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Abstract

Aim of the study: We aim to examine the relation between thiol/disulphide homeostasis and tran-
srectal ultrasound guided prostate biopsy (TRUS-Bx) results and evaluate whether it was effective on 
the distinction of benign and malign prostate disease.

Material and methods: The study included 29 men histopathologically diagnosed as prostate ade-
nocancer (Pca) (group 1), 30 men having benign prostate hyperplasia (BPH) (group 2) and age match 
30 healthy individuals in the control group (group 3). Thiol/disulphide homeostasis was measured using 
a novel automatic and spectrophotometric method.

Results: Among the three groups, a statistically significant difference was detected among native 
thiol, total thiol levels and disulphide/total thiol, disulphide/native thiol and native thiol/total thiol 
ratios which are thiol/disulphide homeostasis parameters apart from disulphide (p < 0.001, p < 0.001, 
p < 0.001, p < 0.001, p < 0.001 respectively). Additionally, no significant difference was detected in 
albumin and total protein levels among the groups (p = 0.223, p = 0.316 respectively). Serum native 
and total thiol levels were high and disulphide level was low in group 1 when compared to the group 2 
(p = 0.003, p = 0.007, p = 0.265 respectively). In addition, serum native thiol, total thiol and disulphide 
levels were low in group 1 when compared to the group 3, but while low native and total thiol levels 
were significant, low disulphide levels were not found significant (p < 0.001, p < 0.001, p = 0.331, 
respectively).

Conclusions: Thiol/disulphide homeostasis was found to be disturbed in Pca patients detected with 
TRUS-Bx. This is suggesting serum native thiol, total thiol level and ratios provides a novel biomarker 
for the role for oxidative stress in disease etiopathogenesis.
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oxidative stress. 
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Introduction
Prostate cancer (PCa) constitutes a source of concern 

in developed countries where the ratio of elder males is 
higher. Pca is the most common extracutaneous cancer in 
elder males (> 70) in Europe and the second most com-
mon cause for cancer-related deaths in Australia [1, 2]. 
Biopsies guided by serum Prostate Specific Antigen (PSA) 
levels, Digital Rectal Examination (DRE) and Transrectal 
Ultrasonography (TRUS) are routinely used for scanning, 
detection and diagnosis of prostate cancer [1, 3]. Transrec-

tal ultrasound guided prostate biopsy (TRUS-Bx) is one 
of the most common interventional procedures made by 
urologists. Despite the developments in prostate imaging 
area, it is used as the standard procedure for prostate can-
cer diagnosis [3]. 

Studies made in recent years show that increased free 
oxygen radicals and lipid peroxidation play a role in the 
pathogenesis of many patients [4, 5]. Free radicals cause 
structural deterioration of cells by effecting all import-
ant components such as lipid, protein, DNA and carbo-
hydrates. Free oxygen radicals in biological systems and 
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other free radicals constitute one of the most important 
causes of oxidative stress [6]. Increase in free radicals and 
oxidative stress may cause tumor development by causing 
DNA damage and increasing the mutation and oncogenic 
transformation speed. They can also cause cancer and me-
tastasis development by effecting cellular functions such as 
cell proliferation, cellular remodeling, apoptosis and aging 
[7]. There are several studies showing that oxidative stress 
plays role in the etiology of prostate cancer [8, 9]. 

Thiol is an organic compound containing the sulphy-
dryl group which has a critical role in preventing the for-
mation of any oxidative stress condition in the cells. Thiol 
groups are important members of antioxidant cascade. Ox-
idation reaction of thiols with oxidizing molecules causes 
the formation of reversible disulphide bonds. This transfor-
mation is the earliest observable symptom of radical-medi-
ated protein oxidation. Disulphide bond structures forming 
when oxidative stress condition ends can be reduced to 
the thiol groups again and thus dynamic thiol disulphide 
balance which has a vital importance for the organism is 
continued [10]. Dynamic thiol/disulphide balance condi-
tion has critical roles in organizing anti-oxidant defense, 
detoxification, apoptosis and enzyme activities, transcrip-
tion and cellular signal transfer mechanisms. While this 
double-sided balance could be measured on one side as 
total thiol in the past, all components can be measured sep-
arately today using a new developed method and so can be 
evaluated both individually and as a whole [10-14]. Abnor-
mal thiol-disulphide balance is detected in many diseases 
such as diabetes mellitus, cardiovascular diseases, cancer 
and kidney failure [5, 11-13]. 

