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ABSTRACT
Background: Numerous studies confirmed that significant decrease in tissue DCN expression is associated to
tumor progression and metastasis in certain types of cancer including PC. However, the potential prognostic value
of tissue DCN in PC has not yet been investigated. Methods: A total number of 40 PC and 42 patients with BPH
were investigated for the expression levels of DCN in their prostatic tissues using real-time qPCR and
immunohistochemical analyses. Urinary and plasma DCN levels were also measured by ELISA. Results: Despite no
significant changes in the mean of urine and plasma DCN concentrations between the two study groups, tissue
DCN mRNA was found to be 5.5fold lower in cancer than BPH (p = 0.0001). Similarly, the stained DCN levels
appeared significantly lower in cancer patients with higher Gleason Scores (8 and 9, n = 6) than those with lower
Gleason Scores (6 and 7, n = 26), with a p value of 0.049. Conclusion: Here, we report, for the first time, that urine
and plasma DCN does not seem to have a diagnostic value in PC, while tissue DCN could potentially be used as a
prognostic marker in PC. DOI: 10.29252/ibj.24.4.229
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INTRODUCTION

D

igital rectal exam, identification of prostatespecific antigen isoforms and tissue biopsy
analysis are the current standard diagnostic
approaches for PC. Yet, the later is the gold standard
approach. In addition to serious adverse effects, which
are common consequences of invasive diagnostic
approaches, the above-mentioned protocols might lead
to overtreatment[1]. Therefore, identifying specific
fluid-based biomarkers that correlate the disease stage
with histopathological features of the prostate are
desirable. In this regard, extracellular matrix proteins
such as DCN have catched the attention because of
their key role in tumor progression and metastasis[2].
DCN is a pan tyrosine kinase receptor inhibitor[3-6]
that
prevents
angiogenesis[7-9]
and
induces
[10]
autophagy . Hence, it is referred as “Guardian of the
matrix”[11]. The role of tissue DCN as a prognostic
marker in several types of cancer including breast,
bladder, and lung carcinomas[12-14] but not PC has been
proposed. In PC, tissue DCN expression is shown to
decrease compared with BPH[15]. Due to the proximity
of prostate gland and urethra, we have hypothesized
that DCN would leak into the urine and urinary DCN
could potentially reflect the tumor progression. In
addition to that, plasma DCN levels were studied.
Potentially diagnostic low plasma DCN levels had
previously been reported in esophageal cancer[16] and
urothelial carcinoma of bladder[13], but not in breast
carcinoma[17]. In this study, we aimed to compare
plasma and urinary levels of DCN as well as tissue
DCN mRNA and protein in PC versus BPH.
MATERIALS AND METHODS
Study subjects and samples
In total, 82 patients who had been admitted either to
Mehr Hospital (Tehran, Iran) or Farabi Hospital
(Mashhad, Iran) were recruited in this study. A total of
40 patients were diagnosed for PC and the rest for
BPH, based on histopathological analysis. Blood and
urine collection from each patient was performed
before any surgical intervention. Blood samples were
collected in EDTA-containing tubes, centrifuged at
2000 ×g for 15 minutes. The isolated plasma was then
aliquated and kept frozen at -80 ºC until further
processing. Urine samples were also collected in
sterilized containers and preserved at -80 ºC. Shipping
duration was less than two hours, and all samples were
carried on ice, then transferred to the Central
Laboratory of the Department of Genetics and
Molecular Medicine, Zanjan University of Medical
Sciences, Zanjan, Iran. Tissue biopsies were obtained
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during radical prostatectomy, for cancer patients, or
during transurethral resection of prostate, for patients
with BPH. Tissue biopsies were collected in an RNApreservation buffer (RNAlater, Ambion, USA) and
maintained at 4 ºC up to 24 hours, before being
transferred to -80 ºC. Patients with metastasis, diabetes
(fasting blood sugar ≥126 mg/dl), renal failure
(glomerular filtration rate <60 (mL/min/1.73 m2),
infectious, and inflammatory diseases or the history of
stroke, transient ischemic attack history, and
chemotherapy/radiotherapy were excluded from the
study.
ELISA for DCN
Sandwich enzyme-linked immunosorbent assay
(ELISA) was applied using DuoSet kit )DY143 R&D
systems, USA) according to the manufacturer’s
instruction, as described previously[17]. When
measuring DCN in urine samples was desired, 2 ml of
urine was concentrated with the use of 30K-Ultra-0.5
Centrifugal Filter tubes (Amicon, USA) first, and then
assayed as explained, diluted or not. Urine samples
were first morning voiding and patients did not have
DRE; samples with pyuria were excluded.
RNA extraction and real-time qPCR
Total RNA was extracted from tissue samples using
TRIzol reagent (Life Technologies, USA) according to
the manufacturer’s instruction. Quantity and quality of
the extracted RNA were assessed on a fiber optic
spectrometer (NanoDrop 2000c; Thermo Fisher
Scientiﬁc, USA). RNA samples with 260/280 ratio,
ranging from 1.8 to 2.1, were used for downstream
applications. DNA contaminations were removed by
DNase I (Thermo Fisher Scientiﬁc) treatment and
cDNAs were synthesized using Oligo dT primers
(PrimeScript™ RT reagent kit, Takara Bio Inc., Japan).
Gene expression levels were then quantified on a
StepOnePlus™ Real-Time PCR system (Applied
Biosystems, USA), with a SYBR green-based method
using 20 ng cDNA of each sample per reaction. DCN
transcript levels were normalized against the geometric
mean of hTBP[18,19] and hHPRT-1[19] reference gene
transcripts. Table 1 represents primer sequences, their
targeting position and expected amplicon sizes.
Relative gene expression (fold increase) was calculated
by comparison to a single calibrator for all the
amplicons using 2-ΔΔCt method; amplification
efficiency was taken into account. A pool of total
RNAs extracted from five prostate tissue biopsies was
prepared and used to synthesize calibrator cDNA.
Signal intensity generated from that cDNA was taken
as calibrator.
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Table 1. Primer sequences to amplify DCN and internal control genes
Accession no./
Gene
Sequence (5´ to 3´)
gene ID
F: CGAGTGGTCCAGTGTTCTGA[20]
DCN
NM_001920.4/1634
R: GACAAGAATCAATGCGTGAAG

