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SUMMARY

OBJECTIVE: Many chronic diseases such as malignancy, cardiovascular diseases, endothelial dysfunction, and autoimmune diseases, which
have been shown to be related to vitamin D in various studies; have similar relations with CTRP-9, TNFe, and thiol-disulfide hemostasis.
We aimed to contribute to the literature by evaluating the relationship between CTRP-9, TNFc, and thiol-disulfide hemostasis and
vitamin D levels, which we thought may have some effects on the pathogenesis of vitamin D deficiency.

METHODS: In our study, 78 female volunteers older than 18 years were included. Volunteers were divided into three groups according
to the reference values of vitamin D levels. Biochemical parameters, CTRP-9, TNFa, and thiol/disulfide hemostasis tests taken from all
volunteers were studied.

RESULTS: In this study, there was a significant difference in CTRP-9, TNFa, total thiol (TT), native thiol (NT), DIS (disulfide), TT/DIS, and
NT/DIS levels in vitamin D groups (p<0.05). There was a significant negative correlation between vitamin D and TNFo and DIS, while a
significant positive correlation was found with CTRP-9, TT, NT, TT/DIS, and NT/DIS (p<0.05).

CONCLUSIONS: It was determined that vitamin D deficiency causes a significant decrease in CTRP-9 level and a significant increase in
TNFo level, as well as an increase in thiol/disulfide hemostasis in favor of disulfide, which may be a risk factor for increased oxidative
stress. We considered that these changes may play mediator roles for many chronic diseases and metabolic disorders that are increasing

I

in frequency due to vitamin D deficiency.
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INTRODUCTION

It was originally thought that vitamin D had effects mainly on
calcium and bone metabolism. In preclinical studies, it has been
determined that vitamin D exerts its effects through vitamin D
receptors. It has been shown that these receptors are found not
only in bone structure but also in many tissues and organs'?.
In recent years, vitamin D deficiency and insufficiency has been

found to be associated with many chronic diseases, including

a number of cancers, cardiovascular diseases, endothelial dys-
function, metabolic syndrome, infectious and autoimmune
diseases®. Vitamin D deficiency is likely to be a risk factor for
many acute and chronic diseases®. It is significantly higher in
women than in men’. Risk factors for vitamin D deficiency
include advanced age, genetic factors, living in a traditionally
closed society, being in a closed environment, use of protective

sunscreen, physical inactivity, smoking, air pollution, kidney
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disease, liver disease, anticonvulsants, and glucocorticoids,
affecting vitamin D metabolism. including the use of drugs®.

CTRP-9 (the C1q TNF-related protein) is a newly described
adipokine secreted from adipose tissue, which shares the highest
amino acid sequence (54%) as well as being the closest paralogue
of adiponectin. The metabolic roles of CTRP-9 functionally over-
lap with those of adiponectin. CTRP-9 is produced at higher lev-
els in women than in men’. Its anti-inflammatory and anti-ath-
erosclerosis properties led it to play a cardioprotective role in the
coronary artery disease process. CTRP-9 inhibits the expression
of adhesion molecules in endothelial cells and reduces the secre-
tion of proinflammatory cytokines such as tumor necrosis factor
alpha (TNFa). It increases the production of nitric oxide in the
atherosclerotic plaque, leading to vasodilation, decreasing endo-
thelial dysfunction, also inhibiting the inflammatory responses
of macrophages and consequently increasing the stability of the

1011 Duye to the reduced neointimal for-

atherosclerotic plaque
mation of CTRP-9 following vascular injury with treatments
that can increase CTRP-9 production, it is thought that the fre-
quency of vascular restenosis can be reduced after angioplasty?.

Tumor necrosis factor alpha has important properties in the
initiation and maintenance of inflammation in autoimmune
diseases. It has also multiple effects on inflammation, infection,
immunity, cytotoxicity, endothelial dysfunction, oxidative stress,
cardiovascular events, and tissue remodeling. Due to these ver-
satile effects, anti-TNF drugs have been developed which are
used in the treatment of many diseases'.