The relation between thiol/disulphide homeostasis and 
prostate biopsy result has not yet been investigated. Our 
aim for this study was to examine the relation between thi-
ol/disulphide homeostasis and biopsy result in the patients 
who had TRUS-Bx and evaluate whether thiol/disulphide 
homeostasis was effective on the distinction of benign and 
malign.

Material and methods

Study design and groups

This study was made by Necmettin Erbakan University 
Meram Faculty of Medicine Urology Clinic. Consent ac-
cording to Helsinski declaration was taken from Necmet-
tin Erbakan University Meram Faculty of Medicine ethics 
committee before the study (no. 2017/821).

Patients who referred to urology polyclinic with high 
PSA, abnormal DRE and/or prostate cancer suspicion in 
the radiological evaluation were included to study. The 
study included 89 men: 29 histopathologically diagnosed 
as Pca (group 1), 30 histopathologically diagnosed as BPH 
(group 2) and 30 age macth healthy individuals. Condi-
tions such as being newly diagnosed and not having sur-

gical treatment, chemotherapy and radiotherapy were de-
manded in the patient group. Study exclusion criteria were 
determined as dietary application and medicine use that 
may affect biochemical analysis results, presence of any 
systemic and chronic diseases, smoking and alcohol use.

Blood sampling and measurement of dynamic 
thiol/disulphide homeostasis

In all subjects blood sample was taken in tubescon-
taining ethylenediaminetetraacetic acid and serum sam-
ples were immediately separated by centrifugation at 1500 
rev for 10 min. The separated serums were kept in –80°C 
after coding. Thiol/ disulphide homeostasis tests were 
measured using a novel automatic and spectrophotomet-
ric method developed by Erel and Neselioglu (10). First, 
free functional thiol groups (–SH) were extricated by de-
creasing disulphide bonds (–S–S–) by sodium borohydride 
(NaBH4). The unused NaBH4 remnants are completely 
removed by formaldehyde. So this prevents further reduc-
tion of 5,5′-dithiobis- 2-nitrobenzoic acid (DTNB) as well 
as any disulfide bonds resulting from the reaction with 
DTNB. Total thiol groups involving reduced and native 
thiol groups were determined after reaction with DTNB. 
The disulfide parameter is a value which can be calculated 
automatically as half of the native thiol content and total 
thiol content. Disulphide/total thiol, disulphide/native thiol 
and native thiol/total thiol ratios were calculated as per-
centages. Prostate specific antigen (PSA) was measured 
by chemiluminescense method on the ADVIA Centaur 
analyzer (Siemens Diagnostics). Free PSA measurements 
were performed by immunassay method using the Immu-
lite 2000 system (Diagnostic Products Corporation).

Statistical analysis

Statistical analysis was performed using SPSS Sta-
tistics (SPSS Inc. Chicago, IL, USA). Quantitative data 
were given as mean ± SD or medians (interquartile ranges, 
IQR). Normal distribution and differences between vari-
ances were determined using Kolmogorov-Smirnov and 
Levene tests, respectively. For comparisons between two 
groups, Student’s t test and Mann Whitney U test were 
used as appropriate. For subgroup analyses, Kruskal-Wal-
lis test was used to determine significant differences. 
Mann-Whitney U test was used to determine differences 
among groups if a significant difference was found in Kru-
skal-Wallis test.

Spearman correlation test was performed between the 
variables. p value < 0.05 was considered statistically sig-
nificant.

Results
Data for a total of 89 patients including 59 TRUS-Bx 

patients (29 malign, 30 benign) and 30 Control patients 
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were evaluated in this study. Age, PSA, free PSA values 
and TRUS-Bx results are available in Table 1. No statis-
tically significant age difference was detected among the 
three groups (p = 0.12). A significant difference was detect-
ed in PSA and free PSA values among all groups (p < 0.001, 
p < 0.001, respectively).

