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Abstract. Gliomas of WHO grades III-IV are malignant
brain tumors mostly resistant to conventional therapies.
Therefore, novel strategies for the treatment of gliomas are
warranted. Although immunotherapy is gaining increased
attention for the treatment of malignant gliomas and in
particular of glioblastoma multiforme (GBM), this approach
requires the identification of appropriate antigens. Our aim
was to investigate the expression of the prostate stem cell
antigen (PSCA), a highly N-glycosylated phosphatidylinositol
(GPI)-anchored cell surface protein, in gliomas of different
WHO grades in order to evaluate its potential as a diagnostic
marker and as a target for immunotherapy. Tumor specimens
and controls were assessed by quantitative RT-PCR, Western
blotting and immunohistochemistry. The samples investigated
in the study consisted of 210 human glial tumors, among
which 31 were oligodendrogliomas, 9 ependymomas and 170
were astrocytomas (including 134 glioblastomas). PSCA was
absent in normal brain tissue, but was detected in WHO grade
MII-IV gliomas. Weak PSCA protein expression was also
recognized in some WHO grade I and WHO grade II tumors.
The difference between WHO grade I-II tumors and WHO
grade ITI-IV tumors was statistically significant (p<0.001).
Our results suggest that increased PSCA expression levels are
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linked to gliomas of WHO grades III and IV, and may represent
a suitable additional target for immunotherapy of gliomas.

Introduction

Glioblastoma multiforme (GBM) a glioma of WHO grade IV,
accounts for 60-75% of all astrocytic tumors that due to its
genetic instability gives rise to heterogeneous tumor cell
descendants and possesses the capability of invading adjacent
normal brain tissue (1). Despite improvements in neurosurgery,
chemotherapy and radiotherapy, only a subset of patients
suffering from GBM survives longer than 18 months (2).

The use of either antibody-based or T-cell-mediated immu-
notherapy to selectively kill remnant glioma cells that could not
be completely removed by surgery because of the infiltration of
the tumor into the adjacent brain tissue has received increasing
attention. A number of animal models have shown that gliomas
may be amenable to immune therapeutic approaches (3,4).
Moreover, the identification of humoral as well as cellular
immune responses in brain tumor patients triggered efforts
to activate the immune system against glioma cells (5,6).
Although, some tumor-associated antigens (TAA) including
EGFRVIII (7), HER2-neu (8,9), gpl00 (9), MAGE-1 (9),
MART (10), hTERT (10,11), survivin (12) and members of the
SOX-family have been identified (6,13-15) the extraordinary
diversity of glioblastomas call for the identification of more
TAAs to efficiently target the heterogeneous tumor cells (16).

Our focus has been the identification of surface TAAs which
distinguish tumor cells from normal cells and which can be
used for antibody-mediated immunotherapy and for diagnostic
purposes. A likely candidate, the prostate stem cell antigen
(PSCA) is related to the Ly-6/Thy-1 family of cell surface
antigens that bears 30% homology to stem cell antigen type
2 (SCA-2) (17,18). It is an N-glycosylated phosphatidylinositol
(GPI)-anchored cell surface protein and of particular interest
since it is overexpressed in prostate carcinoma (PCa) (19) as
well as in PCa metastases (20). Strong expression of PSCA has
also been detected in bladder cancer (21), pancreatic adeno-
carcinoma (22) and clear cell carcinoma (23).

Interestingly, PSCA-antibodies and -reactive CD8-positive
T cells have been found in the serum of patients suffering from
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pancreatic adenocarcinoma and PCa, respectively (24,25).
In addition, PSCA vaccination induced a long-term immune
response against prostate cancer in transgenic adenocarcinoma
mouse prostate (TRAMP) mice in the absence of autoim-
munity (26). First experimental approaches to treat PCa using
anti-PSCA antibodies also showed promising results which
confirms PSCA as a suitable target for immunotherapeutic
strategies (27,28).

In order to identify novel surface antigens selectively
expressed in malignant gliomas we screened GBM specimens
for the expression of PSCA mRNA. We found that PSCA
mRNA was expressed in ~40% of the GBM samples, whereas
PSCA expression in normal brain samples was negligible.
Immunohistological analysis of GBM and additional analysis
of WHO III brain tumors confirmed the PSCA expression
in malignant gliomas. In addition, weak PSCA immuno-
reactivity (IR) was found in 12 out of 28 benign WHO grade
I and II tumors. We suggest that for a significant number of
patients with malignant gliomas, PSCA might represent a
suitable target for an immunotherapeutic approach to elimi-
nate glioma cells.

