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ABSTRACT

Objective: Lung cancer has a poor prognosis. Thiol
groups with high antioxidant capacity are converted to
disulfide bonds through biochemical reactions that neu-
tralize different oxidant compounds. The thiol-disulfide
(SH-SS) homeostasis has significant effects on cell mech-
anisms, transcription, and apoptosis. Here we present the
prognostic role of dynamic SH-SS homeostasis in patients
operated for NSCLC.

Materials and Methods: Patients operating for early-
stage NSCLC were prospectively analyzed. SH-SS home-
ostasis tests were measured using the automated spectro-
photometric method.

Results: This study enrolled 138 subjects, including 77
patients and 61 healthy controls. Native thiol and total
thiol levels were significantly lower in the patient group.
The disulfide-to-native thiol ratio, which is an indicator of
oxidative stress in SH-SS homeostasis, also reached a
level of statistical significance in the patient group
(p<0.001). According to the cut-off values (305 and
326.3), the median overall survival rate was significantly
shorter in patients with low native thiol and total thiol
levels (p<0.001).

Conclusions: This study demonstrated decreased native
thiol and total thiol levels as well as decreased disulfide
levels and SS/SH ratio in early-stage NSCLC. Impaired
SH-SS homeostasis may contribute to lung cancer patho-
genesis and poor prognosis because of enhanced oxidative
stress.

Keywords: Disulfide, early-stage lung cancer, NSCLC,
oxidative stress, thiol
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Amac: Akciger kanseri kotii prognoza sahiptir. Antioksi-
dan kapasitesi yiiksek olan tiyol gruplari, farkli oksidan
bilesikleri noétralize eden biyokimyasal reaksiyonlarla
distilfid (SS) gruplarina doniisiirler. Tiyol/Distilfid home-
ostazi (TDH) hiicre mekanizmalari, transkripsiyon ve
apoptoz lizerinde dnemli etkilere sahiptir. KHDAK nede-
niyle ameliyat edilen hastalarda dinamik TDH'in progno-
zunun roliinii sunuyoruz.

Materyal ve Metot: KHDAK ile erken evre opere edilen
hastalarda prospektif olarak analiz edildi. TDH testleri
otomatik spektrofotometrik yontemle 6l¢iildii.

Bulgular: Bu ¢alismaya 77 hasta, 61 saglikli olmak iizere
toplam 138 kisi katildi. Native tiyol (NT) ve total tiyol
(TT) diizeyleri hasta grubunda anlamli olarak disiiktii.
TDH'nin oksidatif stres gostergesi olan SS/NT oranmi da
hastalarda istatistiksel olarak anlamli bulunmustur
(p<0,001). Medyan OS, NT ve TT diizeyi diisiik olan has-
talarda cut-off degerine gore (305 ve 326,3) anlamli olarak
daha kisayd1 (p<0,001).

Sonug: Bu sonuglar erken evre KHDAK'de; dogal tiyol ve
toplam tiyol seviyeleri azaldigini, disiilfid seviyeleri ve
distilfid/NT oranmin da bozuldugunu goéstermektedir.
Bozulmus tiyol/disiilfid homeostazi, artan oksidatif stresin
bir sonucu olarak akciger kanseri patogenezine ve kotil
prognoza katkida bulunabilir.

Anahtar Kelimeler: Disiilfid, erken evre akciger kanseri,
KHDAK, oksidatif stres, tiyol
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INTRODUCTION

Lung cancer is the leading cause of cancer deaths.'
Non-small-cell lung cancer (NSCLC) accounts for
most lung cancer cases. Despite the availability of
new genetic technologies and advancements in sur-
gical techniques, the overall 5-year survival rate for
lung cancer remains at 15.6%. Genetic and local
tissue modifications are also involved in lung carcin-
ogenesis. Exposure to carcinogens modifies normal
cells before clinically detectable malignant tumors
occur.?

There are limited data about clear antioxidant infor-
mation on the antioxidant levels in lung cancer. Re-
duction and oxidation stabilities depend on the ac-
tion between the antioxidant systems. Thiols contrib-
ute to the total antioxidants present in the body and
play a vital role in the defense against ROS. Total
thiols consist of thiols either in the free form or re-
duced glutathione (GSH).?

