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ABSTRACT

There are few prostate cancer prognostic biomarkers. However, clinical difficulties in
distinguishing between aggressive and non-aggressive tumors have been observed. CD73 is a
70-kDa glycosylphosphatidylinositol-linked ecto-enzyme that reduces antitumor immunity in
mouse models of tumor, particularly prostate cancer. It's believed to be a promising biomarker
for predicting the clinical development and prognosis of certain tumor types. Its function in
prostate cancer, however, is unknown. This study aims to investigate the hypothesis that CD73
may be used as a biomarker in prostate cancer diagnosis and/or prognosis. Nuclear and
cytoplasmic CD73 staining has been evaluated by immunohistochemistry using benign and
malignant prostate tissues. The immunohistochemical study showed nuclear and cytoplasmic
CD73 staining in cancerous and non-cancerous prostate tissues. Increased CD73 staining was
shown in prostate cancer tissues compared to benign prostate tissues. A negative association
between CD73 expression and Gleason scores has been observed. However, increased
cytoplasmic CD73 staining was significantly associated with increasing tumor size. This finding
suggests that CD73 may have a role in cancer development or aggressiveness, indicating that
more research is needed to better understand its function and determine whether it might be
used as a diagnostic biomarker for prostate cancer.

INTRODUCTION

Prostate cancer (PCa) represents one of the most serious health problems in the world,
with a high fatality rate [1, 2]. This disease can affect millions of men and represents the
second greatest cause of cancer-related death, with an incidence of 300,000 cases/ year in
the USA after skin cancer, 41,000 deaths/year after lung cancer [3]. Approximately 95%
of PCa cases are diagnosed with acinar adenocarcinoma which is derived from the
prostate gland glandular regions [4, 5]. However, there are only 5 % of PCa cases
diagnosed histopathologically as a ductal adenocarcinoma which begins in the cells
lining prostate gland ducts [6].

The Gleason grade system, which is developed in the 1960s and 1970s by Dr Donald
Gleason, represents the most widely used histopathological grading scheme for
measuring PCa development [7, 8]. This system can be divided into five different Gleason
grades (1-5) based on a review of the prostate's histopathological architecture which
specifies how much of the prostate tissue seems normal or abnormal [8]. This system is
based on how closely the cancer tissue resembles normal tissue when seen under a light
microscope. For example, less aggressive cancer are more likely to seem like healthy
tissue, but more aggressive cancer are more likely to spread to other parts of the body
and don't look like healthy tissue [8]. Because PCa is a heterogeneous disease with several

www.bsmiab.org/jabet

Alghezi et al., ] Adv Biotechnol Exp Ther. 2023 Jan; 6(1): 161-171

161


http://www.bsmiab.org/jabet
https://doi.org/10.5455/jabet.2023.d115
http://www.bsmiab.org/

histopathological patterns in the same PCa sample, a Gleason score is calculated by
adding the two most common Gleason grades: primary and secondary, which are
assigned separately for biopsy and prostatectomy [8]. Gleason score of 10 represents the
highest score in this system [8]. In this system, the first number assigned is the most
prevalent grade found in cancer. For instance, if it is expressed as 3+4=7, it signifies that
the majority of the tumor is grade 3 and just a little portion is grade 4, and the two are
added to provide a Gleason score of 7. In addition, Gleason score of 7 (4+3) means that
the majority of the tumor is grade 4 and a few sections are grade 3. If all cancer sections
are the same grade (for example, grade 3), the Gleason score is 3+3=6 [8]. However, this
system isn't always able to distinguish between aggressive and non-aggressive tumors
[9]. The tumor-node-metastasis (TNM) system, which is developed by the American Joint
Committee on Cancer/International Union Against Cancer (AJCC/ UICC), is another
system used to diagnose and progress PCa. This system is based on the PCa size and the
extent of its dissemination [2, 10]. This system has the benefit of being able to evaluate
the prognosis of PCa patients as well as determine the expected progression of their
disease [11], as well as act as a guide for patient treatment planning. However, this
system is unable to predict which patients would relapse following the first therapy and
which will remain in remission.

