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Summary 
Background: It has been shown that decreased expression
and activity of extracellular matrix protein mindin correlate
with various types of cancers including breast, colon and
lung cancers. The aim of the presented study was to
investigate the serum mindin levels in prostate cancer.   
Methods: Mindin concentrations in serum were measured
in 56 patients with prostate cancer (mean age 68 years)
and in control group of 29 healthy men (mean age 64
years) using commercially available enzymatic immuno -
assay (Cusabio, WuHan, China). The patients were divided
with respect to the severity of the disease into two groups
according to the EAU guidelines (stage 1, 2 – less severe
tumours, stage 3, 4 – severe tumours).    
Results: Serum mindin concentrations were significantly
elevated in the group of healthy individuals unlike in the
patients with prostate cancer (2.12 ng/mL vs 0.78 ng/mL,
with P=0.0007, AUC=0.705). Patients with less severe
tumours (stage 1, 2) and severe tumours (stage 3, 4) had
significantly decreased levels of S-mindin as well
(P=0.0037), although the difference in serum mindin
concentrations between the patients with less severe and
severe tumours was not significant.                                 
Conclusions: Concentrations of mindin were decreased in
patients with prostate cancer and reduced in patients with
less severe prostate cancer as well. Mindin appears to be a
promising diagnostic marker useful in the diagnosis of
prostate cancer. 
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Kratak sadr`aj
Uvod: Pokazalo se da je smanjena ekspresija i aktivnost
ekstracelularnog proteinskog matriksa mindina korelira sa
razli~itim tipovima raka, uklju~uju}i rak dojke, debelog creva
i plu}a. Cilj prikazane studije je bio da se ispita serumski
nivo mindina kod   karcinoma prostate.  
Metode: Koncentracije mindina u serumu su merene kod
56 bolesnika sa karcinomom prostate (srednja starost 68
godina) i u kontrolnoj grupi od 29 zdravih mu{karaca
(srednja starost 64 godine) kori{}enjem komercijalno
dostupnog enzimskog testa (Cusabio, VuHan, Kina).
Pacijenti su prema te`ini bolesti podeljeni u dve grupe
prema EAU smernicama (faza 1, 2 – manje te{ki tumori,
faza 3, 4 – te{ki tumori). 
Rezultati: Koncentracije serumskog mindina bile su
zna~ajno povi{ene u grupi zdravih pojedinaca, za razliku od
pacijenata sa rakom prostate (2,12 ng/mL u odnosu na
0,78 ng/mL, sa P=0,0007, AUC=0,705). Pacijenti sa
manje ozbiljnim tumorima (faza 1, 2) i te{kim tumorima
(faza 3, 4) imali su i zna~ajno sni`ene nivoe S-mindina
(P=0,0037), iako razlika u koncentracijama mindina u   
serumu izme u pacijenata sa manje te{kim i ozbiljnim
tumori nije bila zna~ajna. 
Zaklju~ak: Koncentracije mindina su smanjene kod pacije -
nata sa rakom prostate, a smanjene su i kod pacijenata sa
manje te{kim oblikom raka prostate. Izgleda da je mindin
obe}avaju}i dijagnosti~ki marker i da je koristan u dijagno -
stici raka prostate.

Klju~ne re~i: mindin, rak prostate, biomarker

List of abbreviations: AUC, Area under the curve; CV,
Coefficient of variation; EAU, European Association of
Urology; ELISA, Enzyme-linked immunosorbent assay; IQR,
interquartile range; Pca, prostate carcinoma; PHI, prostate
health index; PSA, Prostate-specific antigen; PSADT, Prostate-
specific antigen doubling time; ROC, Receiver operating
characteristics.
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Introduction

Prostate cancer (PCa) is one the most frequently
diagnosed tumours of men and the third most
common cause of cancer death of Czech men (1).
Currently, the only biomarker in wide clinical use for
the diagnosis and prognosis of prostate cancer is the
prostate-specific antigen (PSA). Other markers useful
for the diagnostics of prostate cancer are free PSA
and Free/Total PSA ratio, complexed PSA, pro PSA -
2proPSA and Prostate Health Index (PHI). Total PSA,
% fPSA, f/tPSA, and other PSA derivatives, PSAD,
PSA velocity, PSADT, age-specific PSA do not
decrease the number of unnecessary biopsies per -
formed for diagnostic purposes. Despite all of these
markers, a 100% conclusively precise diagnostic test
for PCa has not been introduced yet (2). 

