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Purpose: Prostate cancer (PCA) is the second most common malignancy in Western countries. Long non-coding 
RNAs are new markers in disease diagnosis. Our aim of this study was to investigate liquid biopsy biomarkers with 
high specificity and sensitivity for early diagnosis of PCA patients in Iran.

Materials and methods: Blood specimens were collected from 29 PCA, 32 benign prostate hyperplasia (BPH), 
and 29 control (CTRL) individuals. Real-time PCR analyzed expression amounts of PSA, ARLNC1, UCA1, and 
PCA3. The ROC curve (receiver operating characteristic curve) analysis evaluated the diagnostic power of the 
examined molecules for PCA. 

Results: There was a significant upregulation of PCA3 in PCA and BPH groups compared to the controls (p values 
for PCA3=< 0.001 and BPH vs. CTRL = 0.0015) while there was no significant difference between PCA and BPH 
individuals. A significant upregulation of ARLNC1 was seen in BPH group compared to the controls (p value = 
0.0042). Also, PCA3 expression level showed a significant relationship with prostate volume. 
There was no significant difference in UCA1 and PSA expression levels among the three groups (> 0.05). The 
PCA3/PSA ratio was significantly increased in PCA and BPH individuals vs. the CTRL group with high sensitivity 
and specificity. The gene expression of PCA3 and ARLNC1 in the BPH group showed a significant relationship 
with age.

Conclusion: Our findings showed that in the diagnosis of prostate cancer, measuring the expression of PCA3, 
PSA, and ARLNC1 genes is necessary to determine the health, benign, or cancerous status of patients' prostate. 
Also, selecting the PCA3/PSA ratio provides a new approach for diagnosing this cancer if confirmed in a larger 
clinical sample size and functional studies.
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INTRODUCTION

Prostate cancer is a highly heritable disease, the sec-
ond most commonly occurring cancer in men(1), and 

the fifth death reason due to men’s cancer(2). Various 
factors such as smoking(3), diet(4), genetics and race(5), 
family history(6), obesity(7), environmental chemicals(8), 
prostatitis/inflammation of the prostate(9), sexually 
transmitted infections (STIs)(10), steroid hormone lev-
els(11,12) and possibly vasectomy(13) are considered risk 
factors for the disease. Because of the heterogeneity of 
the disease, still a single gene or a genetic signature that 
can be attributed to the cause of prostate cancer has not 
been introduced(14). The use of PSA as a marker for pros-
tate cancer screening is complicated because its levels 
are significantly affected by factors such as race and 
age (15,16). Unlike many other tumor markers, PSA levels 
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do not correlate with prostate cancer progression(17,18) 

and metastasis(19-26). Therefore, the identification of 
new more sensitive, and specific biomarkers is needed 
to detect prostate cancer in the early stages without the 
need for multiple biopsies(27). Of course, even if NGS 
is performed, due to the variety of genetic changes in 
the prostate tissue, it is not possible to accurately and 
completely identify and classify the effective changes 
in PCA by using the genetic profile of patients(28).  
Various cellular pathways are controlled by genes en-
coding receptors, co-receptors, enzymes, or RNA reg-
ulators, whose imbalance leads to pathway function in 
favor of tumorigenesis. Therefore, studying the expres-
sion level of these molecules can be useful in finding 
biomarkers for the diagnosis of prostate malignancy 
and its exact mechanism of proliferation, apoptosis, dif-
ferentiation, invasion, or angiogenesis.  
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The role of LncRNAs as novel biomarkers, in case of 
dysregulation, has been introduced in several human 
diseases including testicular cancer(29), breast cancer (30), 
and blood cancers(31). DD3PCA3, a lncRNA/ a urinary/ 
and blood biomarker, is introduced for PCA presump-
tive diagnosis, risk stratification, and carcinogenesis 
(32,33,34). A direct correlation of increased PCA3 concen-
tration with higher degrees of tumor invasiveness has 
been shown. Combining PCA3 with new biomarkers 
increases the accuracy of disease diagnosis and progno-
sis. Compared to total PSA and total free PSA, PCA3 
has a higher diagnostic value in identifying high-risk 
individuals. Also, In prostate cancer cells, PCA3 reg-
ulation depends on androgen receptor (AR) activation 
because gene expression changes have been reported 
only in AR-producing cell lines(35). Unlike PSA, PCA3 
is significantly increased in the neoplastic prostate and 
is not affected by prostatitis and prostatic hyperplasia 
(36). PCA3 controls PCa cell survival by regulating AR 

