumor immune reactions in
patients with polycythemia vera, and suggest their potential as the targets of novel immunotherapy.
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Introduction
Myeloproliferative diseases (MPD) arise from the clonal expansion of a pluripotent
hematopoietic progenitor, and include polycythemia vera (PV), essential thrombocythemia,
agnogenic myeloid metaplasia, and chronic myeloid leukemia (CML) [1]. The current therapy
for PV is non-specific and controversial [2]. Interferon-α (IFN-α) therapy induces a clinical
remission with documented reversal to polyclonal hematopoiesis [2] in PV patients [3], thus
making PV a model to study the antigenic mechanism of the immune reactions that may
contribute to the beneficial responses to IFN-α therapy and other therapies. Cytogenetic
response to IFN-α therapy in CML [4], is often associated with therapy-related autoimmunity
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[5], suggesting that anti-self antigen immune reactions may play an important role in
controlling tumors. However, the potential self-antigens eliciting anti-PV immune reactions
remained largely unknown until our recent report in characterization of a new unconventional
tumor antigen MPD6 [6].

Because of the paucity of tumor cell lines in MPD, serological analysis of tumor antigens by
screening expression cDNA libraries with sera from patients (SEREX) becomes a suitable
method to identify self-tumor antigen targets [7].By applying SEREX to identify antigens that
elicit immune reactions associated with CML remission, we identified two broadly
immunogenic tumor antigens, CML66 [8] and CML28 [9]. These two SEREX antigens, similar
to a class of testicular-cancer like antigens, have restricted expression limited to the testis, and
are expressed in a variety of tumor cells [8,9] and myeloid progenitor cells [10]. Recently, we
demonstrated that overexpression via alternative splicing mechanisms was the dominant
mechanism for increased immunogenicity of these unmutated tumor antigens [11]. In addition,
we proposed a novel “stimulation-responsive splicing” model in which non-canonical
alternative splicing of the RNA transcripts of tumor antigens and autoantigens provides a
structural basis for generation of untolerized self-antigen epitopes [12-14].

Identification of testicular-cancer antigens that induce high titers of IgG antibody reactions
suggests that these antigens could also elicit T cell immune reactions, since the elicitation of
IgG reactions requires T helper cell function. Our results in characterization of HLA-A2.1-
restricted T cell antigen epitopes of tumor antigen CML66L have verified this conclusion
[15]. Moreover, specific antibody reactions to CML66 and CML28 can also be detected in
patients who had undergone PV remission responding to IFN-α therapy, suggesting that
testicular-cancer antigens-elicited immune reactions may mediate PV remission [16].
Integrated humoral and cellular immune reactions to SEREX antigens are truly tumor specific,
as demonstrated for the SEREX antigen NY-ESO-1 [17] and other tumor antigens [18].

The search for tumor antigens by screening testis expression cDNA library [7] (SEREX) is a
useful approach to identify aberrantly expressed antigens, as reported [19]. For our purposes,
the rationale underlying this approach is that testis, an immune-privileged site, does not
normally present its self-antigens to the host immune system [20]. Notwithstanding, the
aberrant expression of any given cancer-testis antigen could be found in polycythemia vera, if
that antigen has specifically reacted to the sera derived from PV patients [21]. In this report,
we attempted to identify SEREX antigens with sera from three PV patients who had undergone
IFN-α-induced or other therapeutics-induced remission. These findings provide new insights
into the mechanism underlying the regulation of the self-antigen repertoire in eliciting
antitumor immune reactions in patients with myeloproliferative diseases, and suggest their
potential as the targets of novel immunotherapy [22].

