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Prostate stem cell antigen is expressed in normal
and malignant human brain tissues
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Abstract. Prostate stem cell antigen (PSCA) is a glyco-
sylphosphatidylinositol (GPI)-anchored cell surface protein
and exhibits an organ-dependent expression pattern in cancer.
PSCA is upregulated in prostate cancer and downregulated in
gastric cancer. PSCA is expressed in a variety of human organs.
Although certain studies previously demonstrated its expres-
sion in the mammalian and avian brain, its expression in the
human brain has not been thoroughly elucidated. Additionally,
it was previously reported that PSCA is weakly expressed in the
astrocytes of the normal human brain but aberrantly expressed
in glioma, suggesting that PSCA is a promising target of
glioma therapy and prostate cancer therapy. The current study
identified PSCA expression in the neural and choroid plexus
cells of the normal human brain by immunohistochemistry.
In brain tumors, PSCA was expressed in medulloblastoma
and glioma, and its expression was also observed in papilloma
and papillary carcinoma of the choroid plexus, ependymoma
and meningioma. The results suggest that PSCA may have a
tumor-promoting function in brain tumors and is a potential
target for their therapy. However, its expression in normal
neuronal and choroid plexus cells implies that a PSCA-targeted
therapy may lead to certain adverse phenomena.

Introduction

The prostate stem cell antigen (PSCA) gene encodes a glyco-
sylphosphatidylinositol (GPI)-anchored membrane protein (1).
Although its biological function is unknown, it is thought that
PSCA is localized to lipid rafts on the outer surface of the cell
membrane, a special microdomain enriched in glycosphingo-
lipids, cholesterol and other lipidated proteins, and has certain
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functions in subcellular signal transduction (2). Originally,
PSCA was identified as a gene upregulated in prostate cancer (3),
and later its upregulation was demonstrated in other types of
tumor, including urinary bladder cancer, renal cell carcinoma,
hydatidiform mole and ovarian mucinous tumor, where PSCA is
thought to be involved in tumor progression (1). However, down-
regulation of the gene was reported in gastric and gallbladder
cancer, where it may act as a tumor suppressor (4,5). As another
pattern of its expression in cancer, PSCA is not expressed in the
ductal cells of the normal pancreas or the epithelial cells in the
normal lung, however, it is expressed in their malignant coun-
terparts, pancreatic cancer and non-small cell lung cancer (6,7).

It was previously reported that PSCA expression was almost
absent in the normal human brain but was detected in glioma,
and it may represent a suitable target for immunotherapy of
gliomas (8). Additionally, PSCA protein was recently detected
in human brain cortex by western blot analyses (9). PSCA
expression in the brain was also reported in other animals,
including in the cerebellum, telencephalon and autonomic
ganglia of chick embryos and adult mice, and in the frontal
cortex and hippocampus of rats (10,11). However, the detail of
its expression in the human brain is yet to be elucidated.

The current study aimed to examine PSCA expression
sites in the normal human brain. Immunohistochemistry was
performed using a mouse monoclonal anti-PSCA antibody,
which revealed its expression in several types of normal cells
in the brain. The expression status in their malignant counter-
parts was also examined.

Materials and methods

Reverse transcription-quantitative polymerase chain reaction
(RT-gPCR). Total RNA samples isolated from normal human
brain tissues were obtained from Clontech Laboratories,
Inc. (Mountain View, CA, USA), which include frontal lobe
(cat. no. 636563), temporal lobe (cat. no. 636564), parietal lobe
(cat. no. 636571), occipital lobe (cat. no. 636570), paracentral
gyrus (cat.no.636574), postcentral gyrus (cat.no.636573),insula
(cat. no. 636568), corpus callosum (cat. no. 636567), putamen
(cat. no. 636575), substantia nigra (cat. no. 636560), nucleus
ambiguous (cat. no. 636569), hippocampus (cat. no. 636593),
cerebellum (cat. no. 636535), pons (cat. no. 636572), medulla
oblongata (cat. no. 636562) and stomach RNA (BioChain
Institute Inc., Newark, CA, USA). The templates cDNA
were synthesized using the ThermoScript RT-PCR system
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Table I. Results of immunohistochemical analysis of prostate
stem cell antigen expression in brain tumors.