Gleason score was reported as 6 in 10 among 29 patients 
with malign TRUS-Bx result, 7 in eight patients, 8 in three 
patients, 9 in five patients and 10 in two patients. Presence 
of metastatic disease was detected in four patients (13.7%) 
in the scanning tests made in patients with prostate cancer 
after biopsy.

Among the three groups, a statistically significant dif-
ference was detected among native thiol, total thiol levels 
and disulphide/total thiol, disulphide/native thiol and native 
thiol/total thiol ratios which are thiol/disulphide homeosta-
sis parameters apart from disulphide (p < 0.001, p < 0.001,  
p < 0.001, p < 0.001, p < 0.001 respectively). Additionally, 
no significant difference was detected in albumin and total 

protein levels among the groups (p = 0.223, p = 0.316 re-
spectively).

The thiol/disulphide homeostasis parameters (native 
thiol, total thiol, disulphide levels and disulphide/total 
thiol, disulphide/native thiol and native thiol/total thiol 
ratios), albumin and total protein levels of the groups are 
summarized in Table 2. 

When subgroup analysis was made in malign and be-
nign group (group 1 and group 2) patients, it was detected 
that native and total thiol levels were high in malign group 
compared to the benign group and disulphide level was 
low. But while high native and total thiol levels were sig-
nificant, low disulphide levels were not found significant 
(p = 0.003, p = 0.007, p = 0.265, respectively).

When subgroup analysis was made in malign and con-
trol group (group 1 and group 3) patients, it was detect-
ed that native and total thiol and disulphide levels were 
low in malign group compared to the control group. But 
while low native and total thiol levels were significant, low 

Table 1. Demographic information, biochemical and pathological results of the groups

Parameter Group 1 Group 2 Group 3 p valueα

Number 29 30 30

Age (years) 69.5 ±9.1 69.7 ±8.7 66.57 ±8.5 0.12

BMI 26.2 ±2.1 26.8 ±2.7 25.9 ±1.9 0.09

PSA (ng/ml) 23.6 ±9.6 7.59 ±6.16 2.05 ±1.07 < 0.001

Free PSA (ng/ml) 4.12 ±3.8 1.38 ±1 1.06 ±0.8 < 0.001

TRUS-Bx result Malign Benign –

Histology Prostate adenocarcinoma
Gleason score 6: 10
Gleason score 7: 9
Gleason score 8: 3
Gleason score 9: 5
Gleason score 10: 2

BPH –

Metastasic disease (%) 4 (13.7%)
Abdominal: 2

Bone: 2

0 –

α:Kruskal -Wallis Test

Table 2. The thiol/disulphide homeostasis parameters, albumin and total protein levels of the groups

Parameters Group 1 Group 2 Group 3 p valueα

Total protein (g/dl) 7.7 ±0.4 7.5 ±0.3 7.9 ±0.4 0.316

Albumin (g/dl) 3.94 ±0.3 3.78 ±0.4 3.98 ±0.3 0.223

Native thiol (SH) (μmol/l) 303.46 ±48.5 258 ±49 424 ±35.6 < 0.001

Total thiol (μmol/l) 345.05 ±56.7 301.8 ±51.9 463 ±35.8 < 0.001

Disulphide (SS) (μmol/l) 19.63 ±7.19 21.93 ±6.02 19.78 ±9.8 0.157

Disulphide/native thiol 6.5 ±2.5 8.7 ±2.9 4.7 ±2.5 < 0.001

Disulphide/total thiol 5.6 ±2.1 7.3 ±2.1 4.2 ±2.04 < 0.001

Native thiol/total thiol 88 ±4.3 85.3 ±4.2 91.5 ±4.1 < 0.001
α: Kruskal-Wallis Test
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disulphide levels were not found significant (p < 0.001,  
p < 0.001, p = 0.331, respectively). Details on subgroup 
analyses among groups are available in Table 3.

No significant correlation was detected between thiol/
disulphide homeostasis parameters and PSA and free PSA 
levels in the correlation analysis.

Discussion
Development of efficient therapies requires a better 

understanding of the mechanisms underlying prostate 
carcinogenesis. Numerous epidemiological, experimental 
and clinical studies have provided supportive evidence that 
oxidative stress is associated with the development of PCa 
[15-18].

