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ABSTRACT

The aim of the study is to investigate the relationship between tissue factor (TF) and
Interleukin-33 (IL-33) and biochemical parameters in diabetic obese and non-dia-
betic obese patients. 21 healthy controls, 25 non-diabetic and 36 diabetic-obese pa-
tients were included in the study. While there was no difference between the groups
in terms of IL-33 levels (p> 0.05), TF levels of diabetic obese group were statisti-
cally significantly higher than control group (p <0.05). HDL levels of the obese and
diabetic obese groups were significantly lower than control group, and triglyceride,
glucose, insulin, C-reactive protein (CRP), hemoglobin Aic (HbA1c), and HOMA-IR
levels were significantly higher (p <0.05). A positive correlation was found between
TF activity, and HbA1c and glucose levels (p <0.05). This suggests that TF may be
predictive for diabetes which develop in the background of obesity, and that TF can
be used as a prognostic value for diabetes.
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INTRODUCTION

Obesity is a chronic disease which is caused by disruption of energy balance,and
characterized by increased body fat mass'. Adipose tissue with chronic low-
grade inflammation can contribute to the metabolic consequences of obesity.
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Therefore, obesity thought to play a role in both atherosclerosis and diabetes
development?.

Diabetes Mellitus (DM) is a metabolic disease of multiple etiologies. It is char-
acterized by chronic hyperglycemia with impaired carbohydrate metabolism,
due to insulin secretion and / or defects in its progressions.

Despite various studies, the increased rate of obesity and health problems due
to obesity comorbidities such as cardiovascular diseases and health expendi-
tures are gradually increased*.

It is observed that patients, whose body mass index (BMI) remain over 30 kg/
m? more for than ten years, are twice as much susceptible to the risk of diabetes
compared to the those with the same BMI for five years?. Type 2 Diabetes Mel-
litus (T2DM), which is typically caused by obesity, is the most common disease
among carbohydrate metabolism disorders#. Because of this close relationship
between diabetes and obesity, the concept of “diabesity” was coined. “Diabesi-
ty” is a term which refers to diabetes occurring in the context of obesity?.

Besides requiring lifelong treatment, DM also negatively affects quality of life
because of acute and chronic complications*. Uncontrolled DM is the cause of
multiple organ damage as a result of macrovascular and microvascular compli-
cations. It also increases the risk of cardiovascular disease by twices.

TF, also known as factor III or thromboplastin, is the primary initiator of the
extrinsic blood coagulation system®. TF is expressed by epithelial cells around
the blood vessels, such as adventitial fibroblasts, and plays a critical role in
hemostasis. TF also contributes to various forms of thrombosis. Besides these
well-known features, TF is highly expressed in many types of cancer, especially
adenocarcinomas’. It is known that TF levels, which are also associated with
increased appetite, decrease as a result of weight loss in obesity. It reduces cir-
culating prothrombotic marker levels, including TF and plasminogen activator
inhibitor-1 (PAI-1)8°.

Interleukin 33 (IL-33), which is a nuclear associated cytokine and the ligand
of the ST2 receptor, belongs to the interleukin 1 (IL-1) family. It is abundantly
expressed in endothelial cells, epithelial cells and fibroblast-like cells, during
homeostasis and inflammation. Studies have shown that IL-33 modulates
inflammatory diseases such as arthritis and atherosclerosis, as well as other
inflammatory diseases of the gastrointestinal, and the respiratory systems. At
the same time, both I1.-33 and ST2 are abundantly expressed in human athero-
sclerotic plaques'. Besides, it was found that both IL-33 and ST2 are expressed
in adipocytes and adipose tissues. IL.-33 was found to have a protective effect in
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adipose tissue inflammation during obesity, in that it induces the production of
Th2 cytokines (IL-5 and IL-13), reduces lipid storage, inhibits adipogenesis and
promotes lipolysis. In addition, the treatment of obese diabetic (ob/ob) mice
with IL-33 has led to protective metabolic effects such as significantly lower
adiposity, lower fasting glucose, and increased glucose and insulin sensitivity*2.

It is shown that IL-33 induces TF expression depending on the ST2 receptor
and the NF-x B pathway human umbilical vein endothelial cells (HUVECs) and
coronary artery endothelial cells (HCAECs)".