Materials and methods

cDNA synthesis and quantitative PCR. For quantitative PCR
analysis of PSCA transcripts, cDNA synthesis was performed
using 1 pug total mRNA from normal brain or from glio-
blastoma specimens, oligo(dt)12-15 primers (GE Healthcare,
Freiburg, Germany) and the Omniscript reverse transcriptase
kit (Qiagen, Hilden, Germany) according to the manufacturer's
protocol. The amount of specific PSCA-PCR product was
determined by detection of the fluorescence signals of the
intercalating dye SYBR-Green, using the LightCycler FastStart
DNA master SYBR-Green I kit (Roche, Mannheim, Germany).
The amplification of PSCA was performed according to
Cunbha et al (29). The PSCA mRNA cDNA copy number was
calculated in relation to the amplification product amounts
of internal standards and was normalized to the quantitative
measurements of the housekeeping gene (3-actin. The amount
of B-actin was determined using the primers LC-p-actin
forward, 5'-tcaccgagcgeggcet-3' and reverse, 5'-taatgtcacgcattt
ccc-3' applying an amplification protocol consisting of a dena-
turation step at 95°C for 10 min, followed by 40 cycles with
a 95°C denaturation step for 15 sec, 61°C annealing for 5 sec
and a 72°C extension step for 5 sec. Quantity standard curves
were generated applying dilutions over 6-log scales (10'-109)
per capillary using a pPREV-CM V-PSCA-IRES2-EGFP vector
and an pEGFP-actin vector (Takara-Clontech, Heidelberg,
Germany) containing the full coding region of PSCA and
B-actin, respectively. GBM samples were rated positive
when they showed a significant difference (p<0.05) to four
light cycler runs using cDNAs of two normal brain samples
(mean expression level 3+2 copies PSCA mRNA/1000 copies
actin), obtained from epilepsy neurosurgery, assessed by the
Student's t-test. In order to compare QRT-PCR expression
levels to immunohistochemistry results PSCA mRNA copy
numbers from 10 to 39 copies/1000 copies actin mRNA
were rated as moderate expression. Expression of PSCA >40
copies mRNA/1000 copies actin mRNA was rated as strong
expression.

Cell culture. Fresh GBM tissue for research purposes was
provided by the Department of Neurosurgery, University
Hospital Carl Gustav Carus, and was approved by the ethics
committee of the Medical Faculty Carl Gustav Carus, TU
Dresden. The fresh tumor specimens were divided for routine
histopathology, cryopreservation and cell culture. To obtain
primary glioma cells a tumor fragment was minced in DMEM
medium supplemented with 20% (v/v) fetal calf serum (PAA,
Pasching, Austria), 4X non-essential amino acids (Gibco-BRL,
Eggenstein, Germany) 100 U/ml penicillin and 0.1 mg/ml
streptomycin (PAA). The cells were filtered through gauze
and were centrifuged at 4°C and 600 x g, for 10 min. Cell
pellets were dispersed in fresh medium and the cell viability
was determined by trypan blue exclusion. Equal aliquots of
cells were plated on poly-L-lysine coated culture flasks. Every
2 days the medium was replaced with fresh medium. Upon
60% confluency the cells were split and consecutively adapted
to normal cell culture flasks.

