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For regulatory factor X4 (RFX4), two alternatively spliced
variants, RFX4-A and -B, were reported in the testis. In this study,
we identified transcript variants RFX4-C, -D, -E, and -F, and demon-
strated by reverse transcription-polymerase chain reaction
(RT-PCR) that RFX4-A, -B and -C mRNAs were expressed only in
the testis, and RFX4-D mRNA was expressed only in normal brain
tissues. In tumors, RFX4-E and -F in addition to RFX4-D mRNA
were expressed in gliomas by rapid amplification of cDNA
ends and RT-PCR analyses. Expression of RFX4 mRNA was not
observed in other tumors, such as lung, esophageal, stomach,
colon or liver cancers. Quantitative real-time RT-PCR using common
primer pairs detecting all of the variant transcripts showed high
expression in normal testis, low expression in the brain (1%
compared to the expression in testis), and overexpression in 17
of 61 gliomas (28%). Western blot analysis using DC28 monoclonal
antibody (mAb) produced against recombinant RFX4-D C-
terminus protein showed expression of RFX4-A and -C proteins,
but not RFX4-B protein, in the testis, and expression of RFX4-D
protein in the brain. Moreover, expression of RFX4-E and -F
proteins, but not RFX4-D protein, was observed in gliomas.
Immunohistochemistry analysis using DC28 mAb showed positive
staining in the nuclei of spermatocytes in the testis and glioma
cells. Antibody against RFX4 was detected in the sera of 3 of 58
(5%) glioma patients by enzyme-linked immunosorbent assay,
suggesting the immunogenicity of RFX4-E and -F proteins in
glioma patients. (Cancer Sci 2005; 96: 801-809)

The prognosis for malignant glioma patients remains poor
despite advances in surgery, radiation therapy, and
chemotherapy."” Therefore, it is necessary to seek alterna-
tive treatments. Interest in immunotherapy for gliomas has grown
recently.®™ An important prerequisite for successful tumor-
specific immunotherapy is the identification of tumor antigens
that are exclusively or preferentially expressed in gliomas and
induce humoral and cellular immune responses.©”
Regulatory factor X4 (RFX4) is a member of the RFX family
of genes, which share a highly conserved winged-helix DNA-
binding domain (DBD).®19 RFX4 was initially isolated from
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breast cancer as a partial DBD fused to the estrogen receptor.!”
Two alternatively spliced variants of RFX4, RFX4-A and -B,
were reported in the testis and recently, a brain-specific variant
has been described.>' In this study, we identified additional
RFX4 variants, RFX4-C, -D, -E, and -F, and investigated their
mRNA and protein expression in normal tissues and tumors.
We showed that the isoform RFX4-D was expressed weakly
in the normal brain. However, in gliomas, RFX4-E and -F
isoforms were expressed. No expression of RFX4-E or -F was
observed in normal tissues. Antibody against RFX4-E and -F
proteins was detected in sera from glioma patients, suggest-
ing the immunogenicity of these proteins in glioma patients.

Materials and Methods

Tissues and sera

Sixty-one glioma tissue specimens were surgically obtained
from patients at Okayama University Hospital, Okayama, Japan
and classified according to the criteria of the World Health
Organization (WHO)."» They consisted of 50 astrocytic, 9
ependymal and 2 oligodendroglial tumors from 38 males and
23 females with a mean age at diagnosis of 41 years (range
2-84 years). Normal brain tissues were obtained from seven
patients with brain tumors, which were accidentally included
in brain tumor tissues. Sera were obtained from 58 glioma
patients and 70 healthy volunteers including 50 adults and 20
children (< 18 years old) at Okayama University Hospital. Written
informed consent was obtained from healthy volunteers, each
patient, and the parent when the patient was younger than 18
years old.
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Total RNA isolation and cDNA synthesis

Total RNA was isolated from frozen tumor tissues using
an RNeasy kit (Qiagen, Hilden, Germany). Total RNA of
the cerebrum, cerebellum, and fetal brain was obtained from
Human Total RNA Panel IV (Clontech, Palo Alto, CA). Total
RNA (2 pg) was reverse transcribed into single-stranded cDNA
using Moloney murine leukemia virus reverse transcriptase
(Ready-To-Go You-Prime First-Strand Beads; Amersham
Pharmacia, Piscataway, NJ, USA), and oligo (dT),5 as a
primer. The cDNA was tested for integrity by amplifying
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) trans-
cripts for over 30 cycles.

