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Aim: Data about the relationship between oxidative stress and cancer pathogenesis has been increased
in recent years. Thiol and disulphide play an important role in cell signal mechanisms, antioxidant
protection, and detoxification. In this study, we aimed to evaluate the role of Thiol-Disulphide homeo-
stasis (TDH) in colorectal cancer (CRC) by using a new method.
Material and Method: The patients (pts) who diagnosed with CRC and healthy control subjects were
included to study. Serum samples for the thiol-disulphide test were obtained at the time of diagnosis.
TDH tests were measured by the automated spectrophotometric method by describing Erel and Nese-
lio�glu. Thiol-disulphide homeostasis was also evaluated according to tumor stage and localization.
Results: Eighty-eight pts with CRC and 110 control were enrolled. Native thiol (NT), disulphide and total
thiol (TT) levels were significantly lower in patients compared with the control arm (Median NT: 402
e424, p¼ 0.003; median Disulphide 18.7e21, p¼ 0.011; median TT: 437e467, p¼ 0.001). Thiol/disul-
phide balance was also maintained (p¼ 0.149). TT and NT levels were not differed according to tumor
localization whereas disulphide level was significantly higher in left-sided tumors than right-sided (19.9
e13.07 respectively, p¼ 0.007). In addition, disulphide/NT ratio was also significantly higher in left-sided
than right-sided (0.1e0.12 respectively, p¼ 0.015). Thus, the balance of dynamic TDH is disrupted in
favor of disulphide between left-sided and right-sided tumor. There was also no significant difference
between thiol-disulphide levels and tumor stage whereas thiol level tends to lower in stage 4 disease
(p¼ 0.7).
Conclusion: This is the first trial that evaluates the relationship with dynamic TDH and CRC according to
tumor stage and localization. Thiol and disulphide may play an important role in the pathogenesis of
CRC.

© 2019 Turkish Society of Medical Oncology. Production and hosting by Elsevier B.V. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Colorectal cancer (CRC) is the third frequent cancer type
worldwide and also one of the leading causes of cancer-related
death. In 2019, estimated numbers of newly diagnosed with CRC
and CRC-related deaths are nearly 101.420 and 51.020 at United
States of America (USA), respectively.1 Many factors are implicated
for the development of colon cancer including genetic
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predisposition, cigarette, high amount fat diet, obesity, and also
reactive oxidative stress (ROS).

Under the normal physiological condition, oxygen-free radicals
and antioxidant defense systems are underbalanced. When this
balance diminishes, the situation of the oxidative stress can occur. It
is well known that low amounts of ROS have beneficial effects on
several physiological processes whereas the high amount of ROS
can cause oxidative tissue damage and the other several harmful
effects.2 Many exogenous and endogens factors including inflam-
mation, ischemia, infection, ultraviolet radiation, drugs, alcohol,
and smoking can increase the production of ROS.

Thiols are essential and potent anti-oxidant molecules. It con-
tains organic components including hydrogen and sulfhydryl group
that plays an essential role in decreasing to ROS. Thiols can undergo
oxidation reaction and form disulphide bonds. Later, the formed
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Table 1
Baseline characteristics of patients.

Parameters N

Age (Median, Min-max) 60,5 (31e83)
Sex (M/F) 64.8%/35.2%
Stage
1 11.5%
2 27.6%
3 39.1%
4 21.8%

Tumor Localisation
Left-sided 74.8%
Right-sided 25.9%
CEA Level (Median, Min-max) 3.62 (0,6e2156)
CA 19.9 Level (Median, Min-max) 17.2 (0,6e5525)
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disulphide bonds can be reduced to thiol groups, and dynamic
thioledisulphide homeostasis is maintained, ultimately.3e5 In
physiological conditions, thiol/disulphide equilibrium is under
balance. It is known that dynamic thiol-disulphide homeostasis
has a crucial role for several functions including apoptosis, oxida-
tion of proteins, antioxidant defense and cellular signal trans-
duction mechanism.6 There is also growing evidence
demonstrating that an abnormal thiol disulphide homeostasis
state is related to the pathogenesis of several benign and some
malignant conditions.5,7e10

Historically, oxidative and antioxidant status evaluated by using
various indirect methods. However, oxidant and antioxidant status
can be directly measured, nowadays. Firstly, Elman and Lyskohave
developed a method for measure directly thiol e disulphide ho-
meostasis but in this methods, only one side of this two-sided
balance can be measured.11 However, Erel and Neselioglu devel-
oped a novel automated and spectrophotometric method for
measurement of the two-sided of the dynamic thiol-disulphide
homeostasis.5

In our knowledge, there is no clinical trial that evaluates the
relationship between dynamic thiol-disulphide homeostasis and
CRC by using a newmethod by describing Erel and Neselio�glu. Thus,
we aimed to compare dynamic thiol/disulphide homeostasis of
the patients with CRC and healthy individuals and also investigate
to levels of thiol and disulphide between tumor stages and
localization.

