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ABSTRACT

Objective: High-mobility group box-1 (HMGB1), known as an abundant and highly conserved nuclear protein, plays a pivotal role in
initiating inflammation, tissue healing, and the immune response following various forms of cell damage. The chemokine C-X-C motif
chemokine ligand 12 (CXCL12) forms a signaling axis known as CXCL12/ CXCR4/CXCR?7, along with the receptors CXCR4 and CXCR7. Our
study aimed to explore the connection between HMGB1 and the involved chemokine axis, CXCR4, CXCL12, and CXCR7, in the context of
adriamycin-induced cardiotoxicity.

Materials and Methods: We performed RNA interference to suppress HMGB1 expression in H9c2 cardiac myoblast cells. Adriamycin, an
anti-tumor antibiotic known for causing cardiotoxicity, was used in conjunction with HMGB1 suppression. We investigated the combined
and individual effects of these factors. Gene expression analysis was conducted through qRT-PCR 36 and 48 h post-treatment.

Results: Adriamycin treatment increased the expression of CXCL12, CXCR4, and CXCR7. Notably, our study observed significant changes
in gene expression when HMGB1 was downregulated and adriamycin was administered. These findings suggest potential molecular
mechanisms associated with adriamycin-induced cardiotoxicity, emphasizing the significance of the CXCR4/CXCL12 axis and the impact
of HMGB1 modulation.

Conclusion: Our study provides insights into the molecular interplay between HMGB1 and the CXCL12/CXCR4/CXCR7 ligand-receptor
axis in the context of adriamycin-induced cardiotoxicity. The results shed light on further research to enhance therapeutic approaches or
advance new strategies to address this cardiotoxicity.

Keywords: Adriamycin, cardiotoxicity, CXCL12, CXCR4, CXCR7, gene expression, HMGB1

INTRODUCTION

Chemokines, a family of cytokines, play a pivotal role in
regulating various cellular functions. They are primarily
known for their essential roles in immune cell recruitment,
which is crucial for the body’s response to infections and
tissue damage. By directing immune cells to specific sites

within the body where their actions are most needed,
chemokines influence various pathological conditions
such as inflammation, atherosclerosis, hematopoiesis, and
cancer (1).

The chemokine superfamily is composed of numerous
chemokines and chemokine receptors. To date, more
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than 50 chemokines and their receptors have been identified.
Chemokines and their receptors are named using the term
“chemokine” followed by an abbreviation for the ligand (L),
and for chemokine receptors, the abbreviation (R) is used
(2). The C-X-C motif chemokine ligand 12 (CXCL12) interacts
with two seven-transmembrane domain G protein-coupled
receptors: C-X-C chemokine receptor type 4 (CXCR4) and C-X-C
chemokine receptor type 7 (CXCR7) (3). This interaction forms
the CXCL12/CXCR4/CXCR7 axis, transmitting signals through
its receptors; CXCR4 and CXCR7. High-mobility group box-1
(HMGB1), a highly conserved and abundant nuclear protein
present in all eukaryotic cells, plays a key role in initiating
inflammation, adaptive and innate immunity, as well as tissue
healing following damage (4).

Unlike programmed apoptotic cell death, dead or dying cells
release damage-associated molecular patterns (DAMPs).
HMGBI1 is the best-characterized DAMP, serving as a danger
signal or alarm (5). Following cell death, HMGB1, a protein
located inside the cell, is released (6). During stressful situations,
HMGBT1, a sensitive protein, is relocated from the nucleus to
the secretory lysosomes in the cytoplasm or directly to the
extracellular space. The released extracellular HMGB1 switches
among different binding partners and receptors, triggering
adaptive immunity and inflammation (5). Damaged tissue
attracts immune cells, which then become active, and HMGB1
contributes to repair.

Post-transcriptional modifications in HMGB1 result in its
functioning as different ligands for various receptors. For
example, while acetylation doesn’'t appear to alter HMGB1's
binding activity, it does induce changes in its redox state. Inside
the cytoplasm and nucleus, HMGB1 has a strong reducing
(redox) potential, but it becomes oxidized when it’s outside the
cell.

Upon reduction, HMGB1 forms a hetero-complex with the
chemokine CXCL12, facilitating its subsequent binding to
CXCR4. This interaction influences the balance of various
signaling pathways, including G proteins and calcium pathways,
as well as a range of signaling molecules such as beta-arrestins,
JAK, GRK, MAPK, and PI3K kinases (5, 7).

Adriamycin (ADR), an antibiotic with anti-tumor properties,
is used in the treatment of various types of cancer, including
solid tumors, leukemia, and lymphomas (8). Also known as
doxorubicin, adriamycin is an effective drug that targets cancer
cells to inhibit their growth and proliferation (9). However,
this treatment can lead to cardiotoxicity, in addition to side
effects such as nausea, vomiting, hair loss, and hematopoietic
suppression (10). Symptoms can vary, ranging from arrhythmia
to heart failure, during or after the treatment process (11).
Luo et al. showed that HMGB1 contributes to ADR induced
cardiotoxicity by upregulating autophagy (10).

In a previous study, we demonstrated that the inhibition of
HMGB1 could prevent cardiac cell loss by suppressing the
apoptotic pathway (12). The severe cardiotoxicity of ADR
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limits its clinical applications, and its mechanisms are not yet
fully understood. Our study aimed to explore the relationship
between HMGB1 and the receptors CXCR4 and CXCR7, in
conjunction with the chemokine CXCL12, within the H9¢2 cell
line. The goal of this investigation was to shed light on the
mechanisms underlying cardiotoxicity following adriamycin
treatment.

MATERIALS AND METHODS
Cell Culture

The H9c2 cell line comprising cardiac myoblast cells was
obtained from ATCC and cultured using DMEM as per ATCC
recommendations. Cells were sub-cultured every 2-3 days
upon reaching 70%-80% confluence.

Knockdown of HMGB1 by RNA Interference and
Adriamycin Treatment

To test our hypothesis, we created four main experimental
groups using exponentially growing H9c2 cardiac myoblast
cells: (I) Control group treated with non-targeting small
interfering RNA (siRNA); (Il) siRNA group treated with 10 nM
HMGB1 siRNA; (lll) ADR group treated with 2 uM adriamycin,
and (IV) siRNA + ADR group treated with both siRNA and
adriamycin. Cells were transfected with HMGB1 siRNA (GE
Healthcare Dharmacon, Lafayette, CO, United States) for
knockdown (13), using non-targeting siRNA (Healthcare
Dharmacon, Lafayette, CO, United States) as a negative control.
Transfection was performed using a HiPerFect Transfection
Reagent (Qiagen, Valencia, CA). We tested various ratios of
siRNA and transfection reagent at different time points for
transfection optimization. Based on these trials, we decided
to use a 10 nM siRNA dose and 3 pL of transfection reagent
(for a 24-well plate). Due to the ineffectiveness of achieving
a significant knockdown within 24 h, we chose incubation
times of 36 and 48 h for the experiments. siRNA and ADR
applications were conducted simultaneously, and each group
was replicated.

Expression Analysis

The real time-polymerase chain reaction (RT-PCR) technique
was utilized to explore the effects of administered siRNA on
gene expression and to determine the rate of gene knockdown
in the cells. The PureLink RNA Mini Kit (Thermo Fisher Scientific,
Waltham, Massachusetts) was used to isolate total RNA,
adhering to the instructions provided by the manufacturer.The
isolated RNA was then employed for cDNA synthesis using the
High-Capacity cDNA Reverse Transcription Kit (Thermo Fisher
Scientific, Waltham, Massachusetts). The reverse transcription
process was executed using random hexamers, following the
manufacturer’s instructions under suitable conditions. The
synthesized ¢cDNAs and primers, with sequences provided
separately, were used to perform RT-PCR. The LightCycler 480
Instrument Il device (Roche Diagnostic, Mannheim, Germany)
and SYBR detection method were used for expression analysis.
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Figure 1. Expression of HVGB1 (a), CXCL12 (b), CXCR4 (c), and CXCR7 (d) in H9c2 cells after transfection of HMGB1 siRNA and/or
ADR treatment. The expression levels of genes were detected 36 h after transfection by quantitative PCR.

siRNA: cells were transfected with HMGB1 siRNA; ADR: cells were treated with adriamycin; HMGB1; siRNA + ADR: cells were
transfected with HMGB1 siRNA and treated with ADR; Control: untreated cells.

Each sample was replicated, and the mean value was computed.
The 242 method (14) was employed for gene expression
analysis. The expression levels of the genes were normalized to
those of the housekeeping gene, beta-actin. The primers were
designed based on the Rattus norvegicus reference genome,
Rnor_6.0.

B-actin F: 5-TCTGAACCCTAAGGCCAACCGTG-3'
B-actin R: 5'-AACACAGCCTGGATGGCTACGT-3'
HMGB1 F: 5-AAACATGGGCAAAGGAGATCC-3'
HMGB1 R: 5-AGTTGACAGAAGCATCCGGGT-3'
CXCL12 F: 5-CCAGAGCCAACGTCAAACAT-3'
CXCL12 R: 5-GTTGTTGCTTTTCAGCCTTGC-3’
CXCR4 F: 5-GTTGTTGCTTTTCAGCCTTGC-3'
CXCR4 R: 5-AAGAGTGTCCACCCCGTTTC-3'
CXCR7 F: 5-TTGCTGTCCCCTTCACCATC-3’
CXCR7 R: 5'-CAAAATGGTACGGCAGCCAA-3'
Statistical Analyses

All data analyses were conducted using the Statistical Package
for Social Sciences (SPSS version 21.0, SPSS Inc., Chicago,
IL, USA). To determine if there was a statistically significant
difference in gene expression levels, we employed the
Kolmogorov-Smirnov test. p<0.05 was considered statistically
significant for determining significance.

RESULTS
Gene Expression Changes in 36 Hours

We investigated the role of ADR in chemokines through the
HMBG1 gene. The knockdown level of HMGB1 was determined
using RT-PCR. A decrease in HMGB1 expression by 69% was

observed 36 h post-siRNA transfection in H9c2 cells (Figure
1a). The expression of the chemokine ligand CXCL12 was not
significantly changed in HMGB1 knockdown cells. However, it
increased by 2.3-fold in cells treated with ADR. In cells treated
with both ADR and siRNA, the increase was slightly higher at
2.35-fold (p<0.05; Figure 1b).

The expression of the chemokine receptor CXCR4 was
decreased by 0.61-fold, compared to the control in HMGB1
knockdown cells. Conversely, it was increased by 4.8-fold in
cells treated with ADR. In cells treated with both ADR and siRNA,
the Increase was slightly lower at 4.1-fold (p<0.05; Figure 1c).

In HMGB1 knockdown cells, there was no significant change in
the expression of the CXCR7 receptor. However, in cells treated
with ADR and both ADR and siRNA, similar decreases of 0.9-fold
and 0.7-fold, respectively, were observed (p<0.05; Figure 1d).

Gene Expression Changes in 48 Hours

The expression of HMGB1 was downregulated by 72% 48 h after
siRNA transfection in H9c2 cells (Figure 2a). The expression of
the CXCL12ligand was increased by 2.7-fold in cells treated with
ADR. In cells treated with a combination of ADR and siRNA, the
increase was slightly higher at 31-fold (p<0.05; Figure 2b). The
expression of the CXCR4 receptor had a significant increase in
ADR-treated cells, with a 53-fold increase. In cells treated with
both ADR and siRNA, the increase was slightly lower at 31-fold
(p<0.05; Figure 2c). The expression of the CXCR7 receptor was
decreased by 0.91-fold in ADR-treated cells and by 0.93-fold in
cells treated with both ADR and siRNA (p<0.05; Figure 2d).

DISCUSSION

Adriamycin, a chemotherapy drug used in the treatment
of leukemia, neuroblastoma, breast cancer, lymphoma,
Ewing’s syndrome, and osteosarcoma, disrupts DNA repair
by intercalating into DNA via topoisomerase Il, generating
free radicals that cause DNA and protein damage. However,
its clinical use can induce cardiac toxicity by triggering an
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Figure 2. Expression of HMGB1 (a), CXCL12 (b), CXCR4 (c), and CXCR7 (d) in H9c2 cells after transfection of HMGB1 siRNA and/or
adriamycin (ADR) treatment. The expression levels of genes were detected 48 h after transfection by quantitative PCR.

siRNA: cells were transfected with HMGB1 siRNA; ADR: cells were treated with adriamycin; HMGB1; siRNA + ADR: cells were
transfected with HMGB1 siRNA and treated with ADR; Control: untreated cells.

inflammatory response through immune cells, thereby
increasing the risk of cardiac failure (15).