Reverse transcription-polymerase chain reaction (RT-PCR)
To amplify cDNA segments from normal tissues and tumors,
gene-specific primers were designed. The primer pairs used in
this study are shown in Fig. la. RT-PCR was performed using
35 amplification cycles followed by a 10-min elongation step
at 72°C. The PCR products were analyzed by electrophoresis in
conventional agarose gels. The primer pairs were as follows:
A, 5'-GCAGAAATATCACGGAATGGT-3’ (forward), 5’
AGCCACTTTTAGCCACTCATC-3’ (reverse); BC, 5-GGG-
CTTCTCCAAACTCCTGT-3’ (forward), 5'-AGCCACTTTT-
AGCCACTCATC-3’ (reverse); D, 5'-ATGCAT TGTGGGT T-
ACTGGAG-3’ (forward), 5'-TGAATATGCCACTGTCTG-
TTTG-3’ (reverse).

Rapid amplification of cDNA ends (RACE)

5" and 3" RACE were performed using a GeneRacer kit
(Invitrogen, Carlsbad, CA, USA). Total RNA was isolated
from specimens using an RNeasy kit (Qiagen) and used as
the template. First-strand cDNA was synthesized using the
GeneRacer Oligo dT primer following the manufacturer’s
directions. The primers used for 5" and 3’ RACE were R1 and
R2, and F1, respectively (Fig. 1a). The primer sequences were
as follows: R1, 5-TGAATATGCCACTGTCTGTTTGC-3";
R2, 5"-TTAGGTGAAAAGACCCGAAGCT-3’; F1, 5-GCC-
ACTCCACTATGCCCCTTACCA-3’. The RACE products
were cloned into pCI 2.1 vector (Invitrogen) and sequenced
using an ABI PRISM automated sequencer (PerkinElmer,
Foster City, CA, USA).

Quantitative real-time RT-PCR

Two-step real-time RT-PCR was performed using an ABI
PRISM 7700 Sequence Detection System (Applied Biosystems,
Foster City, CA, USA). The gene-specific primers and TagMan
probe for RFX4 were designed using Primer Express soft-
ware (version 1.5) (Applied Biosystems). To avoid the possible
amplification of contaminating genomic DNA, the primers
were designed so that the PCR product encompassed one intron.
The setting of primers for the quantitative real-time RT-PCR
is indicated in Fig. 1a. For RFX4, the forward TagMan primer
was 5-TTTCGGCACAAGGGTGATC-3" and the reverse
primer was 5-TTAGGTGAAAAGACCCGAAGCT-3'". The
TagMan probe was FAM-CATGACCTTGCACAGCGCCCC-
TAMRA. PCR was performed using TagMan PCR Master
Mix (Applied Biosystems) and the thermal cycling condi-
tions comprised an initial denaturation at 95°C for 10 min,
then 50 cycles at 95°C for 15s and 60°C for 1 min. The
parameter Ct was defined as the threshold cycle number at
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which the fluorescence generated by cleavage of the probe
passed above the baseline. The RFX4 target message was
quantified by measuring the Ct value, and transcripts of
GAPDH were quantified as an endogenous RNA control
using TagMan human GAPDH control reagents (Applied
Biosystems). For each sample, the amount of target and
endogenous reference was determined from a standard curve
made from serially diluted plasmid DNA templates encoding
RFX4 and GAPDH. The amount of target RFX4 in each
sample was normalized on the basis of the endogenous
GAPDH content.

Production of recombinant RFX4 protein

RFX4-D N- and C-terminal proteins were expressed in
Escherichia coli using the histidine-tag-containing vector
PQE30 (Qiagen). cDNA amplification primers were designed
to encompass the partial coding sequence of the gene corre-
sponding to amino acid positions 1-126 and 323-735 for the
N- and C-termini of RFX4-D, respectively. The induction of
recombinant protein synthesis and subsequent purification on
a Ni**-NTA column were performed according to the manu-
facturer’s instructions.