Cancer type Tumor Cases Expression (%)
Medulloblastoma 14 14 100.0
Astrocytoma
I 16 12 75.0
I 49 41 83.7
I 6 6 100.0
1AY 9 9 100.0
Oligodendroglioma
I 6 5 83.3
I 2 2
Ependymoma
II 3 3 100.0
I 3 3 100.0
Ependymoblastoma
v 2 2
Choroid plexus
Papilloma 2 2
Papillary carcinoma 1 1
Meningioma
Meningotheliomatous 3 3 100.0
Fibrous 15 15 100.0
Transitional 10 10 100.0

“Tumor types with less than three cases are excluded.

(Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA,
USA). qPCR was performed using a TagMan Gene Expression
assay (assay ID Hs00194665_m1 for PSCA; Applied Biosys-
tems; Thermo Fisher Scientific, Inc.; cat. no. 4326317E for
GAPDH), which was conducted for 40 cycles of 95°C for 15 sec
and 60°C for 60 sec, using ABI PRISM 7900HT Sequence
Detection system (Thermo Fisher Scientific, Inc.). The relative
transcript level was calculated using the 2-44“4 method (12) with
GAPDH transcript as a reference, as it had been demonstrated
in our previous studies that GAPDH is an excellent reference for
quantification of the PSCA expression (4,5). For gel electropho-
resis, RT-PCR was conducted for 35 cycles of 94°C for 60 sec,
5894 for 60 sec and 60°C for 60 sec using the following primer
pairs: PSCA, 5"TGGAGAACTGCACCCAGCT-3' and 5-GAC
TTGCGTTAGGATGTGCC-3"; ACTB, 5-TCATCACCATTG
GCAATGAG-3' and 5'-CACTGTGTTGGCGTACAGGT-3..

Immunohistochemistry. Embedded normal brain tissue speci-
mens on glass were purchased from BioChain Institute, Inc.
(cat. nos. T8234564, T8234444, T8234445, T2234043 and
T2234044). The PSCA expression in brain tumor tissues was
examined using two tissue arrays: Brain disease spectrum
(brain cancer progression) tissue array (cat. no. CNS801;
US Biomax, Inc., Rockville, MD, USA), and multiple brain
cancer and normal adjacent tissue array (cat. no. GL1001; US
Biomax, Inc.). Immunohistochemistry was performed with
mouse monoclonal anti-PSCA antibod, which was produced
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Figure 1. PSCA expression in human brain. (A) RT-qPCR detected PSCA
transcripts in RNA samples from normal human brain. The amount of the
transcript in pancreatic RNA, not in stomach RNA, was used as the refer-
ence, as it was demonstrated that stomach expresses a higher amount of the
transcript than the brain tissues. The Cq value for the negative control (PCR
product with water as the template) was not obtained. Values are presented as
the mean + standard deviation. (B) The RT-PCR result demonstrated by gel
electrophoresis. PSCA, prostate stem cell antigen; ACTB, 3-actin. RT-qPCR,
reverse transcription-quantitative polymerase chain reaction.