markers and epithelial-mesenchymal transition (EMT) 
pathway markers(37) and decreases the survival of LN-
CaP cells following reduction(37).
ARLNC1 is located at 16q23.2 and has 4 exons(38). It is 
a non-coding molecule under the control of the andro-
gen receptor, which is strongly involved in the develop-
ment and progression of prostate cancer(39). ARLNC1 is 
not only induced by the AR protein but also stabilizes 
the AR transcript through RNA-RNA interaction. Dele-
tion/inactivation of ARLNC1 inhibited AR expression, 
AR signaling, and prostate cancer growth in vitro and in 
vivo. Therefore, it seems that ARLNC1 helps to create 
positive feedback to AR signaling in the direction of 
prostate cancer progression, so it is considered a good 
target for the treatment of this disease(38). 
UCA1 with 3 exons is located at chromosomal location 
19p13.12. Its increased expression has been reported to 
be associated with advanced stages of cancer and poor 
prognosis(40). Inhibiting or reducing the expression of 
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Gene			   Primer sequence (5’-3’)			   Size of Amplicon(bp)	 Annealing Temperature

GAPDH-F		  GGAAGGTGAAGGTCGGAGTCA		  101		  60°C
GAPDH-R  5		  GTCATTGATGGCAACAATATCCACT	
PSA-F			   ACCAGAGGAGTTCTTGACCCCAAA		 161		  60°C
PSA-R 1		  CCCCAGAATCACCCGAGCAG
UCA1-F			  TCGGGTAACTCTTACGGT		  109		  58°C
UCA1-R  2		  GGTCCATTGAGGCTGTAG
PCA3-F			  exon3-4: ACACAGGAAGCACAAAAGG	 68		  60°C
PCA3-R  3		  GATGACCCAAGATGGCGGC
ARLNC1-F		  CCTTGTCCACTGGAACTCGT		  100	 58°C
ARLNC1-R		  TATAACCTTGGGGGCCATGA
4	

Table 1. The sequences of the primers pairs for Real-Time PCR analysis. 

Notes: All primers bind to either RNA or DNA except UCA1 primers that are specific to RNA.  We decreased the extension time for PCA3 primers to prevent their activity 
on DNA. GAPDH and ARLNC1 primers could amplify DNA with a product size of ~ 3000bp which was not detected on gel electrophoresis.   

Figure 1. The relative mRNA expression level of under study genes in three different groups of PCA, BPH and CTRLs (n: 90).
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UCA1 can be proposed as a new method in the possi-
ble treatment of prostate cancer patients(41). Therefore, 
UCA1 can be a possible therapeutic target for PCA(42). 
With the advancement of deep sequencing technol-
ogy, several promising surrogate markers have been 
identified for PCa, including PCA3(43). Therefore, the 
combined pattern of biomarkers as a genetic signature 
increases the specificity of the prostate cancer diagnosis 
algorithm(44). 
In this research, we simultaneously examined the ex-
pression of PSA, PCA3, ARLNC1, and UCA1 in the 
blood of prostate cancer patients to determine their 
specificity and sensitivity individually or in combina-
tion in prostate cancer and benign prostatic hyperplasia 
compared to healthy individuals.