The evidence of a loss of basal cells is a crucial step in accurately diagnosing PCa [12].
However, the H&E staining may be unable to accurately identify basal cells in prostate
glands [13] and because of that, it is necessary to find a biomarker that can confirm the
presence of basal cells in prostate glands. Biomarkers that are expressed in PCa, rather
than being lost, are also used. Rare biomarkers have been recognized for PCa
diagnosis/prognosis and there are clinical difficulties in distinguishing between prostate
gland disorders such as cancerous vs. non-cancerous and localized vs. metastasized PCa.
Therefore, identifying new PCa biomarkers has become a priority.

Anti-tumor immune biomarkers may have a role in tumor diagnosis and prognosis,
according to much research [14,15]. One of the most well-known immunosuppressive
pathways implicated in the development of tumor is the CD73-adenosinergic
pathway[16, 17]. CD73, also known as ecto-5"-nucleotidase (ecto-5-NT, EC 3.1.3.5), is a
70-kDa glycosyl-phosphatidylinositol (GPI)-linked ecto-enzyme that reduces antitumor
immunity in mouse models of tumor, particularly PCa [18]. CD73, a protein that
catalyzes the conversion of AMP to adenosine, is overexpressed in a variety of cancers
[19]. Its expression is regulated by a variety of variables and processes such as
proliferation, migration, and invasion [20]. It has a role in regulating cancer cell
proliferation, migration, and invasion in vitro, tumor angiogenesis, and tumor immune
evasion in vivo, according to much evidence [21]. CD73 has been a popular therapeutic
target due to its critical function in cancer. Targeted inhibition of CD73 in mouse models
has recently been shown to be a promising cancer therapeutic strategy in the future. A
study found that The CD73-adenosinergic pathway can be activated by tissue hypoxia
and soluble factors present in the TME, such as type I IFNs, TNFa, IL1b, TGFf3, and Wnt
activators [22]. Another study showed that CD73 deficiency may be linked to reducing
in PCa growth and an increase in CD8 T cell infiltration [23] , suggesting CD73 could be
linked to PCa progression and reduced antitumor immunity. Endothelial and epithelial
cells, as well as a minority of lymphocytes, particularly regulatory T cells, express CD73.
CD73, formerly known as a lymphocyte differentiation antigen, has been discovered to
operate as a lymphocyte signaling and adhesion molecule [24]. According to the previous
finding, CD73 may have a key role in the developing tumor and may be linked to a poor
prognosis in a variety of cancers; however, its prognostic significance in PCa remains
unknown. Therefore, the current study aims to assess CD73 immunostaining in
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cancerous and non-cancerous prostate tissues as well as to establish if its expression
correlates with prostate clinical parameters such as grade and stage.

MATERIALS AND METHODS
Patients and ethics statement.

The study was accepted by the ethics board of Al Hussein Teaching hospital, Thi-Qar
governorate, Iraq (Thi-Qar 2021159 in 7/12/2022). The total number of prostate tissue
samples in the study was 96. Seventy-five formalin-fixed, paraffin-embedded tissue
samples from radical prostatectomy or transurethral resection of the prostate (TURP)
specimens which reviewed to establish Gleason score and stage of samples by
histopathologist were used in this study, whereas twenty- one benign prostate tissue
samples were also used as a control. These tissue samples were obtained from Al-
Hussein teaching hospital's histopathology department, Thi-Qar city, Iraq. Tonsil tissue
samples was used as a positive control for Anti CD73 antibodies. Negative control, no
primary antibody add, was also used in this study. A diagnostic H&E section was
prepared to identify the tissues architecture by histopathologists. Table 1 summarizes the
clinical data of benign and malignant prostate samples.

Immunohistochemistry

Immunohistochemistry was used to stain the benign and malignant prostate tissue
sections using two independent anti-CD73 antibodies (Mouse monoclonal, dilution 1:25,
Abcam, cat. number Ab3380) and anti-CD73 Rabbit polyclonal, 1:200; Abcam, cat.
number Ab3380). Pretreatment steps were used before IHC. paraffin-embedded prostate
tissue sections (5 um) were cute, deparaffinized by use of Histoclear, and rehydrated
through graded alcohols (100%, 95%, 70%, respectively. The tissue sections were then
permeabilized 0.5% triton X-100 in PBS (phosphate buffer saline), subjected to heat-
induced epitope retrieval in a citrate buffer, pH 6.0 with 0.05% Tween 20 for 30 minutes
at 90°C, followed by a 20 mins cool down.

