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Abstract 

Background: Prostate cancer (PCa) is the second most prevalent cancer among males that are prone 

to the metastasis. The oxidative imbalance and Ca2+ influx are metastasis triggers and also crucial to 

understanding the pathogenesis of PCa. This study aimed to investigate the reciprocal relationship 

between Ca2+ up-regulation and oxidative stress by evaluation of the inositol-three-phosphate (IP3)- 

and cADPR-mediated Ca2+ influx in PCa tissue and marginal control. The possible correlation 

between Ca2+ up-regulation and matrix metalloproteinase 9 (MMP-9)/CD82 expressions which 

involve in tissue remodeling, cell proliferation and invasion was also evaluated. 

 

Methods: For this purpose, 50 intermediate- and high-grade of PCa tissue and 50 margins of tumor 

were used. Western blot was used to evaluate the target proteins. Antioxidant enzymes activity and 

reactive oxygene species (ROS) content were evaluated in tissue lysate by using standard methods. 

The case and control groups' data were compared using a two-tailed student t-test using SPSS 

software. 

 

Results:  Our results showed overproduction of the ROS in PCa that accompanied by altered 

antioxidant enzymes activity that refered to oxidative stress. Immunoblotting analysis approved IP3 

receptor (IP3R) and CD38 significantly increased in PCa rather than marginal control that could be 

interpreted to Ca2+ up-regulation. PCa tissue also manifested MMP-9 up-regulation and CD82 down-

regulation rather than marginal control that could cause invasion and metastasis. 

 

Conclusion: Our results revealed IP3- and cADPR-mediated Ca2+ influx is upstream regulator of 

oxidative stress and invasion. By considering the leading role of cytosolic free Ca2+, IP3R and CD38 

could be considered as effective targets to anti-metastatic drug designe. 

 

Keywords: Prostate cancer; Oxidative imbalance; Antioxidant barrier; Ca2+ influx pathways; 

Metastasis 

  

https://jptcp.com/index.php/jptcp/issue/view/79
mailto:tholfiqar13288@gmail.com
mailto:l.sadeghi@tabrizu.ac.ir
mailto:l.sadeghi66@yahoo.com


Metastasis Regulation In Prostate Cancer: The Possible Role Of IP3- And cADPR-Mediated Ca2+ Signaling 

 

Vol. 30 No. 01 (2023): JPTCP (503-513)  Page | 504 

1. Introduction 

Prostate cancer (PCa) is one of the most prevalent diseases in men, which often affects older men over 

the age of 65 (1). There are various types of PCa, which are separated into two categories based on 

the disease's type and severity: benign PCa and malignant PCa (2). The malignant types are in 

medium- and high-grade of Gleason score (3). PCa develops and progresses as a result of numerous 

environmental and genetic causes (4). Prostate intraepithelial neoplasia (PIN), which progresses 

slowly and manifests as symptoms only when cancer has spread, is a condition where the structure 

and size of prostate cells have changed slightly (5). PCa epidemiological and clinical studies suggest 

that oxidative stress and invasion are the assumed events in the initiation, development, damage, and 

recurrence of this malignancy (6). The importance of reactive oxygen species (ROS) as a messenger 

in tumor cell invasion, angiogenesis, and metastasis is supported by recent research (7). ROS can 

stimulate the early stages and progression of carcinogen-induced cancer via interacting with DNA and 

genotoxic substances (7). According to the previous experiments, the early cause of ROS 

overproduction is mitochondrial damages due to free Ca2+ up-regulation (8). Redox potensial of cells 

regulates Ca2+ influx also therefore, antioxidant barrier could regulate cytosolic free Ca2+. Intracellular 

free Ca2+ signaling regulates several physiological processes in all cells (8). Allosteric control of 

voltage dependent and independent Ca2+-chaneels by secondary messeges such as cyclic ADP-ribose 

(cADPR) and inositol-3-phosphate (IP3) are main regulators of cytosolic free Ca2+ (9, 10). cADPR 

produced by catalytic activity of cluster of differentiation 38 (CD38) as membrane protein and then 

bind to the L-type Ca2+ channel and activate Ca2+ entry (9). IP3 also formed by phospholipase C (PLC) 

as a result of lysophosphatidic acid (LPA) binding to its membrane receptor (10). To our knowledge, 

the involvement of described pathways in PCa's Ca2+ signaling has not beed studied yet. While it 

could affect the following process such as proliferation, invasion and metastasis (11). 