Oxidative stress occurs following an increase in the 
reactive oxygen species (ROS) production and/or a si-
multaneous impairment of the antioxidative capacity of 
a cell [19]. PCa cells, in comparison to healthy cells, are 
characterized by innate oxidative stress, a hallmark of the 
aggressive phenotype of this disease [16, 17]. In PCa, in-
creased ROS production caused by various processes leads 
to oxidative stress, including intrinsic conditions such as 
metabolic alterations, androgen receptor activation and 
mutation-induced mitochondrial dysfunctions, and also 
extrinsic environmental factors such as inflammation, xe-
nobiotic metabolism and hypoxia [15]. 

ROS have very short half-lives and low concentrations 
that make their direct measurement very difficult in cells 
and tissues or body fluids. Therefore, to quantify the status 
and potential damage of oxidative stress, other indicators 
are used, such as biomarkers that measure tissue destruc-
tion (e.g., lipid peroxidation, protein and DNA damage) 
and the concentration of antioxidants in the blood [20] 

Thiol metabolism and its role in oxidative stress have 
received recent attention as potential biomarkers of oxi-
dative stress. Thiol groups of proteins are not just anti-
oxidants buffers; they also regulate the redox system. 
Oxidative protein damage is characterized by an increase 
in protein carbonyl levels and a decrease in protein thi-
ol levels. The decreased levels of thiol groups of proteins 
are associated with decreased serum antioxidant power 
[21-23]. So, thiol/disulphide homeostasis may already be 
regarded as an oxidative stress marker like lipid hydrop-
eroxide, total antioxidant/oxidant status and paraoxonase. 
Therefore changes in thiol/disulphide balance caused by 
oxidative stress provide valuable information about vari-
ous abnormal biochemical processes. The novel automated 
measurement method used in our study provided us with 
an opportunity to measure serum/plasma total thiol, native 
thiol, and disulphide levels [10-14]. 

In Erel’s study, while disulphide levels were found 
to be higher in inflammatory diseases such as obesity, 
smoking, pneumonia, diabetes mellitus and bronchiolitis 
compared to control group; in proliferative diseases such 

as renal cell carcinoma, colon carcinoma, urinary bladder 
carcinoma and multiple myeloma disulphide levels were 
found to be considerably low [10]. Furthermore, the lowest 
disulphide levels were observed in aggressively growing 
tumors, whereas in relatively slow growing tumors like 
renal carcinoma and basal cell carcinoma the decrease was 
observed to be in subnormal level [24]. 

In our study, thiol levels were found high in the patient 
group of patients reported to have prostate adenocarcino-
ma according to the biopsy result compared to the benign 
patient group and disulphide levels were low and thiol/
disulphide hemostasis was towards the thiol side. This sit-
uation may be explained by the proliferative characteristic 
of PCa. Also it may be foreseen that the increase in thiol 
levels in PCa group occur to increase antioxidant capacity 
in response to the increased ROS activity. In the recent 
studies it was reported that disulphide levels should be 
lower in tumors with aggressive growth and are in subnor-
mal levels in tumors growing very slowly [10, 24]. In fact, 
since prostate cancer has a slow progression, disulphide 
levels in our study were detected a little lower than the 
control group. 

Various studies reported that the increase in disulfide 
level showed oxidative stress and the increase in native 
thiol level showed the anti-oxidant mechanism responding 
to ROS [10-14]. But disulphide levels in our study were 
found lower than the control and BPH group and the thiol 
levels showing the antioxidant response were found higher 
than the control and BPH group. We think that this prob-
ably didn’t cause a significant or fast increase in disul-
phide levels due to the slow progress of prostate cancer. 
But depending on the anti-oxidant response occurring in 
the organism in response to the oxidative stress exposed 
in many years, we think that thiol disulphide hemostasis 
deteriorated and thiol levels in PCa patients increased sig-
nificantly. Additionally disulphide levels in BPH patients 
were found higher than PCa patients. The reason for this 
condition may be the accompanying prostatitis presenta-
tion subclinically causing high PSA in most patients.

