ORIGINAL PAPER

DOI: http://dx.doi.org/10.15403/jgld-4390

Thrombospondin 1 and Nuclear Factor Kappa B Signaling

Pathways in Non-alcoholic Fatty Liver Disease

Iskender Ekinci', Seyma Dumur?, Hafize Uzun? Gulden Anataca’, Isa Yalcinkaya', Mitat Buyukkaba’', Ahmet Cinar?,
Hanise Ozkan', Irem Kirac Utku!, Murat Akarsu', Omur Tabak!

1) Health Sciences University,
Kanuni Sultan Suleyman
Training and Research
Hospital, Department of
Internal Medicine, Istanbul;
2) Istanbul Atlas University,
Faculty of Medicine,
Department of Medical
Biochemistry, Istanbul;

3) Arnavutkoy State Hospital,
Department of Internal

Medicine, Istanbul, Turkey

Address for correspondence:
Prof. Dr. Hafize Uzun
Department of Medical
Biochemistry,

Faculty of Medicine, Istanbul
Atlas University,

34403, Istanbul, Turkey.

huzun59@hotmail.com

Received: 22.04.2022
Accepted: 20.07.2022

ABSTRACT

Aim: We aimed to evaluate the circulating thrombospondin-1 (TSP-1) and nuclear factor kappa B (NF-kB) in
nonalcoholic fatty liver disease (NAFLD) in order to integrate these signaling pathways in the inflammatory
and fibrogenic processes of this liver disorder.

Methods: Ninety-five NAFLD patients were recruited in the study. The study also included 83 age-sex matched
healthy controls.

Results: The number of patients with metabolic syndrome (MetS) criteria was 57 (60%). TSP-1 level was
found to be statistically significantly lower in the NAFLD group compared to the control group (p=0.037).
However, NF-kB level was found to be significantly higher in the NAFLD group compared to the control
group (p=0.004). There was a significant negative correlation between plasma TSP-1 levels with glucose
(r=-0.235, p=0.022), alanine aminotransferase (r=-0.261, p=0.011) and aspartate transaminase (r=-0.328,
p=0.001) levels. In addition, a significant negative correlation was found between plasma TSP-1 and NF-xB
levels (r=-0.729, p<0.001).

Conclusions: Our results suggest a close relationship between increased NF-«kB and reduced TSP-1 in
NAFLD. TSP-1 and NF-«B signaling pathways might have a role in the inflammatory and fibrogenic processes.
Furthermore, they may be used as a noninvasive marker and could assist as a therapeutic target for NAFLD.

Key words: Non-alcoholic fatty liver disease — thrombospondin-1 — nuclear factor kappa B — inflammation
— fibrogenesis.

Abbreviations: ALT: alanine aminotransferase; AST: aspartate aminotransferase; BMI: body mass index; CRP:
C-reactive protein; HDL: high density lipoprotein; HOMA-IR: homeostatic model assessment for insulin
resistance; IL-1p: interleukin-1Beta; IL6: interleukin-6; IR: insulin resistance; LDL: low density lipoprotein;
MetS: metabolic syndrome; NAFLD: non-alcoholic liver disease; NF-kB: nuclear factor kappa B; T2DM:
type 2 diabetes mellitus; TC: total cholesterol; TG: triglycerides; TNF- a: tumor necrosis factor-a; TSP-1:
thrombospondin-1.

INTRODUCTION dyslipidemia, metabolic syndrome (MetS), polycystic ovary
syndrome are important risk factors for the development of
NAFLD [2, 3].