However, the relationship between IL-33 and TF in non-diabetic and diabetic
obese patients, and their association with other metabolic parameters have not
yet been revealed. Therefore, the aim of this study is to investigate the relation-
ship between TF and IL-33 in diabetic and non-diabetic obese patients.

METHODOLOGY

Ethics committee approval was obtained from the Istanbul Medipol University
Non-Interventional Clinical Research Ethics Committee (Decision No: 335).

21 healthy controls, 25 non-diabetic obese and 36 diabetic-obese patients who
applied to Istanbul Medipol Mega Hospital Biochemistry Laboratory were in-
cluded in the study. BMI is a person’s weight in kilograms divided by the square
of body height in meters (kg/m?). Patients with BMI values ranging between 18.9
and 24.9 kg / m? were considered normal, while patients with BMI values greater
than 24.9 kg / m? were considered obese®. Diagnosis of diabetes was identified
based on clinical and laboratory findings according to the American Diabetes As-
sociation (ADA) criteria, HbA1c levels above 6.5% were included in the diabetic
obese group, and the others were included in the non-diabetic obese group*.

Exclusion criteria were; being under 18 years old, being over 75 years old,
smoking, having hypertension, heart disease, polycystic ovarian disease, in-
flammation, and infection.

Blood collection and storage

After obtaining consent forms from selected reference individuals, blood sam-
ples were collected between 08:00-12:00 in the morning, at the end of 8-12
hours of fasting. Blood samples were taken from the antecubital vein in a sit-
ting position into 8-milliliter vacuum gel red-capped tubes. The blood samples
were centrifuged at 3000 rpm for 10 minutes with the NUVE (NF-800R) brand
centrifuge in the clinical biochemistry laboratory, and serum samples were
separated. The separated serum samples were taken into Eppendorf tubes and
stored at -80°C until study.
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Parameters examined in serum

IL-33 and TF serum concentrations were measured using the ELISA method
(Cusabio Elisa kit, catalog no: CSB-E13000h and catalog no: CSB-E07913h,
respectively). The R-square (R?) values were calculated as 0.97 and 0.99 re-
spectively on the standard graph created to reflect the results of the measure-
ments. The measurements were taken using BioTek Synergy HTX multimode
reader. Glucose, insulin, TC, HDL, LDL, and TG serum concentrations were
measured using Roche / Hitachi C501 autoanalyzer, with a commercial kit by a
photometric method. Serum concentrations of HbAic and CRP were measured
by Roche / Hitachi Cobas autoanalyzer using a commercial kit by an immune
chemiluminescence method. Insulin resistance was calculated using the for-
mula; (HOMA-IR) = [fasting insulin X glucose] / 22.5 .

Statistical Analysis

SPSS 22 (IBM, Chicago) software was used for statistical analysis. The results
are presented as mean values + standard deviations (X + SD). T-test was used
to compare parameters of obese and control groups which exhibit a normal dis-
tribution, and the Mann-Whitney U test was used to compare two groups which
do not exhibit a normal distribution. One-way analysis of variance (ANOVA)
was used to compare the differences of variables in subgroup analysis. Kruskal
Wallis and Post-hoc Dunn tests were also used for parameters which did not
exhibit normal distribution. The correlation graphs were created using the
SPSS software and the bar graphs were created using the Graphpad Prism 8
software. The significance level was accepted as p <0.05 for all tests.

RESULTS AND DISCUSSION

IL-33 is a proinflammatory cytokine from the IL-1 family, which is located in
the homeostatic system and is a ST2 receptor ligand. In the animal study, it was
revealed that the I11.-33 / ST2 effect played a role in the modulation of obesity,
insulin resistance, and inflammatory pathologies of T2DM+7.

