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Abstract

This study aimed to investigatethe possible association of thiol/disulfidehomeostasiswith prostate-specific antigen levelsin prostate cancer patients and to compare the
results with a normal healthy population ofa similar age group for the first time in literature. Forty-twopatients (20 patientswith prostate cancer and 22 volunteers) were
included in the study. Thiol/disulfide homeostasis tests were measured with an automated method. Albumin, carcinoembryonic antigen (CEA), prostate-specific antigen
(PSA), ischemia modified albumin (IMA), total thiol (TT), native thiol (—-SH), and disulfide (-S—S-) levelsand, thiol-disulfide ratios (disulfide / native thiol, disulfide/total
thiol and native thiol/total thiol) were assessed to detect any differences between prostate cancer group and control group. The mean PSA value of the prostate cancer group
was 2.56 ng/mL, the mean PSA value of the control group was 1.21 ng/mL, and the mean age of the prostate cancer group was 67.32 years, the mean age of control group
was 60.09. Although native thiol and total thiol levels were significantly lower in patients with prostate cancer (p<0.05), there was no difference between the other values
(PSA, IMA, Albumin, CEA,—S-S— and thiol-disulfide ratios) in the prostate cancer group compared to the control group (p> 0.05). In our study, we could not show thi-
ol-disulfide values as a biochemical prognostic factor in patients with prostate cancer. We believe that serum TT, —SH, —S—S— concentrations cannot serve as a noninvasive
biomarker for prostate cancer. To verify the biochemical role of thiol/disulfide balance, studies need to be done by increasing the number of patients with prostate cancer.
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Introduction Prostate cancer is still being followed up by a glycoprotein

called prostate-specific antigen also known as human Kallikrein

Cancer is among themost common causes of death worldwide
[1,2,3]. Although prostatitis (chronic inflammation), benign
prostatic hyperplasia (BPH), and prostate cancer are common
diseases of the prostate, Prostate cancer is one of the most
common and common malignancies worldwide [4]. Although
it is the leading cause of cancer-related deaths among men in
advanced ages (75% over 65 years of age),the mortality rate
from prostate cancer is around 3% and it is often confined to the
prostate gland [4,5].

Prostate cancer is the most frequentlydiagnosed type of urological
cancer among men.Although its incidence varies around the
world, it is predicted that factors such as nutritional habits,
chronic inflammation of the prostate, sexual disorders, and low

exposure to ultraviolet radiation can cause prostate cancer.[4-6].
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3 (hK3) [6].

PSA level is a noninvasive biomarker used in prostate cancer
along with tissue biopsy, which may vary according to age,
density rate, rate of increase (velocity), and doubling time [4,7,8].

PSA reference range is considered to be 0-4 ng / mL. However,
PSA values of prostate cancer have been reported below these
values, even at 0.50 ng/ml. It is stated that the 4ng / ml limit of
PSA can be significantly overlooked for prostate cancer [7].

To increase the value of PSA in the diagnosis, the need to use PSA
with different values such as PSA growth rate, age-specific PSA
values, and PSA density has been demonstrated in many studies.
It is also known to confirm the diagnosis with biopsy [4,7,8].
Oxidative stress is known to be important in tumor formation.
Oxidative stress is thought to accelerate the cancer formation
process by disrupting the redox balance [9].

Thiols are not a simple class of antioxidants but play an important
role in preventing oxidative stress formation in cells.Thiols are
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organic compounds containing a sulfhydryl group (-SH). They
can form disulfide bonds by oxidation reactions[3,10]. Thiols
in plasma form more protein thiols.However, they are found in
low molecular weight thiols (glutathione,homocysteine, cysteine
(Cys),etc.).Due to the prevalence of prostate cancer, accurate
management of the diagnosis, treatment,and active follow-up
process is important for the patient as well as for public health.

In recent studies, it has been reported that no biomarker alone
is sufficient in diagnosis and it is necessary to be multivariate in
the diagnostic approach [11]. We aimed to analyzethe possible
relationship between thiol/disulfideequilibrium and the levels of
PSA in prostate cancer patients and to compare the results with
the normal healthy population.

Materials and Methods
Study population, assay protocol and ethics approval

This study was conducted with 42 participants from the
Department of Oncology and Urology in Turkey.The study was
performed according to the Helsinki Declaration (Declaration of
Helsinki 2013, Brazil version). It was performed after approval
from the Research Ethics Committee of Dumlupinar University
in Turkey (2015-KAEK-86/08-158).