 

PCa is more vulnerable to metastasis to different organs with a propensity to skeleton (12).  bone 

metastases are detected in more than 10 % of patients after initial diagnosis of PCa (12). The molecular 

cascade of metastasis could be categorize in three vital events: invasion, intravasation and 

extravasation but the exact mechanism has not been understood yet (13). Previous reports confirmed 

that Ca2+ and ROS up-regulations are main triggers of invasion and metastasis in different types of 

cancer (11, 14). While involvement of some proteins in this casdade is clear such as desmosomes, 

integrins, matrix metalloproteinases (MMPs) and cluster of differentiation 82 (CD82) (15, 16). Matrix 

metalloproteinase-9 (MMP-9) is now known to play a role in human malignancies including 

aggressive and metastatic PCa (16, 17). It has also important role in inflammation process that is one 

of the main active evens in PCa (17). Previously examined that MMP-9 inhibition could down-

regulate metastasis and angiogenesis effectively (18). Another unique protein, CD82, which lowers 

cancer cell adhesion to their matrix and promotes PCa dissemination, has shown promise in PCa 

diagnostics (15). CD82 also regulates cellular proliferation through inhibition of the epithelial growth 

factor (EGF) signaling pathway (19). There is currently no approach that can describe Ca2+- and ROS-

mediated metastasis and their relashionship clearly. Therefore, this study aimed to analyse oxidative 

balance in PCa tumor tissue (medium- and high-grade according to Gleason score) and also in 

marginal tissue as control by evaluation of the ROS content, reduced and oxidized glutathione and 

antioxidant enzymes' activities like superoxide dismutase (SOD) and catalase (CAT). Ca2+ regulation 

from the interacellular and extracellular sources was also evaluated by direct mesurment of CD38 and 

IP3R proteins. Finally accompaniment of oxidative imbalance and Ca2+ dysregulation with metastasis 

ability of tumor was assessed by MMP-9 and CD82 expression, the proteins  involved in tissue 

remodeling and cell death, in order to develop a novel approach to treating PCa. 

 

2. Materials and Methods 

2.1 Sample preparation 

This study was conducted in Imam Reza Hospital, Mashhad, Iran. All of the process in this study were 

in accordance with the ethical standards of the institutional and/or national research committee and 

with the 1964 Helsinki declaration and its later modifications. The Mashhad Branch of Azad 
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University's Ethics Committee gave its approval to the current study protocol (Ethics number???). 

The patients who selected in this research were refered to the urology section of hospital between 

march 1 and September 1, 2021. These patients suffer from lower urinary tract sypmtoms (LUTS) and 

after physical and labratorry examination by specialists, the patients who were over 45 years of age 

with high level of PSA that underwent surgery were enrolled in this experiment. After being informed 

of the study's goals, procedures and purpose, each participant willingly agreed to participate. Written 

informed consent was given to every patient. After surgery and pathological analysis, 50 prostate 

tumor tissues and 50 tumor marginal tissues were selected to made up the study groups. The computed 

tomography scans are used to estimate the average tumor volume, and the tissue that was taken is not 

more than 5 cm from the tumor's margin. 0.12 cm3 was produced throughout the operation. To assess 

the biochemical parameters, each sample was put into a separate tube and kept at -20 °C until use. 

 

2.2. ROS content analysis 

ROS content of tumor and margin tissues was measured according our previous work (20). This 

method is based on oxidative conversion of Dichloro-dihydro-fluorescein diacetate (DCFH-DA) to 

dichlorofluorescin (DCFH) as a fluorescent compound which measured by 485 nm excitation and 530 

nm emission. 

 

2.3. Evaluation of reduced to oxidased glutathione ratio (GSH/GSSG) in tissue samples 

The total amount of gluthation and also its reduced form were measured by using the GSH/GSSG 

Ratio Detection Assay Kit II (Fluorometric - Green) (ab205811) according to the related protocol. 