When tissues are damaged, endogenous molecules known
as DAMPs are released, with HMGB1 being one of these
DAMPs associated with cellular damage (5). Innate immune
cells recognize DAMPs through specific pattern recognition
receptors (PRRs), including Toll-like receptors, nucleotide-
binding oligomerization domain (NOD)-like receptors, and
C-type lectin receptors. Activation of these receptors upon
sensing DAMPs initiates inflammatory pathways, leading to the
release of chemokines (15).

Inflammatory mediators and chemokines release signal for
neutrophils to detach from circulation and migrate to the
site of damage. Neutrophils, constituting the majority of
granulocytes in peripheral blood (50%-70%), play a vital role in
the innate immune system’s defense mechanisms.The process
of neutrophil formation, known as granulopoiesis, involves
maturation stages regulated by the cytokine G-CSF, disrupting
the CXCR4-CXCL12 interaction and assisting in retaining
neutrophils in the bone marrow. G-CSF induces the release of
circulating neutrophils by reducing CXCL12 expression in the
bone marrow and decreasing CXCR4 on neutrophils (16). This
mechanism disrupts the retention of neutrophils in the bone
marrow, leading to their release into circulation.

Our study contributes to understanding the CXCR4-CXCL12
relationship and its relevance to neutrophil release (16), thereby
impacting the inflammatory process and their recruitment to
sites of tissue damage. This understanding holds significance for
various pathological conditions characterized by inflammation
and tissue damage, such as cancer, autoimmune diseases, and
infections.

Our study aimed to down-regulate HMGB1 and examine its
relationship with the chemokine CXCL12, as well as the CXCL12
receptors CXCR4 and CXCR7. We also sought to understand the
effects of the chemotherapy ADR. We analyzed the expression
of these genes in rat myoblast cells treated with ADR alone
and in combination with HMGB1 siRNA. Interestingly, we
observed no significant change in HMGB1 gene expression
in cells treated solely with ADR. This finding aligns with Luo
et al’s demonstration that ADR treatment increased HMGB1
release and that HMGB1 silencing could potentially reverse
ADR-induced cardiac toxicity. However, since our analysis was
conducted at the RNA level, we did not observe an increase in
HMGB1 expression (10).

In our examination of CXCL12 expression in cells treated with
HMGB1 siRNA, we found that the down-regulation of HMGB1 at
36 and 48 h did not lead to a significant change. However, the
application of ADRincreased CXCL12 expression in both 36 and
48h samples. When we compared samples treated with both
siRNA and ADR to those treated with only ADR, we observed
that HMGB1 suppression did not significantly affect CXCL12
expression. This finding is consistent with a study by Beji and
colleagues on human cardiac mesenchymal progenitor cells,
which showed that ADR application increased the expression
of this chemokine (17).

In our study, we observed an increase in the expression of the
chemokine receptor CXCR4 in cells treated with ADR. However,
in cells subjected to a combined treatment of siRNA and ADR,
the expression of CXCR4 decreased compared to cells treated
solely with ADR. This decrease in CXCR4 expression may be
attributed to the reduction in heterocomplex formation that
occurs when HMGB1 is downregulated. A study conducted
by Schiraldi et al. demonstrated that the recruitment of
inflammatory cells induced by HMGB1 depends on CXCL12.
HMGB1 and CXCL12 form a heterocomplex that exerts its
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effects through the CXCR4 receptor. This study revealed
that the HMGB1-CXCL12 heterocomplex induces. distinct
conformational re-arrangements of CXCR4 compared to
CXCL12 alone (7). When examining the expression of the CXCR7
receptor, we observed a significant decrease in expression in
samples treated solely with ADR and in samples treated with a
combination of siRNA and ADR, compared to the control.

In our study, we found that the knockdown of HMGB1 did not
cause any change in the expression of CXCR7, while it did affect
the expression of CXCR4. CXCR7 plays a role in decreasing
CXCL12 levels in mammalian cells and signals independently.
Through various mechanisms, CXCR7 modulates the expression
and activity of CXCR4 and CXCL12. Interestingly, CXCL12
initially has a higher affinity for CXCR7 than CXCR4. However,
the binding and dissociation rates of CXCL12 for CXCR7 are
slower than those for CXCR4, favoring kinetic binding to CXCR4
(18).

Our study demonstrated that the expression of CXCR4 changes
depending on HMGB1 expression. These results suggest that
in the context of ADR-induced cardiotoxicity, the expression of
CXCL12 occurs through the CXCL12/CXCR4 axis. In conclusion,
ADR treatment reveals new potential molecular mechanisms
associated with cardiotoxicity. This finding opens the possibility
forfurtherresearch to enhance existing therapeuticapproaches
or develop new strategies for managing cardiotoxicity.
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ABSTRACT

Objective: Bisphenol A (BPA) is a toxic compound that causes oxidative stress by disrupting antioxidant enzymes and promoting tissue
lipid peroxidation. This study aimed to examine the impacts of BPA on serum oxidative stress in rats and to detect the antioxidant feature
of Panax ginseng (PxG) in reducing BPA-induced oxidative stress.

Materials and Methods: Wistar Albino rats (250-300 g) were divided into control, control + PxG, BPA, and BPA + PxG groups. 50 mg/kg
BPA and 100 mg/g PxG were given for six weeks. Serum total antioxidant and oxidant status, lipid peroxidation, and glutathione levels
were determined.

Results: BPA administration increased total oxidant status and lipid peroxidation, while PxG administration to the BPA group decreased
these parameters. PxG also increased total antioxidant status and glutathione levels compared to the BPA group.

Conclusion: BPA was seen to cause an increase in oxidative parameters and PxG administration to restore the oxidative stress that was
generated after BPA exposure, suggesting that this may help to prevent the adverse effects caused by BPA exposure.

Keywords: Bisphenol A, Panax ginseng, oxidative stress, antioxidant effect

INTRODUCTION

Bisphenol A (BPA), is an industrial product produced in
most plastic manufacturing industries (1), and causes
oxidative stress by suppressing antioxidant levels and
increasing lipid peroxidation and free radicals (2). BPA is a
toxic monomer that damages DNA through an oxidative
process (3). A relationship exists between BPA consumption
and a high risk of kidney impairment and liver damage (4).
BPA-associated oxidative stress leads to the disruption of

cellular homeostasis, which causes inflammation and tissue
damage responses (5). Apart from the liver and kidneys,
BPA has been linked to a number of other health problems
due to oxidative stress, such as heart-related diseases
(4), and metabolic disorders (1), which suggests the far-
reaching nature of this chemical regarding all aspects of
human health.

Because research on the properties of traditional plants has
revealed many bioactive compounds to reduce oxidative
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damage or strengthen the antioxidant system, the tendency
toward natural compound research has increased. Pistacia
integerrima (6), grape seed (7), sweet potato (8), Tualang honey
(9), and sesame lignans (10) have been demonstrated to have
preventive benefits regarding tissue damage caused after BPA
exposure. The present study investigated the possible effects
of Panax ginseng (PxG) on BPA-induced oxidative stress.

PxG, or Korean ginseng, isan enduring plant from the Araliaceae
family (11) and grows mainly in East Asiaand North America (12).
It contains several bioactive molecules including ginsenosides,
polyphenols, and phytosterol, which play a significant role in
certain pharmacological effects (13, 14). Ginsenosides have
potent antioxidant effects and can inhibit oxidative damage.
Ginsenosides’ reactive oxygen species scavenging properties
are responsible for their protective action (13). PxG has been
shown to have a regulating effect on blood glucose levels,
offering protection from cardiovascular risk factors (14), as well
as to improve cognitive function, physical tolerance (15), and
sexual function (16).

An in vitro investigation has shown PxG to act as an anti-
inflammatory on BPA-treated A549 lung cells by decreasing
reactive oxygen species generation and affecting NF-xkB
activation and COX-2 expression (17). Ok et al. found ginseng
to increase the anti-apoptotic mechanisms that inhibit BPA-
induced apoptosis (18). Research on the influence of PxG
administration regarding BPA-related abnormalities in the
uterus and liver of ovariectomized mice has indicated PxG to
protect these mice from chemotaxis generated by BPA and
inflammatory reactions (19).

MATERIALS AND METHODS
Experimental Animal Model

Marmara University Animal Care and Use Ethics Committee
approved the experimental stages of this study (Protocol
Number: 57. 2023mar). The study used 32 rats (Wistar Albino,
male), weighing an average of 250-300 grams. Conventional
conditions were used throughout this stage. The rats were
separated into Control (C), C + PxG, BPA, and BPA + PxG groups,
with eight rats in each group. BPA was purchased from Sigma-
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Aldrich (Germany) and dissolved in 1% ethanol. PxG was
obtained from Casel ila¢ Sanayi A.S. (Turkiye) and dissolved in
water.

The C group of rats were under a standard diet (BPA vehicle,
orally). The C + PxG group was administered PxG (100 mg/kg,
orally with BPA vehicle). The BPA group was administered 50
mg/kg BPA (orally). The BPA + PxG group was given BPA (50
mg/kg, orally, and 100 mg/kg of PxG, orally). BPA and PxG were
administered to the rats for six weeks, five days per week. Trunk
blood was used to prepare the serum samples.

Determining Serum Lipid Peroxidation and
Glutathione (GSH)

For determining the lipid peroxidation, thiobarbituric acid
makes a colorful complex with malondialdehyde (MDA)
(20). The absorbance of the pink color resulting from
the MDA-thiobarbituric acid reaction was measured by
spectrophotometry. The GSH level was determined using the
Beutler test (21), which involves reduction of Ellman’s reagent
with SH groups to generate yellow-colored 5, 5'-dithiobis
(2-nitrobenzoic acid).

Determining the Serum Total Oxidant Status
(TOS) and Antioxidant Status (TAS)

TOS and TAS were determined spectrophotometrically (RL
No: 0017, RL No: 0024, respectively, Rel Assay Diagnostics,
Gaziantep, Turkiye). The research used the antioxidant method
to determine the ability of serum to counteract free-radical
reactions and the oxidant measurement method to measure
the ability of serum oxidants to change a ferrous ion to a ferric
ion.

Oxidative Stress Index (OSI) Calculation
The following formula was utilized to calculate the OSI:

OSI =TOS (umol H,0, eq/L) / TAS (umol Trolox eq/L)

Table 1: Serum TAS, TOS, and OSI Levels

C BPA C+PxG BPA+PxG p-value
TAS (umol/L)* 1.78 £ 0.04 1.55+0.09"** 231+£0.11" 2.25 £0.08"* 0.0001
TOS (umol/L)* 5.80+0.22 10.95+0.39"** 437 £0.30 472+0.29"* 0.0001
OoSI* 0.034 + 0.002 0.075 £ 0.005"** 0.019 £ 0.002 0.021 £ 0.003"* 0.0001

C: control group; BPA: BPA exposed group; C + PxG: control + Panax ginseng group; BPA + PxG: BPA exposed + Panax ginseng administered group; TAS: total

antioxidant status; TOS = total oxidant status; OSI = oxidative stress index
*Compared to the C group;

+Compared to the BPA group;

m Compared to the BPA + PxG group;

$: Mean + SD
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Statistical Analyses

GraphPad Software (GraphPad Prism 9.0, California, USA)
was used to conduct the statistical analysis, with means and
standard deviations (SD) being used to present the data.
Analysis of variance (ANOVA) and the post hoc Tukey test were
used to compare the groups, with a p < 0.05 being accepted as
significant.

RESULTS
TAS, TOS, and OSI Levels

BPA administration decreased TAS and increased TOS and
OSI significantly, compared to the C group (Table 1). PxG
administration significantly increased total antioxidant status,
significantly decreased TOS, and reduced OSI, compared to the
C group (Table 1). When compared to the BPA group, the BPA
+ PxG group showed a significant increase in total antioxidant
status and a significant reduction in TOS and OSI.