Indirect immunofluorescence analysis and FACS analysis.
Primary GBM cell preparations were grown on cover slides
and fixed in ice-cold paraformaldehyde for 20 min. After
washing in phosphate-buffered saline (PBS), cells were
permeabilized with 1% sodium citrate/0.1% Triton X-100
and washed three times with PBS containing 0.1% bovine
serum albumin (BSA). Cells were incubated for 1 h at room
temperature with an affinity-purified monoclonal anti-PSCA
preparation, described previously [clone 7F5, IgGl-isotype
(30)]. After washing again with PBS/0.1 % BSA, the cells were
incubated for 1 h at room temperature with Cy3-conjugated
anti-mouse IgG (stock solution, 1:50 diluted, as recommended
by the supplier; Dianova, Hamburg, Germany). After intensive
washing with PBS the DNA was counterstained with Hoechst
33342. Cells were examined by fluorescence microscopy
(Olympus IX70, Hamburg, Germany). FACS analysis was
performed using a FACScan and the Cell Quest software
(Becton-Dickinson, Heidelberg, Germany) with non-fixed
cells using the anti-PSCA clone 7F5 and secondary anti-
mouse-IgG-Cy3 (Dianova). As an internal positive control, we
used 293T cells transduced with a retroviral vector encoding
full length PSCA linked with EGFP via internal ribosomal
entry sites, designated as 293T-PSCA-IRES2-EGFP. As
a negative control we used 293T wild-type cells. For the
analysis of PSCA expression on 293T-PSCA-IRES2-EGFP
and primary glioma cells an IgGl isotype control antibody
(Becton-Dickinson) was included.

Western blot analysis. For protein analysis of the PSCA
expression liquid nitrogen-frozen tissues were homogenized
using a mortar and pestle and total protein lysates were
prepared in non-reducing 5X SDS sample buffer (15% SDS,
50% glycerol, and 0.15% bromophenol blue). Protein samples
were subjected to electrophoresis and blotted onto PVDF
membranes (PALL, Dreieich, Germany). As positive control
we used total protein lysates from 293T-PSCA-IRES2-
EGFP cells. PSCA immunostaining was performed with the
monoclonal 7F5 antibody; tubulin was detected by the use
of a monoclonal anti-tubulin antibody (Sigma, St. Louis,
MO; clone DM 1A, dilution 1:500). The secondary goat
anti-mouse antibody coupled to horseradish peroxidase (both
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Figure 1. QRT-PCR analyses of PSCA-mRNA in GBM samples. GBM samples displaying up to 39 copies PSCA mRNA/1000 copies actin mRNA (moderate
expression, striped columns), and displaying 40 and more copies PSCA mRNA/1000 copies actin mRNA (strong expression, black columns) are indicated.
Samples showing no significant difference in expression compared to the mean of two QRT-PCR analyses of normal brain controls are depicted (white
columns). Bars represent the standard derivation of the mean. Inlet shows a DNA agarose gel of representative light cycler probes and standard dilutions using

a DNA-vector encoding PSCA as described in Materials and methods.

diluted 1:2500, Dako, Hamburg, Germany) was visualized
with enhanced chemiluminescence (ECL Plus, Amersham
Bioscience) as recommended by the supplier.

Immunohistochemistry and statistics. A total of 210 human
glial tumors, confirmed by certified neuropathologists according
to the WHO classification (1), and 10 normal control tissues
from autopsy brains were tested for the expression of PSCA by
immunohistochemistry (IHC/IR) using the indirect peroxidase
technique on tissue multi-arrays (TMA) of paraffin-embedded
specimens. The 210 glial tumors included 31 oligodendro-

gliomas WHO grade II and II1, 9 ependymonas WHO grade 11,
4 astrocytomas WHO grade I, 12 astrocytomas WHO grade II,
20 astrocytomas WHO grade III, and 134 glioblastomas which
consisted mostly of primary glioblastomas. In total, there were
28 benign gliomas of WHO grades I and II, and 182 malignant
gliomas of WHO grades III and IV. Additionally, we included
5 cases with epilepsy due to hippocampal sclerosis and 10
cases with reactive astrocytosis due to HIV-encephalopathy
using the indirect peroxidase technique on TMA containing
1-5 samples per case with a core size of 1.5 mm in diameter.
Each TMA contained positive and negative controls. For the
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HIV cases whole sections of autopsy tissues were also used.
Additionally, the results of TMA were compared to the whole
sections of the same tumor sample from five cases. To detect
PSCA by IHC, we used the monoclonal mouse antibody
7F5 and an indirect peroxidase system (LSAB-II, Dako)
with diaminobenzidine (DAB, Sigma) as a chromogen on
paraffin-embedded tissues. Staining of paraffin sections with
an IgGl isotype control antibody and with non-fat milk 5%
(from powder; Spinnrad, Liibeck, Germany) was performed
to exclude non-specific staining by LSAB-II. Evaluation of
immuno-staining on TMA was performed without knowledge
of the diagnosis on 5-um sections, at a magnification of x20 in
the light microscope equipped with a graded ocular lens (10x10
squares, corresponding to 500x500 pym at x20 magnification)
(Carl Zeiss, Oberkochen, Germany). The immunoreactivity
(IR) measurements were repeated at least twice and scored
according to a semi-quantitative scoring system in comparison
to normal controls. For statistical purposes only vital areas
of the tumors were counted. Score values were distributed as
follows: 0, no positive cells (as in normal astrocytes); 1+, weak
staining in <50% of the tumor cells; 2+, moderate staining
in 50-75% of tumor cells; 3+, strong staining in >75% of the
tumor cells with mostly membranous staining or staining of
astrocytic processes. For statistical analysis the univariate
¥ test and the corrected Pearson's contingency coefficient for
non-parametric correlation was applied.