Materials and methods
Serum Samples

In accordance with a protocol approved by the Institutional Review Board at Temple University
and established guidelines, serum samples were obtained from patients with PV and CML
receiving IFN-α therapy enrolled into Baylor College of Medicine (eight patients with PV
receiving IFN-α treatment, 8 PV patients receiving other treatments), M.D. Anderson Cancer
Center (10 patients with CML receiving IFN-α treatment), New York Presbyterian Hospital-
Weill Cornell Medical Center (13 PV patients receiving IFN-α treatment, 26 PV patients
receiving other treatments, six PV patients having not yet received any treatments) Institutional
Review Board-approved trials. The therapeutic regimens other than IFN-α for the 34 patients
with PV included imatinib mesylate (Gleevec, 16 patients), hydroxyurea (12 patients),
hydroxyurea plus agrelin (three patients), agrelin plus phlebotomy (one patient), phlebotomy
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(one patient), and thalidomide (one patient). The patients in the other treatment group have not
been treated with IFN-α.

Human testis CDNA library screening by SEREX
The library screening was performed as described previously [23]. Briefly, XL-1 Blue MRF’
Escherichia coli (Stratagene, La Jolla, CA) were infected with the recombinant phages of a
human testis expression cDNA library (BD Clontech, Palo Alto, CA), and expression of
recombinant proteins was induced by incubation with isopropyl β-D-thiogalactoside (IPTG)
(Fisher, Pittsburgh, PA) treated nitrocellulose membranes (Schleicher and Schuell Bioscience,
Keene, NH). The filters were then incubated with sera from the PV patients, diluted at 1:500
in TBST at 4°C. The serum was pre-absorbed against lysate of the phage and the E. coli strain
to minimize nonspecific antibody binding (Stratagene). Visualization of the antigen-antibody
complex was accomplished by staining with the Sigma Fast™ BCIP/NBT substrate (Sigma,
St. Louis, MO). DNA sequencing was performed by SeqWright (Houston, TX).

In vitro transcription and translation (TNT)
The TNT with plasmid pTriplEx (BD Clontech, Palo Alto, CA) containing cDNA encoding
PV13 and plasmid pTriplEx without cDNA insert (as a negative control) were performed
according to the manufacturer’s protocol (Promega, Madison, WI) [24].

Bioinformatic analyses
To determine whether cloned sequences were related or identical to genes, proteins, or protein
domains in the databases, sequence analyses were performed using the NCBI-GenBank
databases (http://www.ncbi.nlm.nih.gov/), NCBI-conserved domain databases, and the
PROSITE analysis (http://us.expasy.org/cgi-bin/scanprosite) [25]. The gene organizations
such as intron, exon, chromosome location, were analyzed through searches in the NCBI-
LocusLink website, and the NCBI-AceView website [25]. In addition to the Northern blot
analyses, the gene expression data for genes were analyzed by searching the NCBI-UniGene
website, and the NCBI-SAGEmap database (SAGE, Serial Analysis of Gene Expression). The
cis-acting transcription factor binding sites in promoters of antigens were searched in the
TRANSFAC database (http://www.cbil.upenn.edu/cgi-bin/tess/tess?RQ=SEA-FR-QueryS).

Northern blot and Southern blot
Multiple tissue Northern blots were prepared with purified polyadenylated RNAs (2 μg/lane)
(Ambion, Austin, TX). Hybridizations were conducted with the probes of PV65 and PV13, as
reported previously [8].