MDA and GSH Levels

According to Figure 1, administering BPA to the C group
increased MDA levels significantly, and administering PxG to
the BPA group decreased their MDA levels. In addition, MDA
levels in the BPA + PxG group increased significantly compared
to the C+ PxG group (Figure 1). Applying BPA to the rats did not
change their GSH levels (Figure 1). Administering PxG to the C
group and BPA groups significantly increased the GSH levels in
both groups (Figure 1).
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DISCUSSION

The widespread use of BPA and its potential health
consequences are still being researched. This study has
determined the possible effects of BPA on health, especially its
potential effects on serum oxidative stress, and also determined
the role of PxG, primarily its antioxidant properties, on these
effects.

The excessive generation of free radicals causes peroxidative
alterations, which eventually result in increased lipid
peroxidation, which could be used used as a diagnostic
indicator of tissue damage (22). Many studies have highlighted
how BPA damages tissues through oxidative stress (23, 24).
Ge et al. found BPA to restrict the growth of Sertoli cells by
causing oxidative stress, whereas low-dose BPA promotes cell
growth by stimulating the metabolism with regard to energy
(25). Tiwari et al. found that, although BPA is not carcinogenic,
it does have genotoxic effects (26). Similar to these studies,
administering BPA to rats in the current study increased their
serum lipid peroxidation levels and oxidative stress. Compared
to the results presented by Ozaydin et al. and Moghaddam et
al., which revealed a decrease in GSH levels in BPA-exposed
groups (24, 27), this study detected no significant changes in
serum GSH levels after BPA exposure. The lack of change in
serum GSH levels following BPA administration indicates that
the body may metabolize BPA through different detoxification
pathways. As a traditional medicine that has been used for
centuries, PxG is an Asian plant with an antioxidant potential
due to its ginsenoid content. PxG could assist in the ‘body’s

GSH

GSH (% mg)

Figure 1. Serum MDA and GSH levels.

* Compared to the C group;
+ Compared to the BPA group;
m Compared to the BPA + PxG group

C: control group; BPA: BPA exposure group; C + PxG: control + Panax ginseng group; BPA + PxG: BPA exposure + Panax ginseng
administered group; MDA: malondialdehyde; LPO: lipid peroxidation; GSH: glutathione.
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neutralization of free radicals, thus preventing cells from
oxidative damage. Kim et al. showed PxG to reduce serum lipid
peroxidation and to increase antioxidant enzyme activities
after exercise-induced oxidative stress (28). Ramesh et al.
have shown PxG to ameliorate age-related oxidative damage
in tissues (29). Chung et al. demonstrated PxG to significantly
increase the total antioxidant capacity in postmenopausal
women (30). Consistent with these studies, the current study
has shown PxG to increase serum TAS and GSH levels in rats
exposed to BPA, while decreasing TOS and lipid peroxidation.
This highlights the possible anti-oxidative capacity of PxG
for reducing BPA-induced oxidative stress. The study has also
showed administering PxG to healthy rats to also increase TAS
and GSH levels, suggesting potential protective effects of PxG
against oxidative stress.

In conclusion, PxG can decrease BPA-induced oxidative
damage and may potentially be an efficient protector against
other environmental contaminants. Because of its antioxidant
properties, PxG may prove useful in treating oxidative stress-
related diseases.
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ABSTRACT

Objective: We aimed to investigate the differences in the immune response to body fat content between the genetically mutant obese
BFMI860 (BFMI) mouse strain and the lean C57BL/6Ncrl (B6) mouse strain as a control and the effects of obesity on gene expression on
inflammation-related pathways in epididymal adipose tissue.

Materials and Methods: Six males from each strain were maintained on a standard maintenance diet (SMD) or a high-fat diet (HFD). At the
age of 10 weeks, serum and epididymal adipose tissue samples were collected for cytokine and gene expression analyses. RNA samples
from epididymal adipose tissue were hybridized using the microarray technique to study the quantitative transcript amounts of genes.

Results: Pathway analysis of gene expression data revealed no considerable development of inflammatory state in BFMI and B6 on SMD.
Both strains responded to HFD distinctly; the inflammatory state was more prominent in the obese BFMI group than in the lean B6 group.
Several genes, such as Adipog, NFkbia, Plaur, F2r, C3ar1, and Nfatc4 in pathways involved in the immune system have been found to
be differentially requlated in BFMI mice. Under the condition of obesity in BFMI mice, the induction of inflammation-related pathways
indicates an increased risk of insulin resistance, atherosclerosis, and cardiovascular disease.

Conclusion: This study identified distinct expression patterns of genes involved in inflammatory pathways, particularly those associated
with the adipocytokine signaling pathway and complement and coagulation cascades, in the epididymal adipose tissue of BFMI and
B6 mice. The BFMI strain is a valuable and promising model for clarifying the mechanisms underlying obesity and the activation of
inflammation in adipose tissue.

Keywords: Obesity, high-fat diet, adipocytokine signaling pathway, complement and coagulation cascade

INTRODUCTION

The comorbidities associated with obesity are due to
the infiltration and accumulation of pro-inflammatory
macrophages in the adipose tissue, which trigger
changes in the immune system through the production
of inflammatory cytokines. Positive correlations between
inflammatory cytokines such as tumor necrosis factor-alpha
(TNF-a), monocyte chemoattractant protein 1 (MCP1),
interleukin-6 (IL-6), and interleukin-8 (IL-8), and the degree

of adiposity in obese individuals have been presented
through several studies (1). Increased circulating levels of
inflammatory markers are associated with obesity-related
pathologies. The distribution of adipose tissue affects
these associations. Visceral adipose tissue is a major risk
factor for insulin resistance, type 2 diabetes, cardiovascular
disease, and metabolic syndrome (1). Therefore, visceral fat
is considered as the most dangerous adipose tissue (2). It is
known that obesity causes alterationsin the transcriptlevels
of genes in some pathways linking fat tissue metabolism to
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the immune system (2). Therefore, to investigate the effects of
obesity on the immune response, we examined the transcript
levels of cytokines and pro-inflammatory genes involved
in inflammation-related pathways including adipocytokine
signaling pathway and complement and coagulation cascades,
in the Berlin Fat Mouse Inbred 860 (BFMI) strain and the
C57BL/6NCrl (B6) strain. BFMI is genetically predisposed to
obesity and characterized by high body fat mass, impaired fat
oxidation (3), dysregulated cytokine production, and insulin
resistance (4). The B6 strain is a lean inbred strain often used
as a reference.

The objectives of the present study were, first, to detect
differences in the immune response to body fat content
between BFMI and B6 mice at the genetic level (strain effect)
and, second, to investigate the effects of obesity on gene
expression levels in inflammation-related pathways within
each strain.

MATERIALS AND METHODS
Animals and Ethical Approval

BFMI and B6 (Charles River Laboratories, Sulzfeld, Germany)
male mice were bred, fed, and grown until 10 weeks old in an
animal facility at Humboldt University of Berlin, as described
previously (3). In brief, we generated the BFMI860 strain
from an outbred population. Founder mice were originally
purchased from pet shops in Berlin and subsequently
selected for low protein content, low body mass and high fat
content, followed by high fatness for 58 generations before
inbreeding. C57BL/6NCrl mice (Charles River Laboratories,
Sulzfeld, Germany) were used as controls. All experiments were
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performed in accordance with the approval of the German
Animal Welfare Authorities (approval no. G0152/04 and V54-
19¢20/15¢ MR 17/1).

Animal Feeding

BFMI (n=6) and B6 (n=6) mice were fed either with a standard
maintaining diet (SMD) or high-fat diet (HFD), for 7 weeks.
Following weaning at 3 weeks old, 6 male B6 mice were fed
with SMD (V1534-000 ssniff R/M-H, ssniff Spezialdidten GmbH,
Soest, Germany) containing 12.8 MJ/kg metabolizable energy
(9% of its energy from fat, 33% from protein content and 58%
from carbohydrates). Additionally, 6 male BFMI mice were
given an HFD (S8074-E010 ssniff EF R/M, ssniff Spezialdidten
GmbH, Soest, Germany) containing 19.1 MJ/kg metabolizable
energy, with 45% of its energy from fat, 24% from protein,
and 31% from carbohydrates. The SMD included soy oil as its
source of fat, whereas the HFD included coconut oil and suet
as its source of fat. The mice had ad libitum access to food and
water. They were maintained at room temperature (22°C - 24°C)
with a 12-hour light/dark cycle. The detailed composition and
energy content of both diets were extensively documented by
Wagener et al. (3). Mice were weighed weekly from the age of
3 weeks.

Intraperitoneal Glucose Tolerance Test (IPGTT)

After 12-14 h of fasting, we collected a baseline blood sample
(fasting glucose at time zero) from 10-week-old mice. Each
animal was given a single intraperitoneal injection of glucose
(B. Braun, Melsungen, Germany) at a dose of 2 g/kg body
weight. Blood was drawn from the tail tip 15, 30, 60, and 120 min
after intraperitoneal glucose injection. Glucose concentrations
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Figure 1A. Body weight at 10 weeks of age, B. Body weight development of BFMI and B6 males under either SMD or HFD from
3 to 10 weeks of age. Each point represents the mean weight and standard deviation (SD). Statistically significance difference;
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were measured using an Ascensia Elite glucose analyzer (Bayer
HealthCare, Leverkusen, Germany). For the determination
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Figure 2. Percentage of white adipose tissue (WAT) to body
weight of BEMI and B6 males under either SMD or HFD at 10 Measurement of Serum Parameters
weeks of age. Values are mean + SD. Statistically significance
difference; *: p < 0.05, **: p < 0.01, ***: p <0.001. Serum leptin, adiponectin, and insulin levels were measured
by ELISA as described by Hantschel et al. (4). Leptin levels

Table 1. Differentially expressed genes in the adipocytokine signaling pathway in the epididymal adipose tissue.

BFMI vs B6 SMD BFMI vs B6 HFD
MGI ID Symbol Gene hame
Fold FDR p-value Fold FDR p-value
conserved helix-loop-helix
99484 Chuk Lo . 0.821 0.258 NS 0.739 0.002 <0.001
ubiquitous kinase
nuclear factor of kappa light chain
104741 Nfkbia gene enhancer in B-cells inhibitor, 0.947 NS NS 4.094 0.000 <0.001
alpha
peroxisome proliferative activated
1342774 Ppargcila receptor, gamma, coactivator 1 0.707 0.004 <0.001 0.735 0.036 NS
alpha
97374 Npy neuropeptide Y 1.678 0.007 <0.001 1.592 0.000 <0.001
104740 Ppara peroxisome proliferators activated ) ooo 50, g 0737 0000  <0.001
receptor alpha
98214 Rxra retinoid X receptor alpha 0.689 0.001 <0.001 0.614 0.000 <0.001
i in, C1 I
106675 Adipog adiponectin, C1Qand collagen 200 563 NS 0458 0001  <0.001
domain containing
93830 Adipor2 adiponectin receptor 2 0.640 0.013 <0.001 0.593 0.040 NS
95755 Slc2a1 solute carrier family 2 (facilitated 1105 NS NS 2108 0023 <0.001
glucose transporter), member 1
1201791 Socs3 suppressor of cytokine signaling3  1.173 NS NS 1.841 0.000 <0.001
98216 Rxrg retinoid X receptor gamma 0.837 0.114 NS 0.595 0.000 <0.001

MGlI, Mouse Genome Informatics; FDR, false discovery rates; SMD, standard maintenance diet; HFD, high-fat diet; BFMI, BFMI860 mouse strain; B6, C57BL/6Ncrl
mouse strain; NS: not significant
The table shows all genes that were significantly differentially expressed at p<0.001 and FDR<0.5 in at least one of the comparisons between BFMI and B6 on SMD

or BFMI and B6 on HFD. MGl ID refers to the gene identity number in Mouse Genome Informatics database (www.informatics.jax.org/genes.shtml).



http://www.informatics.jax.org/searches/accession_report.cgi?id=MGI:97374
http://www.informatics.jax.org/searches/accession_report.cgi?id=MGI:98216
http://www.informatics.jax.org/genes.shtml
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Figure 3. Serum levels of A. leptin, B. adiponectin, C. insulin, D. glucose at 10 weeks of age. Data are expressed as mean + SD
(n= 6). Statistically significance difference; *: p < 0.05, **: p < 0.01, ***: p <0.001.

were determined using an m/rLeptin ELISA kit (Mediagnost,
Reutlingen, Germany). Adiponectin levels were determined
using a DuoSet ELISA Development kit (R&D Systems,
Wiesbaden, Germany). Insulin levels were measured using
a commercial Insulin Mouse Ultrasensitive ELISA (DRG
Instruments GmbH, Marburg, Germany).