Results

PSCA expression in human glioblastoma samples. We exam-
ined 69 pathologically confirmed human GBM specimens
for the presence of PSCA mRNA by QRT-PCR (Fig. 1). As a
control we included specimens of normal brains obtained in
the course of epilepsy neurosurgery. We noticed that approxi-
mately 40% of all tested GBM specimens were positive for
PSCA mRNA expression. Interestingly, half of these probes
were moderately positive for PSCA (up to 39 copies PSCA
mRNA per 1000 molecules actin) and the other half of the
positive probes showed a strong mRNA expression of PSCA
(>39 copies PSCA mRNA per 1000 molecules actin mRNA).
In 60% of GBM probes no significant increase in PSCA levels
was observed when compared to a normal brain sample,
which was included as an internal control. To confirm PSCA
protein we analyzed total cell lysates of tumor probes which
have been rated positive or negative for PSCA expression
(Fig. 2A). Immunoblot analysis demonstrated the appearance
of PSCA protein expression in samples which were found
to be PSCA-positive by QRT-PCR. Furthermore, when we
tested five primary cell preparations established from freshly
obtained glioblastoma tissue we detected PSCA expression
in one GBM-preparation, designated HT7068, by FACS
analysis and indirect immunofluorescence analysis using the
monoclonal anti-PSCA antibody 7F5 (Fig. 2). FACS analysis
on non-fixed cells and an indirect immunofluorescence
analysis revealed the surface expression of PSCA. However,
PSCA immunoreactivity ws also detected in the cytosol of the
HT7068 glioblastoma cells (Fig. 2Bc and d).

PSCA expression levels are increased in malignant compared
to benign brain tumors. PSCA-IR was mostly absent in
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Figure 2. PSCA protein expression in glioblastoma probes and primary glio-
blastoma cells. (A) Total protein lysates from GBM tissues were subjected
to 12% polyacrylamide gel electrophoresis. Blotted PSCA was detected
with the monoclonal 7F5 PSCA antibody and secondary anti-mouse IgG
coupled to HRP using ECL. As positive control (+) we included total protein
lysate from 293T cells transduced with a retroviral vector encoding PSCA
(Material and methods). (B) Detection of PSCA protein in primary GBM
cells. a, FACS analysis of PSCA expression in 293T cells with proviral
expression of PSCA (grey histogram) using the monoclonal antibody
7F5 and secondary anti-mouse coupled to Cy3. As a control we included
293T wild-type cells (white histogram). b, FACS analysis showing PSCA
expression in primary glioblastoma cells (HT7068) (grey histogram). An
isotype control is included (white histogram). ¢, Confocal laser imaging of
PSCA-immunoreactivity in HT7068 cells with the monoclonal 7F5 antibody
and the secondary anti-mouse Cy3-labelled antibody. d, Additional nuclear

counterstaining with Hoechst 33342. Note that PSCA is mostly localized to
the cell membrane. Bar, 20 pm.