Quantitative RT-PCR
Granulocytes were separated by differential centrifugation and isopyknic density gradient
separation using standard protocols. RNA was prepared from granulocytes using TRI reagent
(Molecular Research Center, Cincinnati, OH) in combination with RNeasy mini kit (Qiagen,
Valencia, CA) according to the manufacturers’ protocols to avoid DNA contamination.
Quantitative real-time RT-PCR was used to quantify PV65 mRNA in total RNAs isolated from
peripheral blood granulocytes using the TaqMan One-Step RT-PCR master mix reagents
(Applied Biosystems, Foster City, CA) for Real time PCR, which were performed on an ABI
Prism 7000 sequence detection system (Applied Biosystems). The primers and TaqMan probe
for PV65 with targeted center of sequence at 1402 bp were purchased from Applied Biosystems
(Hs00230684_m1,
https://myscience.appliedbiosystems.com/ge/servlet/com.celera.web.cdsentry.servlets.GetCdsEntryListServlet?cmd=cmdGeReport&assayType=geneExpression&assayAcc=Hs00230684_m1
). The 18S ribosomal RNA used as a reference was labeled with the VIC fluorophore, targeted
to center of the sequence at 606 bp, and also was purchased from Applied Biosystems
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(Hs99999901_s1,
https://myscience.appliedbiosystems.com/ge/servlet/com.celera.web.cdsentry.servlets.GetCdsEntryListServlet?cmd=cmdGeReport&assayType=geneExpression&assayAcc=Hs99999901_s1
). Expression of PV65 and 18S was analyzed in separate reactions. An amount of RNA was
used which gave a linear range of response for PV65 and 18S (typically 100 ng-0.01 ng RNA/
reaction). We used a universal RT-PCR protocol recommended by the manufacturer, that is,
reverse transcription at 48°C for 30 min, denaturation and polymerase activation at 95°C for
10 min, followed by 50 cycles of denaturation at 92°C for 15 s and annealing/extension/plate
reading at 60°C for 1 min. RT-PCRs for each sample and each gene were done in duplicate.
PCR without reverse transcriptase was performed for each sample to control for the possible
interference from genomic DNA contamination. The threshold amplification cycles (CT) at
the reporter signal was normalized with the reference gene human 18S (h18S), ΔCT
[ΔCT=CTX-CTR, the difference in threshold cycles for the target gene X and the reference
(R)] was calculated [2,26].Mean ΔCT was compared among each sample group with the
ANOVA test [27].

Phage plaque assay
The phage plaque assay was performed as described previously [23]. Phages from positive
clones of interest were mixed with the cDNA insert-free phage of the cDNA library (generously
provided by Dr. C.J. Wu at Harvard Medical School, MA) as internal negative controls at a
ratio of 1:5.

Western blot
Western blot procedures were performed as described [8]. PV65 (eIF-2α) proteins on the blots
were visualized, respectively, with 1:1000 diluted eIF-2α antibody (Cell Signaling
Technology, Beverly, MA), and Phospho-eIF-2α (Ser51) Antibody (Cell Signaling).

Transcriptional clonality assay [2]
The genotypes for exonic polymorphisms of 5 X-chromosome genes (MPP1, IDS, G6PD,
BTK and FHL1) of three patients with PV were determined [2]. To examine the clonality of
hematopoietic cells in these patients before and after IFN-α therapy, the peripheral blood
specimens were drawn every 3 months and RNA was extracted from platelets and granulocytes.
The mRNA expressions of the informative polymorphic genes were then assayed using single-
stranded conformation polymorphism (SSCP) analysis as previously described [2].

Results
Identification of two novel PV-associated SEREX antigens

We performed SEREX screening of a human allogeneic testis expression cDNA library using
diluted sera collected from the patients with PV who responded to IFN-α therapy. We chose
sera from three patients with PV for cDNA library screening based on two criteria: (1) the
patients’ diseases had undergone remission, as judged by conversion from monoclonal to
polyclonal hematopoiesis as determined by analyses of the patients platelets and granulocytes
by transcriptional based X-chromosome inactivation assay [2] (not shown); and (2) improved
blood counts [2,3]. Initial screening of 1 × 106 λ recombinant phage clones led to identification
of 15 positive clones (not shown). Subsequently, after several rounds of the purification of
positive phage plaques and further confirmation on their antigen specificities, two independent
cDNA clones were identified.

A novel PV-associated SEREX tumor antigen, PV65
The DNA analysis of the first clone with a 619 bp insert showed that it was identical to
eukaryotic translation initiation factor 2α (eIF-2α) (GenBank accession: NM_032025) [28].
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The eIF-2α is a 585 aa protein with a molecular size of 65 kDa (Fig. 1A), which was thus
referred to as PV65 [28].