Gene Expression Analysis

Gene expression was measured using RNA isolated from
epididymal adipose tissue of BFMI and B6 mice at 10 weeks.
RNA was extracted and gene expression was performed as
described in Wagener et al. (3). The RNA samples of six animals
of the four biological groups (B6-SMD / B6-HFD / BFMI-SMD
/ BFMI-HFD) were hybridized on lllumina Mouse WG-6 v1.1
Expression BeadChips using an Illumina BeadStation 500X.

The lists of differentially expressed genes in epididymal adipose
tissue are illustrated in Table 1 for adipocytokine signaling
pathway, and in Table 2 for the complement and coagulation
cascades. Diet effects on the adipocytokine signaling pathway

and complement and coagulation cascades are shown in
Tables 3 and 4, respectively. Differentially expressed genes in
epididymal adipose tissue, in the interaction between strain
and diet, and immune response-related pathways are noted in
Tables 5 and 6.

Statistical Analyses

Fluorescenceimages of the lllumina Bead Arrays were translated
into relative expression levels using the Bioconductor (5)
package bead array (6) with standard parameter settings.
The intensity values of the arrays were log2-transformed
and quantile-normalized for fat tissue. The statistical analysis
was performed using the R statistical software package (7).
Differences in gene expression between BFMI and B6 mice
fed with either a SMD or a HFD and between HFD and SMD
in either BFMI or B6 mice were evaluated using two separate
Student’s t-test. To address multiple testing, false discovery
rates (FDR) were calculated using a customized algorithm
that was implemented in R. Where necessary, medians of fold-



Dogan et al.
Expression of inflammation-associated genes in obesity Experimed 2024; 14(2): 73-84

Table 2. Differentially expressed genes in complement and coagulation cascade signaling pathway in the epididymal adipose
tissue.

BFMI vs B6 BFMI vs B6
MGI ID Symbol Gene name SMD HFD
Fold FDR p-value Fold FDR p-value

97611 Plau plasminogen activator, urokinase ~ 1.822 0.009 <0.001 2.101 0.004 <0.001
97612 Plaur ~ Plasminogenactivator, urokinase L5 048 g 1965 0010  <0.001

receptor
101802 Far coagulation factor ll thrombin)  gg3 039 pg 2438 0001  <0.001

receptor
88381 F3 coagulation factor Ill 0.473 0.012 <0.001 1.354 0.131 NS
109325 F7 coagulation factor VII 2.971 0.001 <0.001 1.994 0.000 <0.001
103107 F10 coagulation factor X 2.404 0.020 <0.001 2.380 0.000 <0.001
105975 g Mistocompatibility2 complement 0 o005 g 2576 0006  <0.001

component
87931 Adn complement factor D (adipsin) 0.320 0.014 <0.001 0.055 0.000 <0.001
88226 (] complement component 2 0.201 0.000 <0.001 0.290 0.000 <0.001
105937 Cfi complement component factor i 1.266 0.019 <0.001 1.577 0.002 <0.001
1097680  C3qr1  COmPlementcomponent 3a 2463 0011  <0.001 4237 0000  <0.001

receptor 1

MGI ID, Mouse Genome Informatics ; FDR, false discovery rates; SMD, standard maintenance diet; HFD, high-fat diet; BFMI, BFMI860 mouse strain; B6, C57BL/6Ncrl
mouse strain; NS, not significant.
The table shows all genes that were significantly differentially expressed at p<0.001 and FDR<0.5 in at least one of the comparisons between BFMI and B6 on SMD

or BFMI and B6 on HFD. MGl ID refers to the gene identity number in Mouse Genome Informatics database (www.informatics.jax.org/genes.shtml).

Table 3. Differentially expressed genes in the adipocytokine signaling pathway in the epididymal adipose tissue.

Gene name B6 BFMI
Fold FDR p-value Fold FDR p-value

107899 Cd36 Cd36 antigen 0.5 0.002 <0.001 1.2 0.874 NS

nuclear factor of kappa light chain
104741 Nfkbia gene enhancer in B-cells inhibitor, 0.4 0.000 <0.001 1.6 0.297 NS

alpha

i in, C1 Il i

106675 Adipog ~ 2diponectin, C1Qand collagen domain o 0028 <0001 05 0131 NS

containing

MGI, Mouse Genome Informatics; FDR, false discovery rates; SMD, standard maintenance diet; HFD, high-fat diet; BFMI, BEFMI860 mouse strain; B6, C57BL/6Ncrl
mouse strain; NS, not significant.
The table shows all genes that were significantly differentially expressed at p<0.001 and FDR<0.5 in at least one of the comparisons between BFMI and B6 on SMD

or BFMI and B6 on HFD. MGl ID refers to the gene identity number in the Mouse Genome Informatics (MGI) database (www.informatics.jax.org/genes.shtml).



http://www.informatics.jax.org/searches/accession_report.cgi?id=MGI:97611
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Table 4. Differentially expressed genes in complement and coagulation cascade signaling pathway in the epididymal adipose
tissue.

B6 BFMI
MGI ID Gene name HFD vs SMD HFD vs SMD
Symbol
Fold FDR p-value Fold FDR p-value
88381 F3 coagulation factor lll 0.5 0.020 <0.001 1.3 0.205 NS
98736 Thbd thrombomodulin 0.4 0.011 <0.001 0.6 0.366 NS
105975 Ho-gr  Nistocompatibility 2 complement - ¢ 0036  <0.001 0.9 0658 NS
component
87931 Adn complement factor D (adipsin) 1.0 0.779 NS 0.2 0.035 <0.001

MGI, Mouse Genome Informatics ; FDR, false discovery rates; SMD, standard maintenance diet; HFD, high-fat diet; BFMI, BFMI860 mouse strain; B6, C57BL/6Ncrl
mouse strain; NS, not significant.
The table shows all genes that were significantly differentially expressed at p<0.001 and FDR<0.5 in at least one of the comparisons between BFMI and B6 on SMD

or BFMI and B6 on HFD. MGl ID refers to the gene identity number in Mouse Genome Informatics (MGI) database (www.informatics.jax.org/genes.shtml).

Table 5. Differentially expressed genes show interaction between strain and diet in the epididymal adipose tissue.

KEGG Pathway MGI ID Symbol Gene Name Fold

Adipocytokine signaling pathway 1194882 Irs3 insulin receptor substrate 3 0.4
107899 Cd36 CD36 antigen 2.5
98216 Rxrg retinoid X receptor gamma 0.7

Adipocytokine signaling, T cell signaling, nuclear factor of kappa light polypeptide

B cell signaling, and Toll-like receptor 1099800 Nfkb2 ) 1.6
. . gene enhancer in B-cells
signaling pathway
104741 Nfkbia nuclear factqr of kappfa Ilgh.t chain gene 43
enhancer in B-cells inhibitor, alpha
T cell signaling 88332 Cd3e CD3 antigen, epsilon polypeptide 1.6

nuclear factor of activated T-cells,
T cell signaling, Natural killer cell signaling 1920431 Nfatc4 uciear 'ac ° (,) ac !va CiiEd 1.9
cytoplasmic, calcineurin-dependent 4

T cell signaling, Natural killer cell signaling,

=l El e e e 1342293 Lat linker for activation of T cells 23
B cell signaling 1096398 Cd81 CD81 antigen 1.4
Natural killer cell signaling 95904 H2-K1 histocompatibility 2, K1, K region 35
1346866 Map2k1 mitogen activated protein kinase 1 2.5

Complement and coagulation cascades 88381 F3 coagulation factor Il 29
87931 Adn complement factor D (adipsin) 0.2

KEGG, Kyoto Encyclopedia of Genes and Genomes; MGI, Mouse Genome Informatics.
The table shows all genes that were significantly differentially expressed at p<0.001 and FDR<0.5 in at least one of the comparisons between BFMI and B6 on SMD

or BFMI and B6 on HFD. MGl ID refers to the gene identity number in the Mouse Genome Informatics (MGI) database (www.informatics.jax.org/genes.shtml).
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Table 6. Gene annotations of differentially expressed genes in the epididymal adipose tissue.

Number of

BFMI vs B6 on HFD fat Genes
genes
Immune system 18 Cxcl9, Irf5, Ly96, Ifnas, Fos, Tir5, Tir2, Spp1,
Toll-like receptor signaling pathway Cd14, Tir1, Tlr7, Myd88, Ccl4, Ccl3, Ticam2, Pik3cg, Nfkbia, Map2k1
Leukocyte transendothelial migration 8 Atp1b3, Rap1b, Vav1, Bcarl, Plcg2, Ncf2, Pik3cg, Myl9
. . Cd72, Ptpné, Sykb, Prkcb, Card11, Blnk, Kras, Fos, Vav1, Lilrb3, Btk, Plcg2,
B cell receptor signaling pathway 14 Pik3cg, Nfkbia
. . - H2-K1, Cd48, Itgb2, Ptpné6, Fcgr4, Kras, Vav1, Plcg2, Grb2, Pik3cg, Syk®b,
Natural killer cell mediated cytotoxicity 19 Prkeb, Sh3bp2, Fegr3, Ifnas, Tyrobp, Fcerlg, Lat, Map2k1
Signaling molecules and interaction
Vegfa, Ccl6, Cxcl9, Ccl24, Tnfsf13, Ccr5, Ccl2, Ccl4, Figf, Ccl3, Pf4, 1110,
Cytokine-cytokine receptor interaction 27 Ccl27a, Ccl17, Tspan7, Cxcl1, Ltbr, Ifna5, Tnfrsf17, Cxcl14, Ccl7, Cx3crl,
Pdk3, Ctf1, I110rb, Ccl8, Bmp2,
BFMI vs B6 on SMD
Immune system
L Rock2,, Cldn1, Ncf4, Esam, Actn1, Ctnnal, Ncf1, Gnai2, Cyba, Rapgef3,
Leukocyte transendothelial migration 17 F11r, Cldn5, Gnail, Mmp2, Mmp9, Rac2, Cxcrd,
Antigen processing and presentation 5 Ctss, H2-Ea, Ifi30, Ctsb, Cd74
Signaling molecules and interaction
A e e e 11 Col1a2, Col6al, Itga6, Col6a2, Collal, Col3al, Itga5, Vtn, Col4al, Spp1,
Lamb3
Signal transduction
Wht sianaling pathwa 16 Smad?2, Rock2, Lrp6, Prkcb, Sfrp2, Rac3, Wnt2b, Wif1, Sfrp4, Smad4,
9 9P Y Wnt2, Cxxc4, Sox17, Siah1a, Rac2, Fzd6
HFD vs SMD in BFMI
PPAR signaling pathway 5 Scd1, Fabp3, Hmgcs2, Scd2, Uep1

MGlI, Mouse Genome Informatics ; FDR, false discovery rates; SMD, standard maintenance diet; HFD, high-fat diet; BFMI, BFMI860 mouse strain; B6, C57BL/6Ncrl
mouse strain.
Down-regulated genes are underlined. Only annotations with corrected p < 0.001 are shown. MGI ID refers to the gene identity number in the Mouse Genome

Informatics (MGI) database (www.informatics.jax.org/genes.shtml).

changes, medians of significance values and FDR were used to
define unique values for each gene, if multiple oligos existed
and were measuring the expression of the same gene.

(8) was used with the maanova functions, read. madata,
fitmaanova, and matest.