Elevated levels of TF are found in atherosclerotic plaques, and TF triggers throm-
bosis after plaque rupture. It is known that IL-33 is expressed in atherosclerotic
plaques and endothelial cells. Also, endothelial cells and atherosclerotic plaques
are involved TF secretion''. Because of this connection, the relationship between
IL-33 and TF was the subject of two research studies by Stojkovic et al.'8,

In the first study, Stojkovic et al. used HUVECs and HCAECs cell lines to dem-
onstrate that IL-33 induces TF expression of the ST2 receptor and the NF-x B
pathway, and promotes TF activity in microparticles produced from endothe-
lial cells. Moreover, the researchers found a positive correlation between the
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expression of TF mRNA and IL-33 mRNA in human carotid atherosclerotic
plaques®. In the second study, Stojkovic et al. demonstrated that the effects
of IL-33 on TF expression are related to the amounts of ST2 receptors on the
monocyte surface'®.

This is the first study to investigate the relationship between serum IL-33 and
TF in non-diabetic obese and diabetic obese study groups.

As shown in Table 1, the obese group had significantly higher levels of serum
TF compared to the control group (p <0.05), whereas IL-33 values showed no
difference between the two groups (p> 0.05). Comparing the obese group to
the control group; HDL levels are significantly lower, while TG, Glucose, in-
sulin, CRP, Hb1Ac and HOMA-IR values were higher (p <0.05). There was no
difference between total cholesterol and LDL levels between the two groups (p>
0.05) (Table 1) (Figure 1).

Table 1. Biochemical parameters of obese and control groups

Control Group Obese Group
(n=21) (n=61) P
X+SD X+SD

BMI (kg/m?) 23,44 + 0,84 33,75+ 6,15 <0,05
TF (pg/ml) 53,14 + 24,75 71,90 + 34,51 <0,05
IL-33 (pg/ml) 522 +1,58 5,54 +2,02 >0,05
Glucose (mg/dl) 102,69 + 17,22 151,96 + 69,05 <0,05
HDL (mg/d1) 53,86 + 10,00 47,21 £9,08 <0,05
LDL (mg/dl) 121,52 + 18,36 121,98 + 27,41 >0,05
TG (mg/dl) 119,73 + 28,68 158,10 + 51,44 <0,05
TC (mg/dl) 192,57 + 24,17 198,35 + 31,96 >0,05
Insulin (pIU/ml) 9,70 + 3,01 17,21 + 8,53 <0,05
CRP (mg/l) 3,55 2,71 7,73 +6,98 <0,05
HbA1c (%) 5,42 + 0,52 6,86 + 1,68 <0,05
HOMA-IR 2,43 0,76 6,40 + 7,46 <0,05

Abbreviations: BMI: Body mass index; TF: Tissue factor; IL-33: Interleukin 33;
HDL: High density lipoprotein; LDL: Low density lipoprotein; TG: Triglyceride;
TC: Total Cholesterol; CRP: C reactive protein; HbA1c: Hemoglobin A1c; HOMA-
IR: Insulin resistance. *p<0,05 was considered statistically significant.
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Figure 1: The bar graphs of parameters that show statistical significance in obese and control
groups.

Abbreviations: TF: Tissue Factor; IL-33: Interleukin 33; HDL: High density
lipoprotein; LDL: Low density lipoprotein; TG: Triglyceride; TC: Total Cho-
lesterol; CRP: C reactive protein; HbA1c: Hemoglobin Aic; HOMA-IR: Insu-
lin resistance. Statistical significances are indicated by asterisks. *p<0,05;
**p<0,01; ***p<0,001; ****p<0,0001.

Obesity contributes to the development of diabetes and being obese generally
aggravates the prognosis of diabetes®. In obesity, inflammation and metabolic
changes lead to an increase in TF expression in adipose tissue and macrophag-
es®. Confirming our findings, Ayer et al. observed that TF increased in obese pa-
tients2°. In other studies, it was revealed that thrombin formation and TF levels
decreased significantly when obese individuals with loose weight222. Singh et
al. showed that TF levels increased in the circulation system during childhood
obesity and high levels of TF increased risk of cardiovascular diseases?s. Stud-
ies with obese mice report that there is increased expression of TF mRNA in
adipocytes as well as in adipose tissue stromal vascular cells. In addition, there
was also increased TF activity in the circulation system and adipose tissue®24.

