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Abstract Prostate-specific membrane antigen (PSMA) is a
transmembrane protein that is overexpressed in advanced
stage prostate adenocarcinomas. As a novel target for in
vivo prognostic and therapeutic approaches, the distribution
pattern of PSMA in primary and metastatic tumors is of
significant interest. In this study we addressed the cellular
distribution and heterogeneity of PSMA expression. Paraffin-
embedded sections of 51 patients with primary prostate
carcinoma and distant metastases were evaluated. Immuno-

histochemistry was used to determine the cellular localization,
staining intensity and positive cell fraction which were related
to tumor type and growth pattern. We demonstrated differ-
ences in the intracellular localization of the PSMA immuno-
staining which seem to be related to the tumor differentiation
pattern. A significant number of the primary tumors (7/51)
and metastases (6/51) presented with highly heterogeneous
PSMA expression and in further 2 primary, and 8 metastatic
tumors the staining was in the negative range (<10% positive
tumor cells). A direct correlation between histological
parameters and PSMA expression could not be demonstrated.
Our findings clearly support the feasibility but also direct to
potential failures of PSMA-targeted in vivo diagnostic and
therapeutic approaches in prostate cancer patients with distant
metastasis.
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Introduction

Prostate-specific membrane antigen (PSMA) is a type II
membrane protein with enzymatic functions, acting as a
glutamate-preferring carboxypeptidase in human prostate
tissue, which plays a role in folic acid utilization and
metabolism [1, 2].

Although PSMA is also present in benign prostate
epithelium it is highly overexpressed in the carcinomas of
the prostate [3, 4], which is also reflected in elevated blood
serum levels. An increase in expression was also reported
in patients with hematogenous micrometastases of prostate
carcinoma [5, 6].

In addition to the prostate, PSMA expression has been
reported in several benign changes as well as in various
kinds of other cancers, e.g. renal, colon and breast
carcinomas [5, 7]. In many types of carcinomas a strong
PSMA expression was also seen in the newly formed
vessels resembling tumor related angiogenesis [1, 8].

The PSMA protein has intracellular, transmembrane and
extracellular domains [1], while PSM’—a splice variant of
the protein—remains intracellular. Both variants are recog-
nized by commercially available highly specific monoclo-
nal antibodies, e.g. 7E11 or 3E6 [1, 5] which are applicable
for immunohistochemistry. The in vivo antibody binding of
surface PSMA gives a promising opportunity for targeted
imaging and therapeutic applications. The anti-PSMA clone
7E11 was recently introduced as a radiodiagnostic com-
pound [9] and the further use of antibodies as immuno-
therapeutic compounds in prostate cancer is under
investigation.

The aim of our study was to examine and compare the
cellular localization and variability of PSMA expression as
revealed by immunohistochemistry in primary prostate
carcinomas and corresponding distant metastases from the
same patient. Information on target heterogeneity and
cellular distribution should help to identify factors that
may interfere with the clinical utilization of PSMA based
approaches.

Materials and Methods

Immunohistochemistry

During the time period from 1986 to 2007 a total of 51
cases were identified with both primary prostate adenocar-
cinomas and matched distant metastases in the archive of
the Institute of Pathology, Medical University of Graz,
Austria. Cases with only regional lymph node metastases
were excluded. The mean age of the patients was 70 years
(range 53–87 years). The primary prostate cancer samples
included prostate core biopsies from 22 patients, the
number of evaluated core biopsies ranging between 4 and
12 cylinders per patient. Transurethrally resected (TUR)
material was evaluated from 29 patients.

Surgically removed distant metastases were obtained
from the following sites: 31 from the skeletal system (17
spinal column, 13 femur, 1 humerus), 9 from the abdominal
cavity (2 colon, 2 liver, 5 peritoneum), 3 from the central
nervous system, 2 from the skin, 2 from the penis, 1 from
the testis and 3 distant lymph node metastases were
included.

All specimens were fixed in buffered 5% formaldehyde
solution and embedded in paraffin according to standard
operational procedures. Bone biopsy material was decal-
cified with EDTA. From the whole material 4 μm thick
sections were routinely stained with hematoxylin and eosin
and evaluated by two pathologists for the best representa-
tive material displaying areas rich in cancer cells. Simulta-
neously, each case was reclassified for Gleason score [10,
11] by the use of uniform criteria. Immunohistochemistry
was performed according to our routine protocol. Briefly,
representative sections were immunostained manually
following antigen retrieval in 0.01 M Na-citrate buffer at
pH 6.0 (95°C). The samples were incubated with the PSMA
primary monoclonal antibody (clone 3E6, DAKO, Denmark,
cat.no. M3620, dilution of 1:100). Specific binding was
detected by the immunoperoxydase/DAB based detection kit
EnVision (DAKO, cat. no. K5007). For control purposes

Table 1 Summary of PSMA expression and cellular localization data in primary prostate cancer and metastasis (differentiated according to the
site of metastasis)

PSMA positive fraction PSMA PSMA intensity (mean±SD)

(mean%±SD) negative/total Apical Cytoplasmic Membranous

Primary tumor 67.84±28.04 2/51 2.33±1.11 1.39±0.86 1.35±0.84
Metastasis total 63.9±37.82 8/51 2.12±1.23 1.38±1.08 1.13±0.9
Metastasis bone 63.91±38.18 6/31 2.27±1.19 1.47±1.12 1.05±0.85
Metastasis other 63.89±38.25 2/20 1.81±1.32 1.22±1.03 1.13±0.9
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slides were treated with isotype matched (IgG1) non-specific
antibody under the same conditions.

