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Introduction
Glioblastoma (GBM) is an astrocytic WHO 
Grade  IV tumor, with a median survival 
time of 14.6  months after diagnosis.[1,2] 
It is the most common brain and central 
nervous system malignancy, which accounts 
for 45.2% of malignant primary brain 
tumors and diagnosed in the median age 
of 64  years, 1.6  times higher in men than 
women.[3]

Surgical resection followed by radiation 
therapy and chemotherapy is the current 
standard therapy. However, because of 
their infiltrating nature, the complete 
neurosurgical resection of these tumors is 
impossible,[4] and current GBM treatments 
have not improved overall patient survival 
rates. Therefore, new modalities for 
treatment are required.[5]

GBM in nature is a solid brain tumor with 
high vascular density, and patients with high 
tumor microvascular densities (MVDs) have 
shorter postoperative survival time than the 
patients with low MVDs, suggesting that 

Address for correspondence: 
Dr. Mitra Shavakhi, 
Department of Pathology, 
School of Medicine, Isfahan 
University of Medical Sciences, 
Hezar Jarib Avenue, 
Isfahan, Iran.  
E‑mail: mitra.shv@gmail.com

Abstract
Background: Glioblastoma (GBM) is the most malignant brain tumor with a poor prognosis that can 
be very difficult to cure, and the current treatment options have no optimal outcomes. Hence, it is 
essential to find new treatment modalities. Histologically, this tumor has high microvascular density 
that makes it desirable for vascular target agent drugs. Prostate‑specific membrane antigen  (PSMA) 
is a novel antigen with unique features that expresses in the vascular endothelium of some malignant 
tumors. Materials and Methods: Formalin‑fixed paraffin‑embedded tissues from sixty patients who 
underwent GBM tumor resection from 2012 to 2016 were evaluated for the expression of PSMA 
by immunohistochemistry. Sections were also assessed for the extent and intensity of endothelial 
staining in tumor microvessels and for clinicopathologic factor correlation. Results: A considerable 
PSMA expression level was detected in 66% of the cases, and the intensity was strong and moderate 
in 63%. There was no significant correlation neither between PSMA expression with tumor site, 
presence of necrosis, and endothelial proliferation nor with age and sex. Conclusion: The expression 
of PSMA in GBM, as observed in the current study, may suggest a new role of PSMA‑targeted 
therapy and indicate more investigations focused on complementary treatment strategies that 
specifically target tumor vasculature.
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the tumor vasculature is an important factor 
of tumor progression.[6]

This feature makes a favorable field for 
vascular targeting agents  (VTAs) as a 
complementary therapy. The VTAs all lead 
to rapid reductions in tumor blood flow and 
extensive necrosis in tumors.[7]

Prostate‑specific membrane antigen 
(PSMA) is a type  II transmembrane 
glycoprotein with foliate hydrolase 1 
and neurocarboxypeptidase activities.[8] 
Originally, PSMA expression was identified 
in prostate cancer cells,[9] and it has been 
shown to be expressed in the endothelial 
cells of neovasculature from a variety of 
tumors, including breast and renal cell 
carcinoma but not normal endothelium.[10,11]

Therefore, it could be beneficial to use 
PSMA‑targeted agents for tumor treatment 
with PSMA expressing vasculature.

PSMA is qualitatively distinct from other 
neovascular targets, such as vascular 
endothelial growth factor, endoglin, or the 
integrins involved in the general process of 
angiogenesis, that is not specific to tumor 
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vasculature. PSMA expression has not been reported in 
normal vasculature and represents the specific currently 
known neovascular target. This specificity makes PSMA 
an ideal target for delivery of a cytotoxic agent designed 
to tumor vasculature destruction.[12] Some studies have 
revealed the effectiveness of anti‑PSMA monoclonal 
antibody (mAb) J591 in the treatment of tumors expressing 
PSMA.[12‑14]

Therefore, in this study, we aimed to show the PSMA 
expression and its intensity in GBM tumors in patients with 
GBM referred to Alzahra Hospital from 2012 to 2016.