Drops of 3% H20: (Dako peroxidase) were added on the tissue section in a humid
chamber to block endogenous peroxidase activity. Additionally, 10% normal goat serum
with 0.05 bovine serum albumin solution was prepared in PBS and then drops of the
solution were added to tissue sections. The primary CD73 antibody diluted in Dako
antibody diluent (Dako, Ely, UK) was added on the tissue sections and incubated
overnight at 4°C and then washed three times for 10 mins each. The next day, the
secondary antibody was then added on the tissue section and incubated for 30 minutes
at room temperature. As a chromogen, diaminobenzidine tetrahydrochloride was used
to view the reaction products using the EnVision+Kit (K400611-2 and K401011-2, Dako,
Ely, UK) following the manufacturer’s instructions. Finally, hematoxylin (H-3401, Vector
Laboratories, Peterborough, UK) was used to counterstain the sections. These sections
were mounted in DPX (Sigma-Aldrich, Gillingham, UK). Nikon Eclipse E800 brightfield
illumination was used to see stained tissues, and a Nikon Digital Sight DS-U1 CCD
Digital camera was used to take pictures.

Immunohistochemical analysis

To assess the CD37 Immunostaining in prostate tissue samples, 5 random images were
taken and then scored using a semi-quantitative scoring system for cytoplasmic CD73
staining. The percentage scoring of cytoplasmic CD37 immunoreactive was as follows: 0
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(0%), 1 (1-25%), 2 (26-50) and 3 (>50%). The cytoplasmic CD37 intensity was scored as
negative (0), weak (+1), moderate (+2), or strong (+3). The final score for each case
represents the sum of the proportion and intensity scores, which ranged from 0 to 6[25].

Statistical analysis

The mean, standard error, and standard deviation data were calculated using GraphPad
Prism version 8.00 for Windows, GraphPad Software, La Jolla, California, USA,
www.graphpad.com. The unpaired t-test and one-way ANOVA with Tukey's multiple
comparisons tests were used for statistical analysis. P<0.05 was considered significant.

RESULTS
CD73 expression in benign and malignant prostate tissues

CD37 immunostaining was examined on benign and malignant prostate tissues. The
immunohistochemistry results revealed cytoplasmic CD73 staining in both groups with
varying degrees of signal strength, ranging from strong and widespread (Figure 1B,
arrow) to moderate (Figure 1A & C, arrows) to weak (Figure 1D, arrow) or Negative
(Figure 1E, arrow). Because CD73 is located in the cytoplasm of tonsil cells, this study
used normal tonsil tissues as a positive control for anti-CD73 [26], and IHC revealed
cytoplasmic CD73 staining in tonsil cells, as predicted (Figure 1F, arrow). There was no
significant background staining in prostate tissue in the negative control (NC) group,
which did not utilize a primary antibody (Figure 1G, arrow).

Increased CD73 expression is associated with poorly differentiated Gleason score and
tumor size in PCa

Quantification of the IHC staining revealed that CD73 staining was increased
significantly in PCa tissues compared to benign prostate tissues (p=0.0344) (Figure 2A
and Table 1). CD73 expression was negatively associated with increasing Gleason score,
using an ANOVA test (p=0.0072) (Figure 2B and Table 1). When comparing PCa patients
with a high Gleason score to those with a low (p=0.0081) or intermediate (p=0.0469)
Gleason score, further analysis utilizing multi-comparison (Tukey) testing revealed that
cytoplasmic CD73 staining was considerably reduced (Figure 2B and Table 2). In contrast,
there was a positive association between cytoplasmic CD73 immunostaining and clinical
stage T (T3-4 vs. T1-2) (P=0.0144) (Figure 2C and Table 2), but not associated with other
clinical stage parameters, including Metastasis (M1 vs M0) and Lymph node metastasis
(N1vs NO) (p=0.8191& 0.9650, respectively) (Table 2).