MATERIALS AND METHODS
Study Population
The definitive diagnosis of the disease was made based 
on the diagnosis of a urologist in Tehran hospitals, Iran. 
Demographic information was completed using a ques-
tionnaire. The blood samples were collected from pa-
tients with prostate cancer (PCA), men with BPH, and 
healthy individuals (controls). 
Inclusion and exclusion criteria
PCA patients with PSA>10 were diagnosed by a urol-

ogist while their positive pathology results were suffi-
cient in terms of the presence of neoplastic tissue, with 
or without a family history of the disease, without a 
history of radiotherapy, chemotherapy, or hormone 
therapy. Men with urinary symptoms, and benign pros-
tatic hyperplasia (BPH), with a PSA value above 4 
nanograms per milliliter (ng/ml) were biopsied based 
on magnetic resonance imaging (MRI) findings. These 
patients who showed increased epithelial cells in the 
microscopic examination of the biopsy and a negative 
pathological response for Prostate Cancer were includ-
ed in the study as the BPH group.  The patients with 
PSA less than 4 ng/ml, who were referred to the urolo-
gy department of Medical Centers with abdominal pain 
and urinary symptoms without any prior history of sur-
gery for the treatment of previous cancers, were select-
ed as the control group. None of the subjects included in 
the study were subjected to a dual rectal exam (DRE).  
The samples are matched in terms of age and smoking 
status.
This study has been cleared by the SBMU Ethics Re-
view Board for human studies and patients have signed 
an informed consent. 
Procedures
RNA extraction and cDNA synthesis
In this study, 90 blood samples were tested and analyz-
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Abbreviations: BMI, Body Mass Index; PSA, prostate specific antigen; TNM Stage,  This system includes the extent of the tumor (T), extent of spread to the lymph nodes 
(N), and presence of metastasis (M). 
Each subscript letter denotes a subset of Group categories whose mean values do not differ significantly from each other at the .05 level (for example the mean variables 
with subscript including a & ab and b & ab were not different. However, mean variables with subscript a and b was different)

Variables				    Total	 Group						      P-value
						      PCA (n=29)		  BPH (n=32)		  Control(n=29)	