All prostate carcinomas and/or the distant metastases
which were negative for PSMA expression were additionally
controlled by immunohistochemical staining for prostate
specific antigen (PSA; DAKO, cat. no. A0562, working
dilution 1:600).

Evaluation and Interpretation of IHC Staining

Microscopic evaluation included the semiquantitative deter-
mination of positive cell fraction, staining intensity, intra-
tumoral variability (heterogeneity) and cellular localization.
For this purpose large confluent areas were preferred, in
case of core biopsies at least 1000 cells per section could be
determined. All mentioned parameters were compared
between the primary tumors and corresponding metastases
as well as the Gleason score of the primary tumor.

Estimation of the PSMA-positive cell fraction was
calculated by considering only the tumor cells of the
sample and the analysis relied on the consensus of two
independent histopathologists (S.M. and G. M.). PSMA
positivity was classified according to the percentage of all
positive tumor cells as negative (0–10%), low (positivity of
10–40%), moderate (positivity of 40–70%) and high
(positivity of >70%).

The intensity of the IHC staining was estimated by using
a 4 grade scoring system with intensity from 0 to 3, which
reminds 0 (no staining), 1 (low), 2 (moderate), 3 (high)
intensity.

Intracellular localization of the staining was determined
and patterns of apical surface, cell membrane or cytoplas-
mic staining were documented.

For the evaluation and comparison of data groups
standard statistical analysis was performed using the Fisher’s
exact test for categorical data and Student’s T-test for
continuous data [12]. The analysis was further supported
with histograms showing the samples frequency of different
categorical values and multivariable scatter plots revealing
dependencies between particular stainings of PSMA expres-
sion. Tables 1 and 2 values represent arithmetical means and
standard deviations.

Results

PSMA positivity was evident by immunohistochemistry in
the great majority of the evaluated prostate carcinomas and
matched metastatic tumors. The distribution of estimated
positive fractions is presented in Fig. 1. A negative PSMA
staining (less than 10% positive tumor cells) was observed
in 2/51 primary tumors and in 8/51 metastases (Table 1).
Only a single case was completely negative for PSMA in
both the primary and metastatic tissue (1.9%) (Fig. 2a,b).
The frequency of tumor cell positivity was found to be low
in 7, moderate in 23 and high in 19 cases in primary tumors
and 6, 16, and 21 in the metastases, respectively.

There was no correlation between the rate of tumor cell
positivity and the intensity of the IHC staining. As part of
this heterogeneity larger cell groups completely lacking
PSMA-related staining could be identified in the neigh-
bourhood of the most intensively staining tumor cells. The

Table 2 Summary of PSMA expression and cellular localization data according to the Gleason score of the primary tumor

Gleason score No. of patients Primary PSMA
(mean%±SD)

Metastasis PSMA
(mean±SD)

PSMA intensity (mean±SD)

Apical Cytoplasmic Membranous

6 8 63.75±30.2 69.37±43.3 1.87±1.1 1.00±0.8 1.50±1.2
7 8 64.37±23.2 31.6±43.3 2.12±1.1 1.37±1.0 1.31±1.1
8 21 67.14±32.8 65.76±36.4 2.28±1.3 1.55±1.1 1.31±0.9
9 6 65.8±21.0 84.1±9.2 2.58±1.3 1.25±1.0 1.08±0.8
10 8 83.75±20.6 70.62±31.2 3.00±1.3 1.50±1.2 1.56±1.1

Scatter Plot Primary PSMA(%) v Metastasis PSMA(%)
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Fig. 1 Scatter plot showing PSMA expression in percentage for 51
primary prostate cancers (x Axis) vs. distant metastases from the same
patients (y Axis). Cut-off for PSMA positivity was determined at 10%
and high expression at more than 80% of tumor cells. Values were
highly variable and no statistical correlation between the two
parameters could be stated
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strongest PSMA expression was seen at the luminal-apical
surface of glandular structures in both primary and
metastatic samples in tumors with glandular differentiation.
The rest of the cell membrane usually showed a clear but
moderate staining intensity. In several cases a cytoplasmic
reaction dominated with similar intensity or covered the
staining at the membrane surfaces by large. The overall
intensity of the IHC staining was determined semi-
quantitatively on a 4 grade scale (0/3+). The staining
intensity was observed as low (1+) in 4 primary tumors and
in 5 metastases, moderate (+2) in 12 and 13 and high (3+)
in 33 and 28 in the PSMA positive cases, respectively.