Validation of CD73 expression on prostate tissues samples

IHC was then performed on tissue sections from identical locations of prostate samples
to establish that the two independent CD73 antibodies (mouse monoclonal and rabbit
polyclonal) produced a similar staining pattern. Using a mouse monoclonal CD37
antibody (Figure 3A and C, arrows) and a rabbit polyclonal antibody, IHC results
revealed a cytoplasmic staining pattern in PCa tissues (Figure 3B and D, arrows). PCa
revealed no background staining with negative control (Figure 2E and F, arrows).
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Figure 1. CD73 staining in prostate tissues. A) moderate nuclear and cytoplasmic CD73 staining (arrow) was
observed in BP. B) Strong membrano-cytoplasmic staining of CD73 (arrow) was shown in PCa. C) Moderate
cytoplasmic staining of CD73 (arrow) was observed in PCa. D) Weak cytoplasmic staining of CD73 (arrow) was
detected in PCa. E) there was no staining (arrow) for CD73 shown in Pca. F) Weak cytoplasmic staining of
CD73 (arrow) was detected in tonsil. G) Negative control shows no background staining in PCa (arrow). Pca:
Prostate cancer; BP: Benign prostate; NC: Negative control. Scale bars=100 pm.
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CD 73 mouse monoclonal antibody CD 73 rabbit polyclonal antibody

Figure 2. Two different CD73 antibodies show the expected patterns of CD37 staining prostate tissue samples.
(A&C) Weak cytoplasmic CD73 (mouse monoclonal) staining (arrows) in prostate tissue. (B&D) Weak
cytoplasmic CD73 (rabbit polyclonal) staining (arrows) in prostate tissue. (E and F) Negative control tissue
showed negative staining (in PCa arrows). Both CD73 antibodies revealed very similar prostate tissue staining
patterns. PCa: Prostate cancer; NC: Negative control. Scale bars —100 um with inserts at 2x zoom.
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Table 1. Clinical data of benign and malignant prostate samples.

Clinical data Number/
percentage
Benign 23 (100%)
Number of samples - 2 e
Benign 30-60
Age range Valiomant 060

Low (Gleason score 6 or less) 20 (26.6%)

Gleason score Moderate (Gleason score 7) 29 (38.7%)

High (Gleason score 8-10) 26 (34.7%)

Tumor size (T) category ;}):?Z ;1 EZ?;;’ ;]
. Absent (NO 56 (74.7%

Lymph-node metastasis (N) category Present ((N 1)) 19 225_3% ;
. Absent (M0) 53(70.7%)
Metastasis (M) category Present (M1) 22(29.3%)

Table 2. Cytoplasmic CD73 staining in prostate tissue samples as compared to clinical data.

Cytoplasmic CD73 immunostaining

Comparison
Results P value
Benign vs. malignant Increased in cancer 0.0344
Reduced i ANOVA test 0.0072
'e veedm Moderate Gleason score vs. low Gleason score 0.5397
Gleason score high Gleason .
scores High Gleason score vs. low Gleason score 0.0081
High Gleason score vs. Moderate Gleason score  0.0469
Stage (T) Higher in T3-4 vs T1-2 0.0144
Stage (M) No significant difference 0.8191
Stage (N) No significant difference 0.9650
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Figure 3. Cytoplasmic CD73 staining in benign and malignant prostate tissues quantified. The percentage and
intensity scores for cytoplasmic IHC staining were used to quantify CD73 staining. A) Increased cytoplasmic
CD?73 staining significantly in PCa compared to BP tissues (p=0.0344). B) Cytoplasmic CD73 staining showed a
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significant difference among different Gleason scores (p=0.0072) and multiple comparison tests (Tukey)
confirmed a significant reduction with increasing Gleason score. When comparing PCa patients with a high
Gleason score to those with a low (p=0.0081) or intermediate (p=0.0469) Gleason score, the decrease was
statistically significant. C) Cytoplasmic CD73 staining was shown to be positively associated with primary
tumor volume (p=0.0144). Prostate cancer PCa (n=75) and Benign prostate BP (n=21), low Gleason score 3 (n=16),
moderate Gleason score (n=29) and high Gleason score (n=22), Tumor size T1-2 (n=44) and T3-4 (n=30). X axis:
Prostate samples: Benign prostate or Prostate cancer tissue samples. Gleason score: Low, moderate and high.
T: Tumor size (T1-2 vs T3-4). Y axis: Final score (proportion and intensity) of cytoplasmic CD73 in each case.