Hepatic steatosis has adverse effects on liver function and

Non-alcoholic fatty liver
disease (NAFLD) is defined

as histopathological lipid
accumulation in >25% of
hepatocytes in people whose
secondary causes (such as high
alcohol use, long-term use of
drugs, hepatitis C, parenteral
nutrition, Wilson's disease)
are excluded [1]. Metabolic
diseases such as type 2 diabetes
mellitus (T2DM), prediabetes,
insulin resistance (IR), obesity,

is triggered by inflammation. Expressions of interleukin-1Beta
(IL-1p), interleukin-6 (IL-6), and tumor necrosis factor-a
(TNF-a) are up-regulated with the increase in adiposity [4].
Increased TNF-a production is associated with NAFLD and
IR. TNF-a can activate apoptotic and proapoptotic signaling
events by activating nuclear factor kappa B (NF-xB). TNF-a
stimulates IR through NF-kB, which can result in liver
inflammation and metabolic changes [5]. NF-«kB plays a
central role in regulating the expression of cytokines and
chemokines and recent data suggest that hepatic steatosis
activates NF-kB [6, 7].
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Thrombospondins (TSPs) are extracellular, oligomeric,
multifunctional glycoproteins that bind to Ca?". They are
produced by various cell types and have diverse roles in cell
signaling; their expression varies mainly in pathophysiological
conditions. Thrombospondins was originally named the
“thrombin-sensitive protein" due to its release by thrombin-
activated platelets [8, 9]. Thrombospondins family is divided
into two subgroups: A (TSP-1, TSP-2) and B (TSP-3, TSP-4,
TSP-5). The thrombospondins 1 is an extracellular matrix
glycoprotein that can be secreted from both normal and
tumor cells [10]; it plays important roles in many biological
processes, including regulation the function of many organs,
angiogenesis, apoptosis, latent TGF-activation, and immune
regulation. However, the role of TSP-1 in liver diseases has
not been extensively addressed [10-13]. At the same time, it
is unknown whether circulating TSP-1 could be an important
factor in the development and progression of inflammation,
fibrogenesis and NAFLD.

The aim of our study was to evaluate the circulating TSP-1
and NF-«B in NAFLD, which is an inflammatory process, and
to analyze the production of inflammatory and fibrogenesis
stimuli to explain the mechanism in these signaling pathways.

METHODS

This case-control study was conducted at the Department
of Internal Medicine, Kanuni Sultan Suleyman Research
and Training Hospital, Health Sciences University, Istanbul,
Turkey. The protocol for sample collection was approved by
the Kanuni Sultan Suleyman Training and Research Hospital
Ethical Committee (Number: KAEK/2021.02.56). The study
was performed in accordance with the Helsinki Declaration
and informed consent was acquired from all patients and
controls prior to their inclusion in the study.

Inclusion and exclusion criteria are presented in Table I.

Both the patient and control subjects were invited to
participate in the study shortly after the ultrasonographic
examination and laboratory tests.

Table I. Inclusion and exclusion criteria for the study groups

Ultrasonographic examinations were performed by the
radiology department prior to the enrollment of the patients
and volunteers in the study, regardless of the purpose of the
study and patient characteristics. The level of steatosis on
ultrasound was defined according to the criteria previously
defined in the literature (grade 1 steatosis: a slight and diffuse
increase of liver echogenicity with normal visualization of
the diaphragm and of the portal vein wall; grade 2 steatosis: a
moderate increase of liver echogenicity with slightly impaired
appearance of the portal vein wall and the diaphragm; grade
3 steatosis: marked increase of liver echogenicity with poor or
no visualization of portal vein wall, diaphragm, and posterior
part of the right liver lobe) [14].

Prior to the enrollment, the body mass index (BMI) and the
following values of the biochemical parameters were obtained
from hospital records: glucose, insulin, creatinine, alanine
transaminase (ALT), aspartate transaminase (AST), low density
lipoprotein (LDL) cholesterol, high density lipoprotein (HDL)
cholesterol, triglycerides (TG), total cholesterol (TC) and
C-reactive protein (CRP). The homeostatic model assessment
of insulin resistance (HOMA-IR) was calculated with the
following formula: HOMA-IR= (glucose*insulin)/405. For the
hepatic steatosis index (HSI) the following formula was used:
HSI= 8*ALT/AST + BMI (+2 if type-2 DM vyes, +2 if female).
Hepatic steatosis index values below 30 indicate that NAFLD
can be ruled out with a sensitivity of 93.1%; while HSI values
of 36 and above indicate that NAFLD positive diagnosis with
a specificity of 92.4% [15].