The protective role played by IL-33 against obesity-related inflammation, in-
sulin resistance, and T2DM was also demonstrated in animal studies. How-
ever, a limited number of human studies on IL 33 levels in obesity are con-
troversial®2°, Similar to our results, a study done by Zeyda et al., showed no
significant changes in IL-33 levels, but a significant increase in sST2 levels in
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morbidly obese subjects?®. Tang et al. study’s showed that serum IL-33 levels
were increased in overweight/obese Chinese population. Increased IL-33 levels
have positive correlation with metabolic syndrome?. In the other study, IL-33
levels were found to be lower compared to the overweight and obese groups=°. It
was inferred that the high I1.-33 levels were due to the protective effect of I1.-33
against obesity2829,

CRP levels were found to be higher than those of the control group, which un-
derlies inflammation in obesity. In obese individuals, there has been a rela-
tionship between CRP levels and basal peripheral blood mononuclear cell TF
procoagulant activity which suggests a link between inflammation brought by
obesity and thrombosis=°.

When the control, non-diabetic and diabetic obese groups are compared; TF
values were examined, and a statistically significant increase was observed in
the diabetic obese group compared to the control group (p <0.05). Although
the TF levels were numerically higher in the non-diabetic obese group com-
pared to the control group, there was no statistical significance (p> 0.05). In IL-
33 levels; there was no significant difference between the control, non-diabetic
obese, and diabetic obese groups (p> 0.05). In the non-diabetic obese group,
Insulin and CRP levels were found to be significantly higher than control group
(p <0.05). In addition, in the diabetic obese group, glucose, TG, insulin, CRP,
Hb1Ac, and HOMA-IR levels were significantly higher, and HDL was signifi-
cantly lower than in the control group (p <0.05). There was no difference in
TC and LDL levels (p> 0.05). In the diabetic obese group, Hb1Ac and glucose
levels were significantly higher than in the non-diabetic obese group (p <0.05)
(Table 2) (Figure 2).
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Table 2. Biochemical parameters of control, non-diabetic and diabetic obese groups

Non-Diabetic Diabetic
(:onl_rgl1(1) Obese (2) Obese (3)
n= 1=25 1=36 P *Intergroup
Significance
X+SD X+SD X+SD
BMI (kg/m?) 2344+084 | 3391:464 33,65 +7,07 <0,05 1-3:1-2
TF (pg/ml) 5314+2475 | 64,01:32,95 | 77,38+34,95 <0,05 1-3
IL-33 (pg/ml) 522+ 158 5,70 £ 2,02 5,43 + 2,04 50,05 -
G'“““:I‘; MO/ | 0069+17,02 | 100402784 | 187,76+ 70,10 <0,05 1-3:2-3
HDL (mg/dl) | 53,86:10,00 | 4960:9,86 | 4554822 <0,05 1-3
LDL (mg/dl) | 121521836 | 123,86+30,08 | 120,67 + 25,75 50,05 -
TG (mg/dl) | 119,7328,68 | 151,01+51,84 | 163,03 +51,31 <0,05 1-3
TC(mo/dl) | 192,57 2417 | 196123322 | 199,90 + 31,43 50,05 -
'“s“'[":‘l)("'ul 9,70 £ 3,01 16,85 + 8,54 17,46 + 8,64 <0,05 1-2:1-3
CRP (mg/l) 3,55+ 2,71 7,21 £ 6,60 8,47 +7,57 <0,05 1-2:1-3
HbATc (%) 5,42 + 0,52 5,37 + 0,42 789143 <0,05 1-3:2-3
HOMA-IR 2,43+ 0,76 4,00+2,32 8,06 £ 9,20 <0,05 1-3

Abbreviations: BMI: Body mass index; TF: Tissue factor; IL-33: Interleukin 33;

HDL: High density lipoprotein; LDL: Low density lipoprotein; TG: Triglycer-
ide; TC: Total Cholesterol; CRP: C reactive protein; HbA1c: Hemoglobin Aic;
HOMA-IR: Insulin resistance. *p<0,05 was considered statistically sig-

nificant.
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Figure 2: The bar graphs of statistically significant parameters in control, non-diabetic obese
and diabetic obese groups.