Age					     66.7 ± 7.6	 65.1 ± 5.4		  67.8 ± 8.6		  67.0 ± 8.4		  0.309
Weight					     78.5 ± 11.8	 78.1 ± 12.4		  78.9 ± 11.4		  -----		  0.807
Height					     172.7 ± 6.1	 172.8 ± 5.7		  172.6 ± 6.6		  -----		  0.899
BMI					     25.8 ± 3.3	 26.1 ± 3.6		  26.3 ± 2.6		  25.0 ± 3.6		  0.315
Gleason Score				    7.5 ± 0.9	 7.5 ± 0.9		  -----		  -----	
Size of tumor (cc)				    47.4 ± 17.5	 47.4 ± 17.5		  -----		  -----	
Prostate Volume and both seminal vesicles		  60.1 ± 21.9	 56.6 ± 15.8		  66.1 ± 29.4		  -----		  0.277
PSA-ng/ml				    7.0 ± 5.0	 11.4 ± 6.0		  6.0 ± 3.6		  4.0 ± 0.0	
GAPDH-mean(ct)				    20.6 ± 4.4	 21.9 ± 6.2a		  18.2 ± 1.7b		  21.8 ± 3.3a		  < 0.001
PSA mean(ct)				    33.0 ± 2.2	 32.9 ± 1.3a		  32.3 ± 3.0a		  33.8 ± 1.5b		  0.012
PCA3 mean(ct)				    24.0 ± 5.7	 21.5 ± 3.8a		  21.0 ± 3.5a		  30.2 ± 4.3b		  < 0.001
ARLNC mean(ct)				    35.4 ± 4.6	 36.1 ± 3.5		  34.6 ± 2.6		  35.5 ± 6.7		  0.174
UCA1 mean(ct)				    32.5 ± 5.1	 33.3 ± 5.4		  30.9 ± 5.2		  33.4 ± 4.2		  0.099
ARLNC efficiency				    0.85 ± 0.54	 -----		  -----		  0.85 ± 0.54		  -----
Prostate cancer history		 No		  56 (62.22 %)	26 (89.66 %)		  30 (93.75 %)				    0.112
			   Yes		  3 (3.33 %)	 3 (10.34 %)				  
Other cancer history		  No		  53 (58.89 %)	23 (79.31 %)		  30 (93.75 %)				    0.011
			   Yes		  6 (6.67 %)	 6 (20.69 %)			 
Opium			   No		  63 (70.00 %)	21 (72.41 %)		  20 (62.50 %)		  22 (75.86 %)		  0.736
			   Yes		  16 (17.78 %)	4 (13.79 %)		  5 (15.63 %)		  7 (24.14 %)	
Grade			   3+3		  1 (1.11 %)	 1 (3.45 %)						      -----
			   3+4		  11 (12.22 %)	11 (37.93 %)			 
			   4+3		  6 (6.67 %)	 6 (20.69 %)			 
			   4+4		  2 (2.22 %)	 2 (6.90 %)			 
			   4+5		  3 (3.33 %)	 3 (10.34 %)			 
			   5+3		  1 (1.11 %)	 1 (3.45 %)			 
			   5+4		  2 (2.22 %)	 2 (6.90 %)			 
TNM STAGE		  2		  9 (10.00 %)	 9 (31.03 %)						      -----
			   3		  18 (20.00 %)	18 (62.07 %)			 
Linear length of margin	 bladder neck/perineural	 5 (5.56 %)	 5 (17.24 %)						      -----
involves of carcinoma		 no		  7 (7.78 %)	 7 (24.14 %)			 
			   perineural		  6 (6.67 %)	 6 (20.69 %)			 
Lymphatic invasion		  No		  21 (23.33 %)	21 (72.41 %)						      ----
			   Yes		  4 (4.44 %)	 4 (13.79 %)			 
Vascular invasion		  No		  21 (23.33 %)	21 (72.41 %)						      ----
			   Yes		  4 (4.44 %)	 4 (13.79 %)			 
Perineural invasion		  No		  4 (4.44 %)	 4 (13.79 %)						      -----
			   Yes		  21 (23.33 %)	21 (72.41 %)			 

Table2. Comparison of demographic and clinical characteristics between groups
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ed including 29 PCA, 32 BPH, and 29 men as controls. 
From each person, 5 ml of blood was collected under 
sterile conditions in EDTEA tubes and stored at -70 un-
til use.
Total RNA was extracted from the specimens using an 
RNA extraction kit (Viragene, Iran) and the manufac-
turer’s instructions.  The quantity and quality of isolat-
ed RNA were checked by nanodrop spectrophotome-
try at 260 and 280 nm and electrophoresis on agarose 
gel. Single-stranded cDNAs were generated using the 

cDNA Synthesis Kit (Yekta Tajhiz Azma, Iran) as per 
the manufacturer’s directions. 
Evaluations
•	 Quantitative real-time RT-PCR
Quantitative Real-time PCR was performed on a Ro-
torGene 6000 system (Corbett Research, Mortlake, 
Australia), using RealQ Plus 2x Master Mix Green 
(amplicon, Denmark)  according to the manufacturer’s 
protocol with the primer sets shown in Table 1. Glyc-
eraldehyde 3-phosphate dehydrogenase (GAPDH) as a 
normalizer and negative control were used in each run 
and all samples were examined in duplicate reactions. 
The thermal profile was 10 min at 95 °C followed by 40 
cycles of 15 s at 95 °C and an annealing temperature for 
each primer set, for 30 s at 72 °C. 
Gene expression was analyzed using the 2- ΔΔCT al-
gorithm. Relative expression levels and fold changes 
were log2 transformed for data analysis. The results 
were analyzed as described below.
Statistical Analysis 
To evaluate significant differences between gene ex-
pressions of the samples in two groups, a two-tailed 
Student’s t-test using GraphPad Prism 8.0.2 (GraphPad 
Prism Software, Inc. San Diego CA, USA) was done. 
The assumptions underlying the independent t-test, in-
cluding Normality and homogeneity of variance, were 
thoroughly evaluated. To determine the efficiency of 

Abbreviations: PSA, prostate specific antigen.