Furthermore, the Northern blot showed the expression of PV65 was low in normal tissues (Fig.
1B), but was significantly upregulated in some tumor cells, i.e. Burkitt’s lymphoma (T4, and
T7), osterosarcoma (T8), and histocytic lymphoma (T9) (Fig. 2C) in comparison to that of β-
actin housekeeping gene control. Previous reports and the data deposited in the NCBI-Unigene
website in NCBI-GenBank showed that the PV65 expression was increased in some solid
tumors including mammary tumors [29], melanomas, and colon cancers [30], compared to
normal tissues, suggesting that PV65 expression might be modulated in patients with PV. To
test this possibility, we performed quantitative PCR assay in measuring PV65 expression in
granulocytes from patients with PV. As shown in Fig. 1D, PV65 expression [the ΔCT
(PV65-18S)] in patients with PV was not significantly higher than that in healthy donor controls
(p > 0.05), suggesting that the increased immunogenicity of PV65 in patients with PV might
not be due to the higher expression of PV65 in granulocytes in patients with PV. Of note, this
expression pattern of PV65 is not unique since a previous study also reported that a solid tumor
associated gene 1 (STAG1/PMEPA1) is upregulated in some solid tumors but not in leukemia
samples [31]. It is also noteworthy that the discrepancy between the numbers of patients and
healthy controls in Fig. 1D and that in Fig. 1F resulted from the limited volumes of some blood
samples, in which high quality RNAs could not be prepared but the sera could be prepared for
performing the experiments presented in Fig. 1F.

Furthermore, since phosphorylation may increase the immunogenicity of the proteins [32], we
tested the possibility whether PV65 can be phosphorylated by RNA-dependent protein kinase
PKR [33] activated via IFN-α stimulation in cultured K562 myeloid leukemia cells. Since there
are no cultured PV cell lines available, using K562 myeloid leukemia cells due to the similarity
among myeloproliferative diseases in our study was well justified. By using anti-PV65
(eIF-2α) antibody and anti-phosphorylated PV65 (eIF-2α) antibody to perform Western blots,
as shown in Fig. 1E, the results showed that IFN-α stimulation did not significantly upregulate
the expression of PV65 protein in myeloid leukemia cells, which corresponded well to that of
PV65 expression in granulocytes in patients with PV detected by quantitative PCR (Fig. 1D).
Interestingly, IFN-α stimulation significantly promoted its phosphorylation of PV65 (Fig. 1E),
presumably via PKR [33], which was also demonstrated in hematopoietic cells [34]. Thus, this
result shown in Fig. 1E required no confirmation in PV cells. These results also suggested that
the immunogenicity of the antigen PV65 might be associated with its critical role in IFN-α-
induced inhibition of tumor growth and the phosphorylation of PV65 [32].

The results from phage plaque assay with the sera of three PV patients used in SEREX
screening, showed that the serum sample from one patient recognized both of the two PV
associated antigens, sera from two patients recognized one antigen, respectively, either PV65
or PV13 (data not shown). In addition, as shown in Fig. 1F, anti-PV65 IgG antibodies were
not detected in any of the serum samples from 12 healthy donors, suggesting that PV65 was
an authentic tumorassociated antigen. In contrast, anti-PV65 IgG antibodies were detected in
8 out of 21 serum samples (38.1%) from PV patients receiving IFN-α therapy and also detected
in 10 out of 34 serum samples (29.4%) from PV patients receiving other treatments. The
detection rates of anti-PV65 IgG antibodies in both groups of PV patients were significantly
higher than that of healthy donors (p < 0.05). Of note, anti-PV65 IgG antibodies were detected
in two out of six patients with PV who have not received any treatment. Because of the limited
number in this group, it was difficult to have a statistical comparison between the untreated
group of PV patients and the two groups of PV patients receiving IFN-α and other therapies
in detection of anti-PV65 IgG antibodies. Our previous reports on the identification of the novel
tumor antigens CML66L [8] and CML28 [9] suggested that the immunogenicity of the antigens
CML66L and CML28 was enhanced in IFN-α responders. We also noticed that the detection
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rates of anti-PV65 antibody responses (Fig. 1F) in PV patients receiving IFN-α were higher
than that in PV patients receiving other treatment. However, there were no statistical
differences between these two groups of PV patients in their reactions to these novel antigens
(p > 0.05). Furthermore, in comparison to patients with PV, IgG antibody reactions to PV65
were not detected in 10 patients with CML who received IFN-α treatment (p > 0.05), suggesting
that humoral reactions to PV65 might play a specific role in patients with PV. However, future
extensive studies may be needed to verify this finding. Finally, there were no significant
differences in the detection of IgG antibody reactions to PV65 among the PV patients receiving
the therapeutics other than IFN-α (not shown). Taken together, the anti-PV65 IgG antibody
reactions were detected in a fraction of patients with PV who received IFN-α and other
therapies. Of note, the phage plaque assay used in this study does not detect non-phosphorylated
proteins. Thus, some humoral immune reactions directed against phosphorylated PV65 might
be missed out.