2. Material and Methods

2.1. Study subject

The patients who diagnosed with CRC and were not received
any treatment in Ankara Yildirim Beyazit University between 2015
and 2017 were prospectively analyzed. Inclusion criteria for pa-
tients are followed: (1) over 18 years old, (2) the diagnosis of CRC
made pathologically with colonoscopic biopsy, tru-cut needle bi-
opsy from metastatic lesions or surgically resected specimens.
Healthy subjects were also enrolled in our study as a control cohort.
Patients with renal or liver disease, diabetes, and active inflam-
matory or infectious disease were excluded from the study.

The patient stratified according to tumor stage and localization.
Cecum, ascending colon and right side of the middle of the trans-
verse colon were accepted as right-sided colon tumor and
descending colon, sigmoid colon, rectum and left the side of the
middle of the transverse colon were also accepted as a left-sided
tumor.

2.2. Blood samples collection and principle of the thiol-disulphide
homeostasis

Blood samples for thiol-disulphide homeostasis analyses were
collected at the time of diagnoses for the patients. Blood samples
were collected from the control and patient groups in the morning
and centrifuged at 1500 g for 10min. Serum samples were sepa-
rated and stored at �80 �C until being used for the analysis. Thiol/
disulphide homeostasis tests were measured using a novel auto-
matic and spectrophotometric method. In this method, dynamic
and reducible disulphide bonds in the samples were reduced to free
functional thiol groups by using sodium borohydride (NaBH4). In
order to prevent the reduction of unused reduced sodium boro-
hydride to dithionite-(2 nitrobenzoic) (DTNB). Native thiol (NT)
levels and total thiol (TT) were measured after reaction with DTNB.
Half of the difference of the result obtained by the subtraction of
native thiol amount from total thiol content indicated the disul-
phide level. Disulphide/NT ratio that was the best marker for
reflection of the thiol-disulphide homeostasis was also calculated.

2.3. Statistical analyses

The parameters were investigated using visual (histograms,
probability plots and analytic methods (Kolmogorov-Smirnov/
Shapiro-Wilk's test) to determine whether or not they are normally
distributed. Differences in categorical factors were determined
with Fisher's exact test. Differences in continuous values between
two groups were assessed with Student's t-test for normally
distributed variables and non-parametric Mann-Whitney U tests
for non-normally distributed variables as appropriate and also
multiple sets of comparisons performed using ANOVA. In normally
distributed parameters, the correlation coefficients and their sig-
nificance were calculated using the Pearson test and in non-
normally or ordinal variables, the correlation coefficients and
their significance were calculated using the Spearman test.

All statistical procedures were performed with SPSS 17.0 (SPSS
Inc, Chicago, Illinois). A P value< 0.05 was considered to statisti-
cally significant.

University Clinical Research Ethics Committee's approval was
obtained (No: 26379996/131; 14/06/2017).

3. Results

Totally,198 cases including 88 patients with CRC and 110 healthy
subjects were enrolled in our study. The median age was 60.5 and
59.5 years in the patient and control arm, respectively. In the pa-
tient cohort, 64.8% and 35.2% of cases were male and female,
respectively. In the control case, 57.3% and 43.7% of cases weremale
and female. There was no significant difference between sex and
age in the patient and control arms (p¼ 0.283 for sex and p¼ 0.291
for age). In the patient arm; there were no significant differences
between baseline characteristics of patients including sex, age and
tumor stage between right and left-sided tumors. Detailed patient
characteristics were shown in Table 1.

When compare TT, NT, disulphide level and disulphide/NT ratio
between patient and control arms, we found that TT, NT and
disulphide levels were significantly lower in the patient arm than
control arm, whereas disulphide/NT ratio did not significantly differ
between two arms. Detailed statistical data was shown in Table 2
and Fig. 1.