The population of our study consisted of voluntary prostate cancer
patients and healthy individuals. All patients and volunteers were
over 18 years of age. The prostate cancer group consisted of 20
patients and the control group consisted of 22 healthy volunteers.
The healthy control group consisted of participants who applied
for a check-up to the outpatient clinic. The control group
consisted of healthy volunteers who were free of any chronic
disease (liver diseases, cardiovascular diseases,pathology of the
salivary gland,diabetes mellitus, or cancer).The patient group
consisted of participants with prostate cancer. In the control
group, participants using chronic drugs and patients with any
chronic disease were excluded from the study.

Serum samples were collected in two periods (first period:
February-June 2017/ second period: March-September 2018).
Sampleswere recollected as it was desired to increase the
samples in Congress of Biochemistry (National Congress of
Biochemistry, 28th National Biochemistry Congress, September
19-23, 2017). Blood samples (5 ml) were taken from the
participants with prostate cancer and the control group into
the ethylenediaminetetraacetic acid (EDTA) tubes. Samples
collected from the prostate cancergroup (n = 20) and the control
group (n = 22)were separated by centrifugation (1500 rpm for
10 min). Serums of blood samples were stored in -80 Celsius in
the deep freezer until the analysis. Serum samples were sent to
YildinmBeyazit University in dry ice and then analyzed. Native
thiol, total thiol, and disulfide levels were measured using an
automatic spectrophotometric method (19).

This method was performed according to the specific protocol.
The specific protocol was comprised of the following steps:

1.Di-sulfide bonds were reduced to free thiol groups by sodium
borohydride (NaBH4).
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2.NaBH4 residues were removed by CH2O (formaldehyde).

The total thiol was measured using reagent (modified Ellman). A
spectrophotometric method byErel and Neselioglu was used to
measure the concentrations of TT,—~SH, and —S-S, the ratios of
SS/(SH + SS), and SS/SH, and the ratios of SH/(SH + SS).

Serum PSA and CEA were determined using an automated
clinical biochemistry analyzer with original reagents. Total
IMA and albumin levels were measured ing/dl in an automatic
analyzer with commercially available assay kits. The assay was
performed according to the manufacturer’s kit protocol. Serum
PSA was measured in ng /ml in the automatic analyzer with
commercially available assay kits.

Statistical Analysis

Results were evaluated by using SPSS 17 program. Values (mean
and median) and spread (standard deviation and coefficient of
variation) of continuous data were calculated. In comparing
the parametric data between the groups, the Mann-Whitney-U
test will be used to compare non-parametric and normally non-
dispersible values between the groups.The relationship between
the variables was examined by Pearson Correlation Test.

P <0.005 is considered to be significant.
Results

Demographic and thiol-disulfide equilibrium parameters (Native
thiol/ disulfide, native thiol, total thiol, and disulfide levels) of
all study subjects are summarized in Table 1. The study was
conducted with 42 individuals — 22 in the control group and 20 in
the prostate cancer group. Sixpeoples in the control group were
in the 45-50 age group, 11 individuals in the 51-60 age group,
and 5 individuals in the 61-72 age group. Two peoples in the
prostate cancer group were in the 45-50 age group, 7individuals
in the 51-60 age group, and 11 individuals in the 61-77 age
group. No statistical difference was observed between age and
thiol/disulfideequilibrium parameters. All the cancer patients
were diagnosed with adenocarcinoma and half of them received
surgical treatment while the other half underwent various
treatments. A family history of prostate cancer was present in
30% of patients.It was observed that, in the control group, 5
individuals had PSA levels below 0.5 ng/ml and 17 individuals
had PSA levels ranging between 0.6 and 3.0 ng/ml. In the prostate
group, 4 patients had PSA levels below 0.5 ng/ml, 8 patients had
PSA levels between 0.6 and 3.0 ng/ml, 6 patients had PSA levels
between 3.1 and 6.0 ng/ml, 1 individual had a PSA level between
6.1 and 10.0 ng/ml and 1 individual had a PSA level above 10.0
ng/ml (Table 2).