Befor detection procedure tissue homogenite should be deprotenized with trichloroacetic acid (TCA) 

and then neutralized using sodium hydrogen carbonate (NaHCO3) according to manufacturer's 

guideline. Data were normalized against the stardard solutions and GSH/GSSG ratio was calculated. 

 

2.4. Superoxide dismutase (SOD) enzyme's activity mesurment 

The Marklund technique was used to measure the SOD enzyme's activity by looking for hypoxanthine 

and superoxide radicals produced by xanthine oxidase using the riboflavin/nitrotrazolium blue 

(NBT/RF) assay (20). SOD was contrasted with NBT for oxygen created by RF under illumination 

using 1.5 ml of the reaction mixture (50 mM KH2PO4, pH 7.8, 0.1 mM EDTA, 2 mM riboflavin, and 

57 M NBT). The reaction was done under four fluorescent tubes (40 W) to generate 199 mol/m2 

photons. After 5 min absorbance was measured at 405 nm. With no activity and 50 % inhibition, 

regression analysis was done using the linear component of the log-normal curve. The amount of 

enzyme that inhibits 50 % of the photochemical NBT reductase was determined to be one unit of SOD 

activity, data showed as units per mg of protein in each sample. 

 

2.5. Catalase (CAT) activity mesurment 

Supernatants resulted from tissue homogenizing were used to evaluate CAT activity (EC.1.11.1.9), 

and normal tissues were homogenized using a modified version of the Aebi kinetic technique (20, 21). 

In this method hydrolysis of H2O2 and the lowering of absorbance at 240 nm was followed in 1 min. 

The rate of the enzymatic process was determined to be the conversion of H2O2 to water and 1/2 

oxygen per min at 25°C. 

 

2.6. Western Blot 

200 mg of each sample was homogenized in 2 ml of lysis buffer (50 mM Tris-HCL at pH 7.4, 2 mM 

EDTA, 2 mM EGTA, 10 mM NaF, 1 mM sodium orthovanadate (Na3VO4), 10 mM glycerol-

phosphate and 0.2 % W/V sodium deoxycholate) (22). Supernatants' total protein concentration was 

measured using the Bradford protein assay method. Before being stored at -80°C, protein lysate 

aliquots were denatured for 5 min at 95°C in SDS-Laemmli sample buffer with 2 mM DTT. In 

conclusion, 50 g of proteins were transferred to PVDF membranes after separation by 12 % SDS-

polyacrylamide gel (SDS-PAGE). To prevent nonspecific protein binding, PVDF membranes were 
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blocked for 2 hours at room temperature with 5 % skim milk or 1 % BSA in Tris-buffered saline with 

0.1 % Tween 20 (TBST). 

 

Diluted (1:1500) primary antibodies were used to treat the membranes at 37 °C for two hours. Anti-

MMP9 (ab73734), anti-IP3R (ab108517) and anti-CD82 (ab66400) were prepared from Abcam 

Company, USA and anti-CD38 (sc-374650) was purchashed from Santa Cruz Biotechnology, USA. 

The membranes were then exposed to the suitable secondary antibodies coupled with horseradish 

peroxidase enzyme (HRP) (1:3000) in TBST for 180 min at room temperature after three washes (3–

5 min) in the buffer. PVDF membranes were then exposed to Pierce ECL detection kit and protein 

bands visualized by the Alliance 4.7 Gel Doc (UK) and quantified by using imag J softeware. β-actin 

was used as the reference protein to normalize bands intensity (22). 

 

2.4 Statistical Analysis 

All of the experiments repeated at least three times independently and the data were expressed as the 

mean ± standard deviation (SD) using the GraphPad InStat version 10.0.2 program (GraphPad 

Software, San Diego, CA). By computing values with the Student's t-test at a 5 % significance level 

(p<0.05), statistical significance was evaluated. 

 

3. Results 

3.1 Increased ROS content of tumor tissue accompanied by dysregulation of GSH/GSSG ratio 

ROS are chemically reactive molecules produced by mitochondria during normal metabolism, while 

its content increased during abnormal condition such as cancer and tissue damages (23). 