Production of monoclonal anti-RFX4 antibody

BALB/c mice were immunized intramuscularly twice with
100 pg of pCI-neo vector encoding full-length RFX4-D using
in vivo electroporation with a 2-week interval and boosted
intraperitoneally once with 100 pg of recombinant C-terminal
(323-735 amino acids) protein (Fig. 1b). Spleen cells from
immunized mice were fused with NS-1 myeloma cells. The
selection and cloning of hybridomas was performed using
ClonaCell-HY Medium D (StemCell Technologies, Vancouver,
BC, Canada). The supernatants from the cloned populations
were screened for binding to the immunizing protein by
enzyme-linked immunosorbent assay (ELISA) and Western
blotting. A clone DC28 positive for the RFX4-D C-terminus
was obtained and purified with an MAbTrap kit (Amersham
Biosciences, Uppsala, Sweden).

Immunohistochemistry (IHC)

IHC was done as described elsewhere.!"” DC28 monoclonal
antibody (mAb; 2 pg/mL) was used as the primary antibody.
NS-1 culture supernatant was used as the negative control.

Elisa

Recombinant RFX4 protein (1 pg/mL) in 0.05 M carbonate
buffer (pH 9.6) was adsorbed onto 96-well plates (Nunc,
Roskilde, Denmark) at 4°C overnight. ELISA was done using
goat anti-human IgG (100 uL/mL) labeled with horseradish
peroxidase (MBL, Nagoya, Japan) as the second antibody.!”
A positive reaction was defined as an optic density (OD)
value for 1:400 diluted serum that exceeded the mean OD
value of sera from healthy donors by three standard
deviations.

Western blot analysis

Normal and tumor tissue extracts were prepared in radioim-
munoprecipitation assay buffer supplemented with protease
inhibitor, complete Mini (Roche, Penzberg, Germany). For
normal brain tissue, trichloroacetic acid was used for
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Fig. 1. (a) Schematic representation of the genomic structure of RFX4 and alternatively spliced variants. The exons are shown in boxes and
the open reading frame is shown in hatched boxes. The primer pairs used in this study for conventional reverse transcription polymerase
chain reaction (RT-PCR) and TagMan real-time RT-PCR are indicated by arrows and arrowheads, respectively. Different transcription start
sites of RFX4-E and -F are shown in exon 12. RFX4-E starts from the initial base in exon 12 and RFX4-F starts from 78 bp downstream of the
site. ATG, start codon; M, methionine; R-T common, the primers for the quantitative real-time RT-PCR. (b) Schematic representation of RFX4
proteins. Six RFX4 isoforms and the ER-RFX4 protein (11) are shown. The C-terminal portion of the RFX4-D protein used for the production
of monoclonal antibody specific for RFX4 is shown in the dotted box.
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precipitation to obtain a more concentrated preparation. Protein
(50 pg) was separated by 7.5% or 10% sodium dodecylsulfate-
polyacrylamide gel electrophoresis (SDS-PAGE), blotted onto
a nitrocellulose membrane, and incubated with DC28 mAb
(4 ng/mL), sera from glioma patients or healthy donors (1:100),
or goat anti-actin antibody (Santa Cruz Biotechnology, Santa
Cruz, CA, USA). Bound antibody was detected with alkaline
phosphatase-conjugated goat anti-mouse or -human, or rabbit
anti-goat secondary antibody (1:3000; Jackson Immuno-
Research, West Grove, PA, USA) using a Bio-Rad substrate
kit (Bio-Rad Laboratories, Hercules, CA, USA).

Statistical analysis

The RFX4 mRNA expression level in normal brain tissues
and gliomas was analyzed with the Mann—Whitney U-test. The
difference in frequency of RFX4 expression was analyzed by
Fisher’s exact probability test. P < 0.05 was considered to be
significant.