Table 3. Details on subgroup analyses on thiol/disulphide 
hemostasis

Parameters Group 1/Group 2 
p valueβ

Group 1/Group 3 
p valueβ

Native thiol (SH) (μmol/l) 0.003 < 0.001

Total thiol (μmol/l) 0.007 < 0.001

Disülphide (SS) (μmol/l) 0.265 0.331

Disulphide/native thiol 0.007 0.001

Disulphide/total thiol 0.005 0.001

Native thiol/total thiol 0.042 < 0.001
β: Mann Whitney U Test
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There is a limited number of studies investigating the 
effects of thiol-disulphide hemostasis on cancer patients 
[13, 24-27]. Hanikoǧlu et al. investigated the difference in 
thiol/disulphide hemostasis in the 6th month before and af-
ter radical prostatectomy in prostate cancer patients. They 
found that although there is no statistically significant dif-
ference in the sixth month after radical prostatectomy, the 
thiol level increased and disulphide level decreased. This 
situation may be explained with the decrease in oxidative 
stress and increase in antioxidant activity in response to 
the treatment. In this study, it was detected that thiol and 
disulphide levels were higher in the healthy control group 
compared to the cancer group [25]. These values are in line 
with our study.

Abnormal thiol/disulphide homeostasis probably 
plays a role in the carcinogenesis process and tumor pro-
gression [26]. Güney et al. reported that although thiol 
and disulphide levels are significantly low in multiple 
myeloma patients compared to the control group, there 
was no difference in thiol/disulphide hemostasis among 
the groups [27]. Dirican et al. reported that thiol and di-
sulphide levels were significantly low in non-small cell 
lung cancer patients compared to the control group. In 
this study, it was also predicted that the decrease in thiol 
and disulphide levels is related to the increase in ROS 
levels [13]. Demirseren et al. showed that thiol disul-
phide homeostasis in patients with basal cell carcinoma 
alters as the decrease of disulphide and the increase of 
thiol [24]. These results are in line with our results on 
prostate cancer with slow progression such as basal cell 
carcinoma.

Thiol and disulphide levels were quite different in the 
studies on cancer patients. We think that this difference 
may be due to the different area of cancer, different bi-
ology and pathogenesis of every cancer type, increase in 
intra-cellular ROS and the difference in apoptosis, tran-
scription and cellular signal transfer mechanisms. No in-
formation is available on ideal thiol and disulphide levels 
in PCa patients. But according to this study, oxidative 
stress accompanied by damaged thiol/disulphide hemo-
stasis towards thiol is present in patients detected to have 
prostate cancer.

This is the first study investigating the oxidative 
homestasis in histopathologically-proven prostate cancer 
and benign patient group. Sampling size is the biggest 
restriction of our study. Evaluation of other oxidant and 
antioxidant parameters was not included in this study as 
oxidant and anti-oxidant parameters were evaluated in 
prostate cancer patients in many studies. Thiol/disulphide 
homeostasis has other cellular functions such as cellular 
signal mechanisms, apoptosis and signal transfer. So we 
believe that further studies on wider sampling groups and 
prostate cancer groups divided into scores and stages are 
required.

Conclusions
In patients who had prostate biopsy, the difference be-

tween patients who had malign and benign biopsy result 
for thiol/disulphide homeostasis may show that the change 
in oxidative stress balance may have a role in prostate can-
cer. The role of oxidative stress which can be demonstrated 
through dynamic thiol/disulphide hemostasis in patients in 
whom prostate adenocarcinoma was detected with tran-
srectal ultrasound guided prostate biopsy. This situation 
presents the role of oxidative stress in disease etiopatho-
genesis. Since prostate cancer is a rather heterogeneous 
disease, studies to be done with larger patient groups by 
dividing them into homogeneous sub-groups would be 
more informative on this subject.

Consent according to Helsinski declaration was taken 
from Necmettin Erbakan University Meram Faculty of 
Medicine ethics committee before the study (no. 2017/821).

The authors declare no conflicts of interest.
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8.	Orhan N, Özcan ME, MemişoǧullarI R, Uçgun T, KayIkçI 
MA, Demirin H (2015): Oxidative Stress and Decrease of 
Paroxonase Activity in Patients whit Prostate Cancer. Kon-
uralp TIp Dergisi 7: 113-117

9.	Udensi UK, Tchounwou PB (2016): Oxidative stress in pros-
tate hyperplasia and carcinogenesis. J Exp Clin Cancer Res 
Sep 8; 35: 139. 