Another PV-associated SEREX tumor antigen, PV13 (protamine 2)
The second identified clone had a 737 bp insert. This clone was identical to protamine 2
(Prm2) (GenBank accession: NM_002762)(Fig. 2A). The Protamine 2 gene spans 0.85 kb with
2 exons. The protamine 2 is a spermatid-specific basic protein with 102 aa [35] with a molecular
size of 13 kDa, which was thus referred to as PV13. PV13 was previously found to be one of
the major DNA-binding proteins in sperm, and functional in packaging of DNA in a small
volume [35].

In addition, the Northern blot analyses showed that expression of protamine 2 in 10 normal
tissues was restricted to testis (N1-N10, Fig. 2B). In contrast, high expression was found in
tumor cells (Fig. 2C), especially in acute T cell leukemia (T1), Burkitt’s lymphoma (T2, T4,
and T7), breast carcinoma (T3), and uterine carcinoma (T6). These results suggested that
protamine 2 upregulation in tumor cells was not as pronounced as that of self-tumor antigens
CML66 [8,36] and CML28 [9]. As reported previously [37], the technical problem in
differentiating PV13 genomic DNA and PV13 cDNA prevented us from performing
quantitative PCR on RNA samples from patients with PV, however, aberrant upregulation of
testis antigen protamine 2 in the PV malignant clones might result in the increased
immunogenicity of this antigen in patients with PV enhanced by IFN-α therapy.

The results from phage plaque assay showed that PV13 was not recognized by sera from normal
healthy donors, suggesting that they were authentic tumor-associated antigens (Fig. 2D). In
contrast, IgG antibody reactions to PV13 was detected in 19.1% of patients with PV who were
treated by IFN-α, and in 11.8% of patients with PV who received other treatments, which was
significantly higher than the reaction rates in healthy donors (p<0.05) (Fig. 2D). Of note, anti-
PV13 IgG antibodies were not detected in the samples from six patients with PV who have not
received any treatment (Fig. 2D). Because of the limited number in this group, it was difficult
to make a statistical comparison between the untreated group of PV patients and the two groups
of PV patients receiving IFN-α and other therapies in detection of anti-PV13 IgG antibodies.
Furthermore, similar to antigen PV65, in comparison to patients with PV, IgG antibody
reactions to PV13 were not detected in 10 patients with CML who received IFN-α treatment
(p<0.05), suggesting that humoral reactions to PV13 might play a specific role in patients with
PV. Finally, similar to PV65, there were no significant differences in the detection of IgG
antibody reactions to PV13 among the PV patients receiving the therapeutics other than IFN-
α (not shown). These results suggested that the immunogenicity of PV13 was significantly
enhanced in patients with PV who received IFN-α and other therapies.
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Discussion
Despite significant progress, the self-antigen targets that may mediate immune reactions
contributing to beneficial responses to therapies in patients with myeloproliferative diseases
(MPD) remained poorly defined before our recent report in characterization of a new
unconventional tumor antigen MPD6 [6]. Recent reports showed that mRNA of polycythemia
rubra vera-1 (PRV-1) is overexpressed in mature peripheral blood granulocytes from patients
with PV [38,39]. The issue of whether PRV-1 can serve as a differentiation antigen eliciting
specific anti-PV immune responses is under investigation. Prchal and co-workers have reported
reversion of clonal to polyclonal hematopoiesis in PV patients who responded to therapies
[2]. These studies have laid a foundation for definition of therapeutic immune reactions in
patients with PV. Further, Prchal’s laboratory also suggested that multiple genetic defects are
involved in the early pathogenesis of PV [40], reflecting tumor heterogeneity, presumably
antigen heterogeneity, and immune reaction heterogeneity as well [41]. Therefore, it would be
beneficial that the future antigen-specific vaccine, based on the screening from this report,
encompasses a broader array of tumor antigens to encompass various subpopulations of tumor
cells expressing different tumor antigens [41].