Results

Identification of new RFX4 variants in testis, brain and
glioma

The RFX4 gene contains 19 exons (Fig. 1a). Two alternatively
spliced variants have been described in the testis. The RFX4-
A transcript, which was reported as NYD-spl0 (GenBank
accession number AF332192), is composed of exons 6—19
and lacks DBD encoded by exons 3, 4, 5 and 7 (Fig. 1a,b).
RFX4-B (GenBank accession number AB044245) is composed
of exons 1-16 except exon 6 and contains DBD.!"” Both
products share the evolutionarily conserved B and C regions
and a dimerization domain.

We identified four new RFX4 transcript variants from testis,
brain and glioma by RACE analysis. The 5" and 3 RACE
primers are described in the Materials and Methods section
and shown in Fig. 1a. Using primers R1 and F1, we identified
RFX4-C and RFX4-D in the testis and brain, respectively.
The RFX4-C cDNA spanned 18 exons without exon 6 from
the 5" end of RFX4-B to the 3’ end of RFX4-A with a shorter
3’ untranslated region (UTR) (Fig. 1a), 2560 bp in length,
and encoded a putative protein 744 amino acids in size
(Fig. 1b). The RFX4-D cDNA contained exon la instead of
the exon 1 present in RFX4-C, had a longer 3" UTR (Fig. 1a),
was 3955 bp in length, and encoded a putative protein of
735 amino acids (Fig. 1b). The RFX4 v3 cDNA (GenBank
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accession number AY 102009), which was recently reported,!?
is almost identical to RFX4-D, but differs at its 5" end, being
approximately 350 bp shorter and having methionine instead
of valine at amino acid position 522. The difference between
RFX4-C and RFX4-D proteins was the initial 23 and 14 N-
terminal amino acids corresponding to exons 1 and 1a, respec-
tively (Fig. 1a).

Transcript variants RFX4-E, and -F were identified from
glioma using primers R2 and F1. RFX4-E and -F were 2548
and 2470 bp in length, respectively, and they had different
transcription start sites within the same exon 12, resulting in
two different putative proteins of 390 and 370 amino acids
(Fig. la,b). These four new sequences are available from
GenBank/EMBL/DDBJ under the accession numbers
AB095365, AB095366, AB195784 and AB195785 for RFX4-C,
-D, -E, and -F, respectively.

RT-PCR analysis of RFX4 mRNA expression in normal
tissues and glioma
To investigate the expression of the transcript variants RFX4-
A, -B, -C and -D, which were identified from testis and brain, in
normal tissues (Multiple Tissue ¢cDNA panels; Clontech),
we performed RT-PCR using variant-specific primer pairs A,
BC, and D (Fig. 1a). No variant B- or C-specific primer pair
was available because of low efficiency of amplification.
As shown in Figure 2a, RFX4-A, -B and -C were expressed
only in the testis. RFX4-D was expressed only in the brain.
In gliomas, no RFX4-A, -B or -C mRNA was detected
(Fig. 2b). On the other hand, RFX4-D mRNA was detected.
RFX4-D mRNA expression was confirmed by long PCR with
primer pairs in exon la and 19 using a TaKaRa LA PCR Kit
(TaKaRa Bio, Ohtsu, Japan) (data not shown). RFX4-E and
-F mRNAs were detected only in gliomas, but not in the
normal tissues, by RACE analysis (data not shown). No
specific primer pairs were available to detect those mRNAs
by RT-PCR.

No RFX4 mRNA expression was observed in other malig-
nancies including 16 lung cancers, 16 esophageal cancers, 10
stomach cancers, 20 colon cancers, and 15 liver cancers.

Quantitative real-time RT-PCR analysis of RFX4 mRNA in
normal tissues and glioma

To investigate RFX4 mRNA expression quantitatively, we
performed a real-time RT-PCR analysis. The primer pair
R-T common used in this study (Fig. 1a) can amplify RFX4-A,
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Fig. 2. Reverse transcription-polymerase chain
reaction analysis of RFX4 mRNA expression
using variant-specific primer pairs in normal
tissues (a) and gliomas (b). 1251 and 2210,
diffuse astrocytoma; 1370, anaplastic astrocy-
toma; 1471, anaplastic ependymoma; 2595,
glioblastoma.
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Fig. 3. Quantitative real-time reverse transcription-polymerase chain reaction analysis of RFX4 mRNA expression in normal tissues (a) and
gliomas (b). The numbers of RFX4 mRNA copies per 10° glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA copies for each sample
are plotted in the panels. Normal brain samples in (b) consisted of three normal brain ¢cDNAs purchased from Clontech and seven normal
peritumoral tissues from brain tumors. *, P=0.019; **, P =0.0004; ***, P =0.0056; #1, seropositive patient 2210; #2, seropositive patient

2595; #3, seropositive patient 1471.