Dunn’s multiple comparisons test		  P Value	 Adjusted P Value*

PSA		  Case vs. CTRL	 0.89	 NO
		  Case vs. BPH	0.	 16	 NO
		  CTRL vs. BPH	 0.06	 NO
PCA3		  Case vs. CTRL	 < 0.0001	 YES
		  Case vs. BPH	0	 .063	 NO
		  CTRL vs. BPH	 0.0015	 YES
ARLNC1	 Case vs. CTRL	 0.0699	 NO
		  Case vs. BPH		 0.6420	 NO
		  CTRL vs. BPH	 0.0042	 YES
UCA1		  Case vs. CTRL	 0.2891	 NO
		  Case vs. BPH		 0.3717	 NO
		  CTRL vs. BPH	 0.9914	 NO

Table 3. The relative mRNA expression level of PSA, PCA3, ARLNC1, and UCA1 
in three different groups (PCA, BPH and CTRL. n: 90). Results were normalized 

with GAPDH gene. P Value < 0.05 is considered significant.

Figure 2. ROC curve analysis.
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the examined genes and PCA3/PSA ratio, receiver op-
erating characteristic (ROC) curve analyses were per-
formed by MedCalc-version19.1.2. In statistical analy-
sis, a P value of <0.05 was considered significant. Also, 
the correlation between the expression level of the ex-
amined genes and other investigated factors was done 
with the help of Prism software and Pearson's r method. 

RESULTS
•	 Patient Dataset
In total, 90 participants were included in the study with 
a mean ± standard deviation (SD) of 66.7 ± 7.6 years. 
Individuals were assigned to the three groups including 
PCA (29 cases), BPH (32 cases), and control (29 cas-
es). The homogeneity of group and age (p = 0.309) and 
BMI (0.315) was observed in this research. According-
ly, significant relations were seen between groups and 
variables including GAPDH-mean (p < 0.001), PSA-
mean (p = 0.012), and other cancer history (p = 0.011) 
(Table 2). 
•	 Expression Variation of the Examined Genes
The expression of PSA, PCA3, ARLNC1, and UCA1 
were evaluated by Real-Time PCR in three sets of sam-
ples. The mRNA expression level of PCA3 was signif-
icantly higher in PCAs and BPHs in comparison with 
the control group (p value = < 0.001). Besides, an in-
creased expression of ARLNC1 was seen in BPH group 
compared to the controls (p value = 0.0042). However, 
the expression level of the other examined genes was 
not significant in the studied groups (Table 2, 3) (Fig-
ure 1).    
•	 ROC Curve Analysis of Examined Genes
The receiver operating characteristic curve (ROC) was 
plotted to find the value of evaluating the expression of 
the under-study genes as biomarkers for prostate can-
cer diagnosis or prognosis. ROC analysis in PCA vs. 
CTRL showed area under the ROC curve of 0.66 for 
PSA (Sensitivity 48%, Specificity75%, 95% CI 0.5297 
to 0.8068, and P value = 0.02), 0.94 for PCA3 (Sensi-
tivity 89%, Specificity 89%, 95% CI 0.8813 to 1.000,  
and P value < 0.0001), 0.88 for ARLNC1 (Sensitivity 
78%, Specificity 82%, 95% CI 0.7978 to 0.9743, and 
P value < 0.0001), 0.604 for UCA1 (Sensitivity 72%, 