The serum level of thiols indirectly reflects the anti-
oxidant defense system. Disulfide bonds can be re-
converted to thiols, consequently resulting in dy-
namic thiol-disulfide (SH-SS) homeostasis, which is
the reversal of thiol oxidation. Dynamic SH-SS ho-
meostasis plays a critical role in antioxidant protec-
tion.*’

Abnormal SH-SS homeostasis status is involved in
the pathogenesis of various diseases. Erel and
Neselioglu developed a novel automated colorimet-
ric method to be able to separately measure the two
elements for the serum value of thiol. *

This prospective case-control study evaluated the
relationship between dynamic SH-SS homeostasis
and early-stage NSCLC.

MATERIALS AND METHODS

Ethical Statement: This study was approved by the
Ethics Committee of Yildinm Beyazit University
Faculty of Medicine (Date: 15.06.2020, decision no:
185). All participants provided informed consent.
The study adhered to the principles of the Declara-
tion of Helsinki and was conducted by the interna-
tional declaration guidelines.

Design, Participants, and Setting: This was a pro-
spective, non-randomized, and case-control study.
Patients who were operated on early-stage NSCLC
between 2014 and 2019 were analyzed. A total of
138 individuals, including 77 patients and 61 health
controls, participated in this study. Seventy-seven
patients (54 male and 23 female, with a mean age of
58 years) included in this study were newly diag-
nosed with and operated on stage I and IT NSCLC.
Serum samples of patients were collected at the time
of diagnosis and before surgery. The American Joint
Committee on Cancer staging system was used to
classify lung cancer. Positron Emission Tomography
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(PET) and contrast-enhanced brain Magnetic Reso-
nance Imaging (MRI) were performed for cancer
staging. The control group consisted of demograph-
ically-matched volunteers who presented for health
screening. The patients did not receive any anti-
cancer treatment at diagnosis. The overall survival
was calculated from the date of diagnosis to the last
follow-up or death from any cause. Subjects with an
active infection, chronic inflammatory, or autoim-
mune disease, both in the patient and healthy control
groups, were excluded from the study. The status of
SH-SS homeostasis was evaluated in both groups.
Measurement of SH-SS Homeostasis Parameters
Samples: Blood samples were obtained from a phle-
botomist. Five ml of blood was collected from each
subject into serum-separating tubes to measure the
SH-SS homeostasis parameters. To measure the SH-
SS homeostasis parameters, serum-separating tubes
were allowed to clot for 15 min and then centri-
fuged. Serum samples were stored at -80°C. All
samples were thawed on the same day of measure-
ment, and laboratory analyses were carried out using
an automated analyzer (Cobas c¢501, Roche-Hitachi,
Mannheim, Germany).

Determination of SH-SS Homeostasis Parameters:
Serum samples were used to determine the SH-SS
homeostasis parameters using the method described
by Erel and Neselioglu.’

This method involved two parallel analyses. Briefly,
native SH contents of the sample were first meas-
ured with Ellman's reagent [5,5'-dithiobis (2-
nitrobenzoic acid), DTNB]. In a parallel analysis,
dynamic disulfide bridges were reduced to thiol
groups by sodium borohydride. After the reduction
procedure, excess unused sodium borohydride was
removed with formaldehyde. After this reduction
and removal process, the total thiol contents (2 thiols
from each disulfide and one thiol from each native
thiol of samples) of the sample were measured using
DTNB. Disulfide levels were calculated as half the
difference between serum levels of total and native
thiol. Total thiol (SH+SS), native thiol (SH), and
disulfide (SS) were expressed as pmol/L. Moreover,
the percentage ratios of disulfide-to-native thiol (SS/
SH), disulfide-to-total thiol (SS/SH+SS), and native
thiol-to-total thiol (SH/SH+SS) were calculated.
Statistical Analysis: Statistical analysis was con-
ducted using the IBM SPSS Statistics (Version 20)
computer program (IBM, Armonk, NY, USA,
2011). Normal assumptions of variables were ana-
lyzed with the Kolmogrov-Smirnov test. Descriptive
were expressed as median (1¥-3" quartile value) or
meantstandart deviation for non-parametrically or
parametrically distributed variables, respectively.
Comparison of continuous variables was performed
with the Mann-Whitney U test or Student’s t-test for
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non-parametrically or parametrically distributed
variables, respectively. Categorical variables were
shown as numbers (%) and compared with the Pear-
son Chi-square test or Fisher’s exact test, which was
appropriate. Correlation analysis was conducted
with the Spearman test. Cut-off points were deter-
mined by receiver operating characteristic (ROC)
curve analysis based on survival status. Sensitivity
and specificity were calculated according to these
cut-off points, and the patients were divided into two
groups according to this cut-off point. Kaplan-Meier
survival analysis was performed to evaluate the ef-
fects of the determined cut-off point on survival. A p
-value<0.05 was accepted as statistically significant.