10.	Erel O, Neselioglu S (2014): A novel and automated assay 
for thiol/disulphide homeostasis. Clin Biochem 47: 326-332.

11.	AltIparmak IH, Erkuş ME, Sezen H, et al. (2016): The relation 
of serum thiol levels and thiol/disulfide homeostasis with the 
severity of coronary artery disease.Kardiol Pol 74: 1346-1353. 



Central European Journal of Immunology 2018; 43(2)

Is oxidative stress measured by thiol/disulphide homeostasis status associated with prostate adenocarcinoma? 

179

12.	Ates I, Kaplan M, Yuksel M, et al. (2016): Determination of 
thiol/disulphide homeostasis in type 1 diabetes mellitus and the 
factors associated with thiol oxidation. Endocrine 51: 47-51.

13.	Dirican N, Dirican A, Sen O, et al. (2016): Thiol/disulfide ho-
meostasis: A prognostic biomarker for patients with advanced 
non-small celllung cancer? Redox Rep 21: 197-203.

14.	Bal C, Büyükşekerci M, Koca C, et al. (2016): The compro-
mise of dynamic disulphide/thiol homeostasis as a biomarker 
of oxidative stres in trichloroethylene exposure. Human and 
Experimental Toxicology 35: 915-920.

15.	Bostwick DG, Burke HB, Djakiew D, et al. (2004): Human 
prostate cancer risk factors. Cancer 101 (Suppl): 2371-2490.

16.	Khandrika L, Kumar B, Koul S, Maroni P, Koul HK (2009): 
Oxidative stress in prostate cancer. Cancer Lett 282: 125-136.

17.	Gupta-Elera G, Garrett AR, Robison RA, O’Neill KL (2012): 
The role of oxidative stress in prostate cancer. Eur J Cancer 
Prev 21: 155-162.

18.	Paschos A, Pandya R, Duivenvoorden WCM, Pinthus JH 
(2013): Oxidative Stress in Prostate Cancer. Prostate Cancer 
Prostatic Dis 16: 217-225. 

19.	Droge W (2002): Free radicals in the physiological control of 
cell function. Physiol Rev 82: 47-95.

20.	Dalle-Donne I, Rossi R, Colombo R, Giustarini D, Milzani 
A (2006): Biomarkers of oxidative damage in human disease. 
Clin Chem 52: 601-623. 

21.	Reznick AZ, Packer L (1994): Oxidative damage to proteins: 
spectrophotometric method for carbonyl assay. Methods En-
zymol 233: 357-363.

22.	 Levine RL, Williams JA, Stadtman ER, et al. (1994): Car-
bonyl assays for determination of oxidatively modified pro-
teins. Methods Enzymol 233: 347-357.

23.	 Hu ML (1994): Measurement of protein thiol groups and 
glutathione in plasma. Methods Enzymol 233: 380-385.

24.	Demirseren DD, Cicek C, Alisik M, Demirseren ME, Aktaş 
A, Erel O (2017): Dynamic thiol/disulphide homeostasis in 
patients with basal cell carcinoma.Cutan Ocul Toxicol 1: 1-5; 
doi: 10.1080/15569527.2016.1268150.

25.	Hanikoglu F, Hanikoglu A, Kucuksayan E, et al. (2016): Dy-
namic thiol/disulphide homeostasis before and after radical 
prostatectomy in patients with prostate cancer. Free Radic Res 
50 (suppl 1): 79-84. 

26.	Yazici O, Dogan M, Erel O, et al. (2015): The importance 
of thiol/disulphide homeostasis in patients with advanced 
colorectal cancer receiving modified fluorouracil and leucov-
erin plus oxaliplatin (mFOLFOX) regimen. Eur J Cancer 51 
(Suppl 3): 399.

27.	Guney T, Kanat IL, Alkan A, et al. (2016): Assessment 
of serum thiol/disulfide homeostasis in multiple myelo-
ma patients by a new method. Redox Rep 19: 1-6; doi: 
10.1080/13510002.2016.1180100.