Differentially expressed genes with p values <0.001 and FDRs

To measure the significance of the interaction between strain
and diet, a 2 by 2 analysis of variance (ANOVA) was performed
with the factors strain and diet for each probe within fat
tissue:

log,(expression) = y + strain + diet + strain: diet + €

where [ is the probe mean, strain is either BFMI860 or B6, diet
is either SMD or HFD, strain: diet is the interaction term and €
is the residual variance. The R/Bioconductor package maanova

<0.5 were considered statistically significant in ANOVA and
Student’s t-test.

Genes showing significant differences between groups were
assigned to inflammatory-related pathways based on the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database (http://
www.genome.jp/kegg/). Pathways were visualized using the
software GenMAPP (9).
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RESULTS
Weight Gain and Serum Parameters

At 10 weeks, BFMI males were nearly two times as heavy as B6
males (Figure TA). BFMI mice were already heavier at the early
age of 3 weeks (Figure 1B). Body weight gain was markedly
higher in the HFD group than in the SMD group in both strains.
In addition, BFMI mice stored proportionally more fat than B6
in response to HFD (Figure 2).

Serum concentrations of leptin, adiponectin, insulin, and
glucose were compared between BFMI and B6 control mice
fed SMD and HFD. As expected, serum leptin levels were higher
in BFMI mice than in B6 mice on both diets due to the higher
body fat mass in BFMI (Figure 3A). Serum adiponectin levels
were increased in B6 mice and decreased in BFMI mice on HFD
(Figure 3B). Therefore, the changes in adiponectin levels in
response to different diets were strain-dependent. BFMI mice
on HFD exhibited high blood glucose levels. No significant
change in blood glucose levels was observed in B6 mice (Figure
3D). In addition, serum insulin levels were markedly increased
in response to HFD in BFMI mice but not in B6 mice (Figure 3C).

Gene Expression Analysis

We initially investigated the adipocytokine signaling pathway
to identify differences in the regulation of gene expression
that cause subsequent metabolic system alterations. Then, we
examined the complement and coagulation cascades that were
significantly altered in epididymal fat tissue. Subsequently, we
studied the B-cell receptor, T-cell receptor, toll-like receptor, and
natural killer cell signaling pathways to explore the interaction
between strain and diet in epididymal fat tissue. Genes were
considered differentially expressed if p<0.001 and FDR<0.5
within affected pathways.

The differentially expressed genes in epididymal adipose tissue
belonging to different pathways are presented in Tables 1 and 2.

Strain Effect
Adipocytokine Signaling Pathway

KEGG analysis revealed that the adipocytokine signaling
pathway was differentially expressed between BFMI and B6
mice. Two and seven of the 67 genes in this pathway were
differentially expressed between these strains on SMD and
HFD, respectively (Table 1). The expressions of Ppargcla and
Adipor2 were significantly down-regulated in BFMI vs. B6
mice fed with SMD. In the case of HFD, we detected decreased
Adipoq, Chuk, Ppara, and Rxrg expressions and markedly
increased Nfkbia, Socs3, and Slc2al expressions in BFMI vs. B6
mice. We also observed higher leptin and lower Irs1 transcript
levels in the BFMI group, although these alterations were not
statistically significant.

Dogan et al.
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Complement and Coagulation Cascades

Group analysis of the differential gene expression pattern
provided evidence that the complement and coagulation
cascades were up-regulated in BFMI vs. B6 mice. Five out of 63
genes were up-regulated, while three were down-regulated in
BFMI vs. B6 mice on SMD; eight genes were up-regulated and
two were down-regulated on HFD, respectively. Among these
genes, transcript levels of H2-Bf increased and F3 decreased
dissimilarly in BFMI vs. B6 mice on HFD and SMD, respectively.
On HFD, Plaur and F2r were up-regulated (Table 2). We detected
increased transcript levels in Plaur, F7, F10, Cfi, and C3ar1 and
decreased expression in Adn and C2 of BFMI vs. B6 in both
feeding groups.

Diet Effect
Adipocytokine Signaling Pathway

We found that expression of Irs3, Cd36, Nfkbia, and Adipoq
was significantly reduced in HFD vs SMD in B6 mice (Table 3).
However, no marked alterations were determined in the gene
expression of BFMI mice.

Complement and Coagulation Cascades

Decreased expressions of F3, thrombomodulin (Thbd), and
H2-Bf genes were observed in B6 mice in HFD vs. SMD (Table
4). We detected decreased Adn expression, which was only
differentially expressed in BFMI mice.

Effect of Interaction Between Strain and Diet

KEGG analysis identified T-cell receptor and natural killer cell
signaling pathways that were significantly up-regulated in
the epididymal adipose tissue with respect to strain and diet.
The genes Nfatc4 and Lat, which contribute to both pathways,
were differentially expressed. In the T-cell, B-cell, and toll-
like receptor signaling pathways, Nfkb2 and Nfkbia were
differentially expressed. The expressions of all four genes were
significantly increased in (BFMI on HFD vs. SMD) vs. (B6 on HFD
vs. SMD), indicating the effects of interaction between strain
and diet. We also detected decreased Irs3 and increased Cd36,
Cd3e, and Cd81 expression in BFMI mice (Table 5).

Data Mining

To detect differentially expressed genes that did not belong
to any of the analyzed pathways, genes were annotated using
GeneCodis. The differentially expressed genes were then
assigned to related pathways. Due to the large dataset size,
several pathways that could affect the immune response were
selected to provide an overview of inflammation. The most
dramatically modulated genes, which are not involved in the
discussed pathways, were observed in BFMI vs. B6 mice on
HFD. The complete list of differentially expressed genes (up-
and down-regulated) is shown in Table 6.
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Analyzing the diet effects (HFD vs SMD), the genes in PPAR
signaling pathways were differentially expressed in BFMI mice.

Among the regulated genes, the expression of ubiquitin
D (Ubd) was 15-fold higher in HFD in contrast to SMD. The
expressions of cathepsin S (Ctss) b and Col1a2 were also up-
regulated (20-fold and 11-fold, respectively) in BFMI on HFD
mice compared to SMD mice (6-fold and 2-fold, respectively).

DISCUSSION

This study aimed to identify genetic variances in the immune
response to body fat content between BFMI and B6 mice, as
well as to assess the influence of obesity on gene expression in
inflammation-related pathways. We found that the expression
of severalgenesrelated totheimmune system was dysregulated
in the adipocytokine signaling pathway and complement and
coagulation cascades in the epididymal adipose tissue of BFMI
mice on the HFD diet.

Adipocytokine Signaling Pathway

The results indicated that the response to dietary fat is
influenced by genetic background (strain effect). The
expressions of Adipoqg, Chuk, Ppara, Rxrg, Nfkbia, Socs3, and
Slc2a1 were dysregulated in BFMI mice on HFD. Several studies
in humans and rodents have provided evidence of the anti-
diabetic, anti-atherogenic, and anti-inflammatory activities of
Adipoq (10). Therefore, lower transcript levels of the Adipoq
gene in BFMI mice may reduce adiponectin sensitivity, which
could finally abet insulin resistance in BFMI vs. B6 mice. Low
adiponectin transcript levels in the epididymal adipose tissue
might be a key link the activation of the immune system in
adipose tissue of BFMI males. The markedly decreased Adipog
expression in epididymal adipose tissue corresponds well
with reduced serum adiponectin concentrations in BFMI mice
on HFD. In healthy individuals, adiponectin suppresses the
activation of TNF-a-mediated nuclear factor kappa B (NF-kB)
(11). In addition, Nfkbia plays a role in the termination of NF-xB
activity by binding to it (12). In our study, the down-regulation
of Adipog was in line with the up-regulation of Nfkbia and
denoted the suppression of NF-kB activation.

Up-regulation of Socs3, a down-regulated target of NF-kB,
supported this finding. As an important transcription factor,
NF-kB regulates mediators of immune response, cell apoptosis,
inflammation, embryonic development, and the cell cycle (11).

Socs3, which is also up-regulated in BFMI mice, suppresses
cytokine signaling. Socs3 is a negative regulator of the insulin
signaling pathway. It suppresses insulin-stimulated glucose
uptake by inhibiting Irs1 in epididymal adipose tissue. This may
lead to local insulin resistance (13). The higher leptin mRNA
levels together with the up-regulated Socs3 and reduced Irs1
transcript levels in BFMI vs. B6 mice on HFD are in agreement
with the study of Mori et al. (14), which showed that increased
Socs3 is a main regulator of diet-induced leptin and insulin
resistance in Nestin-Cre and Synapsin1-Cre mice. Simultaneous
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up-regulation of Socs3 and down-regulation of Adipoq transcript
levels in BFMI indicate impaired insulin sensing and activation
of local inflammation in adipose tissue in response to the HFD.

The up-regulation of fat-cell-specific glucose transporter
1 (Slc2al) provides evidence for higher glucose uptake in
epididymal adipose tissue of BFMI vs. B6 mice, particularly on
HFD. Despite suppressed insulin-stimulated glucose uptake
due to increased Socs3 expression, this finding is consistent
with studies on type 2 diabetic animals, which have also shown
a significant increase in basal glucose uptake into adipose
tissue as insulin-stimulated glucose uptake was inhibited (15).

The results suggest that the genes Adipog, Nfkbia, and Socs3
in the adipocytokine signaling pathway are most likely to link
obesity to adipose-specific inflammation.

The diet effect was particularly notable in B6 mice on HFD. In
this strain, glucose and fatty acid transport may be decreased,
as indicated by the down-regulation of Irs3 and Cd36
expression, respectively. Adiponectin, an anti-inflammatory
cytokine, inhibits the activation of NF-«kB. Down-regulation of
Adipoq together with Irs3 and CD36 expression may indicate
the onset of inflammation in HFD-fed B6 mice. Gene expression
was not influenced by diet in BFMI mice.

Complement and Coagulation Cascades

Our results showed that the genetic background (strain effect)
significantly affected the alterations in gene expression
caused by diet in the complement and coagulation
cascades. The complement system bridges innate and
acquired immunity and can be activated via three pathways:
classical, lectin, and alternative (16). Genes of the classical
and alternative pathways were activated in BFMI mice vs.
B6. Among the factors of the complement cascade, the
complement anaphylatoxins C3a and C5a play an important
role in the metabolism of the entire body, energy balance,
and the pathogenesis of diabetes and metabolic syndrome
(17). They act as chemoattractants and trigger inflammation
through their receptors C3ar1 and C5ar1 (16). These receptors
have been identified as major positive regulators of insulin
secretion, and their inhibitory effects on glucose-stimulated
insulin secretion were demonstrated by Atanes et al. (17).
Therefore, increased expression of C3arl may imply that
complement anaphylatoxins C3a and C5a activation could
be in the early stage, and they may affect insulin secretion in
BFMI vs. B6 mice on both SMD and HFD.

Complement Factor B (H2-Bf), which is also increased in BFMI
mice, is an essential protein in the alternative pathway of
complement activation. Moreno-Navarrete et al. (18) reported
that increased expression of H2-Bf is associated with activation
of the alternative complement pathway, which is linked to
insulin resistance, obesity, and metabolic complications.
The increased transcript levels of H2-Bf indicated that the
alternative pathway, which promotes insulin resistance and
atherosclerosis, was activated in the HFD group. Our results also
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showed that the activity of the alternative pathway changed
depending on the dietary effect.

The complement system interacts with the coagulation system
(19). Tissue factor (TF, F3) is the main cellular initiator of the
coagulation cascade and serves as areceptor foractivated factor
VIl (FVIla) and forms the TF-activated factor VIl complex (20).
The TF-activated factor VIl complex mainly triggers coagulation
as well as angiogenesis, inflammation, and atherosclerosis (20).
Decreased F3 expression level indicates that the coagulation
cascade may not be activated in BFMI vs. B6 mice fed with SMD.
The blood clotting factor F7 is important for the initiation of F3-
induced extrinsic coagulation levels that are related to plasma
triglyceride levels (21). The TF-activated factor VIl complex
activates protease-activated receptor 1 (F2r, PAR1), which
contributes to adipogenesis and promotes inflammation
and angiogenesis (22). Furthermore, a strong association was
found between F2r and basal glucose levels in high-fat-fed
mice (23). Plasminogen activator urokinase receptor (Plaur)
contributes to macrophage infiltration in white adipose tissue
(24). Therefore, increased transcript levels of Plaur and F2r may
indicate macrophage migration and initiation of inflammation
in the epididymal adipose tissue of BEMI mice on HFD.