The number of patients identified as potentially eligible
patients was 213 but 43 of them could not be reached. The
remaining 170 patients were examined for study eligibility and
58 of them were excluded for the following reasons: hepatic
steatosis index score <36 (n=9), alcohol consumption (n=22),
pregnancy (n=2), active infection (n=7), chronic kidney disease
(n=4), stage 3-4 heart failure (n=3), chronic lung disease (n=5),
hepatitis B infection (n=3), hepatitis C infection (n=2) and
heavy exercise (n=1). Seventeen patients did not consent to the
study and finally 95 patients were included in the study. Among

Inclusion criteria

Exclusion criteria

For the patient group:
» >18 years age,
« Liver steatosis detected on ultrasonography,
« Hepatic steatosis index score: 236
For the control group:
« >18 years age,
« No history of any comorbid disease,
« Absence of liver steatosis on ultrasonography

For both the patient and control group:

« <18 years age,

« Pregnant and/or breastfeeding women,

« The patients with:
o a history of alcohol consumption,
o any active infection,
o chronic kidney disease,
o receiving peritoneal dialysis treatment,

o severe malnutrition,

o stage 3-4 heart failure,

o chronic inflammatory diseases,

o chronic lung disease (such as chronic obstructive pulmonary disease,

bronchiectasis, asthma, pulmonary hypertension),

o hepatitis B and C infections,
« Individuals who heavy exercise in the last week (exercises that cause excessive
sweating and/or severe fluid loss and / or obvious tachycardia (for example, brisk
walking - 6.5-8 km, running 10 km/hour, hiking uphill, cycling >10 mil/hour or steeply
uphill, lap swimmming, roller blading 2-3 hours, court sports, strength training and
weightlifting, heavy gardening with digging).
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the potential 173 eligible healthy subjects (consisting of hospital
personnel subjected to annual routine control examinations),
31 were excluded [alcohol consumption (n=12) and active
infection (n=19)] and 59 did not consent to the study. The
remaining 83 subjects were included and completed the study
as a control group.

Finally, we included 95 NAFLD patients older than 18
years with liver steatosis detected on ultrasonography, hepatic
steatosis index score =36, and 83 age and gender matched
healthy controls.

Age, gender, BMI and smoking status were recorded in all
subjects. Subjects were grouped in terms of obesity according
to their BMI values (normal: 18.5-24.9; overweight: 25-29.9;
class 1 obesity: 30-34.9; class 2 obesity: 35-39.9; class 3 obesity:
>40). Waist circumference was measured horizontally at the
level of the umbilicus with a non-elastic tape measure when
the participants were standing with the arms relaxed. Hip
circumference was measured around the buttocks, below the
iliac crest where the circumference appeared to be largest.
Waist-hip ratio was calculated by dividing waist circumference
to hip circumference. Comorbid diseases, especially T2DM,
hypertension and hyperlipidemia were questioned in the
patient group. Rate and degree of liver steatosis detected in
ultrasonography in the patient group was recorded as grade 1,
grade 2 and grade 3, and it was noted whether hepatomegaly
accompanied the picture in ultrasonography. The patient group
was evaluated through MetS criteria, and it was noted whether
each patient had MetS.

After an overnight fast, venous blood was drawn from all
subjects included in the study before administration of any
contrast agent or medications. Procession of blood samples
was according to methods of Novelli et al. [16]. In summary,
to minimize the confounding effect of platelet activation and
degranulation ex vivo, possibly leading to artifactual elevation
of TSP-1 levels, the use of a tourniquet for arm occlusion was
avoided or minimized whenever possible. All blood samples
were collected in 3.8% trisodium citrate tubes and immediately
transferred to laboratory facilities adjacent to the collection sites
at 4°C. The tubes were inverted 8-10 times and then subjected
to double centrifugation at 1,500 g at 4°C to obtain platelet poor
plasma. The supernatant was aliquoted into cryotubes and were
stored at -80 C until assayed for determination of TSP-1 and
NF-xB concentrations. All icteric or hemolytic blood samples
were discarded. All parameters were analyzed in all samples
together in a single batch; after we had finished our protocol
(control and patient samples were analyzed in the same batch).