normal brain tissues. Specifically, reactive astrocytes in
HIV-encephalopathy did not show PSCA-IR in any of the
10 analyzed cases (Figs. 3A and 4C). Only few astrocytes in
hippocampal sclerosis of 2 cases showed minimal positive
cytoplasmic staining (Figs. 3B and 4C). Of 28 benign WHO
grade I and II tumors containing astrocytomas, ependymomas
and oligodendrogliomas, we found varying PSCA-IR in the
cell membranes, in the cytoplasm and in the cell processes of
12 cases (Figs. 3C and D, and 4C and D). The mean expres-
sion levels for PSCA in the different brain tumors of WHO
grades I and II were very low with PSCA labeling scores
of ~0.5+ (Fig. 4A). Only 2 astrocytomas of WHO grade 11
showed a PSCA score of 2+ (Figs. 3D and 4C). Since we found
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Figure 3. Immunohistochemical analyses of PSCA expression in reactive astrocytes and varying gliomas. (A-F) PSCA-IR in reactive astrocytes and in gliomas
of varying types and dignities. (A) Reactive astrocytes in a patient with HIV-encephalitis (HIVe). Even clearly activated astrocytes with enlarged light nuclei and
broad cytoplasm are negative for PSCA (arrowheads). (B) Astrogliosis in hippocampal sclerosis-induced epilepsy showing few astrocytes with low-level positive
staining for PSCA (arrowheads). (C) Diffuse astrocytoma WHO II (astro II) with minimal PSCA-IR within glial processes (arrowheads). (D) Benign astrocytoma
WHO II with diffuse increased PSCA-IR (score 2+) associated with glial processes and the cytoplasmic surface. (E) Anaplastic (malignant) astrocytoma
WHO III (astro III) with strong expression of PSCA by IR on the cell surface and on disrupted plump glial processes leading to diffuse staining appearance. The
vacular endothelium remains free of staining (asterisk). (F) Anaplastic (malignant) oligodendroglioma WHO III (oligo III) with similarly high PSCA-IR (score
3+) on the cell surface as in E denoting the lack of differentiation between different glioma types. The vascular endothelium (asterisk) and calcifications typical
for oligodendroglioma (arrowheads) remain devoid of staining. (G-L) Representative images showing varying scores and patterns of PSCA-IR in 6 different cases
of glioblastoma. PSCA expression was detected using the monoclonal 7F5 antibody and an indirect peroxidase method using DAB (brown) as a chromogen on
sections of paraffin-embedded tissues as described in Materials and methods. (G) Glioblastoma completely negative for PSCA (score value, 0). (H) Glioblastoma
with minimal PSCA-IR (score 1+, weak staining in <50% of tumor cells) showing single astrocytic processes with positive IR and few cells with weak incomplete
membranous IR (arrowheads). (I) Glioblastoma with moderate PSCA-IR (score 2+, positive staining of moderate intensity in 50-75% of the tumor cells). (J)
Glioblastoma with strong PSCA-IR (score 3+, strong positive staining in >75% with mostly complete membranous staining), vascular endothelium remains
free of staining (asterisk). (K) Glioblastoma with strong PSCA-IR (score 3+) displaying a different staining pattern with mostly fibrillar staining and featuring
frequently globular cytoplasmic staining (arrowheads) and prominent fibrillar staining of tumor cell processes (0). Blood vessels remain free of PSCA-expression
(asterisk). (L) Gemistocytic glioblastoma with strong PSCA-IR (score 3+) displaying mostly membranous staining with some hyalin and globular cytoplasmic IR.
Again, blood vessels remain PSCA-negative (asterisk). Bars denote 50 ym (original magnification, x20) for A-K; 30 ym (original magnification, x40) for L.
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Figure 4. PSCA expression in WHO grade I-II and WHO grade III-IV brain tumors and statistical evaluation. (A) PSCA-IR is associated with tumor malig-
nancy but not with the type of glioma. Evaluation of PSCA expression levels in paraffin-embedded tissue sections. The graph represents the different types of
glioma tested. Error bars denote the standard deviation of the means (SEM). (B) Comparison between PSCA mRNA and protein expression levels in GBM.
The left graph shows the PSCA mRNA expression levels obtained by QRT-PCR, while the right graph depicts the distribution of different scores of IR on
the same set of GBM samples. The distribution of PCR-results in the right graph is based on the expression scores described in Fig. 1. (C) Table showing the
obtained PSCA-IR scores in the different brain tumor samples. Samples were evaluated as described in Materials and methods. (D) Statistical evaluation of
PSCA-IR using the non-parametric ¥ test and the Pearson's contingency coefficient reveals that WHO grade III-IV gliomas significantly express more PSCA
protein than astrocytomas of WHO grade II.