Oxidative stress is defined as the impairment of molecu-
lar and cellular functions as a result of the loss of the balance
between the production of free radical or reactive oxygen species
and the antioxidant system. Reactive oxygen radicals are pri-
mary molecules that cause oxidative damage when they exceed
physiological levels. Dynamic thiol/disulfide balance state has
critical roles in antioxidant defense, detoxification apoptosis,
regulation of enzyme activities, transcription and cellular sig-
nal transduction mechanisms. Abnormal thiol/disulfide balance
levels is involved in the pathogenesis of various diseases such as
diabetes mellitus, cardiovascular diseases, endothelial dysfunc-
tion, malignancy formation, rheumatoid arthritis, chronic renal
failure, Parkinson’s and Alzheimer’s diseases'*°.

In the literature review, there are a limited number of studies
evaluating vitamin D level, thiol-disulfide hemostasis, and TNFo
separately in some diseases. However, there was no study exam-
ining the relationship between CTRP-9 and vitamin D. Also, no
study was found in which all these parameters were evaluated
together. We aimed to contribute to the literature by evaluat-
ing the relationship between CTRP-9, TNFa, and thiol-disul-
fide hemostasis and vitamin D levels, which we thought may
have some effects on the pathogenesis of vitamin D deficiency.

METHODS

After the approval of the ethics committee of Bezmialem Vakif
University, dated 18/12/2019 and decision number 24/17,
78 female volunteers over the age of 18 years, who applied to
the internal medicine outpatient clinic of our hospital between
May 2020 and November 2020, were included in our study.
Patients with a known chronic disease, pregnancy, or surgery in
the last 6 months were not included in our study. Also, patients
who used antioxidant drugs, vitamin supplements, lipid-lower-
ing drugs, smoking, alcohol use, and those who used vitamin D
in the last 1 month were excluded from the study. Patients with
normal C-reactive protein (CRP) levels were included in our
study. If vitamin D level is <20 ng/mlL, it indicates deficiency,
if it is 20-30 ng/mL, it indicates insufficiency, and if it is above
30 ng/mL, it indicates sufficient level7. Volunteers were divided
into three groups according to the reference values of vitamin D
levels. For biochemical parameters (glucose, creatinine, aspartate
aminotransferase [AST], alanine aminotransferase [ALT], cal-
cium, magnesium, phosphorus, free tetraiodothyronine [fT4],
thyroid-stimulating hormone [TSH], parathyroid hormone
[PTH], total cholesterol, triglyceride, low-density lipopro-
tein-cholesterol [LDL-K], high-density lipoprotein-cholesterol
[HDL-K]), CTRP-9, TNFq, and thiol/disulfide hemostasis tests
from all volunteers, venous blood samples, were taken into a
gel tube between 8:00 a.m. and 9:00 a.m. after 12 h of fast-
ing and centrifuged at 3,600 rpm for 10 min and the serums
were separated. After the serums of all volunteers were trans-
ferred to Eppendorf tubes, they were stored at -80°C until the
day of the study.

Measurement of dynamic
thiol/disulfide homeostasis
Serum thiol/disulfide homeostasis was determined with a
recently developed measurement method by using the Thermo
Scientific Varioskan Flash multimode reader. DIS was mathe-
matically determined according to the formula (TT-NT)/2.

Measurement of CTRP-9 and TNFa
Concentrations of CTRP-9 and TNFa, in the serum were
measured by a specific commercial ELISA kit according to
the manufacturer’s instructions (CTRP-9: E3848Hu and
TNFo.: E0082Hu, Bioassay Technology Laboratory, China).
Concentrations were determined with a spectrophotometric
microtiter plate reader (Varioskan Flash Multimode Reader,
Thermo, Waltham, USA) at 450 nm optical density'®.

Statistical analyses
IBM SPSS statistics 22.0 program was used for statistical
analysis in the study. While evaluating study data, descriptive
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statistical methods (mean, standard deviation, and frequency)
were used. Skewness and kurtosis values were used together
with the Shapiro-Wilk test to evaluate the normal distribu-
tion of the data. While the one-way ANOVA test was used
to compare more than two normally distributed variables,
the Kruskal-Wallis test was used to evaluate more than two
non-normally distributed variables. In order to evaluate the
correlation between data, Pearson’s correlation analysis was
used for normally distributed data, and Spearman correlation
analysis was used for non-normal distribution data. Results
were evaluated at 95% confidence interval and significance

level of p<0.05.