The diet only significantly affected the expression of the
Adipsin (And) gene in BFMI mice. Adn is an adipocyte serine
protease that participates in triacylglycerol synthesis in
human adipocytes, triggers insulin secretion, maintains 3-cell
function, and promotes adipocyte differentiation through
C3a-C3aR signaling. Its expression is reduced in BFMI mice
as well as in obese and diabetic animal models (25). In the
current study, the up-regulated expression of C3ar7 and down-
regulated expression of Adn indicated that adipogenesis
was underway in the animals and their energy balance was
disturbed. Thbd is a cell surface-expressed glycoprotein that
is involved in coagulation, fibrinolysis, complement activation,
inflammation, and cell proliferation (26). Complement and
coagulation cascades may not be activated as the expression
of F3, H2-Bf, and Thbd is down-regulated in B6 mice. A recent
study showed that dysregulated thrombin activity, including
Thbd and fibrin, promotes obesity (27).

The differentially expressed genes Nfatc4, Lat, Nfkb2 and
Nfkbia in BFMI vs B6 on HFD vs. SMD indicate the effects
of the interaction between strain and diet. Decreased Irs3
and increased Cd36, Cd3e, and Cd81 expressions were also
detected in BFMI mice. In most cell types, NF-«B is inactive in
the cytoplasm, likely because of the inhibitory effect of Nfkbia.
The activation of NF-kB depends on the phosphorylation of
Nfkbia by the inhibitor of kB (IkB) kinase (IKK). This modification
leads to free NF-kB that translocates to the nucleus. It regulates
the transcription of response genes encoding chemokines,
cytokines, adhesion molecules, inflammation-associated
enzymes and inhibitors of apoptosis (12). It can therefore be
suggested that the up-regulation of Nfkbia in BFMI mice may
enhance the inflammatory response in epididymal adipose
tissue. The Nfat group of transcription factors is an essential
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component in cytokine gene expression upon T-cell activation.
Kim et al. (28) reported that Nfatc4 and Atf3 negatively
regulate adiponectin gene transcription. Thus, Nfatc4 may
contribute to decreased adiponectin expression. Yang et al.
(29) demonstrated that Nfatc4 contributes also to glucose
and insulin metabolism. Increased Nfatc4 expression in BFMI,
together with reduced adiponectin concentration, may lead to
increased insulin resistance. The linker for activation of T-cells
(Lat) acts as a transmembrane scaffold protein critical for T-cell
development and activation (30). Therefore, the up-regulation
of Lat implies the activation of T-cells. Our results provide
evidence that dysregulation of Nfkbia and Nfatc4 in particular
may affect the activation of the signaling cascade of obesity-
induced inflammation.

Irs3 is important in Glut4 translocation and glucose transport in
primary adipocytes (31). Reduced Irs3 transcript levels indicate
decreased glucose transport, as indicated by up-regulated Socs3
expression in the adipocytokine signaling pathway. Increased
fatty acid transport in HFD was supported by the up-regulation
of CD36, which facilitates fatty acid uptake into muscle and
adiposetissue (32). Oguri etal. (33) found that loss of CD87 causes
diet-induced weight gain, glucose intolerance, insulin resistance,
and adipose tissue inflammation. Thus, CD81 expression may be
increased to prevent some metabolic disorders.

We also analyzed several pathways related to the immune
response to provide a comprehensive assessment of
inflammation. The genes exhibiting the most significant
changes were identified in BFMI vs. B6 mice on HFD. Their
gene expression profiles demonstrated that the number of
significantly expressed genes associated with the immune
system was higher in HFD than in SMD. In HFD, the regulated
genes were detected only in the Toll-like receptor, B-cell
receptor, and natural killer cell signaling pathways. These
results indicate that these pathways may play a role in the
differences between BFMI and B6 mice in terms of immune
processes in adipose tissue.

The diet effect was significant only for the genes in the PPAR
signaling pathways that showed differential expression in BFMI
mice in HFD vs SMD.

The expression of ubiquitin D (Ubd) was up-regulated in
BFMI on HFD compared with SMD. Ubd is involved in protein
degradation and apoptosis (34) and mediates NF-kappaB
activation. It is not currently annotated in a pathway. The
expression of cathepsin S (Ctss) b and Col7a2 was up-regulated
in BFMI on SMD mice. The change in Ctss expression is
noteworthy in terms of their pathological effects. Previous
studies have reported that it provides a molecular link between
obesity and the development of cardiovascular disease (35).
Moreover, Hsing et al. (36) noted that Ctss deficiency led to
decreased diabetes incidence. These results were expected
given that BFMI has 4 times more fat stored in SMD compared
to B6 at 10 weeks of age.
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The results of the present study revealed clear differences
between the two strains. In general, we observed more
differentially expressed genes in BFMI vs. B6 fed an HFD. It is
evident that the effect of HFD on the aforementioned systems
(immune, endocrine signaling molecules and interaction and
signal transduction system) in adipose tissue is more profound
in BFMI than in B6 mice. In particular, genes associated with
immune system pathways were significantly up-regulated
in the epididymal adipose tissue of BFMI mice. The immune
response signal could be attributed to adipose tissue
macrophages, which are involved in the immune system. It has
already been shown that obesity causes inflammatory changes
in the body (16).

CONCLUSIONS

Our results show that increased fat deposition in adipose tissue
activates signaling cascades leading to increased inflammatory
gene expression in both strains. BEMI mice are more responsive
to HFD with obesity than B6 mice. This may be due to the different
genetic compositions of these strains, as BFMI is already obese on
SMD in contrast to B6. It is expected that most processes involved
in the inflammatory response are significantly up-regulated in the
epididymal adipose tissue of BFMI mice as a result of obesity. It
is noteworthy that genes involved in the adipocytokine signaling
pathway and the complement and coagulation cascades were
differentially expressed between BFMI and B6 mice fed the same
diet. Genes in immune-related pathways were also differentially
regulated. These results imply that genotype plays an important
role in obesity-induced inflammation. Inflammatory adipokines
or proteins appear to function significantly in the “low-grade
inflammatory state”in BFMI on SMD and more so on HFD, but also
in B6 mice on HFD. When they enter the circulation, a cluster of
metabolic abnormalities, such as insulin resistance and activation
of complement cascades, can be induced and may be linked to
an increased risk of diabetes and atherosclerosis. In addition, the
interaction between strain and diet was very likely to have an
impact on the inflammatory signaling network. The implication for
humans is that genetic predisposition is not the only contributor
to disease risk factors, but that genetic predisposition together
with diet may activate a critical pathway leading to increased
disease risk and further manipulation of obesity.
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ABSTRACT

Objective: The aim of our study was to investigate salivary tissue factor (TF) activity and oxidant-antioxidant status, which is an important
defense system, in saliva samples collected from patients with oral lichen planus (OLP), and to determine the relationship between the
antioxidant system and TF activity in OLP.

Materials and Methods: Saliva samples were collected from patients with OLP (n=20) and healthy subjects (n=13). TF activity, lipid
peroxidation (LPO), nitric oxide (NO), glutathione (GSH) levels, glutathione S-transferase (GST), and superoxide dismutase (SOD) activities
were measured.

Results: NO levels and GST activities were increased, whereas GSH levels and SOD activities were decreased, when compared with healthy
subjects in the saliva samples collected from patients with OLP. In addition, TF activity was increased in the OLP group compared with the
control group

Conclusion: The results revealed that the salivary oxidant-antioxidant balance was disrupted in parallel with the increase in TF activity in
patients with OLP.
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INTRODUCTION

Lichen planus (LP) is a chronic inflammatory disease commonly
observed in the skin and mucosa, the cause of which is
unknown. Oral lichen planus (OLP), which is most commonly
seen in the buccal mucosa, dorsum of the tongue, and less
commonly on the gingivae, can occur either alone or with
skin lesions, and is usually bilateral and symmetrical (1, 2). The
mouth and saliva reflect physiological or pathological changes
in the organism (3). Saliva, with its rich content, can be used to
diagnose various diseases or monitor the body’s response to
treatment. Saliva biomarkers are important for determination
of these changes in the body. These biomarkers play a potential
role in the diagnosis of various oral and systemic diseases.
In addition, analysis with saliva fluid provides an advantage
because it is an non-invasive method (3, 4).

Tissue factor (TF, Factor lll, Thromboplastin) is an important
activator of the coagulation cascade, and is the main regulator
of haemostasis and thrombosis (5). Body fluids such as saliva,
bile, semen, amniotic fluid, and various tissues have TF activity
(6-9). The clotting function of saliva is due to TF present in
saliva, and TF activity may be triggered by many different
stimuli, including surface expression, inflammatory cytokines,
endotoxins, and hypoxia (6, 7, 10).

In the presence of oxygen under normal cell conditions,
reactive oxygen species (ROS) can be produced. The increase
in ROS levels compared with antioxidant agents causes the
oxidant-antioxidant balance to deteriorate. This imbalance
causes various diseases because of lipid peroxidation (LPO)
and cell damage (5, 6).

Oxidant-antioxidant imbalance has a potential effect on the
development of oral pathologies. Many diseases are based
on oxidative stress, which can also explain why the systemic
and oral disease consequences can be so severe. Antioxidants,
which are effective in the defense mechanism of the organism,
are also included in the saliva content (4-6). LPO and salivary
antioxidants can be utilized to measure the oral oxidant-
antioxidant condition (5, 6, 11-13).

Free radicals produced by exogenous or endogenous sources
in the organism react with lipids and cause LPO, which can
have a very harmful effect on the organism. LPO causes the
formation of toxic products that show harmful effects in areas
far from where they are produced (12). Malondialdehyde
(MDA) is the major end product of LPO and is recognized as an
important marker of oxidative stress and damage mediated by
free radicals (13). The antioxidant system, which is effective as
a defense mechanism in the organism, consists of enzymatic
and non-enzymatic agents. Glutathione (GSH), which has a
tripeptide structure, is a non-enzymatic antioxidant. GSH,
which has an antioxidant effect, is a reducing agent. GSH serves
as a cofactor for enzymes such as glutathione peroxidase and
glutathione S-transferase (GST). In addition, GSH plays a role
in the regeneration of vitamin E for the detoxification of lipid
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peroxyl radicals. GST are enzymes involved in the catalysis of
the reaction between the reducing agent GSH and xenobiotics.
The key role of the GST enzyme in xenobiotic metabolism is
to prevent cell damage by combining the reactive species
produced by the enzymes in Phase | with glutathione (14).

Superoxide dismutase (SOD) catalyzes the conversion of
superoxide radicals, a by-product of oxygen metabolism,
into molecular oxygen and hydrogen peroxide. The primary
antioxidant enzyme systems SOD and glutathione peroxidase
can destroy free radicals. OLP develops as a result of increased
oxidative stress (13). Because salivary fluid naturally contains
various antioxidants, many studies have been conducted
using salivary fluid, and these studies have revealed that the
total antioxidant status in salivary fluid collected from erosive
OLP patients is lower than that in healthy controls (14, 15).
Nitric oxide (NO), which is synthesized from arginine, play
roles as a neurotransmitter, immunomodulator, vasodilator,
and antiplatelet. The neuronal nitric oxide synthase (nNOS)
enzyme, which catalyzes NO synthesis, is located in the salivary
gland. Therefore, it is thought that NO may play a potential role
in salivary gland secretion and blood flow. In addition, because
NO has antibacterial properties, it can protect the oral mucosa
at low concentrations in saliva (16).

ROS may interfere with platelet activation and increase the
expression levels of TF in endothelial cells, monocytes, and
vascular smooth muscle cells, all of which can promote
coagulation (17). In view of the ability of ROS to induce
oxidative structural as well as functional alterations in key
proteins involved in the coagulation cascade, the aim of our
study was to investigate salivary TF activity and oxidant-
antioxidant parameters to evaluate the relationship between
TF activity and oxidant-antioxidant status in patients with OLP.