Specificity 65%, 95% CI 0.4460 to 0.7633, and P value 
= 0.17). 
Also, in PCA vs. BPH ROC analysis revealed an AUC 
of 0.63 for PSA (Sensitivity 65%, Specificity 65%, 
95% CI 0.4882 to 0.7758,  and P value = 0.07), 0.56 
for PCA3 (Sensitivity 59%, Specificity 51%, 95% CI 
0.4212 to 0.7113, and P value = 0.37), 0.66 for ARL-
NC1 (Sensitivity 62%, Specificity 65%, 95% CI 0.5310 
to 0.8084, and P value = 0.02), 0.65 for UCA1 (Sensi-
tivity 65%, Specificity 62%, 95% CI 0.5179 to 0.7935, 
and P value = 0.03). 
ROC analysis in BPH vs. CTRL showed AUC of 0.76 
for PSA (Sensitivity 93%, Specificity 62%, 95% CI 
0.6354 to 0.8872, and P value = 0.0005) , 0.95 for PCA3 
(Sensitivity 89%, Specificity 90% , 95% CI 0.9004 to 
1.000, and P value < 0.0001), 0.80 for ARLNC1 (Sensi-
tivity 64%, Specificity 84%, 95% CI 0.6859 to 0.9168, 
and P value < 0.0001), 0.78 for UCA1 (Sensitivity 72%, 
Specificity 84%, 95% CI 0.6572 to 0.9139, and P value 
= 0.0001) (Table S1,S2 and S3), (Figures2, S1 and S2) 
•	 Correlation analysis between tested genes and 
patients’ demographic characteristics
In the results related to investigating the correlation 
between the expression level of each gene and factors 
such as age, weight, height, prostate volume, PSA(ng), 
stage, size of tumor and grade, no significant relation-
ship was found for  PCA3, ARLNC1 genes but the cor-
relation of UCA1 gene with the stage of the prostate 
cancer, r: -4.772, 95% CI -7225 to -0.112, P(two-tailed): 
0.0129 and PSA ng/ml, r: -0.3902, 95% CI -0.6754 to 
-0.003303, P(two-tailed): 0.0488  and PSA with stage 
r: -0.4573, 95% CI -0.7133 to -0.09352, P(two-tailed): 
0.0165 were significant (Table S4) (FigureS3). 
•	 PCA3/PSA, ARLNC1/PSA and UCA1/PSA 
ratio difference analyses between groups and the related 
ROC curve analysis 
PCA3/PSA ratio difference analyses between groups 
were done by Dunn’s multiple comparison tests and as 
a result, the ratio difference showed to be significant for 
PCA vs. CTRL and   BPH vs. CTRL (Table S5), (Fig. 
S4). In the continuation, the ROC curve analysis was 
performed to achieve the diagnostic value of the PCA3/
PSA ratio in PCA vs. CTRL containing the results AUC 

Figure 3.  PCA3/PSA ratio ROC analysis between the groups.
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0.93 (sensitivity 85%, specificity 89%, 95% CI 0.8766 
to 1.000, and p-value < 0.0001) and in BPH vs. CTRL, 
AUC 0.91 (sensitivity 75%, specificity 100%, 95% CI 
0.8497 to 0.9851, and p-value < 0.0001) (Table S6), 
(Figure 3). ARLNC1/PSA and UCA1/PSA ratio dif-
ference analyses between groups indicated no different 
significance (Tables S7 and S8) (Figures S5 and S6). 