-B and -C in the testis and RFX4-D mRNA in the brain. Table 1. Expression of RFX4 in gliomas
Approximately 100 000 RFX4 mRNA copies/10° GAPDH -
mRNA copies were detected in the testis (Fig. 3a). Approxi-  Tissue n 'Real-time IHC
mately 1000 RFX4 mRNA copies/10° GAPDH mRNA copies RT-PCR
were detected in the brain. The copy number was less than 20 Astrocytic tumor 50 11 (22%) 10 (20%)
in other normal tissues, indicating that the expression was Pilocytic astrocytoma 5 0 (0%) 0 (0%)
restricted to the testis and brain in normal tissues. The level Diffuse astrocytoma " 3 (27%) 3 (27%)
of RFX4-D mRNA expression in the brain appeared to be élr;zg:::g:;trocytoma ;g ggg:ﬁ’; ggg:ﬁ";
. (] ]
approxgnat;ly 1% of.the levels of RFX4-A, -B and -C mRNA Ependymal tumor 9 6 (67%) 5 (56%)
expression in the. testis. S Ependymoma 3 2 (67%) 1(33%)
Next we examined RFX4 mRNA expression in gliomas by Anaplastic ependymoma 4 2 (50%) 2 (50%)
real-time RT-PCR using the primer pair R-T common. No Subependymoma 2 2 (100%) 2 (100%)
specific primer pairs for RFX4-E or -F were available. High  oligodendroglial tumor 2 0 (0%) 0 (0%)
RFX4 mRNA copy numbers were detected in some specimens. Oligodendroglioma 2 0 (0%) 0 (0%)

RFX4 mRNA expression differed significantly between the
normal brain and astrocytic tumors (P = 0.019) and between
the normal brain and ependymal tumors (P = 0.0004) accord-
ing to the Mann—Whitney U-test (Fig. 3b). RFX4 mRNA
copy numbers were significantly higher in ependymal tumors
than astrocytic tumors (P = 0.0056). No significant differ-
ence in expression was observed among the various grades
(WHO grade I-IV) of gliomas. Marginal levels of RFX4
mRNA expression were observed in two oligodendroglioma
specimens. The number of tissue samples that expressed RFX4
mRNA at more than 10 times the mean value for normal
brain is shown in Table 1. The difference in frequency of
RFX4 mRNA expression between ependymal (6 of 9) and

Matsushita et al.

The numbers of tissue specimens that expressed RFX4 at more than
10 times the mean value for the normal brain are shown. *The
difference in frequency of RFX4 expression between ependymal and
astrocytic tumors was significant (P < 0.05). Statistical analysis was
performed by Fisher’s exact probability test. IHC,
immunohistochemistry; RT-PCR, reverse transcription polymerase
chain reaction.

astrocytic (15 of 50) tumors was significant (P < 0.05) (Table 1).
No correlation was observed between the frequency of RFX4
mRNA expression and age, sex or WHO grade (data not
shown).
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Western blot analysis

To investigate RFX4 protein expression in the testis and brain,
we performed Western blot analysis using DC28 mAb
produced against RFX4-D C-terminal half protein. DC28
mAb recognized approximately 75-kDa and 85-kDa bands
corresponding to RFX4-A and -C, respectively, in the testis
and an approximately 80-kDa band corresponding to RFX4-
D in the brain (Fig. 4a). No RFX4-B was detected.

In gliomas, DC28 mAbD recognized approximately 42-kDa and
38-kDa bands corresponding to RFX4-E and -F isoforms,
respectively (Fig. 4b). Those bands were observed only in
gliomas, not in the normal testis or brain. The isoform RFX4-
D was undetectable irrespective of its mRNA expression in
glioma specimens (Fig. 2b).