By applying SEREX, we have identified two novel antigens that are capable of eliciting potent
humoral immune responses associated with PV remission. To our knowledge, this is a part of
the first such a study in BCR-ABL negative MPD[1,6]. The analyses showed that these novel
tumor antigens are not identical to any hematologic malignancy antigens identified previously
with SEREX [17] or other approaches[22,42]. These antigens were identified using sera from
female patients, however, the chromosomal locations of these gene loci (PV65 at 3q25, and
PV13 at 16p13.2) showed that they were encoded by genes located in autosomal chromosomes,
but not in the male-specific Y chromosome [43], suggesting that anti-tumor immune reactions
in PV patients might be partially mediated by the novel self-tumor antigens identified in this
study.

IFN-α-induced, double-stranded (ds) RNA-activated protein kinase (PKR) is a key mediator
of the antiviral and antiproliferative effects of IFN [44]. A known physiological substrate of
PKR activity is the α subunit of the eukaryotic translation initiation factor eIF-2α [45]. As
shown for other IFN-α inducible genes [46], we found that increased phosphorylation of
eIF-2α, via IFN-α stimulation or activation of IRF-1 [47,48] and PKR [44] potentially
associated with other therapies, might enhance their abilities to elicit immune responses in
patients. Posttanslational modification, including protein phosphorylation has been shown to
be an important pathway for self-proteins to gain the immunogenicity [32].

A recent report from our laboratory showed that upregulation via alternative splicing is a novel
mechanism for the generation of the immunogenicity of self-tumor antigen CML66-L [11].
Our results further demonstrated here that PV13 is upregulated in tumor cells, suggesting that
overexpression of PV13 antigen in tumor cells is one of the mechanisms for eliciting immune
reactions. A recent study reported that PV13 (protamine 2) is a tumor antigen (MAD-CT-1)
associated with a subgroup of patients with prostate cancer (4.6%) [49]. Cumulatively, our
results and others’ suggest that PV13 (protamine 2) may be a broadly immunogenic tumor
antigen, which corresponds well with our results on PV13 expression in various tumor cells.
As suggested previously, lower rates of antibody reactions to PV13 in patients with PV and
prostate cancer are similar to the expression rates of cancer testis antigens (2-31%) [50], which
may result in the status of methylation-demethylation of tumor antigen promoters in tumor
cells [17].