PSA can be detected in the serum of a blood
sample and is considered to be currently the most
useful tumour marker (3). PSA can be used for
prostate cancer screening and monitoring of the
response to the treatment. PSA seems to be useful for
the detection of prostate cancer of the men whose
total PSA concentration in the 4–10 mg/L range (4).
Investigation of the serum PSA levels does not have a
direct correlation with increasing grade and stage of
prostate cancer (5). 20 % of patients have PSA levels
less than 4 mg/L, 25 % of the patients have PSA levels
in the interval of 4–10 mg/L. Moreover, some aggres-
sive forms of prostate cancer can be PSA negative
(6). Due to the limitations of PSA as a biomarker,
there is still a need for new biomarkers that can be
used as prognostic indicators of prostate cancer for
effective differentiation between indolent and aggres-
sive disease (7).

Mindin, also called spondin 2, is an extracellular
matrix protein which is encoded by the SPO2 gene
located in the chromosome 4p16.3. Spondin 2
belongs to the F-spondin family of secreted extracel-
lular matrix proteins. The members of F-spondin fam-
ily have three domains: FS1 (for F-spondin), FS, and
thrombospondin type 1 repeats. Mindin exerts a
broad spectrum of effects on the innate immune sys-
tem and its role in cancer is currently investigated (8).
Recently, mindin is mentioned as a candidate bio -
marker for prostate cancer diagnosis (9).

The study aimed to investigate serum levels of
mindin as a potential diagnostic biomarker in patients
with prostate cancer.

Materials and Methods

Serum samples of patients with prostate cancer
were obtained in the morning before prostatectomy.
The cancer diagnosis was performed by histological
examination of tumour specimens obtained by pro -
state resection. The samples of patients and healthy
individuals were frozen immediately, aliquoted and

kept at -70 °C until mindin was analyzed. Serum
concentrations of mindin were measured in 56
patients (mean age 68 years, range 45–82 years) with
prostate cancer, and in the control group consisting of
29 healthy men (mean age 64 years, range 55–78
years). Informed consent was obtained for all of the
individuals included in the study. The characteristics
of the patients and healthy subjects are summarized
in Table I. 

Serum mindin levels were assayed using com -
mercially available immunoassay technique ELISA kit
(Cusabio, WuHan, China). The analytic characteristics
of the diagnostic kit were as follows: detection limit
0.78 ng/mL and working range 3.12–200 ng/mL,
with a mean coefficient of variation (CV)=11%. The
patients were previously clinically investigated and
classified according to the European Association of
Urology (EAU) guidelines (10). For further investiga-
tion, the patients were divided into two groups
according to the severity of the disease. The first
group consisted of patients with less severe tumours
(stages 1 and 2), the second group consisted of
patients with severe tumours (stages 3 and 4).

Results

Differences between subgroups were tested for
statistical significance by the nonparametric Mann-
Whitney test. The value of P<0.005 was considered
statistically significant. Receiving operation analysis
(ROC) was used to investigate the diagnostic
efficiency. The analysis of variance was used to
evaluate the relationship of mindin levels with the age
and PSA levels. Statistical software MedCalc version:
18.02.01 (Ostende, Belgium) was used for statistical
analysis.