RESULTS

"The mean age of 78 women who joined the study was 34.06+10.89
(20-61) years, while their average body mass index (BMI) was
24.571+4.60 (16.8-35.0) kg/m?. When we divided volun-
teers according to their vitamin D levels into three groups
(Group 1: vitamin D<20 ng/mL; Group 2: vitamin D between
20 and 30 ng/mL; Group 3: vitamin D>30 ng/mL): Group 1:
age and BMI average were 32.26+10.06 years, 24.7614.86 kg/m?;
Group 2: 35.86£12.95 years, 24.031+4.74 kg/m?* and Group
3:35.15+9.92 years, 24.85%4.13 kg/m?. There was no statisti-
cally significant difference between the groups in terms of age

and BMI (p>0.05) (Table 1).

Table 1. Evaluation of age, body mass index, the C1qg TNF-related protein, tumor necrosis factor-alpha, total thiol, native
thiol, disulfide, total thiol/disulfide, native thiol/disulfide, and biochemical parameters levels in vitamin D groups.

Group 1 Group 2 Group 3
Vitamin D <20 ng/mL | Vitamin D 20-30 ng/mL | Vitamin D >30 ng/mL
n:36 n:22 n:20
Age (years) 32.36+10.06 35.86+£12.95 35.15£9.92 0.438
BMI (kg/m?) 24.7614.86 24.03+4.74 24.85+4.13 0.809
CTRP-9 (ng/L) 90.45+25.57 145.20+£13.98 145.42422.76 0.001
TNFo (ng/L) 249.29+29.59 182.23£22.97 142.35+£19.13 0.001
TT (uM) 449.66+53.58 524.48+56.40 530.11+£52.47 0.001
NT (UM) 205.95+£37.96 316.03+£57.10 342.20+43.64 0.001
DIS (uM) 121.85£15.39 104.22+2.58 93.95+38.30 0.001
TT/DIS 3.70£0.35 5.03+0.57 6.89£3.77 0.001
NT/DIS 1.70+0.35 3.03£0.57 4.8943.77 0.001
Glucose (mg/dL) 92.11+£7.43 91.04+8.81 90.40+5.64 0.693
Creatinine (mg/dL) 0.69£0.05 0.69+0.04 0.71£0.08 0.354
AST (U/L) 17.05%4.88 16.86£3.79 17.05£3.61 0.153
ALT (U/L) 17.72+8.84 14.8145.01 14.4014.61 0.225
Calcium (mg/dL) 9.34+0.30 9.42+0.44 9.36+0.39 0.726
Magnesium (mg/dL) 1.94+0.14 1.95+0.15 1.90+0.11 0.415
Phosphorus (mg/dL) 3.55+0.43 3.38+0.35 3.6310.51 0.177
PTH (ng/L) 63.22+21.31 60.79+15.31 47.61£17.02 0.012
fT4 (pg/mL) 12.2941.39 12.8941.59 12.65%1.21 0.280
TSH (mU/L) 1.6520.71 1.50£0.61 1.4620.55 0.518
Total cholesterol (mg/dL) 181.50+34.17 171.13+£21.89 189.85+38.50 0.179
Triglyceride (mg/dL) 79.86144.33 74.63+£29.80 77.06£35.01 0.878
LDL-K (mg/dL) 105.41£31.68 90.57£29.57 115.694£31.95 0.036
HDL (mg/dL) 60.46+14.85 60.36%13.62 57.52+£15.14 0.745

BMI: body mass index; CTRP-9: the C1q TNF-related protein; TNFa:: tumor necrosis factor-alpha; TT: total thiol; NT: native thiol; DIS: disulfide; AST:
aspartate aminotransferase; ALT: alanine aminotransferase; PTH: parathormone; fT4: free tetraiodothyronine; TSH: thyroid-stimulating hormone; LDL-K:
low-density lipoprotein-cholesterol; HDL-K: high-density lipoprotein-cholesterol.
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Between vitamin D groups, while there was no signifi-
cant difference found (p>0.05) in terms of glucose, creat-
inine, AST, ALT, calcium, magnesium, phosphorus, T4,
TSH, total cholesterol, triglyceride, HDL-K, there was a
significant difference (p<0.05) found in terms of CTRP-
9, TNFa, total thiol (TT), native thiol (NT), disulfide
(DIS), TT/DIS, NT/DIS, PTH, and LDL-K (Table 1).
The change of vitamin D, CTRP-9, TNFo, TT, NT, DIS,

TT/DIS, and NT/DIS levels were shown in vitamin D
groups (Figure 1).