DISCUSSION

The adenosine pathway has been an interesting topic in cancer research in recent years
because of increasing evidence suggesting its role in the development of cancer and
metastasis [27]. This study examined the CD73 expression in benign and malignant
prostate tissue samples using IHC as a potential biomarker for PCa diagnosis, prognosis
and therapy. The current data revealed increased cytoplasmic CD73 immunostaining in
PCa tissues compared to benign prostate tissues. This is consistent with other CD73 data
from different types of tumors, including breast [21], colorectal [28], ovarian [29] and
salivary gland tumors [30] suggesting CD73 may have an important role in cancer
formation and development because of its role as a novel immunoinhibitory protein
which plays an important function in tumor growth and metastasis. In addition, a
previous study revealed that the major role of CD73 in normal tissues is to convert
extracellular ATP to immunosuppressive adenosine in conjunction with CD39 to inhibit
excessive immune response. Tumors, on the other hand, use the CD73-mediated
adenosinergic pathway to defend themselves against immunological attacks [31]. Other
studies have found the extracellular adenosine produced by CD73 on malignant cells is
enough to mediate immune evasion, allowing cancer growth and metastasis to occur [23,
32]. In addition, it has been found that CD73 can regulate the cell cycle, apoptosis, and
signaling pathways such EGFR, b-catenin/cyclin D1, VEGF, and AKT/ERK to enhance
tumor cell proliferation [33]. In addition, Leclerc and his colleagues found that increased
expression of CD73 in the epithelial cells of the prostate can reduce CD8 T cell
immunosurveillance and turn them into tumor-promoting cells [22]. Another study has
also found that reduction of CD73 by reprogramming Th17 cells may enhance the
antitumor effects through increasing their effector function [25]. Taken together,
Increased CD73 expression increased may promote prostate cancer growth.

Furthermore, the purpose of this study was to see if there was a link between CD73
immunostaining and Gleason score. The result of this study showed that CD73
immunostaining was negatively associated with increasing Gleason score. This data has
in agreement with the previous studies. For example, it has been found that CD73 is
reduced in endometrial carcinoma cells of poorly differentiated and advanced-stages in
compared to low-grade malignancies, suggesting the protective role of CD73-derived
adenosine on epithelial integrity in normal endometrium [34]. Another study on
urothelial bladder cancer has found that increased CD73 immunostaining is negatively
associated with poorly differentiated grades [35]. In contrast, another study
demonstrated that there was no significant association between CD73 immunostaining
and differentiation of kinds of cancers, including prostate [18]. This difference may be
because of using different methods and/ or different scoring systems. Taken together,
CD73 appears to be linked to tumor differentiation and the loss of CD73 on epithelial
cells of prostate may encourage the progression of PCa and increasing CD73 expression
in tumors may represent a good prognosis indicator for patients with PCa.

This study looked at the association between CD73 immunostaining and PCa clinical
stage. The current data showed a positive correlation between CD73 immunostaining
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and tumor size (T1-2 vs T3-4). This data was agreed with the previous studies on
colorectal carcinoma [36] and papillary thyroid carcinoma [20], suggesting Increased
CD73 may promote the growth of kinds of cancer, including PCa. These studies suggest
that CD73 stimulates the development of human cancer cells via EGFR and the -
catenin/cyclin D1 signaling pathway, according to all of the findings [36]. In contrast, this
data was not agreed with another study which showed increased CD73 was significantly
associated with lymph node metastasis [18]. This difference may be because of using
different antibodies, antigen retrievals, scoring systems or different populations. In
addition, another reason which may explain these differences is that the sample size of
lymph node metastatic PCa (M1 and N1) in this study was lower than non-lymph node
metastatic PCa (MO and NO) (Table 1). Taken together, this data may suggest that
increased CD73 expression seems to be linked to PCa progression and prognosis and
might be a useful biomarker for PCa.

In conclusion, increased CD73 staining in PCa is negatively associated with Gleason
score and positively associated with tumor size. This early evidence suggests that CD73
may have a role in the development and progression of PCa. CD73 might be a new
potential biomarker for PCa. Further study is also needed to validate these data using a
second independent antibody with a large cohort or using an RNAscope to detect the
mRNA level of CD73 in cancerous and non-cancerous prostate tissues. In addition, it will
be very fascinating to investigate the functional role of CD73 in prostate cell lines using
tissue culture.
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