RESULTS

This study enrolled 77 patients with NSCLC (mean
age of 58.36+9.16 years) and 61 health controls
(mean age of 60.56+7.92 years). There was no sig-
nificant difference between the patient and the con-
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trol groups regarding age or gender (p>0.05 for
both). The native thiol (SH) and total thiol (SH+SS)
levels were lower in the patient group. The disulfide
level and the percentage ratios of SS/SH, SS/
SH+SS, and SH/SH+SS were statistically higher in
the patients (p<0.001). All patients were classified
by mortality and survival rates. There was no differ-
ence in mortality by age, gender, and histopathologi-
cal types. Native thiol and total thiol levels were
lower in those who died during the follow-up period.
However, the percentage ratios of SS/SH, SS/
SH+SS%, and SH/SH+SS were not correlated with
mortality (Table 1).

In this study, the cut-off value for the native thiol
level to predict mortality was determined using ROC
analysis. The sensitivity of the native thiol level and
the specificity of the disulfide level were 91.3% and
50%, respectively (p=0.0002) (Figure 1).

The sensitivity and specificity of the total thiol level
were 65.2% and 70.4%, respectively (Figure 2).

Table 1. Thiol/disulfide homeostasis parameters and histopathological types of mortality and survival groups.

Control Group (n=61) Patient Group (n=77) p-value
Age, years 58.36+9.16 60.56+7.92 0.140
Gender (female/male) 9/52 8/69 0.438
Native thiol (SH), pmol/L 430.41+48.46 288.41+62.07 0.001
Total thiol (SH+SS), pmol/L 470.4+49.41 339.95+70.26 0.001
Disulfide (SS), pmol/L 19.99+6.61 25.6+11.68 0.001
SS/SH% 4.71+1.66 9.27+4.78 0.001
SS/SH+SS% 4.27+1.38 9.77+13.41 0.001
SH/SH+SS% 91.47+2.76 84.86+6.10 0.001
Patients Mortality Group (n=23) Survival Group (n=54) p-value
Age, years 59(54-66) 62(55.75-65.25) 0.978
Female/Male 1/22 7/47 0.423
Squamous cell ca/Adenocarcinoma 13/10 22/32 0.203
Survival, months 13(7-19) 34.5 (27-40) 0.001
Native thiol (SH); pmol/L 252.87+58.4 303.55+57.68 0.001
Total thiol (SH+SS); pmol/L 303.36+71.14 355.54+64.41 0.002
Disulfide (SS); pmol/ 20.88(15.12-36.4) 25.9 (16.93-34.13) 0.361
SS/SH% 8.55(6.49-12.64) 7.91 (5.88-11.91) 0.701
SS/SH+SS% 7.35(6.03-10.33) 7.2 (5.26-9.64) 0.407
SH/SH+SS% 85.39(79.82-88.5) 86.72 (80.76-89.48) 0.567

Numerical data are shown as the median + standard deviation.

Sensitivity
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! P < 0.001
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Figure 1. Receiver operator characteristic curve
for the native thiol level in the prediction of mor-
tality.

Figure 2. Receiver operator characteristic
curve for the total thiol level in the prediction
of mortality.
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The median follow-up duration of the patient group
was 35 months. According to the cut-off value (305
pmol/L and 326.3, respectively), the median overall
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survival (OS) was significantly shorter in patients
with low native thiol (Figure 3) and total thiol levels
(Figure 4) (p<0.001).
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Figure 3. Kaplan-Meier survival analysis for
native thiol with a cut-off point of 305.2 (Log-
rank test, P=0.0001).