no statistical differences between WHO grade I and WHO  scores 2+ or 3+) was detected in tissue blocks of ~38% of
grade II tumors, we grouped them together in order to obtain ~ GBM samples (n=67; tissue blocks were not available for two
stronger statistical power regardless of potentially different  patients) (Fig. 4B). However, for samples with low PSCA-IR
origins of the different tumor entities when comparing them to  score (+1) we did not detect corresponding lower mRNA
WHO grade III-IV tumors (Fig. 4C). levels in the QRT-PCR analyses. Since we also observed

In ~40% of the glioblastoma samples studied by quantita-  intratumoral heterogeneity in PSCA-staining in these probes
tive PCR (n=69), we found significant mRNA expression levels ~ we increased the reliability of the study by enclosing further
of PSCA and the corresponding PSCA protein (PSCA-IR  samples for immunohistochemistry to a total of 134 GBMs
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(Fig. 4A and C). In summary, 26% of all tested GBM samples
tested so far were found to have a PSCA labeling score of 2+
or 3+ (Fig. 4B). Again the distribution of PSCA-IR was not
entirely homogeneous in these tested glioblastoma samples.
The heterogeneity of all tested GBMs was reflected in the
mean score value which was only slightly above 1+ (Fig. 4A).
Increasing score values also indicate decreased heterogeneity.
The value 3+ denotes positive staining in >75% of the tumor
cells and the value of 2+ was given for tumors having >50%
PSCA-positive cells. Cases with low-score values frequently
showed heterogeneous staining results. PSCA signals were
generally observed at the cell surfaces including astrocytic
processes. Some cases with mainly gemistocytic appearance
also displayed globular or diffuse cytoplasmic staining. Point-
like granular staining outside the cell body of gemistocytic
tumors was mostly due to the irregular geometry of astrocytic
processes (Fig. 3K and L). PSCA expression was not detected
in the vascular walls and in the proliferating endothelium
(Fig. 3E,F and J-L).

Interestingly, the majority of malignant glial tumors grade
IIT and IV showed positive PSCA-IR of varying intensity
(Figs. 3E-L and 4A). Noteworthy, we found a stronger and
mostly uniform expression of PSCA protein in oligodendro-
gliomas (n=28) and astrocytomas (n=20) of WHO grade III
when compared to GBM (n=134) (Fig. 3E-L). Here, 75% of
the analyzed tumors of WHO grade III showed PSCA staining
scores of 2+ and 3+ resulting in a mean PSCA score of ~2+ for
both tumor types (Fig. 4A and C). However, PSCA-IR did not
discriminate between the WHO grades III and IV (Fig. 4A
and D). Yet, the difference between the WHO grade I-IT and
WHO grade III-I'V groups was statistically significant (Fig. 4D;
p<0.001).

Discussion

The identification of new surface markers of brain tumors
may be useful for diagnostic purposes and may also provide
new target structures for antibody-guided therapies. In
this study we demonstrated for the first time the presence
of PSCA, a GPI-anchored surface protein in significant
fractions of malignant glial tumors of WHO grades 11T and
IV. In glioblastoma we recognized heterogeneous PSCA
expression between individual tumor samples, but also an
intratumoral heterogeneity. In part, these phenomena which
have also been described for other markers, such as SOX2
and EGFR (13,31), may reflect the overall heterogeneity of
GBMs. Although QRT-PCR data and immunohistochemistry
data can not directly be compared there was a consistency in
detecting tumors with moderate and high PSCA expression
with both methods. For logistical reasons, we had to use
different samples for QRT-PCR and immunohistochemistry,
which might explain the slight differences at higher PSCA
expression levels (Fig. 4B). Yet, there was an inconsistency in
detection of GBMs with a PSCA protein labeling score of 1+
(low expression) and the detection with QRT-PCR, the latter
showing no significant increased levels of PSCA mRNA when
compared to normal brain tissue. This inconsistency might
be due to the very accurate detection of single PSCA-positive
cells when using the 7F5 monoclonal antibody and the
semi-quantitative PSCA-IR scoring system which rates GBM

specimens with only a few PSCA-positive cells or astrocytic
processes with a PSCA score of 1+.