No significant difference was observed between groups. It was
detected that PSA activity was statistically significantly different
from the control group (Table 3). As a result of the Mann-Whitney
U Test, PSA values as well as TT,—SH, and —S—S— and the ratios
of SS/(SH + SS) and SS/SH, the ratios of SH/(SH + SS) values
are presented in Table 3 and 4 (Table 3 and 4). According to the
test results, IMA values were measured as 5.97+3.83 ABSU
(Absorbance unit) in the prostate cancer group and 4.48+5.10
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ABSU in the control group; albumin values were calculated as
5.75+2.39 g/dL in the prostate cancer group and 5.76+2.49 g/
dL in the control group. No statistically significant difference
was found. Native thiol levels were 272.6+47.49 umol/L in the
prostate cancer group and 312.06£83.45 umol/L in the control
group while total thiol levels were 310.78+53.39 pmol/L in the
prostate cancer group and 356.96+85.82 umol/L in the control
group, and native thiol and total thiol levels were significantly
low (P <0.05). Disulfide values were 19.01+£7.92 umol/L in the
prostate cancer group while they were calculated as 22.45+7.49
pmol/L in the control group (Table 3).

Table 1. Descriptive statistics based on age between Volunteers.

Age Range

Control (n: 22)

45-50 ()
(11)
61-72 5)

27.7%
51-60 50%
22.72%

Mean age 60.09

Prostate Cancer (n: 20)

4550 ) 10%
51-60 (7

()

35%
61-77 55%

Mean age 67.32

Family History

Positive 30%

Negative 45%

Unknown 25%

Table 2. PSA level of Volunteers.

Psa Level n

Control Total :22

below 0.5 ng /ml 5
0.6 - 3.0 ng /ml 17
3.1- 6.0 ng /ml -
6.1 -10.0 ng /ml -

up to 10 ng /ml -

mean of PSA 1.21

Prostate Cancer Total :20

below 0.5 ng /ml 4
0.6 to 3.0 ng /ml 8
3.1t0 6.0 ng /ml 6
6.1 to 10.0 ng /ml 1

up to 10 ng /ml 1

mean of PSA
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Table 3. PSAactivity and thiol/disulfide levels

Control Prostate cancer
Native thiol (umol/L) 312.06+83.45 272.76+47.49*
Total thiol (pmol/L) 356.96+85.82 310.78+53.39*
Disulfide (umol/L) 22.45+7.49 19.01+£7.92
IMA (ABSU) 4.48+5.10 5.97+3.83
Albumin (g/dL) 5.76+£2.49 5.75+2.39
PSA total 0.76+0.60 2.83+2.63%*

Mann-Whitney U Test was performed. * P <0.05 was considered significant
according to the control.

Table 4. Descriptive statistics and comparison of Disulfide /native thiol; Disulfide
/total thiol, and Native thiol /total thiol variables by group and PSA activity

Control Prostate cancer
:)ni(si::i‘ﬁfie /mative thiol*100 7804382 71318
i)ni(sisi‘ﬁfie /total thiol*100 6.58+2.63 6.09+2.43
Elz:it:egjthiol /total thiol*100 86.8343.27 87.814.85
PSA total 0.76+0.60 2.83+2.63*

Mann-Whitney U Test was performed. * P <0.05 was considered significant
according to the control.