Biochemical parameters were analyzed by a COBAS 8000
(ROCHE-2007, Tokyo, Japan) device in the morning after an
overnight fast.

Plasma TSP-1 concentrations were in duplicates analyzed
by a commercially available competitive enzyme linked
immunoassay kit (R&D Systems, Minneapolis, MN, USA).
The coeflicients of intra and inter assay variation were 4.7%
(n=25) and 5.9% (n=25), respectively.

Plasma NF-«B concentrations were in duplicates analyzed
by a commercially available competitive enzyme linked
immunoassay kit (R&D Systems, Minneapolis, MN, USA).
The coeflicients of intra and inter assay variation were 4.4%
(n=25) and 6.0% (n=25), respectively.

Statistical analysis was performed using SPSS for Windows
26.0 (IBM Corporation, Chicago, IL, USA). In the power
analysis made through the GPower 3.1.9.4 program, it has been
determined that the achieved power value (1-f err prob) of the
study is 0.94. Mean, standard deviation, median, lowest, highest,
frequency, and ratio values were used in the descriptive statistics
of the data. Distribution of the variables was measured by the
Kolmogorov-Smirnov and Shapiro-Wilk tests. For comparison
of numeric variables between two groups, student’s t-test was
applied when data were normally distributed and Mann-
Whitney U-test when non-normally distributed. For more than
two numeric variables, ANOVA was used when the data were
normally distributed, and Kruskal-Wallis was used when non-
normally distributed. Pearson correlation test and Spearman’s
correlation test were used to detect the association between
parameters for the normally and non-normally distributed
parameters, respectively. To evaluate the relationship between
plasma T'SP-1 and NF-«B levels and development of NAFLD, cut-
off values for plasma TSP-1 and NF-kB levels were determined
by the receiver operating characteristic (ROC) analysis. A
univariate regression analysis performed to observe the effects
of parameters on the cut-off values of plasma TSP-1 and NF-«B.
A p-value <0.05 was regarded as statistically significant.

RESULTS

One hundred seventy-eight subjects (116 female; mean age:
43.65+9.7 years) were included in the study (54 were active
smokers and there were no participants who consumed alcohol).

From the 95 NAFLD patients 40 (42.1%) had T2DM, 25
(26.3%) hypertension and 17 (17.9%) hyperlipidemia. The
number of patients with MetS criteria was 57 (60%). The
number of patients with grade-1, grade-2 and grade-3 liver
steatosis was 31 (32.6%), 55 (57.9%) and 9 (9.5%), respectively.
Forty (42.1%) of the NAFLD patients had hepatomegaly.
Demographic data and laboratory parameters for NAFLD
patients and healthy controls are presented in Table II.

Plasma TSP-1 and NF-kB levels in NAFLD patients
subdivided in groups according to gender, smoking, comorbid
diseases, liver steatosis grade, presence of hepatomegaly and
obesity classification are displayed in Table IIL.

Thrombospondin 1 level was found to be statistically
significantly lower in the NAFLD group compared to the
control group (p=0.037). However, NF-«B level was found to
be significantly higher in the NAFLD group compared to the
control group (p=0.004).

There was a significant negative correlation between plasma
TSP-1 levels, glucose (r=-0.235, p=0.022), ALT (r=-0.261,
p=0.011) and AST (r=-0.328, p=0.001) levels. Moreover, a
significant negative correlation was found between plasma
TSP-1 level and NF-xB levels (r=-0.729, p<0.001).

For the analysis of the association between TSP-1 and
NF-«B levels with NAFLD development, cut-off values were
determined by ROC analysis. As shown in Fig. 1 and Table
IV, TSP-1 level of 0.6975 and below (63.9% sensitivity, 55.8%
specificity, area under the curve: 0,412, p:0.042) and NF-«B
level of 0.543 and above (56.8% sensitivity, 55.4% specificity,
area under the curve: 0,627, p: 0.042)) were determined as
cut-off values for the diagnosis of NAFLD.
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Table I1. Comparison of demographic, routine biochemistry parameters, thrombospondin-1 and nuclear factor-

kappa B levels of the study groups

NAFLD group Control group p
n=95 n=_383

Age, years 44.95+9.31 42.154£9.97 0.056
Gender

Male. n 38 24 0.156

Female. n 57 59
Weight, kg 93.33+18.9 65.86+11.17 <0.001
BMI, kg/m? 35.1+6.47 23.51+3.44 <0.001
Hypertension; n (%) 25(26.3) - -
BMI