Nucleotide
position
595-614
727-747

hTBP

NM_003194/6908

F: GAATATAATCCCAAGCGGTTTG[18]
R: ACTTCACATCACAGCTCCCC[18]

hHPRT-1

NM_000194/3251

F: CAGACTGAAGAGCTATTGTAATGACCA
R: TGGCTTATATCCAACACTTCGTG[18]

Immunohistochemistry
Paraffin-embedded tissue samples were cut into 4µm sections, deparaffinized with xylene and
rehydrated. Antigen retrieval was performed with a
solution containing 10 mM Tris Base and 1mM EDTA
solution at pH 9.0, for one minute in a microvawe oven
adjusted to 900 watt. After treatment with hydrogen
peroxide, the slides were washed and incubated with
MAB143 anti-human DCN monoclonal antibody
(R&D system, USA) diluted 40 times in PBS, for one
hour at room temperature. To detect the primary
antibody a solution of peroxidase-conjugated goat antimouse
antibody
(K5007;
Dako
REAL™
EnVision™/HRP, Rabbit/Mouse, USA) was used as
described by manufacturer. Color development was
carried out with the use of 0.02% DAB solution (3-3'
diaminobenzidine tetrahydrochloride, Dako) for 5
minutes at room temperature. Tissue sections were then
analyzed under LX400, Labomed Inc microscope and
images were generated with Labomed iVu 5100 digital
imaging camera (Labo America, Inc. USA). In order to
semi-quantify DCN expression in tissue sections, five
fields of vision were randomly selected and color
intensity was scored as negative (0), weak positive
(1+), moderate positive (2+), or strong positive (3+).
Statistical analysis
The Kolmogorov-Smirnov test was used to evaluate
the distribution of variables. For categorical variables,
chi-square test was applied. Values are expressed as
mean ± standard deviation (mean ± SD) and percentage
number, when appropriate. Normally and non-normally
distributed variables were compared using independent
t-test and Mann-Whitney test, respectively. The
association between PC and tissue DCN was adjusted
by age using logistic regression models. p values <0.05
are considered as statistically significant. All analyses
were performed on SPSS 16.0 (SPSS Inc., USA).
Ethical statement
The above-mentioned sampling protocols were
approved by the Ethics Committee of Zanjan
University of Medical Sciences, Zanjan, Iran (ethical
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Amplicon
size (bp)
152

803-824
1028-1009

226

385-411
591-613
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code: ZUMS.REC.1392.120; 24 Nov. 2013). Written
informed consents were provided by all the patients.