Tumors with glandular/microglandular differentiation
typically showed a partial membrane staining becoming
confluent at the apical-luminal part of the glandular surface
of membranes consistent with cell polarity (Fig. 2c,d). This
pattern was observed in 27/51 primary tumors and in 25/51
(49.01%) metastases. Tumors with predominantly solid

growth pattern and lacking glandular differentiation or
cases with non-cohesive invasive morphology presented
with intense diffuse cytoplasmic or mixed cytoplasmic and
membranous staining (Fig. 2e,f). The cellular localization
of the confirmed positive PSMA cases is denoted in Table 1.

PSMA related parameters were further evaluated in the
context of the differentiation level by the use of the Gleason
score of the primary tumors. A tendency but no statistical
correlation of increased PSMA expression could be observed
in regard to Gleason score in both primary (p>0.1) and
metastatic (p>0.1) samples (Table 2).

Discussion

Overexpression of PSMA in the cell membrane of prostate
cancer cells provides an optimal target for therapy and
diagnosis. In vivo radioscintigraphic imaging using PSMA

Fig. 2 Microscopic appearance
of PSMA immunohistochemis-
try in carcinomas of the prostate.
a, c, e represent IHC stainings of
the primary prostate carcinoma
while b, d and f show metasta-
ses of the same patient. a and
b were interpreted as PSMA
negative. c and d show typical
apical staining pattern. e and
f are two examples for undiffer-
entiated carcinomas with
heterogeneous PSMA staining
occurring predominantly in the
cytoplasm of the tumor cells
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antibodies is a promising alternative for the demonstration
of tumor spreading and metastatic activity [13, 14]. New
PSMA-based therapeutic approaches have also been pro-
posed [15]. However, the efficacy of these approaches
highly depends on a homogenous and tumor cell-selective
membrane expression of this molecule. Any variation
(negativity, heterogeneity of expression, lack of membrane
localization) may significantly limit the access of the thera-
peutic agent to the target cells resulting in therapy failure.

Our present study confirmed the frequent expression and
the target potential of PSMA in advanced prostate carcino-
mas. In an earlier report by Ross et al. [16], about 50% of
the evaluated primary tumors showed PSMA overexpres-
sion, which was associated with a mean Gleason score of
6.33±1.21 indicating relatively well differentiated early
stage prostate carcinomas [16]. This value was found to be
much higher for the metastatic carcinomas evaluated here,
which was anticipated from the selection of more advanced
and also less differentiated cases (mean Gleason score
7.96±1.17). In accordance with the advanced prostate
cancer cohort 96.08% of the primary tumors and 84.32%
of metastases showed expression of PSMA.

The major observation of our study was, that highly
PSMA positive cases of any Gleason score also frequently
contained larger areas with PSMA-negative cells, a feature
independent of the metastatic phenotype. Cases with high
amounts of PSMA negative tumor cell fractions made up
the majority of the evaluated cohort. Negative or ambigious
samples were all carefully revaluated and proved to be PSA
positive by immunohistochemistry providing further evi-
dence for their prostate origin. The fact, that primary tumor
and metastasis were uniformly negative in only a single
case suggests that completely PSMA negative prostate
carcinomas are rare. Local biological factors and the tumor
cell microenvironment, on the other hand, may significantly
contribute to the up- and downregulation of PSMA
resulting in tumor heterogeneity. Finally, a virtual negativity
in highly heterogenous tumors may eventually occur by the
sampling of a region with repressed PSMA (e.g. in prostate
core biopsies).

Clinical anti-PSMA approaches rely on the specific
binding of the antibody to the target located to the cell
surface [17], therefore, the cellular distribution of positivity
is of major impact. Cell surface positivity was observed in
the majority of the evaluated samples, most of them
presenting with predominant luminal positivity if glandular
differentiation was present. However, cytoplasmic staining
without evident membrane positivity was also observed in a
relevant part of the evaluated tumor samples. Previous
studies described cytoplasmic PSMA as a splice variant
(PSM`) which lost its ability to be integrated in the lipid
bilayer as a transmembrane protein [17]. The biological
relevance of this variant is not yet known. We interpret, that

cytoplasmic PSMA positivity presented in our cases
represent the overexpression of the PSM’ splice variant in
prostate cancer. This kind of overexpression may have a
clinical impact as this PSMA splice variant will not be
accessible for antibodies in vivo despite the immunohisto-
chemical positivity. Therefore, cytoplasmic PSMA positivity
should be considered equal to PSMA negativity in future IHC
based studies.

In summary, total or partial PSMA negativity as well as
cytoplasmic positivity could be demonstrated in both
primary tumors and distant metastases, without correlations
to further histological or anatomical features (Gleason
score, histological subtype, localization of metastases).
Similar to the demonstration of target expression in several
well established therapeutic approaches (e.g. the anti-HER-
2 therapy) the determination of PSMA by immunohisto-
chemistry in individual prostate carcinomas can provide
information regarding indication and pitfalls of PSMA-
based anticancer treatment, i.e. recombinant anti-PSMA
antibody therapy [18].
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