MATERIALS AND METHODS
Saliva Collection and Storage

The Istanbul Medipol University Non-invasive Clinical Research
Ethics Committee approved the study protocol (ethic no:
E-10840098-202.3.02-986). All oral clinical examinations were
performed at the Outpatient Clinic of the Department of Oral
and Maxillofacial Radiology, Faculty of Dentistry, Marmara
University.

Patients with OLP whose disease was confirmed by clinical
examination by two specialists with more than 20 years of
experience based on clinical manifestations (reticular lesions
alone or in association with erosive/ulcerative lesions) or
combined with histopathological examination were included
in the current study.

After the selection of participants, unstimulated saliva samples
were collected from 20 OLP patients (aged 30-55 years), and
13 healthy controls using the spitting method. Participants
were instructed to stop eating, drinking, and brushing their
teeth 90 min before saliva samples were collected. The patient
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must sit in a comfortable position while the saliva sample was
being collected. Leaning slightly forward, the patient drained
the saliva from the tube by spitting 1-2 times every 1 min for
5 min. After saliva collection, the test tube was sealed with a
plastic cap and transported to the biochemistry laboratory.
Whole saliva samples were used to assess tissue factor activity.
For biochemical parameters, saliva samples were centrifuged
at 825xg for 4-5 minutes and the supernatant was separated
and used in the analysis. The analyses were performed in a
blinded manner.

Saliva Analysis
Assay of TF Activity

Quick’s one-step method was used to measure TF activity in
saliva samples (18). This was accomplished by addition of 100
pL of 0.02 M CaCl, to 100 L of saliva and 100 uL of plasma to
initiate the coagulation reaction. Activity was measured after
the temperatures of all solutions used in the experiment were
brought to 37°C. Because clotting time is inversely proportional
to TF activity, prolonged clotting time is an indicator of
decreased TF activity.

Assay of the Total Protein

Protein levels were measured to present biochemical data
as values per mg of protein. Proteins react with Cu®* ions in
an alkaline environment. It is then reduced with the foline
reagent. The intensity of the resulting color was evaluated
spectrophotometrically. The density of the colored (blue-violet)
solution formed is proportional to the protein concentration (19).

Assay of Lipid Peroxidation

LPO determination was made by spectrophotometric
evaluation at 532 nm of the density of the coloured solution
resulting from the reaction between the LPO product MDA and
thiobarbituric acid (20).

Assay of NO

The determination of NOwas performed by spectrophotometric
measurement at 540 nm of the colored product resulting
from the formation of a complex diazonium compound
by the reaction of nitritesulfanilamide with N-(1-Naphthyl)
ethylenediaminedihydrochloride in an acidic environment (21).

Assay of the GST Activity

The determination of GST activity was evaluated
spectrophotometrically by measuring the absorbance of the
product formed after the conjugation of GSH with 1-chloro-
2,4-dinitro-benzene at 340 nm (22).

Assay of the SOD Activity

SOD activity is measured as the ability to increase the
photooxidation rate of riboflavin- sensitized o-dianisidine. The
superoxide radical formed by riboflavin under the influence
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of fluorescence light turns into hydrogen peroxide under the
influence of SOD in the environment. Hydrogen peroxide
reacts with o-dianisidine to form a colored product. The
absorbance of the resulting colored product was evaluated
spectrophotometrically at 460 nm (23).

Assay of GSH

GSH determination was made spectrophotometrically by
the colored product resulting from the reaction of ElImann’s
reagent, 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB), and
sulfhydryl groups (24).

Statistical Analyses

GraphPad Prism 9.0 was used for statistical analysis, and the
mean and standard deviation (SD) was presented as the result.
An unpaired samples t-test was performed to compare the
control and OLP groups.

Results

When we examined TF activity to measure the coagulative
function of saliva and compared it with the control group,
increased salivary TF activity was determined in patients with
OLP (Figure 1).

In the LPO analysis, where we measured MDA levels, there was
no statistically significant difference in MDA levels (Figure 2A),
and NO levels were raised in the patients with OLP compared
with the control group (Figure 2B).

While GST activity was increased statistically in patients with
OLP compared with the control (Figure 3A), SOD activity (Figure
3B), and GSH levels (Figure 3C) were decreased.
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Figure 1. Tissue Factor (TF) activities of the groups. Clotting
time is inversely proportional to TF activity. The longer clotting
time in seconds is a manifestation of lower TF activity. Data are
given as mean =+ SD, **** p<0.0001, SD: Standart deviation, C:
Control group; OLP: Oral Lichen Planus
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Figure 2 A. MDA levels serve as an index of lipid peroxidation (LPO). B. Nitric Oxide (NO) levels. Data are given as mean + SD,
**¥*¥ p<0.0001, SD: Standart deviation, C: Control group; OLP: Oral Lichen Planus

DISCUSSION

The body has specific mechanisms called antioxidant
defense systems to deal with free radical damage. Increased
cellular damage is caused by oxidative stress or a failure of
the antioxidant defense system (25-29). Various antioxidant
parameters (such as GST and SOD activity) are analyzed to
determine the level of oxidative stress.

Inflammatory cellular infiltrates caused by CD4* lymphocytes
are a potential source of reactive oxygen species. Increased
oxidative stress has previously been reported in patients with
OLP, a chronic inflammatory disease (25-29). Consistent with
these studies, in our study the oxidant-antioxidant balance was
disturbed, characterized by decreased antioxidant enzyme
activities; however, we did not find any statistical difference
between the control group and the OLP patient group.

In our study, changes in oxidant-antioxidant parameters and TF
activity were analyzed in saliva samples collected from patients
with OLP. Consistent with our results, Tunali-Akbay et al. showed
that TF activity was increased in saliva samples of patients with
OLP (29). Our results showed that the oxidant-antioxidant
balance was disrupted and salivary TF activity was increased
in patients with OLP. Over the past few years, oxidative stress
has become increasingly important in controlling endothelial
dysfunction and thrombus development. ROS may hinder
the coagulation process through various intricately linked
pathways. ROS, mostly produced by NADPH oxidase (NOX)
enzymes, can directly induce the coagulation cascade by
upregulating TF expression in various cells such as monocytes
and endothelial cells. By oxidatively altering proteins implicated
in the coagulation process, ROS can also induce a procoagulant
situation (17).

TF is the activator of the extrinsic pathway of the coagulation
cascade, and its activity is sensitive to changes in membrane
content, temperature, and pH (29). The increase in TF activity
is related to the activation of the coagulative functions of
tissues. In our study, we suggest that this situation is triggered
by increased oxidative stress in the OLP. The increase in TF
activity appears to be significant in OLP, where inflammation is
important in pathogenesis. An autoimmune reaction is often
suggested to be the cause of OLP, but some experts argue that
microbial infection initiates the autoimmune response (30).
Salivary cells are responsible for approximately 78% of the TF
activity in saliva (9). Emekli-Alturfan et al. (6) demonstrated an
inverse relationship between salivary TF activity and bacterial
cell count, and suggested that the storage time of saliva is the
reason for this negative association.

In our study, although no difference in LPO levels was found
in the saliva samples of OLP patients, the increase in NO as a
level of oxidative stress was notable. NO is an important free
radical, and has proinflammatory and cytotoxic effects on
human skin (25). Our result is compatible with the findings of
Mehdipour etal. (31) who revealed increased NO levels in serum
samples collected from patients with OLP, and suggested the
activation of lymphocytes and the cellular immune system
as a consequence. By increasing oxidant production and
lowering antioxidant protection, the elevated NO in saliva
may cause oxidative stress on reactive nitrogen species, which
would tangentially relate to OLP. In addition, elevated NO
causes tissue and cell damage, and studies have shown that
elevated NO can damage oral epithelial cells, keratinocyte, and
fibroblasts (32).
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Figure 3 A. Glutathione S-transferase activities of the groups B. Superoxide dismutase (SOD) activities of the groups
C. Glutathione (GSH) levels in the groups. Data are given as mean + SD, * p<0.05; **** p<0.0001, SD: Standart deviation, C:

Increased oxidative stress in patients with OLP seriously
compromises the integrity of cells by interfering with
membrane fluidity, organization, crosslinking, and functioning
and may influence the interactions between Bcl-2 and Bax,
which in turn affects signal transmission and apoptosis (1, 33).
The apoptotic cascade triggered by mitochondrial apoptotic
signaling and oxidative stress begins with a decrease in cellular
GSH content (34). In our study, the decreased GSH levels in
the saliva samples of patients with OLP may be related to the
triggering of apoptotic processes in these patients. Similar
to our results, Hassan et al. revealed a decline in GSH levels
in patients with OLP (25). Decreased GSH levels may cause a
boost in hydrogen peroxide levels, which may damage the
basal cell layer (25).

An array of electrophilic compounds can be conjugated
with GSH through the action of GST enzymes, whose most
well-known function is that of cell housekeepers involved
in xenobiotic detoxification. It has recently been shown that

GSTs also function as regulators of pathways of signaling
that regulate the growth and death of cells. GST provides a
protective effect against various toxic chemicals in cells (14).
In contrast to the increased GST activity in our study, Jana et
al. (28) reported decreased GST activity in OLP patients and
suggested that the erosive LP is more under stress than the
reticular form. The reason for the difference in the results of
these two studies may be the low number of severe (erosive/
ulcerative and atrophic) cases in our study. This may also be
due to the triggering of the GST defense mechanism against
increased oxidative damage.

ROS triggers pro-inflammatory and oxidative stress-associated
conditions, as well as DNA damage, which further activates
signaling pathways leading to cell death and apoptosis,
creating a vicious cycle of damage (33). The SOD enzyme
catalyzes the formation of hydrogen peroxide and molecular
oxygen from superoxide radicals, making them less harmful.
We found a decrease in SOD activity, which is the first defense
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enzyme in the antioxidant system against oxidative stress, in
patients with OLP. Similar to our findings, Shirzaiy et al. (35)
reported decreased SOD activity in patients with OLP. However,
Hassan et al. showed an increase in SOD activity in patients
with OLP (25). It is useful to note that the decrease in LPO levels
in our study may have been prevented by the SOD enzyme,
leading to its consumption and decrease.

We propose that the alteration in TF activity may be related
to the disturbed oxidant-antioxidant balance based on the
data obtained in this study. Although our study supports
the diagnostic importance of saliva in OLP disease, we
believe that further studies involving the investigation of the
hemostatic system and coagulation factors in the immune,
ROS, inflammatory, and apoptosis-related pathways of OLP will
clarify this issue.

The limited sample size and the absence of analysis of
inflammatory cytokines in saliva are among the limitations of
our study. In future studies, determination of the inflammatory
cytokines and oxidative stress markers in saliva at both protein
and gene levels and comparing them with the clinical findings
of patients will contribute to elucidating the molecular
mechanism of OLP.
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ABSTRACT

Objective: Neuroinflammation and blood-brain barrier (BBB) dysfunction are key factors in various neurological disorders, disrupting
brain tissue balance and leading to neuronal death. BBB integrity decline is evident in Alzheimer's Disease (AD), Parkinson's Disease (PD),
Multiple Sclerosis (MS), and epilepsy.

Materials and Methods: We measured levels of lipopolysaccharide (LPS), the largest endotoxin, and brain-derived neurotrophic factor
(BDNF) in patients' blood plasma and correlated them with biochemical parameters to identify biomarkers for these diseases.

Results: Significant associations were observed between LPS, C-reactive protein (CRP), BDNF, and lactate dehydrogenase (LDH) levels
across conditions. LPS was positively correlated with CRP levels in epilepsy (r=0.753, p=0.002). Additionally, BDNF was negatively
correlated with CRP in PD patients (r=-0.53, p=0.042). Moreover, a negative correlation was found between LPS and LDH in AD patients
(r=-0.521, p=0.047).

Conclusion: Our findings correspond to the etiology of neuroinflammation involved in the pathophysiology of relevant diseases and
suggest the potential use of these biomarkers in the early diagnosis and monitoring of neurological diseases, guiding future research
towards better patient outcomes and therapies.