Normal (<25 kg/m?), n 0 58 <0.001

Overweight (25-29,9 kg/m?), n 20 22

Class-1 obesity (30-34,9 kg/m?), n 39 3

Class-2 obesity (35-39,9 kg/m?), n 21 0

Class-3 obesity (=40 kg/m?), n 15 0
Waist circumference, cm 113.06+12.2 79.53£9.37 <0.001
Hip circumference, cm 116.46+11.74 96.83+7.31 <0.001
Waist circumference/hip circumference ratio 0.97+0.07 0.82+0.07 <0.001
Glucose, mg/dL 114.51+42.79 90.09+8.35 <0.001
HOMA-IR 7.56+7.95 2.48+1.76 <0.001
Creatinine, mg/dL 0.73+0.16 0.67+0.14 0.037
Platelet, 10°p/L 281.28+68.94 250.62+53.43 <0.001
ALT, U/L 37.15%25.92 15.42+8.98 <0.001
AST, U/L 26.56+14.7 16.32+4.78 <0.001
LDL cholesterol, mg/dL 117.06+35.18 100.5+29.71 0.001
HDL cholesterol, mg/dL 43.31£9.27 55.93+14.28 <0.001
Total cholesterol, mg/dL 193.88+39.12 174.84+34.72 0.001
Triglyceride, mg/dL 176.7£91.49 93.31+51.37 <0.001
C-reactive protein, mg/L 4.68+5.21 2.31+4.56 <0.001
Thrombospondin, ng/mL 0.65+0.25 0.73£0.26 0.037
Nuclear Factor-kB, ng/mL 0.59+0.15 0.51£0.09 0.004

AST: aspartate transaminase; ALT: alanine aminotransferase; BMI: body mass index; HOMA-IR: homeostasis
model assessment of insulin resistance; HDL: high-density lipoprotein; LDL: low density lipoprotein

The results of univariate regression analysis for the
possible confounding parameters (T2DM, hypertension,
hyperlipidemia and BMI >35 kg/m?) on plasma TSP-1 and
NF-«B cut-off values predicted by ROC analysis are displayed
in Table V.

DISCUSSION

An in vitro model of NAFLD showed that free fatty
acid treatment induces fat deposition in hepatocytes and
TSP-1 expression in these cells, which was associated with
inflammatory and fibrogenic responses [17-19]. In addition,
TSP-1 and NF-xBp65 signaling pathways have been reported
to be interactive in the evolution of infantile hemangioma, by
a potential role in the progression of angiogenesis [20, 21].
In the current study, we revealed that NF-kB might have a
general inflammatory effect under conditions of fatty liver;
the deficiency of TSP-1 increased NF-«kB, a well-known
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transcription factor, and would thus be expected to contribute
to the hepatic and systemic inflammatory state in patients
with NAFLD.

Our NAFLD patients had a significant decrease in HDL
cholesterol and a significant increase in the fasting glucose,
HOMA-IR, creatinine, AST, ALT, LDL cholesterol, total TG
compared to the control group. These results suggest prominent
characters of the NAFLD participants, similar to other studies
[22-27]. Individuals with these metabolic changes should be
investigated for NAFLD because possible complications such
as cirrhosis and hepatocellular carcinoma could be prevented
with early diagnosis and treatment approaches. In addition,
the higher BMI and waist circumference values of the NAFLD
patients compared to the controls suggest that obesity/central
obesity may also contribute to the inflammatory processes.
Therefore, in future studies, it will be important to compare
the NAFLD group with the case group in terms of BMI, waist
and hip circumferences, and also waist-hip ratio, in terms of
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Table III. Demographic characteristics of NAFLD patient group