IHC

In the THC analysis using DC28 mAb, positive staining was
observed in the nuclei of spermatocytes in the testis and some
cells in the subependymal zone (SEZ) of two peritumoral
normal brain tissue samples (Fig. 5a).

In glioma, positive staining was observed in 15 of 61 (25%)
specimens that overexpressed RFX4 mRNA, and staining
was seen predominantly in the nuclei of tumor cells (Fig. 5b
and Table 1). A high frequency of RFX4 protein expression
was observed in ependymal tumors (Table 1).

RFX4 antibody response in glioma patients

Sera from 58 glioma patients and 70 healthy donors were
analyzed for RFX4 antibody by ELISA using recombinant
RFX4-D N- and C-terminal proteins. Figure 6a shows the
titration curves for RFX4 antibody-positive and -negative
sera, and Table 2 summarizes the results. IgG antibody
against the RFX4-D C-terminus was detected in 2 of 52 (4%)
astrocytic and 1 of 6 (17%) ependymal tumor patients. RFX4
mRNA overexpression was observed by real-time RT-PCR
(Fig. 3b) and protein expression was observed by IHC
(Fig. 5b) in tumor specimens from three seropositive patients.
The antibody response was observed against REX4-E and -F
in lysate extracted from glioma specimens by Western blot
analysis in those three patients (Fig. 6b). No antibody was
found against the RFX4-D N-terminus in the sera from
gliomas. No antibody response to the RFX4-D N- or C-

806

Table 2. RFX4 antibody response in glioma patients

Positive/examined

0/70 (0%)
2/52 (4%)
0/4 (0%)
1/10 (10%)
0/15 (0%)
1/23 (4%)
1/6 (17%)
0/4 (0%)
1/2 (50%)

Sera

Healthy donors

Astrocytic tumor
Pilocytic astrocytoma
Diffuse astrocytoma
Anaplastic astrocytoma
Glioblastoma

Ependymal tumor
Ependymoma
Anaplastic ependymoma

Table 3. Summary of RFX4 expression in gliomas and antibody
production in patients

RFX4 expression Antibody positive/

Sera examined

mRNA *Protein

+ 14 3/9
+ - 3 0/3
- + 1 0/0
- - 43 0/22
ND ND 24 0/24

*RFX4 protein expression was examined by immunohistochemistry.
ND, not done.

terminus was observed in 70 healthy donors. The results of real-
time RT-PCR, THC and antibody production are summarized
in Table 3.

Discussion

For RFX4, two alternatively spliced variants RFX4-A and -B
were reported in the testis, and recently, a brain-specific
variant, RFX4_v3, has been described.~'? In this study, we
identified transcript variants RFX4-C, -D, -E, and -F by
RACE analysis, and demonstrated that RFX4-A, -B and -C
mRNAs were expressed only in the testis, and RFX4-D
mRNA, which is homologous to RFX4 v3, was expressed
only in the brain in normal tissues, as determined by RT-
PCR. In tumors, both RFX4-E and -F mRNAs, in addition to

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00112.x
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Fig. 5. (a) Hematoxylin and eosin (H&E) and immunohistochemistry (IHC) of RFX4 using DC28 monoclonal antibody (mAb) in normal testis and
brain. Original magnification, x200; inset, x 1000. *, ependymal cell layer; #, inferior horn of lateral ventricle. (b) H&E and IHC of RFX4 using
DC28 mADb in gliomas. Original magnification, x 400. Inset, original magnification, x 1000 for RFX4 protein-positive specimens.
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RFX4-D mRNA, were expressed in three glioma specimens,
as determined by RACE and RT-PCR analyses. Expression of
RFX4 mRNA was not observed in other tumors, including
lung, esophageal, stomach, colon and liver cancers.
Quantitative real-time RT-PCR using common primer pairs
detecting all of the variant transcripts showed that high
expression in normal testis resulted from amplification of
RFX4-A, -B and -C, low expression in the brain (1%
compared to the expression in testis) resulted from
amplification of RFX4-D, and extremely high-level
expression in some gliomas resulted from amplification of
RFX4-D, -E and -F. Western blot analysis using DC28 mAb
produced against recombinant RFX4-D C-terminus protein
showed expression of RFX4-A and -C proteins, but not
RFX4-B protein in the testis, and expression of RFX4-D
protein in the brain. Moreover, expression of RFX4-E and -F
proteins, but not REX4-D protein was observed in gliomas.
IHC analysis using DC28 mAb showed positive staining in
the nuclei of spermatocytes in the testis and glioma cells. A
discrepancy between mRNA and protein expression was
observed in some glioma specimens. It could be due to the
heterogeneity of samples in the same tumor specimens taken
for IHC and RT-PCR.