In the evaluation of the correlation between vitamin D
and age, BMI, CTRP-9, TNFq, TT, NT, DIS, TT/DIS, NT/
DIS, and other biochemical parameters, a significant negative
correlation was found with TNFa, DIS, PTH, while a signif-
icant positive correlation was found with CTRP-9, TT, NT,
TT/DIS, and NT/DIS (p<0.05; Table 2).
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Figure 1. Evaluation of vitamin D, the C1q TNF-related protein, tumor necrosis factor-alpha, total thiol, native thiol, disulfide,
total thiol/disulfide, and native thiol/disulfide levels in vitamin D groups.

1029
Rev Assoc Med Bras 2021;67(7):1026-1032



Vitamin D level, CTRP-9, tumor necrosis factor-alpha, thiol-disulfide

Table 2. Evaluation of the correlation between vitamin D
level and levels of age, body mass index, the C1q TNF-related
protein, tumor necrosis factor-alpha, total thiol, native thiol,
disulfide, total thiol/disulfide, native thiol/disulfide and
biochemical parameters.

I T

Age (years) 0.144 0.209
BMI (kg/m?) -0.002 0.983
CTRP-9 (ng/L) 0.781 0.001
TNFo (ng/L) -0.815 0.001
TT (uM) 0.805 0.001
NT (uM) 0.852 0.001
DIS (uM) -0.245 0.031
TT/DIS 0.459 0.001
NT/DIS 0.459 0.001
Glucose (mg/dL) -0.072 0.695
Creatinine (mg/dL) 0.119 0.298
AST (U/L) 0.039 0.736
ALT (U/L) -0.184 0.107
Calcium (mg/dL) 0.053 0.644
Magnesium (mg/dL) -0.116 0.351
Phosphorus (mg/dL) 0.012 0.918
PTH (ng/L) -0.372 0.002
T4 (pg/mL) 0.163 0.154
TSH (mU/L) -0.115 0.318
Total cholesterol (mg/dL) 0.026 0.822
Triglyceride (mg/dL) 0.014 0.906
LDL-K (mg/dL) 0.072 0.531
HDL (mg/dL) -0.170 0.137

r: correlation coefficient; BMI: body mass index; CTRP-9: the C1q TNF-
related protein; TNFou: tumor necrosis factor-alpha; TT: total thiol; NT:
native thiol; DIS: disulfide; AST: aspartate aminotransferase; ALT: alanine
aminotransferase; PTH: parathormone; fT4: free tetraiodothyronine; TSH:
thyroid-stimulating hormone; LDL-K: low-density lipoprotein-cholesterol;
HDL-K: high-density lipoprotein-cholesterol.

DISCUSSION

In addition to the fact that vitamin D deficiency is a very
important hormone for bone and calcium metabolism, various
studies have shown that it is associated with many important
diseases including some cancers, cardiovascular diseases, endo-
thelial dysfunction, metabolic syndrome, infectious and auto-
immune diseases. This has led to an increase in the relevant
awareness of vitamin D and therefore the use of vitamin D
preparations® 171, Despite this, as a result of the decrease

in the exposure to sunlight due to reasons such as living in a
closed environment, the use of high factor creams that protect
against the harmful effects of the sun, clothing style, seasonal
characteristics, decrease in food quality, insuflicient and short-
term use of vitamin D preparations for treatment. Vitamin D
deficiency is still a common occurrence today®.

In our study, there was a significant difference between
vitamin D groups in terms of CTRP-9 level, and a significant
positive correlation was found between vitamin D level and
CTRP-9 level (p<0.05). CTRP-9 is the closest paralog of adi-
ponectin and shows a high level of amino acid sequence simi-
larity. Both molecules have antiatherogenic, anti-inflammatory;,
and antiproliferative effects. Additionally, both molecules pre-
vent insulin resistance and endothelial dysfunction?!. In the lit-
erature scan that has been carried out, we did not come across a
study that examined the relationship of CTRP-9 and vitamin D.
However, there are a limited number of studies examining the
relationship between vitamin D and adiponectin, Rambhojan
etal., in their study on 117 adolescents, found that adiponectin
levels were significantly lower in patients with vitamin D defi-
ciency compared with those without vitamin D deficiency®.
However, in the study Mohammedi et al. conducted to the
first-degree relatives of 64 type 2 diabetic patients, a significant
decrease in adiponectin levels was found after the vitamin D
replacement treatment done on the patients®. In our study,
CTRP-9, whose relationship with vitamin D was examined,
has high similarities with adiponectin both structurally and
functionally, as well as being a different molecule; again in the
study of Mohammedi et al.?, since the effects of vitamin D
replacement treatment are evaluated, it may be thought that
the results are different. The lower levels of CTRP-9 in vita-
min D deficient patients in our study suggest that it may play
some mediator roles for increased atherogenesis, endothelial
dysfunction, cardiovascular, and inflammatory events as a result
of vitamin D deficiency. However, these possible mechanisms
should be supported by some comprehensive studies.