N Trombospondin 1 p Nuclear Factor-xB p
Gender
Male 38 0.66+0.21 0.758 0.58+0.12 0.582
Female 57 0.65+0.27 0.60+0.17
Smoking
Yes 32 0.67+0.23 0.626 0.59+0.15 0.560
No 63 0.64+0.26 0.60+0.01
Hypertension
Yes 25 0.62+0.19 0.531 0.5740.12 0.422
No 70 0.66+0.27 0.60+0.16
Metabolic syndrome
Yes 57 0.62+0.24 0.160 0.62+0.17 0.122
No 38 0.70+0.26 0.56+0.11
Type 2 diabetes mellitus
Yes 40 0.61+0.24 0.147 0.62+0.16 0.095
No 55 0.68+0.25 0.57+0.14
Obesity
Overweight 20 0.63+0.28 0.904 0.63+0.17 0.639
Class 1 obesity 39 0.66+0.25 0.59+0.16
Class 2 obesity 21 0.63+0.24 0.58+0.12
Class 3 obesity 15 0.68+0.24 0.58+0.15
Liver steatosis
Grade 1 9 0.52+0.21 0.191 0.66+0.2 0.560
Grade 2 55 0.68+0.25 0.58+0.14
Grade 3 31 0.63+0.25 0.59+0.15

obtaining stronger results. Nowadays NAFLD is considered a
hepatic consequence of the MetS, a disorder characterized by
obesity, hypertension, diabetes, hypertriglyceridemia and low

ROC Curve

Source of the
Curve

Trombospondin
— NFEKB4
Reference Line

o
@
1

Sensitivity
o
‘U\
L

o
-
1

1 - sSpecificity
Fig. 1. ROC analysis for plasma TSP-1 and NF-«kB levels for the
diagnosis of NAFLD.

HDL cholesterol levels. 60% of our patients had MetS. Similar
results were found in another study conducted in France,
hypertriglyceridemia being considered as a risk factor [28].
These results suggest that NAFLD may be a manifestation of
MetS in the liver. The presence or absence of these metabolic
risk factors may guide clinicians to select patients for liver
biopsy.

In our study, TSP-1 level was found to be statistically
significantly lower in the NAFLD group compared to the
control group. To our knowledge, no previously published
study investigated the plasma TSP-1 levels together with NF-
kB in NAFLD patients. Furthermore, the studies investigating
the relationship between TSP-1 and fibrosis were done at the
tissue level; no previous study reported the circulating plasma
TSP-1 levels in this category of patients. Trombospondin 1
levels were significantly lower in those with NAFLD compared
to the healthy group. Min-DeBartolo et al. [29] observed that
TSP-1 knockout mice also presented with similar NASH-like
manifestations; however, it was with statistically significant
decreased of serum lipid levels, markers of inflammation and
fibrosis. Serum AST and ALT were not different between TSP-1

Table IV. ROC analysis for plasma TSP-1 and NF-kB levels of all patients for the diagnosis of NAFLD

Sensitivity Specificity ~ Area under the curve p
Thrombospondin level <0.6975 63.9 55.8 0.412 0.042
Nuclear factor kappa B >0.543 56.8 55.4 0.627 0.042
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Table V. Univariate regression analysis for parameters predicted plasma thrombospondin-1 (TSP-1) levels
<0.6975 and plasma nuclear factor kappa B (NF-kB) >0.543 in patients with NAFLD

Variable Univariate regression analysis for Univariate regression analysis for
plasma TSP-1 levels <0.6975 plasma NF-kB levels >0.543
OR 95% Cl p OR 95% Cl p

Type-2 diabetes mellitus 1.446 0.634-3.299 0.380 1.791 0.775-4.138 0.173

Hypertension 1.679 0.655-4.305 0.281 0.955 0.380-2.397 0.921
Hyperlipidemia 1.654 0.557-4.918 0.365 2.057 0.662-6.396 0.213
BMI =35 kg/m? 1.055 0.458-2.427 0.900 1.103 0.477-2.551 0.819