The lack of detection of RFX4-B using DC28 mAb by
Western blot was confirmed with three independent tests.
This could simply be due to a low level of expression of
RFX4-B in the testis or a lack of DC28 mAb epitope in the
isoform. RFX4-E and -F protein expression was observed at
high frequency in gliomas. Its frequency was extremely high
in ependymal tumors (56%) compared with astrocytic tumors
(20%). We observed no RFX4 expression in three central
neurocytomas, two gangliocytomas or five medulloblasto-
mas. The finding that RFX4-D mRNA was expressed in some
SEZ cells in normal brain and gliomas may imply that those
cells in the normal brain could be the targets of a tumor
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donors. (b) Antibody response in glioma
patients against RFX4-E and -F proteins from
glioma tissue lysate. Serum from patient 2548
was included as a negative control. RFX4
mRNA overexpression was detected by real-
time reverse transcription polymerase chain
reaction (Fig. 3b) and protein expression by
immunohistochemistry (Fig. 5C) in patients
1471 and 2210, but not patient 2548.

initiation event in some gliomas. It is unknown whether the
expression of RFX4-E and -F isoforms is causally related to
gliomagenesis. Alternatively, those spliced forms could be
the products of malignancy. RFX4 is a transcription factor
that binds to DNA by way of a highly conserved winged
helix DBD and exerts its effect by forming a dimer, similar
to other RFX members.®'? Recently, brain-specific RFX4,
which is homologous to RFX4-D, was reported to be
expressed dynamically in the developing central nervous sys-
tem from the neural plate stages and crucial for early brain
development in the mouse."? RFX4 v3 -/- mice could not
form dorsal midline brain structure and resulted in perinatal
death. In addition, the mouse RFX4 is expressed in the supra-
chiasmatic nucleus, which controls the circadian clock, and is
induced by exposure to light.'¥ The functions of RFX4 var-
iants in the testis and brain, and their relevance to gliomagen-
esis should be investigated.

Antibody against the RFX4-D C-terminus protein, but
not the N-terminus protein, was detected in the serum of
3 of 58 (5%) glioma patients by ELISA. Antibody production
appeared to be induced by overexpressed RFX4-E and -F
proteins, suggesting their immunogenicity in glioma patients.
It has been reported that antibody against tumor antigens
was rarely detected."'” Approximately 5-10% of melanoma
patients produced antibody against NY-ESO-1 antigen,
which appears to be the most immunogenic cancer/testis
antigen.>'” Almost no patients with tumors that expressed
the cancer/testis antigens MAGE and SSX, or differentiation
antigens MART-1 and gp100, showed an antibody response
to these antigens.'> However, it has been shown that glioma
patients frequently produce antibodies against PHF3"® and
S0X6,"” which were identified as glioma antigens by
serological identification of antigens by recombinant expres-
sion cloning (SEREX). About half of NY-ESO-1-seropositive
patients were shown to develop a CD8 T-cell response.?”

© Japanese Cancer Association doi: 10.1111/j.1349-7006.2005.00112.x



T-cell responses in RFX4-seropositive patients should be
investigated.

Acknowledgments

We thank Dr Lloyd J. Old for his continuous encouragement
and advice during this study. We also thank Ms M. Isobe, Ms

References

—

Fine HA, Dear KB, Loeffler JS, Black PM, Canellos GP. Meta-analysis
of radiation therapy with and without adjuvant chemotherapy for
malignant gliomas in adults. Cancer 1993; 71: 2585-97.

Gupta T, Sarin R. Poor-prognosis high-grade gliomas: Evolving an

evidence-based standard of care. Lancet Oncol 2002; 3: 557-64.