Consequently, ROS is informative parameter that provide valuable information about oxidative status 

of the prostate tumor in comparison with marginal tissue as control. According to the results, DCF 

fluorescence intensity in tumor tissue lysate is significantly more than marginal tissue which 

interpreted to increased ROS content in PCa cells (P<0.0001) (Fig 1). 

 

Fig 1 also revealed that amount of reduced GSH in comparison with oxidased form reduced 

significantly. GSH level represented antioxidant barrier in cells while GSH/GSSG ration is more 

informative in this case (24). Our results confirmed GSH level decreased in tumor tissue while GSSG 

could not manifested significant changes (data not shown). While, analysis of variance confirmed 

GSH/GSSH ratio remarkably reduced (more than 6-fold) in tumor tissue in comparion with control 

marginal tissue (P<0.0001). the mean of GSH/GSSG ratio for border control calculated as 85.01 and 

for tumor tissue estimated as 12.64. 

 

3.2 Antioxidant barrier enzymes affected by PCa 

SOD and CAT enzymes are the most popular antioxidant barriers in biological systems which could 

neutralise the extra produced ROS (20). Therefore, the catalytic activity of these enzymes examined 

in tumor tissue lysate and control border tissue by using standard methods. Fig 2 revealed, SOD 

enzyme's activity in tumor tissue lysate estimated as 35.21 U/mg protein that increased rather than 

marginal control tissue that showed 16.83 U/mg protein catalytic activity (P<0.0001). Hyperactivation 

of the SOD in tumor tissue was estimated more than 2-fold. While our results approved H2O2 

degradation ability in tumor tissue extract is remarkably more than marginal control tissue lysate 

(P<0.0001) which refers to more activity of CAT enzyme. 

 

3.3 Calcium regulatory proteins overexpressed in PCa 

Ca2+ is an important ion which regulates molecular events in PCa and could impact prostate tumor 

cell death, proliferation and metastasis (7, 8). Intracellular Ca2+ acculumation could be caused by 

different pathways (22) that IP3 and CD38 pathways were studied here. Western blotting was 

performed to evaluate the expression of each IP3R and CD38 proteins in the tumor tissues and 

marginal control tissues. We found that IP3R expression were significantly higher in tumor tissue than 

in marginal tissue. IP3R is a 320 kDa protein that its expression increased near to the 4-fold in tumor 

https://jptcp.com/index.php/jptcp/issue/view/79


Metastasis Regulation In Prostate Cancer: The Possible Role Of IP3- And cADPR-Mediated Ca2+ Signaling 

 

Vol. 30 No. 01 (2023): JPTCP (503-513)  Page | 507 

tissue lysate rather than control marginal tissue (P<0.0001) (Fig 3). Fig 3 also showed the CD38 

related bands in both type of samples, quantified intensity of bands confirmed CD38 level in tumor 

tissue is 3-fold more than control (P<0.0001). 

 

3.4 PCa causes dysregulation of metastasis assosiated proteins 

Recent research has shown MMP-9 dysfunction encourages invasion in a variety of malignancies (17), 

we looked into MMP-9 expession in PCa. The MMP-9 content in tumor and border tissue lysates were 

analyzed by using specific antibody in western blotting method. As a loading control β-actin was 

employed (Fig 4). Results revealed significant increase in MMP-9 content of prostate tissue after 

cancinogenesis. Comparison of band intensity in both experimental groups showed MMP-9 

expression increased more than 3-fold in tumor tissue rather than marginal control (P<0.0001). 

 

Previous experiments approved important role of CD82 in homotypic cell adhesion and metastasis 

obstruction because, it could inhibit epithelial growth factor (EGF) signaling also that leads cells to 

the apoptosis (19, 25). Therefore decreased expression of CD82 and its regulators causes cancerus 

cells immortality (19). Here we measured CD82 protein concentration in tumor tissue and border 

tissue as control. Fig 4 showed significant (P<0.001) reduction of CD82 expression in prostate tissue 

accompanied by cancerous feature. Mariginal control samples have been showed to contain about 2-

fold more expression of CD82 rather than tumor cells. There are no significant changed between 

intermediat- and high-grade of tumors. 