Correlation of antigen-specific IgG immune reactions with remission in PV patients suggests
that immune reactions mediated by these novel antigens may contribute to the MPD remission.
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This may be further verified in the future studies. Most recently, a gain-of-function acquired
somatic mutation (V617F) of the tyrosine kinase JAK2 has been identified in most patients
with PV and other MPDs [51-55]. The important issue of how the activating mutation of JAK2
may modulate the expression of tumor antigens and anti-tumor immune reactions is under
investigation [56]. Taken together, our results suggest that novel PV associated tumor antigens
may elicit anti-tumor humoral immune reactions in patients with PV. This provides new
insights into the mechanism underlying the regulation of the self-antigen repertoire in eliciting
anti-tumor immune reactions in patients with myeloproliferative diseases and suggests their
potential as the targets of novel immunotherapy.
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Figure 1.
The novel tumor antigen PV65 (eIF-2α). (A) Schematic representation of the genomic
structure, mRNA, and protein structure of tumor antigen PV65 (eIF-2α, GenBank accession
number: NM_032025). (B) The expression of PV65 transcripts in normal tissues detected by
Northern blot. The lanes N1 to N10 indicate various normal tissues in the order of brain (N1),
liver (N2), placenta (N3), small intestine (N4), colon (N5), thymus (N6), spleen (N7), prostate
(N8), testis (N9), and ovary (N10), respectively. The hybridization analyses of the normal tissue
and tumor cell expression (BD Clontech) with 32P-labelled specific probes, as indicated, were
performed, respectively. The transcript sizes are indicated with kilobases (kb). (C) The
expression of PV65 transcripts in tumor cells detected by Northern blot. The lanes T1 to T10
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indicate various tumor cells in the order of acute T cell leukemia (Jurkat cells) (T1), Burkitt’s
lymphoma (CA46) (T2), breast cancer (MDA-MD-453) (T3), Burkitt’s lymphoma (Namalwa)
(T4), epidermal carcinoma (A-431) (T5), uterine carcinoma (MES-SA) (T6), Burkitt’s
lymphoma (Raji) (T7), osteosarcoma (MG-63) (T8), histiocytic lymphoma (U-937) (T9), and
cervical adenocarcinoma (Hela S3) (T10), respectively. (D) The expression of PV65 transcripts
in the granulocytes from PV patients and healthy donors detected by quantitative RT-PCR.
The expression levels of PV65 transcripts are expressed as the ΔCT (PV65-18S). Low ΔCT
values indicate higher expression of the specific gene. The experiments were repeated for three
times. The mean and standard deviation for each group were calculated. (E) Western blot
analyses of PV65 protein and phosphorylated PV65 protein in K562 myeloid leukemia cells.
The expression levels of PV65 protein and phosphorylated PV65 protein in K562 cells at 0, 2,
4, and 8 h after stimulation by IFN-α were assayed with Western blots using anti-PV65 and
anti-phosphorylated PV65, respectively. The Western blot analysis for the house keeping
protein control β-actin was also performed using anti-β-actin as protein loading control. (F)
The IgG antibody reactions to the tumor antigen PV65 detected by phage plaque assay. The
detection rates in each group are presented with the empty column as the positive (on the top)
and the solid column as the negative (on the bottom). The experiments were repeated for three
times. The representative results are shown. The groups, whose detection rates of the IgG
antibody reactions to PV65 are statistically higher than that of healthy donors (the Chi-Square
Goodness-of-Fit Test; p < 0.05), are marked with *.
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Figure 2.
The novel tumor antigen PV13 (protamine 2). (A) Schematic representation of the genomic
structure, mRNA, and protein structure of tumor antigen PV13 (protamine 2, GenBank
accession number: NM_002762). (B) The expression of PV13 transcripts in normal tissues
detected by Northern blot. The lanes N1 to N10 indicate various normal tissues in the order of
brain (N1), liver (N2), placenta (N3), small intestine (N4), colon (N5), thymus (N6), spleen
(N7), prostate (N8), testis (N9), and ovary (N10), respectively. The hybridization analyses of
the normal tissue and tumor cell expression (BD Clontech) with 32P-labelled specific probes,
as indicated, were performed, respectively. The transcript sizes are indicated with kilobases
(kb). (C) The expression of PV13 transcripts in tumor cells detected by Northern blot. The
lanes T1 to T10 indicate various tumor cells in the order of acute T cell leukemia (Jurkat cells)
(T1), Burkitt’s lymphoma (CA46) (T2), breast cancer (MDA-MD-453) (T3), Burkitt’s
lymphoma (Namalwa) (T4), epidermal carcinoma (A-431) (T5), uterine carcinoma (MES-SA)
(T6), Burkitt’s lymphoma (Raji) (T7), osteosarcoma (MG-63) (T8), histiocytic lymphoma
(U-937) (T9), and cervical adenocarcinoma (Hela S3) (T10), respectively. (D) The IgG
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antibody reactions to the tumor antigen PV13 detected by phage plaque assay. The detection
rates in each group are presented with the empty column as the positive (on the top) and the
solid column as the negative (on the bottom). The experiments were repeated for three times.
The representative results are shown. The groups whose detection rates of the IgG antibody
reactions to PV13 are statistically higher than that of healthy donors (the Chi-Square Goodness-
of-Fit Test; p < 0.05) are marked with *.
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