Materials and Methods
In this study, formalin‑fixed paraffin‑embedded tissues of 
sixty patients who underwent tumor resection from 2012 to 
2016 for GBM were retrieved from the archive of Alzahra 
Hospital, Isfahan, Iran. The Medical Ethics Committee of 
the Isfahan University of Medical Sciences approved the 
study protocol  (research project number: 395820). The 
inclusion criteria were the adequate material available in 
the paraffin blocks for immunohistochemistry (IHC) and in 
the case of improperly fixed specimens, the questionable 
cases or if the relevant clinical history was not available, 
the samples were excluded. Immunohistochemical staining 
was performed on the GBM specimens’ vessels for PSMA 
expression in tumor endothelium. The tissue samples for 
CD31 were also stained to verify vessels. From each case,  
H & E‑stained histologic sections were reexamined by a 
skilled neuropathologist, and also features such as presence 
of necrosis and endothelial proliferation were recorded.

The sequential sections showing the most viable tumor 
were selected for IHC.

Antibodies/reagents

Anti‑PSMA mAb clone SP29, peroxidase block, target 
retrieval solution, peroxidase‑labeled polymer conjugated 
to anti‑rabbit immunoglobulin, and DAB+ chromogen were 
purchased from Biogenex company, CA, USA

The mAb to human CD31 was obtained from Dako 
Company (DAkO, CA, USA).

Staining procedure

For PSMA staining, paraffin sections were deparaffinized, 
and rehydrated sections were placed in target retrieval 
solution  (pH  9.0) and heated in a water bath from 95°C 
to 99°C for 30  min prior to the immunostaining. For 
CD31 staining, the deparaffinized and rehydrated sections 
were placed in 0.01 M citrate retrieval solution  (pH  6.0) 
and heated in a pressure cooker for 1  min prior to the 
immunostaining. The sections were washed in Tris‑buffered 
saline‑Tween 20. Peroxidase block was incubated for 5 min. 
After washing in Tris‑buffered saline‑Tween 20, mAb SP29 
was incubated on the sections for 1 h at room temperature. 
Antibody binding was detected using peroxidase‑labeled 

polymer conjugated to anti‑rabbit immunoglobulins and 
DAB+  chromogen. The sections were counterstained with 
10% hematoxylin.

Prostate adenocarcinoma tissue was considered as a positive 
control and normal brain tissue as a negative control.

Assessment

Immunostained sections were assessed for the extent and 
intensity of endothelial staining in tumor microvessels. 
PSMA extent of vascular endothelial staining  (percent 
staining) was evaluated and scored by an expert 
neuropathologist as follows:
•	 <5% staining of vessels (none)
•	 6%–25% staining of vessels (minimal)
•	 26%–50% staining of vessels (moderate)
•	 51%–75% staining of vessels (strong)
•	 76%–100% staining of vessels (very strong).

The staining intensity was scored as follows:
•	 1+: faint, barely perceptible staining
•	 2+: moderately intense staining that was readily 

apparent at low‑power magnification [Figure 1]
•	 3+: maximum intensity staining [Figure 2].

When there was heterogeneity in the intensity of staining, 
the score was considered based on the predominant pattern.

Statistical analysis

After data collection, the analysis of quantitative and 
qualitative data was performed using the Statistical 
Package for the Social Sciences software version 22  (IBM 
corporation, New York, USA).

The relationship of variables was investigated using 
Student’s t‑test and for categorical variables  Pearson’s 
test or Fisher’s exact test used. P  < 0.05 was considered 
statistically significant.

Figure 1: Prostate-specific membrane antigen expression in glioblastoma 
was scored 1+ (a) and 2+ (b) (×400)
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Results
In this study, sixty patients in the age range of 19–80 years 
and a median age of 53  years were enrolled, of which 
40 patients were male (66.7%) and 20 were female (33.3%), 
with a male:female ratio of 2:1.

The frontal and parietal lobes were the most 
commonly affected sites, representing 30% and 28.3%, 
respectively.

Moreover, tumor ischemic necrosis was detected in 80% of 
cases and endothelial proliferation in 86.7% of cases.

PSMA staining was positive in the endothelium of 66.7% 
of tumor cells, and the intensity was strong and moderate 
in 63% of cases [Tables 1 and 2]. There was no staining in 
the vessels of any normal brain specimen.