DISCUSSION
Prostate cancer is one of the most common diseases 
in men. Because the prostate tissue is a heterogeneous 
tissue, its early diagnosis sometimes requires multiple 
biopsies. In this research, we tried to find a clue of a 
genetic signature to prevent unnecessary biopsies by 
examining the expression of several genes that were 
previously confirmed to be specific to the prostate, at 
the same time, in three groups of healthy people, with 
benign prostate hyperplasia, and those with cancer. 
For this purpose, the gene expression levels of four 
PSA, PCA3, ARLNC1, and UCA1 genes were meas-
ured and their gene expression changes were investigat-
ed about prostate cancer. Regarding PCA3, in line with 
the results of other researchers such as Kewen Zheng, 
good results were obtained in using PCA3 gene ex-
pression as an acceptable and non-invasive diagnostic 
biomarker to distinguish prostate cancer patients from 
healthy individuals.(45) Considering the results related to 
the comparison of PCA3 gene expression between two 
PCA and BPH groups in this pilot study, the need to 
investigate the number of patients and therefore more 
data in future studies seems necessary. Considering the 
importance of the PCA3/PSA ratio mentioned in many 
articles(46,47), in the present study, the results of the com-
parison and statistical analysis of this ratio showed 
significant changes between PCA vs. CTRL and also 
between BPH vs. CTRL, which may have a high diag-
nostic value due to high sensitivity and specificity.
PSA is an important tumor marker for prostate cancer, 
which is induced by the Androgen receptor (AR) and 
is regulated at the transcriptional level(48), other known 
factors, including P53, are negative regulators of this 
gene(49). For the past few years, the level of PSA protein 
in blood serum has been measured to diagnose a patient 
with prostate cancer, but considering that a low PSA 
cannot guarantee that a person does not have prostate 
cancer, we evaluated the level of the gene expression 
and its changes between the three studied groups. Our 
results demonstrated that although the level of expres-
sion increased in the PCA group compared to BPH, the 
difference was not significant, as was previously re-
ported by V. Uma Bai and her colleagues(50). However, 
as mentioned before, according to the practical results 
related to PCA3/PSA examination, measuring the ex-
pression level of PCA3 and PSA genes is helpful and 
necessary for a more accurate and timely diagnosis of 
prostate cancer(51,52).
As a long non-coding RNA, ARLNC1 is important for 
AR signaling and prostate cancer progression. AR in-
duces ARLNC1 expression while ARLNC1 stabilizes 
AR transcript through RNA-RNA interaction. Various 
studies show that increasing the expression of ARLNC1 
causes large tumors, and blocking this gene can inhib-
it AR expression, AR signaling, and prostate cancer 
growth(53). Therefore, it is expected that the expression 
level of ARLNC1 is elevated in the PCA patients com-
pared to BPHs and controls. In this study, we found a 

significant difference between the sample groups con-
sidering ARLNC1 expression level. Therefore, as Kam-
la Kant Shukla pointed out, confirming the role of the 
expression levels of this gene in the etiology of prostate 
cancer in the Iranian population requires further study 
(54).
As a long non-coding RNA, UCA1 plays a role in many 
types of cancer such as cervical, stomach, bladder, and 
osteocarcinoma, increasing cell proliferation and inva-
sion by affecting microRNAs and other regulatory fac-
tors(55,56). On the other hand, in the article published by 
Xian Zhao et al. in 2020, contrary to previous studies 
that emphasize the effect of the UCA1 promoter on tu-
morigenesis and its progression, it has been found that 
this lncRNA stabilizes the E-Cadherin protein with 
two mechanisms by preventing from the interaction 
between this protein with the E3 Ligase MDM2 and 
as a result suppressing the degradation of E-Cadherin 
on the one hand, as well as the function of UCA1 as a 
miR-296-3p sponge that targets the E-Cadherin gene at 
the post-transcriptional level, maintaining the level of 
E-Cadherin increases in level, and as a result, cancer 
prostate cells become less tumorigenic and non-meta-
static at the initial level, so it can be said that a high 
level of UCA1 is not always threatening(57). In the pres-
ent study, the changes in the measured gene expressions 
were not significant in the three groups. However, ac-
cording to the above explanations, and the significant 
correlation obtained between the level of UCA1 gene 
expression and the stage of the disease, as well as the 
level of PSA protein, further studies on the double ef-
fect of UCA1 on prostate cancer will be very valuable.

CONCLUSIONS
The significant relationship between the expression 
levels of ARLNC1, PCA3, PCA3/PSA and the patho-
genesis of BPH and PCa in this research needs further 
studies and confirmation of a larger sample size. 
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