In the patient arm, we also compare NT, TT and disulphide levels
between tumor stages. Although NT, TT and disulphide level tend to
decreased when tumor stage progressed 1 to 4, there was no sta-
tistical difference between Stage 1, 2, 3 and 4 diseases. Detailed data
were shown in Fig. 2. Disulphide/Native thiol ratio was 0.041,
0.0471, 0.0479 and 0.0456 in stage 1, 2, 3 and 4 diseases, respec-
tively. There was also no statistically significant difference between



Table 2
Level of the thiol and disulphide in patient and control arms.

Parameters Patient, Median (min-max) Control, Median (min-max) p

Native Thiol (mmol/L) 402 (245e533) 424 (262e606) 0.003
Disulphide (mmol/L) 18.7 (1.6e34.65) 21 (8.4e38.4) 0.011
Total Thiol (mmol/L) 437 (303e577) 464 (286e631) 0.001
Disulphide/Native Thiol 0.047 (0.01e0.12) 0.05 (0.02e0.1) 0.149

Fig. 1. Native Thiol, Total Thiol and disulphide levels in patient and control groups (A: Native thiol, B: Disulphide, C: Total thiol).
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stages (p¼ 0.7).
When we separated groups as stage 4 disease and early stages

(stage 1, 2 and 3); NT, TT, and disulphide level tend to lower in stage
4 disease compare with early stages but not statistically significant.
Median NT level was 377 mmol/L for stage 4 and 403 mmol/L for the
early stages (p¼ 0.265). TT levels was 397 mmol/L for stage 4 dis-
ease and 433 mmol/L for the early stages (p¼ 0.14). Disulphide level
was 14.7 mmol/L for stage 4 disease and 19.8 mmol/L for the early
stages (p¼ 0.074). NT/disulphide ratio was similar between two
groups (0.039 vs. 0.053, p¼ 0.114).

We also compare NT, TT, disulphide levels and disulphide/NT
ratio according to tumor localization in the patient arm. NT and TT
level tend to lower in left-sided tumor then right-sided but this
difference was not statistically significant. Median NT level was
416 mmol/L in right-sided and 402 mmol/L in left-sided tumor
(p¼ 0.94). Median total thiol level was 442 mmol/L in right-sided
and 436 mmol/L in left-sided tumor (p¼ 0.6). However, disulphide
level was statistical significantly higher in left-sided comparedwith
right-sided tumor (Median disulphide level; Left-sided: 19.9 mmol/
L vs. Right-sided: 13.07 mmol/L; p¼ 0.007). Disulphide/NT ratio was
also significantly higher in left-sided then right-sided tumor (0.10
vs. 0.12 in right-sided and left-sided, respectively, p¼ 0.015). This
finding has also supported that balance of dynamic thiol-
disulphide homeostasis is disrupted in favor of disulphide be-
tween left-sided and right-sided tumor.



Fig. 2. Native Thiol, Disulphide and Total thiol Levels According to Disease Stage in Patient Cohort.
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4. Discussion

In this study, we found that NT, TT and disulphide levels were
statistically significantly lower in the patient arm compared with
normal healthy population but thiol-disulphide homeostasis was
continued to maintain between two arms. In the patient arm, NT,
TT, and disulphide level tend to lower in advance stage disease
compared with the early stage but this distancewas not statistically
significant. Although there was also no significant association be-
tween NT and TT level and tumor localization, disulphide level was
significantly high in left-sided tumor compare with right-sided and
thiol-disulphide homeostasis disrupt in favor of disulphide level.

It is known that the importance of oxidative stress in the
pathogenesis of various malignant diseases including CRC. How-
ever, in previous trials, oxidative stress could be measured indi-
rectly and also the balance of oxidant and antioxidant capacity
could not be measured because of technical and methodologic
problems. In the literature, several methods were used for
measured oxidative stress including a measure of serum malon-
dialdehyde (MDA), hydrogen peroxide (H2O2), lipid peroxidation
products and protein oxidation products.