 

4. Discussion 

Ca2+ ion plays important role in biological system due to its impact on gene expression, cell cycle and 

cellular development, deferentiation, death and proliferation (7, 8). Therefore, regulation of 

intracellular free Ca2+ is verry important in cellular homeostasis. According to the previous reports 

transient accumulation of Ca2+ in PCa cells induces invasion and potentially favoring bone metastases 

(8, 11). On the other hand, Ca2+ up-regulation causes mitochondrial dysfunction and ROS 

overproduction that causes inflammation and invasion (22). However, our knowledge about the 

molecular basis of Ca2+ dependent events, blood homeostasis, calcium binding proteins and their role 

in gene expression regulation is incomplete , so we could not suggest a rational and mechanism based 

procedure for targeting Ca2+ in PCa. According to the our recent report, Ca2+ influx could be done 

from intracellualar (ER) and extracellular sources by using different messengers and channels. Here 

we evaluated two different Ca2+ influx (cADPR- and IP3-dependent) pathways (22). We also 

examined the possible role of Ca2+ up-regulation in ROS overproduction, antioxidant barrier and 

metastasis ability by measuring the relared enzymes and proteins. Our results revealed increased 

expression of CD38 and IP3R in tumore cells in comparison with marginal tissue as control. CD38 in 

a membrane bound enzyme could converts NAD to the cADPR which binds to the calcium channel 

as a secondary messamger and induces Ca2+ influx (9) (Fig 5). IP3 is also a secondary messanger 

could impose cytosolic free Ca2+ from the internal source (10). Our results showed 3-fold more 

expression of IP3R in ER membrane of the tumor cells which could accept IP3 and cause ER-

dependent Ca2+ release to the cytosol. Previous experiments also reported up-regulation of the 

lysophosphatidic acid (LPA) production and its receptor (LPAR) in PCa cells (26). Therefore, LPA 

and cADPR mediated Ca2+ influx (schematicly illustrated in Fig 5) are two main pathways which 

positively regulate free cytosolic Ca2+ in PCa. Icreased cytosolic free Ca2+ could translocate to the 

mitochondria through mitochondrial Ca2+ (mCa2+) channel that could cause the mitochondrial DNA 

abnormalities and electron transport chain failure so, lead to more endogenous ROS production in 

PCa (27). Our additional analysis also approved more than 95 % of tumor tissues that showed up-

regulation of IP3R and CD38 also manifested ROS overproduction simultaneously that refer to the 

accompaniment of cytosolic free Ca2+ and ROS. Increased ROS and also Ca2+ up-regulation cause 

some changes in gene expression of cancer cell lines and tumor tissues (28, 29). However the 

molecular events that take place in the presence of extra Ca2+ and ROS which cause gene expression 

regulation have not been understood yet. While accompaniment of increased ROS and Ca2+ with 
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metastasis, imortality and high rate of proliferation has been observed in PCa which done by up-

regulation of cell cycle proteins and down-regulation of apoptisis inducers (8, 11). This fact approved 

that free Ca2+ and those bond to the specific proteins and also ROS molecules have potensial to gene 

expression regulation. 

 

Prostate tumors have more potential to invasion and the most favorable goal is skeleton (12). 

Development of secondary malignant growths at the skeleton far from a primary site of cancer named 

metastasis that need some additional molecular process and gene expression regulation (13). CD82 

also termed Kangai 1 (KAI1) has important negative role in invasion and metastasis of PCa through 

angiogenesis inhibition (15, 19). Previous experiments reported reduced expression of CD82 in 

aggressive tumor development (19). Mesurment of CD82 with specific antibody revealed its 

decreased expression in tumor tissue which could lead to EGF-mediated cell invasion, migration, and 

endocytosis (15). Comparison of Ca2+ regulators level with CD82 expression in each tumor samples 

and same border control revealed up-regulation of IP3R and CD38 shows more than 83 % correlation 

with CD82 down-expression. We also observed a significant change in the MMP-9 expression that 

could be caused by Ca2+ or ROS up-regulation. As our previous knowledge, extra Ca2+ in cells causes 

inflammatory condition through cyclooxygenase pathway or matrix metalloproteinases (MMPs) (30). 