RESULTS
Forty patients affected with PC with a mean age of
63.82 ± 6.58 years and 42 patients diagnosed for BPH
with the mean age of 67.75 ± 10.38 years were studied.
Body mass index values of 26.27 ± 3.22 and 24.90 ±
5.68 were recorded for the cancer and BPH patients,
respectively. While the difference between the mean
age in the two groups was significant (p = 0.04), no
significant difference was observed in the body mass
index between the two groups.
In order to compare DCN protein levels in plasma
and urine samples between the two study groups,
ELISA was performed. As shown in Figure 1, the
mean concentration of plasma DCN in cancer patients
(4.01 ± 0.88 ng/ml, n = 40) was not significantly
different from that of BPH patients (3.85 ± 0.67 ng/ml,
n = 42; p = 0.65). Similarly, comparing urinary DCN
between 29 prostatic cancer (20.24 ±17.17 pg/ml) and
19 BPH patients (33.84 ± 35.97 pg/ml) who had
measurable DCN levels did not appear significantly
different (p = 0.81). It should be mentioned that ELISA
was performed on urine samples from all the patients
recruited in the study except for the samples of two
BPH patients who had pyuria. However, DCN levels
were undetectable in a number of samples even after 4times sample concentration.
The lack of difference in urine and plasma DCN
levels between prostatic cancer and BPH patients could
be due to the insignificant difference in tissue levels of
DCN. Therefore, protein and transcript levels of DCN
were both measured in tissue samples collected from
the studied patients. DCN transcripts were detected in
30 of cancer and 20 of BPH patients by real-time
qPCR. The mean expression level of DCN in cancer
patients (1.84 ± 1.45, n = 30), as shown in Figure 2A,
was 3.6 fold lower than that in the patients with BPH
(6.79 ± 4.89, n = 20), with a p value of 0.001. Ageadjusted odds ratio for the association between PC and
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p = 0.81
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33.84 ± 35.97
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20.24 ± 17.17
0
-20

0

PC (n = 40)

BPH (n = 42)

PC (n = 29)

BPH (n = 19)

Fig. 1. Urine and plasma DCN levels in patients with PC compared with their levels in BPH patients. Distribution plot of the
measured DCN levels in plasma (A) and urine (B) of prostatic cancer (filled circles) and BPH (empty circles) patients are depicted.
Calculated mean ± SD for each study group is also inserted. The difference in the mean ± SD for the measured values between the two
study groups was neither significant for plasma (p = 0.65) nor for urine DCN levels (p = 0.816). Assays are performed in triplicate for
each sample. A single positive control was run in all assays for variation monitoring. No template controls were also included in each
run.

tissue DCN expression was 1.05 (95% CI, 1.011.10). The observed difference was then compared
with the outcome of immunohistochemistry for DCN
proteins in the selected number of stained tissue
sections (Fig. 2B). Mean of scores given to the
intensity of stained DCN in PC tissue sections of 12
patients was 1.2 (ranged 1-3) compared with the
mean of scores given to the stained biopsy sections
of a similar number of BPH patients calculated as
2.41 (ranged 1-3).
Cancer patients were divided into two subgroups
based on their Gleason Score (Table 2). DCN

expression level in the samples with higher Gleason
Scores (8 and 9; n = 6), estimated as 0.97 ± 0.79 and
was found significantly lower than DCN expression
level in the samples with lower Gleason Score (6 and
7; n = 26), estimated as 2.54 ± 2.22 (p = 0.049). This
observation provides supporting evidence for DCN
expression level as a potential prognostic marker in
PC tissue. However, the mean ± SD of plasma DCN
levels in the 6 patients with higher Gleason Score (8
and 9) measured as 4.17 ± 0.97 ng/ml was not
significantly different from those measured in the 26
patients with lower Gleason Score (6 and 7),

(B)

(A)

20

DCN expression level

Downloaded from ibj.pasteur.ac.ir at 14:54 IRST on Tuesday September 22nd 2020

(B)

80

(a)

(b)

(c)

(d)

15
p < 0.001

10

6.79 ± 4.89

5

0

1.84 ± 1.45

-5

PC (n = 300)

BPH (n = 20)

Fig. 2. DCN mRNA and protein expression in tumor biopsies from prostatic cancer versus BPH. (A) The tissue DCN transcript
levels in prostatic cancer (filled circles) and BPH (empty circles), as measured by Real-time qPCR, are plotted. The difference in the
mean expression level of DCN in cancer (1.84 ± 1.45, n = 30) versus BPH (6.79 ± 4.89, n = 20) was significant (p = 0.00). (B) DCN is
stained in prostatic tissue sections of cancer and/or BPH patients (a, b, c, d). a and b represent weak and moderate positive stromal
expression of DCN in PC sections, respectively. Moderate and strong positive stromal expression of DCN observed in sections of
prostatic BPH are presented in c and d, respectively. Neither weak staining (+1) in BPH sections nor strong staining (+3) in cancer
sections were observed in this study.
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Table 2. Histological properties of tissue biopsies from
prostatic cancer patients
Frequency
(n = 32)