Serum MDA is an indirect marker of oxidative stress and can be
high (or low) as a result of lipid peroxidation. In previous trials
showed that serum MDA level was higher in various malignant
diseases compared with normal population.12e15 Hydrogen
peroxide (H2O2) is another marker that indirectly reflects oxidative
stress and also found high in melanoma, breast, lung and pancreas
cancers.16e18 In the literature, there were several studies that
investigated the relationship between oxidative stress and CRC. In
these studies, various parameters including serumMDA, H2O2, lipid
peroxidation products, protein oxidation products and enzymes
levels like as superoxide dismutase, glutathione peroxidase, nitric
oxide, and catalase were used as the measure of oxidative
stress.19e21 These studies were also detected that oxidative stress
may be related to the pathogenesis of CRC. As mentioned above,
these biomarkers can measure oxidative stress, indirectly and only
reflect oxidant-sided of this balance. In our trial, we used a new
automated method that can directly evaluate the two-sided of the
thiol-disulphide balance. Therefore, this method gives accurate
information about oxidant or antioxidant status than the other
methods which measure oxidant and antioxidant parameters in
serum can be individual.

In our study; NT, TT and disulphide levels were significantly
lower in the patient arm than healthy control arm whereas NT/
disulphide level that reflects oxidant and the antioxidant balance
were similar between two arms. Previous studies were shown that
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NT and TT levels were lower but disulphide levels were higher in
benign disease including Parkinson disease, celiac, diabetes melli-
tus, and psychiatric disorder compared with healthy control
groups.5,7,22 Also, the balance of thiol-disulphide was disrupted in
favor of disulphide side. These findings suggested that oxidative
stress was increased but total antioxidant capacity was decreased
in benign disease. On the other hand, we found that all of the native
thiol, total thiol, and disulphide levels were decreased, and the
balance of thiol-disulphide was maintained. As similar to our study,
NT, TT and disulphide level were lower in renal cell carcinoma,
bladder cancer, and multiple myeloma compared with the healthy
control group and balance of thiol-disulphidewas also continued to
maintain in previous studies that evaluate thiol-disulphide ho-
meostasis in malignant disease.5,23 Reduction in NT and TT levels
can be related to decreased total antioxidant capacity in response to
increased oxidative stress. We also found that disulphide level
decreased in contrast to benign diseases, this finding can be the
result of high consumption of sulphide atoms due to high cell
turnover, theoretically. There is a need for further study to clarify
this matter.

In this study, we found that NT, TT and disulphide levels tend to
decrease when the tumor stage progressed 1 to 4. But this differ-
ence was not statistically significant. There is a limited number of
studies that investigate oxidative stress and antioxidant capacity
according to clinically stage in the malignant disease. Recently, Wu
et al. published the trial that investigates total antioxidant status
(TAS) and total oxidant status (TOS) in colorectal cancer.24 In this
trial, TOS was higher and TAS was lower in CRC patients compared
with the normal healthy group. In addition, similarly to our study,
TOS and TAS were not differed according to the clinical stage of the
disease. The major reason for not reached to statistical significance
may be the limited number of patients in our trial.

We also investigate NT, TT and disulphide level according to
tumor localization. We found that NT and TT level did not differ
between right-sided and left-sided tumor. However, disulphide
level was significantly lower in right-sided compared with the left-
sided tumor. In our knowledge, there was no study that evaluated
oxidative stress parameters according to the right-sided and left-
sided colorectal tumor. Wu et al. evaluated that TOS and TAS ac-
cording to rectal and colon tumor and they demonstrated that there
was no significant difference between rectum and colon cancer.24 It
is known that right-sided and left-sided colon tumors have distinct
anatomic andmolecular features.25 Despite all of the demographics
feature were similar between right-sided and the left-sided tumor
decreased disulphide level in right-sided compared with left-sided
tumor could be the result of a distinct feature of the right-sided
tumor including more inflammatory and immunogenic feature or
high tumor turnover than left-sided.

Our study had some limitations. The first was the inclusion of a
relatively limited number of patients whowere admitted to a single
center. Second, our results were not compared with other oxidative
stress parameters such as lipid hydroperoxide, total antioxidant
status, total oxidant status, and oxidative stress index.

In conclusion, there are limited studies that evaluated oxidant
and antioxidant system together in CRC. In our knowledge, this is
the first studywhich investigates thiol-disulphide homeostasis that
reflects two-sided of oxidant/antioxidant system in CRC. We found
that thiol-disulphide homeostasis has possibly an important role in
the pathogenesis of CRC. But, these results must be validated with
the new studies that performed with a large number of patients.
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