Additionally, clinical studies have validated the link between MMP-9 expression and disease 

development in patients with various tumor types (31, 32). Our analysis also confirmed about 85 % 

of tumor samples which showed upexpression of IP3R and/or CD38 also manifested significant 

increase in MMP-9 level. Therefore, Extreme content of Ca2+ and ROS are molecular signals which 

rise MMP-9 expression that has been observed to be main event in metastasis. According to the 

previous experiments, ROS molecules also reduce cell adhesion and increase vascular leakage that 

help to metastasis promotion (33) . This reactive molecules are neutralized by different type of 

reactions mainly done by SOD and CAT that previous studies described their important role in cancer 

initiation and development (34, 35). CAT is a multifuctional enzyme that weakens MMP-9 catalytic 

function, in addition to cellular redox homeostasis, which may affect its anti-metastatic efficacy (36). 

Our results revealed significant reduction of CAT's activity in tumore tissue in comparison with border 

control tissue. Additionally, breast, lung, cervix, ovary, stomach, colon, leukemia, bladder, and liver 

cancers have reduced CAT's activity and expression (37). The raised SOD activity was observed in 

tumor tissue could be an adaptation process in ROS overproduction condition. However SOD and 

CAT play various functions in cancer developing which need to further investigation. 

 

5. Conclusions 

By considering the vital role of Ca2+ signaling in ROS overproduction and PCa metastasis, this study 

was designed to invertigate the active molecular mechanism of Ca2+ influx and its possible effects on 

invasion-related proteins expression. In-depth review of the results and comparison with related 

literature revealed a positive feekback loop between Ca2+ influx, oxidative stress and metastasis 

propensity in intermediate- and high-grade of PCa. This loop approved upstream role of Ca2+ signaling 

which could affect the other process so could be considered as a risk factor in initiation and developing 

of PCa. Our results also demonstrated a significant accompaniment between Ca2+-induced ROS and 

up-regulation of MMP-9 that could be caused inflammation process in PCa. Ca2+-induced oxidative 

imbalance also was negatively correlated with CD82 level that could limit aggressive capability of 

prostate tumor. Therefore, given the studied Ca2+ influx pathways and their role in inflammation and 

metastasis, LPAR, IP3R and CD38 could be considered as therapeutic targets to drug design. 
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Figure legends 

Fig 1. Comparison of GSH/GSSG ratio and ROS content level in prostate tumor and marginal tissues. 

Analysis of variance showed increased ROS content is accompanied by reduced GSH/GSSG ratio in 

prostate cancer. All data were showed as mean ± SD. Significant differences indicated by star symbol 

(****, P=0.0001). 

 

Fig 2. Comparison of antioxidant enzymes' activity in prostate tumor and marginal tissues. Results 

confirmed increased activity of the SOD enzyme and reduced catalytic function of the CAT during 

tumorigenesis in prostate gland. Data were represented as mean ± SD and star symbol on columns 

manifested significant difference in comparison with control (****, P=0.0001). 

 

Fig 3. Western blot results display increased expression of CD38 and IP3R in PCa. The first three 

lanes are related to tumor tissue and 4, 5 and 6 lans are related to marginal tissue. As a loading control, 

β-actin was utilized. Quantification of immunoblotting bands were represented in plot after 

normalization. Difference in both proteins expression is significant in comparison with marginal 

control (****, P< 0.001). 

 

Fig 4. Western blot analysis of MMP-9 and CD82 expressions in PCa tissue. Quantified data were 

represented in column plot that revealed expression of both proteins is significantly different between 

two experimental groups (P<0.0001 for MMP-9 and P<0.001 for CD82 epressions). β-actin was used 

to control of protein concentration in lanes. Lane 1, 2 and 3 is biological replicates of prostate tumor 

tissue while lane 4, 5 and 6 related to border tissue. 

 

Fig 5. Schematic overview of intracellular Ca2+ influx through IP3 and cADPR signaling in PCa. 
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