No significant correlation was seen between PSMA 
expression with tumor site, neither with age nor 
sex [Tables 3 and 4].

Statistical analysis revealed P  =  0.55 and 0.56 for the 
correlation between PSMA status with necrosis and 
endothelial proliferation, respectively. These values 
were considered to be statistically insignificant. Hence, 
there was no correlation between the PSMA status with 
necrosis [Table 5] and endothelial proliferation.

Discussion
The present study demonstrated remarkable PSMA 
expression in sixty surgical tissue samples of GBM. 
The PSMA immunostaining was distinct in tumor 
vascular endothelium but barely positive in glomeruloid 
microvascular proliferation. This finding is in 
concordance with the result of Bychkov et  al. which 
claimed that PSMA expression is not directly related to 
endothelial cell proliferation in thyroid tumors.[15] Further 
investigations are needed to evaluate the causes of such 
findings.

Comparison of the demographic features following 
observations showed that the number of males exceeded 
females. Furthermore, frontal and parietal lobes were the 
most common sites of occurrence. These findings are 
consistent with the literature.[16‑18]

In the present study, ischemic necrosis and/or pseudo 
palisading necrosis was detected in 80% of patients, which 
is less than the results reported by Homma et al. (87%).[19]

There is a wide variation in the PSMA expression in 
GBMs, which varies from 6% to 100%.

We detected PSMA expression in 60% of the investigated 
cases, and the intensity was strong and moderate in 63% of 
cases.

Wernicke et  al. evaluated the expression of PSMA among 
32 GBM specimens and revealed that all specimens 
exhibited staining for PSMA to a variable extent. Of 
these, 69% had more than 51% vascular staining for 

Figure 2: Prostate-specific membrane antigen expression in glioblastoma 
was scored 3+ (×400)

Table 1: Extent of vascular staining
Variable n (%)
Extent of vascular staining

<5% 20 (33.3)
6%-25% 12 (20)
26%-50% 9 (15)
75%-51% 16 (26.7)
76%-100% 3 (5)

Table 2: Intensity of vascular staining
Variable n (%)
Intensity of vascular staining

0 15 (25)
Mild 7 (11.7)
Moderate 23 (38.3)
Severe 15 (25)

Table 3: Gender distribution in glioblastoma
Gender PSMA negative, n (%) PSMA positive, n (%) P
Male 14 (35) 26 (65) 0.7
Female 6 (30) 14 (70)
PSMA: Prostate‑specific membrane antigen

Table 4: Age distribution in glioblastoma
Variable PSMA negative PSMA positive P

Mean SD Mean SD
Age 53.6 11.6 53.2 16.5 0.93
PSMA: Prostate‑specific membrane antigen, SD: Standard deviation

Table 5: Presence of necrosis in glioblastoma
Variable PSMA negative, n (%) PSMA positive, n (%) P
No necrosis 4 (36.4) 7 (63.6) 0.55
Necrosis 16 (33.3) 32 (66.7)
PSMA: Prostate‑specific membrane antigen
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PSMA, and the intensity of staining was 2+  (moderate) to 
3+ (maximum) in most of the specimens.[20]

In another study, Nomura et al.[21] had evaluated the PSMA 
expression in blood vessels of gliomas and breast cancer 
metastases to brain and concluded that highly angiogenic 
IV graded gliomas show intense PSMA staining.

Mhawech‑Fauceglia et  al., in a study on GBM samples 
investigated by IHC using microarray, revealed 49 of 
52 (94%) negative results of PSMA. Two samples had 
weakly and one had moderately positive results with no 
strong staining.[20]

Recently, Saffar et  al. compared PSMA expression in 
different grades of glioma and reported positive staining in 
40.7% of high‑grade glial tumor.[22]

Controversial results in different studies might be due to 
the use of different types of monoclonal antibodies and 
different IHC methods or the lack of standardization in 
scoring system.

This study had some limitations; the criteria for scoring 
PSMA staining were not well defined in the literature and 
hence, the results of the study might differ from those of 
various other studies.

Conclusion
Expression of PSMA in GBM, as observed in the current 
study, may suggest a new role for PSMA‑targeted 
therapy and indicate more investigations focusing on 
complementary treatment strategies that specifically target 
tumor vasculature.
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