BMI: Body mass index

knockout and wild type mice. However, serum liver enzyme
levels do not correlate with histological findings in the clinical
setting and are not helpful in the diagnosis of NAFLD and in
determining the severity of the disease. Despite all this, TSP-1
may be an enchanting target for NASH-induced hepatic fibrosis
[30]. The hepatocyte-mediated fibrogenic response is regulated
by TSP-1 [31]. Several research projects conducted by Inoue et
al. [32] and Cui et al. [33] indicated that the TSP-1 deficiency
in mice might be preventive against fibrosis in several organs
such as muscle and kidney. Many studies have documented
the development of fibrosis in NAFLD patients [34, 35]. The
TSP-1 expression in arteries increased in aged wild-type
mice and older human subjects, promoting deterioration
of multiple restorative and homeostatic mechanisms [36].
Our findings, correlated with the decrease in TSP-1 levels
compared to the increase in platelet levels makes us think
that NF-kB has a suppressive effect on TSP-1, considering
the correlation between TSP-1 and NF-«B. But, the role of
TSP-1 in the detailed cellular and molecular mechanisms of
NAFLD is still unclear. The results are controversial in studies
on metabolic mechanisms [31-35]. Although TSP-1 has been
reported as a critical modulator in NASH [37], it still needs
to be investigated in NAFLD. Therefore, further clinical, and
experimental studies are needed.

Nuclear factor kappa B is a transcription factor involved in
a number of pathological processes such as inflammation as
well as innate and adaptive immune responses. Under normal
conditions, NF-kB is sequestered in the cytoplasm and then
binds to IkB proteins, which inhibits the nuclear localization
of NF-kB. Activation of NF-kB is normally moderate, whereas
its expression in liver and adipose tissue is greatly increased
under IR conditions [38]. In the current study, the NF-«xB
level was found to be significantly higher in the NAFLD group
compared to the control group. Various molecules activate the
NF-«B pathway, increasing local inflammation and may lead to
IR. It can be speculated that NF-kB might target the liver as the
principal organ of metabolism in conditions such as NAFLD,
thereby contributing to hepatic IR. It has been reported that
NF-kB expression increased in experimental liver injury [39,
40]. Saadati et al. [41] reported increased NF-kB expression in
peripheral blood mononuclear cells Fmet of NAFLD patients.
In another study, naringenin inhibited NAFLD by down-
regulating the NLRP3/NF-«B signaling pathway in both Kupfer
cells and hepatocytes and improved inflammation in mice
livers [42]. The TSP-1 monomers have many cell receptors.
The species cFLIP-L (FL) forms a complex with procaspase-8
involving DISC formation and promotes the activation of
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NF-xB [43]. Although the pathogenesis of NAFLD remains
unclear, our results suggest that increased NF-kB plays a role
in the pathogenesis of NAFLD.

Although our study has strengths, it has some limitations.
We diagnosed and graded liver steatosis by ultrasonography, but
itis known that the specificity and sensitivity of ultrasonography
is decreased when the level of steatosis in the liver is very
low, or the patient is morbidly obese. To further strengthen
the diagnosis of NAFLD, we calculated the HSI index of the
patients, and we included only the patients with an HSI index
>36. For this cutoff value of HSI, NAFLD positive diagnosis
has a specificity of 92.4%. Other limitations might be the
inclusion of patients with other metabolic features, apart from
NAFLD, that might influence the results of plasma TSP-1 and
NE-«kB levels. However, the univariate analysis revealed that the
presence or absence of each of these comorbid diseases did not
cause a change in TSP-1 and NF-«B levels, which are the main
parameters of our study. Future studies on NAFLD patients
without metabolic comorbidities might clarify this question.

CONCLUSIONS

TSP-1 levels were lower, while NF-kB levels were higher in
the NAFLD group compared to the control group. TSP-1 and
NEF-kB signaling pathways might have a role in the inflammatory
and fibrogenic processes of NAFLD. Furthermore, they may be
used as a noninvasive marker and could assist as a therapeutic
target for NAFLD. In addition, these findings suggest that
NAFLD should be investigated in every patient with MetS
features and that possible complications such as cirrhosis and
hepatocellular carcinoma can be prevented with early diagnosis
and treatment approaches. However, more comprehensive
studies are required to be able to confirm this issue.
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