Serum levels of mindin in patients with prostate
cancer were significantly decreased in the control
group expressed as medians (2.12 ng/mL vs 0.78
ng/ml, P=0.0007, Mann-Whitney test, Figure 1).
Diagnostic efficiency of serum mindin expressed as
AUC calculated from the ROC analysis was 0.705
(specificity=73 % and sensitivity=64 %) (Figure 2).
Serum levels of mindin in patients with less severe
tumours (stages 1 and 2) and severe tumours (stages
3 and 4) were significantly decreased compared with
the control group as well. (P=0.0037, One-way
analysis of variance, Figure 3). 

Discussion

The results of the pilot study confirm the
relevant role of mindin in the prostate cancer
diagnosis. We proved that the serum levels of mindin
were significantly decreased in patients with prostate
cancer compared with healthy individuals. These
results differ from the results of other studies showing
elevated mindin levels in patients with prostate cancer
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(11, 12, 14). Presented results are in concordance
with the study of Wang et al. (8) showing significantly
decreased serum mindin in tumour lesions of patients
compared with adjacent control tissues by colon,
lung, gastric, oesophageal, and breast cancer. Wang
et al. (8) mentioned an important role of EGR-1,
which directly regulates mindin expression at the
transcriptional level, and this regulates both mindin
mRNA and protein expression in vitro to further
define EGR-1 mediated regulation of mindin expres -
sion. The relationship between EGR-1 expression and
prostate cancer was previously mentioned. Gregg et
al. (12) showed that EGR-1 is downregulated in
patients with prostate carcinoma according to their

clinical considerations (18 of 20 patients in pT2 and
pT3 clinical stages showed normal or downregulated
EGR-1 expression). Contrary to the previously
mentioned reports of Wang et al. (8) and Gregg et al.
(12), studies of other authors showed that in patients
with prostate cancer EGR-1 stimulates tumour cell
growth and its expression level increases with the
degree of malignancy (11, 13). This seems to be
specific to the prostate tumour cells because, in
mammary and lung tumours as well as most normal
tissues, EGR-1 expression is low. This contradictory
findings regarding EGR-1 expression confirmed the
bivalent role of EGR-1 either as a tumour suppressor
or oncogene with respect to EGR-1 regulation and
the degree of the malignancy.

Our results show good diagnostic sensitivity of
mindin with AUC of 0.705. We prove that serum
mindin levels are not dependent on the PSA levels,
and the age (P=0.42, analysis of variance). The
serum levels of mindin differ in patients with prostate
cancer. We found significant differences between
serum mindin concentrations related to the staging of
cancer. The patients with less severe tumours
belonging to stages 1 and 2 had lower serum mindin
level than patients with severe tumours stages 3 and
4 as shown in Figure 3. These results correlate with
the results found in other cancer types presented by
Wang et al., (8) who presented decreased levels in
patients with less severe tumours belonging to stages
1 and 2. In our study, the difference between patients
in stages 1 and 2 and 3 and 4 is not significant. 

The presented study is a pilot study, and thus the
results need to be confirmed on a large number of
samples. Various enzymatic immunoassays used for
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Figure 1 Serum mindin levels in healthy individuals and
patients with prostate cancer.
Results are expressed as Box-and-whisker plots with medians (IQR
25. – 75. percentile).
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Figure 2 Diagnostic efficiency of mindin.
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Figure 3 Serum mindin levels in patients with less severe and
severe prostate cancer tumours. 
Results are expressed as Box-and-whisker plots with medians (IQR
25. – 75. percentile) 
Stage 1, 2 – patients with less severe tumours
Stage 3, 4 – patients with severe tumours
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mindin evaluation show discrepant results, as
indicated in the presented study and the study of
Wang et al. (8) with similar results, which are different
from the study of Luccarelli et al. (14). This finding
seems to indicate that the concentrations of mindin in
patients with prostate cancer are assay dependent.

The concentration of mindin is decreased in
patients with prostate cancer. Mindin concentration is
not related to the age and PSA levels. Mindin appears
to be a promising diagnostic marker useful in the
diagnosis of prostate cancer.
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