DISCUSSION AND CONCLUSION

This study demonstrated reduced native thiol and
total thiol levels in patients compared to the control
subjects. The percentage ratios of SS/SH, SS/
SH+SS, and NT/SH+SS, which are indicators of
oxidative stress, also reached a level of statistical
significance in patients. The data of this study sug-
gest that the status of SH-SS homeostasis may be
altered in patients with early-stage lung cancer due
to ROS-induced oxidation/reduction reactions.
These results suggest that low plasma levels of na-
tive thiol and total thiol are associated with poor
survival.

In a study, NT and TT levels were found to be low
in patients with lung cancer. This study included
patients with both early-stage and advanced-stage
lung cancer. Despite this heterogeneous population,
these low levels indicate that oxidant/antioxidant
balance is impaired by lung cancer.'

While the native thiol and total thiol levels were
lower in lung transplant patients compared to the
control group, their disulfide levels were similar.
Higher disulfide-to-native thiol (SS/SH) and disul-
fide-to-total thiol (SS/SH+SS) ratios have been re-
ported in lung transplant recipients.’ The lung is a
major target organ for damage caused by exogenous
oxidants. Oxidative mechanisms play a role in car-
cinogenesis initiation, promotion, and progression.
The lungs need antioxidants to protect against possi-
ble oxidative injury due to direct exposure to cancer
agents and very high quantities of oxygen.

The study by Erel showed higher disulfide levels in
inflammatory diseases but significantly lower disul-

Figure 4. Kaplan-Meier survival analysis for total
thiol with a cut-off point of 326.3 (Log-rank test,
P=0.0110).

fide levels in renal cell carcinoma and colon carcino-
ma.*

The lowest disulfide levels have been observed in
aggressively growing tumors; however, in slow-
growing tumors like basal cell carcinoma, the de-
crease has been reported to be at a subnormal level.”
In our study, the native thiol and total thiol levels
were lower in the patient group. Moreover, the disul-
fide levels were higher in the patient group. There
was no difference between the deceased and surviv-
ing patients. This can be explained by the fact that
all patients evaluated in this study may have had
early-stage lung cancer. There are a limited number
of studies investigating the effects of thiol-disulfide
hemostasis on cancer patients. In our study, the na-
tive and total thiol levels were lower in those who
died during the follow-up period (p<0.001).

A study on patients with diabetic ketoacidosis
(DKA) found low levels of native, and total thiol.
This indicates the presence of oxidative stress in
these patients. Disulfide bonds are formed because
of thiol metabolism. According to Otal et al.® the
disulfide level, which does not increase with in-
creased thiol use, indicates the possibility of expo-
sure of advanced proteins to oxidation in DKA pa-
tients.

The total thiol levels of our patients were similarly
low, but the disulfide levels increased compared
with the control group. This result demonstrates the
oxidation mechanism in patients with early-stage
lung cancer, but no intensive oxidation mechanism
as in DKA patients. Thiol-disulfide homeostasis is
impaired in many diseases of unknown etiology.’
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A review assessed thiol-disulfide homeostasis in
various skin diseases and found a shift toward the
disulfide or thiol side in patients; however, it re-
mained unchanged in some patients. This may vary
depending on the stage and severity of the disease,
and the level of oxidative stress and antioxidant ca-
pacity.'

In this study, the cut-off value for the native thiol
level to predict mortality was determined using ROC
analysis. The sensitivity of the native thiol level and
the specificity of the disulfide level were 91.3% and
50%, respectively. The sensitivity and specificity of
the total thiol level were 65.2% and 70.4%, respec-
tively. The decreased antioxidant levels in patients
with early-stage lung cancer may be associated with
poor prognosis.

There is no information on the level of antioxidants,
particularly in lung cancer. Studies have reported an
increase in antioxidant activity in lung cancer,
whereas other studies have shown decreased antioxi-
dant activity."!

High oxidative biomarker levels are associated with
metastasis and tumor aggressiveness in lung cancer.
Therefore, evaluating biomarkers for early-stage
cancer is not applicable. However, our results re-
vealed an association between reduced antioxidant
activity and mortality in early-stage NSCLC.

In conclusion, these results may demonstrate the
roles of oxidative stress in lung cancer and the bi-
omarkers that may be used to predict prognosis.
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