Discussion

Prostate cancer is a common disease. PSA is used in monitoring
itsfollow-up and treatment. Although PSA level varies in prostate
cancer cases, its sensitivity and specificity are considered to be
limited since it may be high in prostatitis, prostatic intraepithelial
neoplasia (PIN),and benign prostate hyperplasia (BPH) cases
[4,7,8,12]. However, PSA is used in the follow-up of prostate
cancer patients receiving surgical treatment, radiotherapy,
hormonal therapy, or chemotherapy and thus it is still an
important follow-up method and there is a need for supporting
biomarkers [4,7,8]. Since free radicals are highly active,
they cause a chain reaction of radicals by influencing other
molecules. Thiols are compounds containing sulthydryl groups
that exhibit a protective effect against any damages caused by
these radicals by reacting with radicals. Lipids and proteins can
be degraded, especially after the removal of thiol groups. It has
been reported that this thiol-disulfide balance that is impaired
in diseases such as cancer is important. [3,13-17]. In a study,
it was reported that changes in thiol level could be associated
with the severity of stroke [16]; thiol-disulfide equilibrium might
be a prognostic biomarker in small cell lung cancer [14] and it
could offer new treatment alternatives for the effects of oxidative
stress in ankylosing spondylitis [15]. In the present study, it
was detected that native thiol and total thiol levels decreased
in patients with prostate cancer compared to the control group.
This result was statistically significant (p<0.05). It is pointed out
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in a study that lower thiol levels may be associated with aortic
aneurysm development and may increase after surgical therapy
[18]. It is expressed that decreased thiol levels as a result of
increased oxidative stress may be one of the important factors
in development and progression of diabetic nephropathy [19]
and, in a study conducted with patients exposed to mercury, a
significant correlation is reported between, native thiol, total thiol
and disulfide levels and urinary mercury levels [20]. In our study,
increased oxidants in prostate cancer patients may have caused a
decrease in native thiol and total thiol levels. Highernative thiol
and total thiol levels in healthy controls indicate that antioxidant
capacity cannot be overlooked. If we had had the chance to
examine the thiol levels of prostate cancer patients before the
onset of disease, we could have demonstrated its effect on cancer
development more clearly. Low disulfide levels were reported in
studies on colorectal, bladder, and kidney cancers [13], while a
study on thyroid cancer revealed no change in disulfide level [3].
It was reported that patients with lichen planus had no marked
change [21], whilethiol/disulfide equilibrium changed in favor
of disulfide in patients with familial hypercholesterolemia
[17]. In the present study, there was no significant changein the
disulfide level compared to the control group. The antioxidant
capacity of thiols is determined according to the disulfide chains
contained in their structures [22]. The absence of any changes
in the disulfide level in our study suggests that such structures
still have protective roles against oxidants in prostate cancer
patients known to have no other chronic diseases. Considering
that prostate cancer has a longer life cycle than other cancers, it is
possible to conclude that disulfide structures remain undegraded,
thus, an increased oxidant activity does not occur in addition to
the destruction caused by cancer cells and cancer progression is
not very fast as a result.This can be viewed as a positive result in
terms of the patient’s life expectancy.

It is reported in several other studies that no significant difference
was detected in thiol-disulfide equilibrium values of patients
with OSAS (obstructive sleep apnea syndrome) [23]; patients
with idiopathic sudden sensorineural hearing loss (ISSNHL)
and increased oxidation following treatment responded
better to the treatment [24]. No change was observed in thiol-
disulfide equilibrium in studies conducted on patients with acute
appendicitis and patients with fibromyalgia; and dynamic thiol/
disulfide homeostasis was unaffected in studies conducted on
patients with alopecia areata [25-27].In a study with smokers,
it was reported that thiol-disulfide equilibrium mostly changed
in favor of disulfide compared to the healthy group [28]; on the
other hand, no significant change was detected in thiol-disulfide
homeostasis in various studies performed on patients with retinal
vein occlusion [29] and epilepsy patients [30], colon cancer
patients [31],meme cancer [32] and healthy volunteers.

In our study, although we assumed a relationship between thiol-
disulfide homeostasis and PSA levels in the prostate cancer group
and control group, no relation was found (p>0.05).A literature
review shows that thiol-disulfide equilibrium in prostate cancer
patients is investigated for the first time and our study is the first
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report in the literature addressing this subject. Although there are
plenty of studies on thiol-disulfide balance, no study is available
in the literature on patients with prostate cancer.

Furthermore, we were unable to detect any relationship in the
initial stages of this study due to the shortage of participating
patients. However, we expanded the scope of our study by
increasing the number of participants. Although our findings
failed to indicate a marked relationship between PSA and thiol-
disulfide equilibrium, they demonstrated a significant relationship
between native thiol and total thiol levels in the prostate cancer

group.

As for the limitations of our study,we could not perform an
evaluation based on Gleason scoring because the first clinics to
which the patients were admitted were different from each other.
Also, we failed to compare total PSA / free PSA levels and thiol-
disulfide equilibrium due to the mismeasurement of free PSA
levels in some patients. Our study aimed to demonstrate the
relationship of PSA measurement with a biomarker that would
assist in the diagnosis and follow-up of prostate cancer. Although
we were unable to show thiol-disulfide homeostasis as an early
biochemical prognostic factor in prostate cancer patients, it
has been an exciting journey to express this relationship, albeit
partially. Further investigation is needed with prospectively
designed studies and larger series of patients to obtain better
results.
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