in our previous study (4) and whose specificity had been
demonstrated previously (4,5), and rabbit anti-PCNA antibody
(cat. no. sc-7907; Santa Cruz Biotechnology, Dallas, Texas,
USA). The sections were incubated at 4°C overnight with
both antibodies (each 1:50 dilution) simultaneously, and then
with an alkaline phosphatase-conjugated anti-mouse IgG
antibody (cat. no. 414241; NICHIREI Biosciences, Inc., Tokyo,
Japan) and peroxidase-conjugated anti-rabbit IgG antibody
(cat. no. 424141; NICHIREI Biosciences, Inc.), at original
concentration, for 30 min at room temperature. PSCA protein
was visualized using Alkaline Phosphatase Substrate kit I1I
(Vector Laboratories, Inc., Burlingame, CA, USA) and PCNA
by VECTOR NovaRED Substrate kit for Peroxidase (Vector
Laboratories, Inc.). For immunocytochemistry, using Super-
Fect Transfection Reagent (Qiagen, Inc., Valencia, CA, USA),
a pcDNA3.1 construct for expressing PSCA sense strand or
that expressing PSCA antisense was introduced into HSC-57
gastric cancer cell line, not into brain tissue-derived cell
lines, as it is the cell line in which no PSCA expression had
been demonstrated in our previous studies (4,5). HSC-57 was
established and provided by Dr. Kazuyoshi Yanagihara (4) and
maintained in Dulbecco's modified Eagle's medium supple-
mented with 10% bovine serum at 37°C under an atmosphere
of 5% CO,. The immunocytochemistry was performed in the
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Figure 2. PSCA expression in human brain. Immunohistochemistry, double
staining with anti-PSCA (blue) and anti-proliferating cell nuclear (PCNA,
brown) antibodies, revealed weak PSCA expression in the neural and glial cells
in the human brain tissues. The arrows indicate staining in the perikaryon of
the neuron. (A) Frontal lobe cortex; the asterisk indicates staining in the den-
drite of the neuron. (B) Precentral gyrus cortex. (C) Postcentral gyrus cortex.
(D) Temporal lobe. (E) Parietal lobe. (F) Occipital lobe. (G) Corpus callosum;
blue-stained cell with small nucleus, indicated by arrowhead, is the glial cell.
(H) Celleberum; p, Purkinje cell. g, granule cell. (I) Pons. (J) Choroid plexus.
A gastric cancer cell line (K) with and (L) without expressing PSCA protein.
Scale bars, 20 ym. PSCA, prostate stem cell antigen.

same manner as the immunohistochemistry, after fixing the
cells on the chamber slides using 4% paraformaldehyde.

Results

PSCA is expressed in neural and choroid plexus cells in the
normal human brain. Initially, PSCA expression in normal
human brain tissues was examined by RT-qPCR (Fig. 1A). PSCA
transcripts were detected in all the tissues examined, however the
expression level was weak; the mean ACq values of the samples
were <30, except in the insula and corpus callosum, exhibiting a
far lower expression compared with the level in the stomach (data
not shown). Consequently, the amount of the PSCA transcripts in
each tissue is demonstrated in Fig. 1A, in comparison with the
amount in the pancreas, which expresses PSCA at a lower level
than the stomach (13). However, analyses of a standard curve for
PSCA amplification revealed that the expression level of the tissue
was so low that it may be out of the range in which the Cq values
precisely reflect the difference in the amount of the transcripts
among the tissues. Consequently, the result may be lacking in

Figure 3. PSCA is expressed in brain tumors. Immunohistochemistry, double
staining with anti-PSCA (blue) and anti-proliferating cell nuclear (brown)
antibodies, exhibits PSCA expression in the brain tumor cells: (A) medullo-
blastoma; (B) astrocytoma grade II; (C) astrocytoma grade III; (D) astrocytoma
grade IV; (E) oligodendroglioma grade II; (F) ependymoma; (G) ependymo-
blastoma; (H) choroid plexus papilloma; (I) choroid plexus papillary carcinoma;
(J) meningotheliomatous meningioma; (K) fibrous meningioma and (L) transi-
tional meningioma. Scale bars, 50 ym. PSCA, prostate stem cell antigen.

precise quantitativity. Amplified product was also observed for
all the samples by agarose gel electrophoresis (Fig. 1B).

Subsequently, double-staining immunohistochemistry was
performed for PSCA and PCNA (proliferating cell nuclear
antigen), which detected PSCA proteins in the frontal lobe
(Fig.2A), precentral gyrus (Fig. 2B), postcentral gyrus (Fig. 2C),
temporal lobe (Fig. 2D), parietal lobe (Fig. 2E), occipital lobe
(Fig. 2F), corpus callosum (Fig. 2G), celleberum (Fig. 2H) and
pons (Fig. 2I) of the normal human brain (Fig. 2). The PSCA
staining was predominantly observed in the perikaryon, a cell
body consisting of a nucleus and the surrounding cytoplasm,
but also in the dendrites of neuronal cells (asterisk in Fig. 2A).
The expression level was weak, compared with that in gastric
and gallbladder epithelium (4,5), which reduced the signal/noise
ratio in this immunohistochemical expression analysis. In addi-
tion to the neuronal cells, PSCA expression was also detected
in choroid plexus cells (Fig. 2J). PSCA dependent staining was
confirmed by imunocytochemistry using a gastric cancer cell
line with and without PSCA expression (Fig. 2K and L).