In our study, there was a significant difference between
vitamin D groups in terms of TNFa. level as well as a signifi-
cant negative correlation between vitamin D level and TNFo
level (p<0.05). TNFo has multiple effects on the initiation and
maintenance of inflammation, endothelial dysfunction, cyto-
toxicity, oxidative stress, and cardiovascular events®. El Hajj
etal. have carried out the study on 88 type 2 diabetics patients
after the vitamin D replacement treatment. TNFa levels were
found to be significantly lower than before replacement®.
In the study conducted by Azizieh et al. on 112 healthy women,
participants were divided into two groups according to their
vitamin D levels (above and below of 25 nmol/l [10 ng/ml]).
Although TNFa level was found to be lower in the group with
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vitamin D level below 25 nmol/l, no significant difference was
detected between the groups®. In terms of TNFat level, the
results of our study are similar to the results of the study con-
ducted by El Hajj et al. However, we considered that the dif-
ference between the results of the study by Azizieh et al.” and
this study may be due to the fact that different patient groups
have been studied in terms of vitamin D levels. In our study, a
significant negative correlation was found between CTRP-9 and
TNFal (p<0.05). This suggests that molecules such as CTRP-9
and adiponectin may exert their anti-inflammatory effects by
decreasing the level of TNFoL.

In our study, while there was a significant difference
between vitamin D groups in terms of TT, NT, DIS, TT/DIS,
and N'T/DIS levels, and a significant positive correlation was
found between vitamin D level and TT, NT, TT/DIS, and
NT/DIS level, a significant negative correlation was found
with DIS level (p<0.05). Dynamic thiol/disulfide balance state
has critical roles such as antioxidant defense, detoxification,
and apoptosis. It has been determined that oxidative stress,
which occurs as a result of the deterioration of this balance
in favor of disulfide, plays a role in the pathogenesis of vari-
ous diseases such as diabetes mellitus, cardiovascular diseases,
endothelial dysfunction, and malignancy'¢. In the literature
scan, we came across very few studies examining vitamin D
and thiol/disulfide hemostasis in different patient groups.
In the results of the study that Mertoglu et al. carried out on
203 healthy children to examine the relationship between
vitamin D level and thiol/disulfide, it was found that thiol/
disulfide hemostasis was impaired in patients with severe vita-
min D deficiency, but this disorder did not improve with vita-
min D replacement. As a result of their studies, they stated
that it may be more beneficial to increase the endogenous
production of vitamin D?. In the study conducted by Alvarez
et al. on 693 adults, it was found that vitamin D deficiency

was associated with oxidative stress by causing disruption in

glutathione and cysteine thiol/disulfide balance?. The results
of our study are also similar to both studies. We considered
that the triggering role of vitamin D deficiency in the increase
of oxidative stress may be effective in its risk factor for many
chronic diseases and metabolic disorders. In addition to the
benefits of vitamin D replacement therapy, it is thought that
increasing endogenous vitamin D production may provide
additional benefits in reducing oxidative stress. However, more
accurate results can be obtained with more comprehensive
studies on this subject.

Relatively less number of patients and the fact that it was
performed only in women were the limitations of this study,
whereas the evaluation of several interrelated parameters together
was the strength.

CONCLUSIONS

As a result of this study, it was determined that vitamin D
deficiency causes a significant decrease in CTRP-9 level and
a significant increase in TNFa level, as well as an increase in
thiol/disulfide hemostasis in favor of disulfide, and could be a
risk factor for increased oxidative stress. These changes might
play an intermediary role in many chronic diseases and met-
abolic disorders that occur in vitamin D deficiency, as well as
contributing to the formation of the multifactorial effects of
vitamin D. However, these possible roles need to be supported

by some comprehensive studies.
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