Parney IF, Hao C, Petruk KC. Glioma immunology and immunotherapy.

Neurosurgery 2000; 46: 778-92.

4 Fenstermaker RA, Ciesielski MJ. Immunotherapeutic strategies for

malignant glioma. Cancer Control 2004; 11: 181-91.

Ehtesham M, Black KL, Yu JS. Recent progress in immunotherapy for

malignant glioma: Treatment strategies and results from clinical trials.

Cancer Control 2004; 11: 192-207.

Boon T, Old LJ. Cancer tumor antigens. Curr Opin Immunol 1997; 9:

681-3.

Sahin U, Koslowski M, Tureci O ef al. Expression of cancer testis genes

in human brain tumors. Clin Cancer Res 2000; 6: 3916-22.

Emery P, Durand B, Mach B, Reith W. RFX proteins, a novel family of

DNA binding proteins conserved in the eukaryotic kingdom. Nucleic

Acids Res 1996; 24: 803-7.

Gajiwala KS, Chen H, Cornille F er al. Structure of the winged-helix

protein hRFX1 reveals a new mode of DNA binding. Nature 2000; 403:

916-21.

10 Morotomi-Yano K, Yano K, Saito H, Sun Z, Iwama A, Miki Y. Human
Reguratory Factor X4 (RFX4) is a testis-specific dimeric DNA-binding
protein that cooperates with other human RFX members. J Biol Chem
2002; 277: 836-42.

11 Dotzlaw H, Alkhalaf M, Murphy LC. Characterization of estrogen

[\S]

w

W

(=)}

]

o

A=

Matsushita et al.

T. Akimoto, Ms M. Arao and Ms M. Konishi for excellent
technical assistance and Ms J. Mizuuchi for preparation of
the manuscript. This work was supported in part by a Grant-
in-Aid for Scientific Research on Priority Areas from the
Ministry of Education, Culture, Sports, Science and Technol-
ogy of Japan, and the Cancer Antigen Discovery Collabora-
tive of the Cancer Research Institute, New York.

receptor variant mRNAs from human breast cancers. Mol Endocrinol
1992; 6: 773-85.

12 Blackshear PJ, Graves JP, Stumpo DJ, Cobos I, Rubenstein JL, Zeldin
DC. Graded phenotypic response to partial and complete deficiency of a
brain-specific transcript variant of the winged helix transcription factor
RFX4. Development 2003; 130: 4539-52.

13 Araki R, Takahashi H, Fukumura R et al. Restricted expression and
photic induction of a novel mouse regulatory factor X4 transcript in the
suprachiasmatic nucleus. J Biol Chem 2004; 279: 10237-42.

14 World Health Organization classification of tumours. In: Kleihues P,
Cavenee WK, eds. Pathology and Genetics of Tumours of the Nervous
System. Lyon: IARC Press, 2000; pp 10-76.

15 Stockert E, Jager E, Chen YT et al. A survey of the humoral immune
response of cancer patients to a panel of human tumor antigens. J Exp
Med 1998; 187: 1349-54.

16 Chen YT, Scanlan MJ, Sahin U er al. A testicular antigen aberrantly
expressed in human cancers detected by autologous antibody screening.
Proc Natl Acad Sci USA 1997, 94: 1914-8.

17 Kurashige T, Noguchi Y, Saika T ef al. NY-ESO-1 expression and
immunogenicity associated with transitional cell carcinoma: Correlation
with tumor grade. Cancer Res 2001; 61: 4671-4.

18 Struss AK, Romeike BF, Munnia A et al. PHF3-specific antibody
responses in over 60% of patients with glioblastoma multiforme.
Oncogene 2001; 20: 4107-14.

19 Ueda R, lizuka Y, Yoshida K, Kawase T, Kawakami Y, Toda M.
Identification of a human glioma antigen, SOX6, recognized by patients’
sera. Oncogene 2004; 23: 1420-7.

20 Jager E, Nagata Y, Gnjatic S et al. Monitoring CD8 T cell responses to
NY-ESO-1: Correlation of humoral and cellular immune responses. Proc
Natl Acad Sci USA 2000; 97: 4760-5.

Cancer Sci | November2005 | vol.96 | no.11 | 809