PSCA is expressed in brain tumors. As PSCA exhibits
an organ-dependent expression pattern in cancer (1), its
expression status was investigated in brain tumors using
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immunohistochemistry (Fig. 3 and Table I). The current study
detected PSCA expression in medulloblastoma (Fig. 3A),
and, in 8 of 14 cases, the staining was clearly stronger than in
normal neuronal cells in the cerebral cortex.

As previously demonstrated in another study (8), PSCA expres-
sion was observed in glioma, including astrocytoma (Fig. 3B-D)
and oligodedroglioma (Fig. 3E), and its positive staining rate in
astrocytoma is associated with stage-progression; 75% in grade I,
83.7% in grade 11, 100% in grade I1I and I'V. In addition to glioma,
PSCA expression was also exhibited in ependymoma (Fig. 3F)
and ependymoblastoma (Fig. 3G), and a relatively strong PSCA
expression was revealed in choroid plexus papilloma (Fig. 3H)
and papillary carcinoma (Fig. 3I), although this seems to reflect
the expression status in normal choroid plexus cells (Fig. 2J).

Furthermore, PSCA expression was observed in meningioma
(Fig. 3J-L). It appeared to be upregulated in all the specimens,
as PSCA expression was not detected in the normal meninges
in the current immunohistochemistry analysis (data not shown).
However, the relative level of the PSCA signal in meningioma
compared with in normal meninges was not evaluated because
the tissue array contained no reference for meningeal expression.

Discussion

The current study demonstrated PSCA expression in the neuronal
cells of the brain, to the best of our knowledge, for the first time.
However, its function in human brain and the brain of other
animals is unknown. Although unknown within the central
nervous system, the function of PSCA in neuronal cells is well
elucidated in the peripheral ganglion of the chick. In chick ciliary
ganglion, o7-containing nicotinic acetylcholine receptors have a
role in the induction of the developmentally regulated cell death
of neuronal cells, and PSCA has an antagonistic function against
the cell death induction and rescues neuronal cells from cell
death (10). In the development of the ganglion, PSCA expression is
also developmentally regulated. A previous study reported devel-
opmental regulation of PSCA expression in the rat brain, however,
in the study, the expression was examined by RT-PCR analyses on
brain tissues, not by immunohistochemistry to reveal the precise
cell types with PSCA expression (11). Notably, PSCA knockout
mice were viable and exhibited no gross abnormality (14).

The PSCA expression in the choroid plexus is notable, as
it is a type of ependymal cells specialized for cerebrospinal
fluid production. PSCA is thought to have a role in cell
differentiation and proliferation in certain epithelial tissues,
including gastric epithelium. However, its expression in
gallbladder epithelium, which consists of a single layer of the
cells and functions in absorbing water and electrolytes for bile
condensation, suggests that it may have a simple function in
the gallbladder. PSCA may also have a simple function, such
as fluid import and export in the choroid plexus.

To the best of our knowledge, the current study is the first
to demonstrated that PSCA is expressed in medulloblastoma
and meningioma. As reported in a previous study (8), the
PSCA expression status is positively correlated to the grade of
astrocytoma (Table I).

The results of the current study suggest that, in the brain
tumors, PSCA has a tumor-promoting function and may be a
promising therapeutic target. However, it is also important to
note that PSCA is expressed in the normal brain, because it is
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considered as a target molecule in for treatment of pancreatic
and prostate cancers, in addition to brain tumors (15,16). Thus,
clinical applications targeting PSCA have a potential risk of
leading to adverse events in the central nervous system.
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