Percentage

Lymphovascular Involvement
Positive
Negative

2
31

6.1
93.9

Perineural Invasion
Positive
Negative

27
6

81.8
18.2

Seminal vesicle Involvement
Positive
Negative

7
26

21.2
78.8

Capsular Involvement
Positive
Negative

8
25

24.2
75.8

Metastatic lymph node
Positive
Negative

3
30

9.1
90.0

Prostatic intraepithelial neoplasia
Positive
Negative
Diffuse-high grade

24
6
3

72.7
18.2
9.1

Gleason Score
6
7
8
9

11
15
5
1

33.3
46.8
15.2
3

Variables

measured as 3.95 ± 0.82 (p = 0.6). Similarly, no
significant differences were observed for the urinary
DCN levels in the 6 high Gleason Score patients (22.67
± 15.66 pg/ml) compared with the 19 patients low
Gleason Score who had detectable amounts of DCN in
their urine samples (21.58 ± 19.07 pg/ml; p = 0.7).

DISCUSSION
Measuring urine and plasma DCN levels in this
study, we observed no significant difference between
the patients with PC and BPH, while significantly
lower DCN expression was observed in prostatic
cancer biopsies compared with BPH. Low DCN
expression in cancerous tissue was expected as it has
previously been reported not only in prostate[15,21,22] but
also in breast[23,24] and bladder[25] cancers. However,
limited studies have reported an increased DCN
expression in prostate[26], as well as bladder[27] and
pancreas[28] cancers.
Because of surrounding the urethra by prostate gland,
we had hypothesized that DCN would leak into the
Iran. Biomed. J. 24 (4): 229-235

urine. Although urinary DCN protein measured in
samples of 29 cancer patients and 19 individuals with
BPH were in a similar range, the impact of small
sample size cannot be excluded. Larger sample size
and sampling after DRE[29] could provide a robust
conclusion.
DCN could also be detected in the circulation.
Plasma DCN levels have been shown to rise or decline
in several pathological conditions such as diabetes,
sepsis, and ischemic stroke[10], as well as cancer[13,16,17].
Few studies have looked into the levels of DCN in the
plasma of cancer patients. In the first study by Wu et
al.[16], significantly lower DCN was measured in the
plasma of 275 patients with esophageal cancer
compared with 295 healthy individuals. Using a similar
method, we measured 5.01 to 3.1 ng/ml DCN in the
plasma of all the studied patients, with no difference
between PC and BPH. Similar to the study by Chen
Wu et al.[16], Appunni and colleagues[13] have recently
reported lower DCN expression in the serum of the
patients with urothelial carcinoma of bladder than
healthy individuals. In that study, 0.484 ng/ml DCN
was measured in the patients’ blood serum compared
with the controls (0.804 ng/ml). Despite the low DCN
levels detected in that study, which could be explained
by the removal of a major portion of circulating DCN
along with the fibrinogen during serum preparation, the
difference was significant[30,31].
To our knowledge, this is the first study in which
plasma DCN is measured in PC. Similar to the
outcome of the present study, we have recently
reported no significant difference in the plasma levels
of DCN in patients with stages II and III of invasive
ductal breast carcinoma compared with healthy
individuals or patients having breast fibroadenoma[17],
the most frequent benign tumor of the breast.
Interesting with the current study is the lower DCN
expression observed in cancerous tissues with higher
Gleason Scores. Although those patients all had similar
DCN levels in their urine and plasma, the prognostic
value of tissue DCN in PC could be suggested from
this study. The prognostic value of DCN in other types
of cancer including node-negative invasive breast
cancer, but not PC had been suggested previously[32,33].
According to previous studies, insignificant PC is
low-volume clinical T1c prostate carcinoma, and
treatment for these patients may be unnecessary[34,35].
The potential prognostic value of DCN, in combination
with the current knowledge on the role of DCN in
tumor progression, could also propose a role for DCN
in differentiating significant tumors from insignificant
ones.
In conclusion, immunohistochemical and qPCR
analyses of DCN expression in the studied PC tissues
have confirmed the decreasing trend of DCN
233
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expression with cancer progress. A similar
phenomenon has been observed in bladder[25] and
breast cancers[23]. On the contrary, plasma and urinary
DCN levels do not seem to have a diagnostic or
prognostic value in PC. However, studying a larger
patient population is strongly proposed before a robust
conclusion could be made.
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