Interestingly, oligodendroglioma and astrocytoma of WHO
grade III showed a strong and more uniform PSCA staining.
Furthermore, it is remarkable that 12 out of 28 benign WHO
grade I and II tumors were positive for PSCA, however with
mostly lower levels of expression. This indicates that PSCA
expression might be associated with tumor progression. It is
noteworthy that a recent study provided evidence that some
genetic variants of PSCA are associated with an increased
risk of diffuse gastric cancer (32). It would be worthwhile to
analyze the genetic variants of PSCA in high-grade glioma
specimens and to investigate whether the expression of PSCA
in low-grade tumors is associated with an increased risk of
disease progression.

We did not find PSCA mRNA and protein expression in
normal brain. In line with this, recent expression studies have
shown that PSCA is predominantly prostate-specific (19),
although low PSCA transcript levels and moderate protein
levels have been detected in the transitional epithelium of
the bladder and in the stomach (28,29). PSCA expression
is strongly up-regulated in prostate carcinoma (PCa) (19)
and PCa metastases (20). In addition, PSCA was found to
be strongly expressed in the majority of bladder carcinomas
(21) and clear renal cell carcinoma (23). Therefore, PSCA
seems to be exclusively expressed in cells and tumors of the
urogenital system. However, other reports demonstrate the
PSCA expression in cervical squamous cell carcinomas and
endometrial carcinomas (33,34). Furthermore, the recent
discovery that pancreatic adenocarcinoma expressed PSCA
(22) and our data describing PSCA expression in gliomas
of WHO grades IIT and IV suggests a more universal role
of PSCA in tumors of different origin. Yet, the function of
PSCA in these tumors is not precisely known. Members of the
Ly-6/Thy-1 gene family have been associated with increased
malignant potential and metastasis (35). In line with this, a
previous report demonstrated an attenuated tumor growth and
activation of interferon a/pB-pathways in SW780 xenografts
after conditional knock down of PSCA, suggesting that PSCA
expression might have an inhibitory effect on the innate
immune responses against tumors (36).

Interestingly, the avian ortholog of PSCA and the mouse
PSCA were recently found to be expressed in the developing
telencephalon and peripheral ganglia (37). Furthermore, they
were suggested to play a role in antagonizing o7-containing
nicotinic receptors and in preventing apoptosis during devel-
opment. o7-containing nicotinic receptors have also been
described for astrocytes and other non-excitable cells, vascular
endothelial cells and keratinocytes (38). But so far no data
concerning the role of PSCA in modulating apoptosis in
astrocytic tumors, i.e. glioblastoma cells, is available.

Our immunohistochemical analyses of different gliomas
of WHO grades III-IV revealed that PSCA was predominately
expressed on the cell surface and sometimes found in the
cytosol of the tumor cells. Therefore, for a fraction of patients
PSCA might be a promising target structure for an antibody-
based immunotherapy of gliomas, in particular when using
T cells or NK cells endowed with a chimeric antigen receptor
specific for PSCA. Recently, we have shown that a single chain
antibody fragment derived form the monoclonal antibody 7F5



20 GEIGER et al: PSCA EXPRESSION IN HIGH-GRADE GLIOMA

used in this study can be utilized to construct a functional
chimeric T cell receptor which confers T cells a selective cyto-
toxicity against PSCA-positive tumor cells (30).

Due to its absence from normal and most reactive astro-
cytes, PSCA may provide an additional tool to facilitate
the identification of single tumor cells embedded in normal
brain tissue, since frequently used markers such as the
proliferation marker Ki67 (MIB-1) or TP53 do not allow for
the definite recognition of single tumor cells. Likewise, in the
future, PSCA may prove to be useful as a tool to determine
the classification of brain tumors of borderline morphology
or increased proliferation activity combined with bland
morphology. However, further research will be necessary to
elucidate the potential significance of PSCA as a prognostic
marker in brain tumors.

In summary, we provide evidence, that PSCA is a novel
marker for WHO grade I1I-IV gliomas. Therefore, for a
number of patients with brain tumors, PSCA may represent an
additional feasible target included in an immunotherapeutic
approach targeting multiple glioma-associated antigens, in order
to eliminate heterogeneous glioma cell populations within the
tumor.
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