Abbreviations: TF: Tissue Factor; IL-33: Interleukin 33; HDL: High density
lipoprotein; LDL: Low density lipoprotein; TG: Triglyceride; TC: Total Cho-
lesterol; CRP: C reactive protein; HbAic: Hemoglobin Aic; HOMA-IR: Insu-
lin resistance. Statistical significances are indicated by asterisks. *p<0,05;
**p<0,01; ***p<0,001; ****p<0,0001.

In the study comparing diabetic obese and non-diabetic obese groups, plasma
TF antigen, activity, and adipose tissue TF mRNA were found to be higher in
the diabetic obese group in comparison to the non-diabetic obese group3°. A
study on patients with T2DM found that in cases where hyperglycemia and
hyperinsulinemia exist together, there is increased expression of monocyte TF
as well as increased platelet interaction with monocytes. Hyperglycemia and
hyperinsulinemia alone also stimulate platelet activation, and monocyte TF ex-
pression is increased by selective hyperinsulinemia3'. As reported by previous
studies, the prevalence of thrombosis is high among diabetes patients and these
patients also exhibit high TF activity3>333+3536, In diabetic obese group, high
TF levels were the result of inflammation, hyperlipidemia, hyperglycemia, and
hyperinsulinemia®’.
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The effect of IL-33 on TF protein production and TF activity was also concentra-
tion-dependent, whereby substantial effects were observed at concentrations >
0.1 ng / mL in both HUVECs and HCAECs". In our study no correlation was
observed between IL-33 and TF for both the diabetic obese and non-diabetic
groups. In the other study, it was found that different layers of monocytes have
different amounts of ST2 receptors, and the effect of IL-33 depends on ST2
receptor density*®.

In our study, IL-33 levels were measured in serum. It can be inferred that IL-
33 concentration can modulate TF expression and activity in local tissue or the
amount of ST2 receptor density in endothelial cells*.

Upon examination of the HOMA-IR values, a twofold increase was observed in
the diabetic obese group compared to the non-diabetic obese group. It was then
deduced that compensatory hyperinsulinemia associated with T2D contributed
to the increase in plasma TF expression in these patients.

TF was positively correlated with glucose (r = 0.285; p <0.05) and HbA1c (r
= 0.226; p <0.05) (p <0.05). There was a strong positive correlation between
glucose and HbA1c (r = 0.734; p <0.01) (p <0.05). However, there was no cor-
relation between TF and IL-33 (Figure 3-4).
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Figure 3: Correlation graph between TF and glucose. Serum levels of TF were correlated with
serum levels of glucose (r = 0.285; p <0.05).
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Figure 4: Correlation graph between TF and HbA1c. Serum levels of TF were correlated with
serum levels of glucose (r = 0.226; p <0.05).

Wang et al. study found a positive correlation between TF levels and fasting insulin,
glucose, and free fatty acids, as well as a positive correlation between adipose TF
mRNA and plasma free fatty acids®. In another study, it was found that increasing
the amount of insulin for 24 hours by keeping glucose at normal levels led to in-
creased circulating TF activity and increasing glucose and insulin levels together led
to a much more significant increase in TF activity, which is associated with larger
increases in the thrombin-antithrombin complex (TAT) and prothrombin fragment
1+ 2 (F1+2)%. In the current study, no significant correlation was observed between
serum TF activity and BMI. This was interpreted to mean that the existence of obe-
sity alone may have only a limited effect on increasing TF activity. The results of the
current study also demonstrated a positive correlation between TF activity, glucose,
and HbA1c (Figure 3-4), and also provided evidence that hyperglycemia increases
TF procoagulant activity32, and glycemic control leads to reduced circulating TF,
especially in T2D¥. Unlike the findings of the studies such as Vaidyula et al.3' and
Boden et al.?2, in recent studies demonstrated that hyperglycemia single-handedly
influences TF. However, no correlation was found between TF and insulin levels.
As for diabetic patients and diabetic patients with stroke, a positive correlation was
found between hyperglycemia and TF3®%, Our study differs from these studies in
that it reports a positive correlation between TF and HbA1c. It is known that the
presence of advanced glycation end-products (AGE) increases TF4°.
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In conclusion, a positive correlation was found between TF activity, and HbA1c
and glucose levels. This suggests that TF may be predictive for diabetes which
develop in the background of obesity, and that TF can be used as a prognostic
value for diabetes.
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