Keywords: Brain-derived neurotrophic factor, lipopolysaccharide, neuroinflammation, neurological diseases, biomarker
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INTRODUCTION

The molecular origins of most neurological diseases and
disorders are still largely obscure. However, most previous
studies have shown that neuroinflammation and blood-brain
barrier (BBB) dysfunction are at the root of a wide variety
of neurological disorders and are associated with disease
progression (1, 2). Although the inflammatory response process
in the central nervous system (CNS) might play an active role
in the healing of damaged tissue, irregular inflammatory
processes have been shown to disrupt homeostasis of brain
tissue and cause neuronal death (3).

The most important component of the clinical picture of
neuroinflammation-mediated  neurodegeneration is  the
deterioration of BBB structure and function (4). According
to the findings obtained from the studies, BBB integrity was
impaired and the neurovascular unit structure was destroyed
in neurodegenerative diseases such as Alzheimer’s Disease
(AD) (5), Parkinson’s disease (PD) (6), Multiple Sclerosis (MS) (7),
and epilepsy (8). In this context, lipopolysaccharide (LPS), the
largest endotoxin, may be an important tool for evaluating the
neuroinflammation and BBB integrity axis. Briefly, when bacteria
die, endotoxins are generally released, creating an antigenic effect
that stimulates myeloid cells and initiates the neuroinflammation
process, respectively (9, 10). For instance, studies on the endotoxin
hypothesis in neurodegeneration have shown that LPS, which is
excessively produced by intestinal gram-negative bacteria, has a
significant effect on inflammation that triggers the accumulation
of AB plaques and tau fibrils in the pathogenesis of AD (11).
Although LPS is normally too large to cross the BBB, localized
LPS findings with AB plaques in AD brains are related to disease-
induced BBB permeability in neurological processes (12). These
findings support the relationship between the leaky gut barrier
and the leaky BBB, which leads to neurological diseases by
disrupting brain homeostasis via LPS (13).

Brain-derived neurotrophic factor (BDNF) is a widely distributed
neurotrophin in the brain that is involved in many critical
processes, from plasticity to neuronal survival and dendritic
branching (14). Because of this versatile function, changes
in BDNF levels in many neuropathological conditions have
been examined in most previous studies to obtain important
clues regarding the disease process. Therefore, alterations
in BDNF levels may be used as a biomarker for neurological
diseases (15). In the current study, we aimed to compare LPS
and BDNF levels in the blood plasma of patients with different
neurological diseases, such as AD, PD, MS, and epilepsy. In
addition, we aimed to contribute to the pathophysiology of
neurological diseases by correlating our findings with various
biochemical parameters of patients.

MATERIALS AND METHODS
Patients

The study groups consisted of sixty patients (AD, n=15; PD,
n=15; MS, n=15; and epilepsy, n=15) and 15 healthy individuals
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(control group) were recruited from the Department of
Neurology in Bezmialem Vakif University Hospital, Istanbul,
Turkiye. The study was approved by the Bezmialem
Vakif University Research Ethics Committee (07.06.2017,
No:12/27; 05/07.2017, No:14/18; 10.07.2020, No:08/117;
10.03.2021, No:3/11) and informed consent was obtained
from all participants. In addition, this study was conducted in
accordance with the ethical principles of the Declaration of
Helsinki. According to the power analysis based on the findings
from the post-hoc analysis, assuming a difference of 5.07
between means and a pooled standard deviation of 10, the
required sample size at a 95% confidence level was determined
to be n1=n2=n3=n4=n5=15, with a total of n=75, achieving a
study power of 85%.

Sample Collection

Peripheral blood samples from patients and controls were
transported to the laboratory via cold chain transport with
EDTA tubes. Blood samples were centrifuged for 10 min at
10,000 g and 4°C to obtain plasma. The obtained plasma was
then aliquots and stored at -80°C until further experiments.

Biochemical Measurements

Demographic and clinical characteristics, medication use,
and biochemical variables of the patients were obtained from
hospital records. Blood sampling for C-reactive protein (CRP) and
other biochemical parameters (the levels of creatinine, lactate
dehydrogenase (LDH), calcium, potassium, and sodium) was
performed using the same blood sample usedin the determination
of BDNF and LPS levels. CRP was analyzed using a turbidimetric
method. Biochemical measurements were performed using
standard clinical laboratory methods with certified assays at the
Bezmialem Vakif University Hospital clinical laboratory.

Determination of Protein Levels by Enzyme-
Linked Immunosorbent Assay

Plasma samples stored at -80°C were taken on ice, and necessary
dilutions were performed for optimization of the kits. LPS levels
were analyzed using an enzyme-linked immunosorbent assay
(ELISA) Kit for Human Lipopolysaccharides (MyBioSource, Inc.,
San Diego, CA, USA) according to the manufacturer’s instructions.
BDNF levels were analyzed with Uncoated Human BDNF ELISA
Kit (Elabscience, Memorial Drive, Suite 108, Houston, Texas, USA).
The LPS and BDNF levels in the last step were determined using
absorbance at 450 nm with a Multiskan GO microplate reader
(Thermo Fisher Scientific, Boston, MA, USA).

Statistical Analyses

In this study, data distribution was examined using the
Shapiro-Wilk test. Comparisons of non-normally distributed
data between 5 independent groups were performed using
the Kruskal-Wallis (K-W) test. Post hoc comparisons were made
using the Dunn test. In all pairwise comparisons, significance
values were adjusted using the Bonferroni correction for
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multiple tests. Descriptive statistics of numerical data were
presented with median (min-max) according to distribution.
Categorical data were represented by frequency (percentage).
The correlations of relevant biochemical parameters with LPS
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and BDNF levels were calculated using Pearson’s correlation
coefficient. All statistical analyses were performed and reported
in IBM SPSS Statistics 26.0 programme at 0.05 significance level
and 95% confidence level.

Table 1. Demographic and biochemical data of the participants.

Control Epilepsy Alzheimer’s Parkinson'’s Multiple p-value
Disease Disease Sclerosis

Gender o
(Female / Male) 10/5 12/3 6/9 9/6 11/4 0.189
Age years, mean + SD 2840+4.014 33.87+12438 75.60+6.663 65.73+9.316 37.27 £10.333 0.000
Na*
Mean 134.53 136.13 138.27 138.27 139.60 0.008*
(Min.-Max.) (123-143) (128-140) (133-142) (135-143) (137-143) .
Reference value 135-
145 mmol/L
K+
Mean 6.5733 5.5193 5.1320 4.8653 43347 0.06
(Min.-Max.) (3.67-10.00) (3.82-10.00) (3.80-10.00) (3.61-10.00) (3.81-4.72) ’
Reference value 3.5-
5.1 mmol/L
ca++
Mean 6.167 7.753 8.080 8.693 9.567 0117
(Min.-Max.) (1.0-10.0) (1.0-10.0) (1.2-9.8) (1.5-10.2) (8.8-10.4) ’
Reference value
8.3-10.6 mg/dL
CRP
Mean 4.6840 2.5273 47853 6.0640 0.9540 0.019*
(Min.-Max.) (0.20-36.80) (0.02-15.00) (0.02-33.33) (0.12-86.36) (0.19-9.18) *
Reference value
0-5 mg/L
Creatinine
Mean
(Min.-Max.) 0.7280 0.71472 0.9653 1.0013 0.7593 0.002*
Reference value (0.44-1.04) (0.56-1.02) (0.64-1.86) (0.73-3.25) (0.59-1.01)
0.5-1 mg/dL
LDH
Mean
(Min.-Max.) 164.53 173.47 208.80 174.93 180.53 0.018*
Reference value (118-210) (135-294) (162-285) (39-249) (126-250) .
122-222 U/L

CRP, C-reactive Protein; LDH, Lactate Dehydrogenase. Kruskal-Wallis Test was used to compare numerical data according to disease groups. Asterisks (*) indicate

statistical significance. *Chi-Square test was used to compare
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Table 2. Pairwise comparisons of diseases

Na* CRP Creatinine LDH
Adj. Sig. Adj. Sig. Adj. Sig. Adj. Sig.
Control -Epilepsy 1.000 1.000 1.000 1.000
Control-Parkinson’s Disease 1.000 0.858 1.000 1.000
Control-Alzheimer’s Disease 0613 1.000 0.202 0.014*
Control-Multiple Sclerosis 0.009* 1.000 1.000 1.000
Epilepsy-Parkinson’s Disease 1.000 1.000 0.014* 1.000
Epilepsy-Alzheimer’s Disease 1.000 0.593 0.037* 0.067
Epilepsy-Multiple Sclerosis 0.032* 1.000 1.000 1.000
Parkinson’s Disease-Alzheimer’s Disease 1.000 0.010* 1.000 0.370
Parkinson’s Disease-Multiple Sclerosis 0.895 1.000 0.226 1.000
Alzheimer’s Disease-Multiple Sclerosis 1.000 0.170 0.469 0.443

Significance values have been adjusted by the Bonferroni correction for multiple tests. The asterisk (*) in the table indicates statistical significance, p<0.05. Adj. Sig.,

Adjusted significance; CRP, C-reactive protein; LDH, lactate dehydrogenase.

RESULTS
Clinical Assessments

The study cohort consisted of 60 patients, 15 patients in each
disease group (Epilepsy, AD, PD, and MS), and 15 healthy
individual in the control group. According to the demographic
data, 64% (n=48) of the participants were female and 36%
(n=27) of them were male. The average age of all participants
was 48.17 years, while the distribution within disease groups
ranged from 21 to 85. The demographic data of the participants
are presented in Table 1. There was a significant difference in
the age of participants (p<0.001). Patients with AD and PD were
older than the other patients and healthy controls (Table 1).

In addition, certain biochemical parameters were evaluated
in the serum of patients and controls. These parameters were
the levels of Na*, K*, Ca**, Creatinine, CRP, and LDH (Table 1).
According to the statistical analysis, a significant difference
was found among the groups in terms of Na*, CRP, creatinine,
and LDH values (p<0.05). On the other hand, there was no
change in the levels of K* and Ca** with studied neurological
dysfunctions (p>0.05).

Compared with the healthy controls, there was an increase in
the levels of Na*and LDH in patients with neurological disease
(Table 1). Post-hoc pairwise comparisons indicated that the
increase in the levels of Na*was significant in patients with MS
(p=0.009, Table 2). In addition, MS patients had significantly
higher Na*levels than that of patients with epilepsy (p=0.032).
The increase in LDH reached significant values only in the AD
patients (p=0.014). However, these values were in the normal
range.

Compared with the control group, the CRP values were
decreased in the epilepsy and MS groups and were increased in
the AD and PD groups (Table 1). The CRP level was significantly
higher in the PD group than in the AD group, and it was out of
the normal range (p=0.010). Lastly, the creatinine values were
significantly increased in the PD and AD groups compared
with the control group (p=0.020 and p=0.009, respectively). In
addition, compared with the epilepsy patients, the creatinine
levels were significantly increased in the AD and PD patients
(p=0.037 p=0.014, respectively) (Table 1).

LPS and BDNF

According to the Kruskal-Wallis test, no significant difference
was found in LPS levels among the groups. The LPS level was
increased, especially in PD patients, compared with the control
group (Figure 1). However, there was no change in LPS values
among the other neurological disorders.

Although no significant difference was observed between the
groups, serum BDNF levels were observed to be higher in the
MS group than in the other groups, as shown in Figure 2, but
the difference did not reach the expected significance level.

Correlation Analysis of LPS and BDNF Levels
According to Biochemical Parameters

Correlations of LPS and BDNF with the levels of Na*, K*, Ca**,
CRP, creatinine, and LDH were presented in Table 3. Pearson’s
correlation analysis showed a statistically significant positive
correlation between LPS and CRP levels of epilepsy patients
(r=0.753, p=0.002). In patients with AD, LPS levels were
negatively correlated with the levels of LDH (r=-0.521, p=0.047).
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Table 4. Receiver operating characteristic (ROC) models for healthy controls vs. patients with epilepsy, Alzheimer’s Disease,
Parkinson'’s Disease, and Multiple Sclerosis

Alzheimer’s
Epilepsy Disease Parkinson Disease Multiple Sclerosis
BDNF
AUC 0.60 0.58 0.53 0.63
Standard Error 0.119 0.113 0.112 0.103
95% Confidence Interval 0.410-0.777 0.391-0.760 0.335-0.709 0.429-0.833
p-value 0.38 0.45 0.78 0.22
Sensitivity 86.67 73.33 66.7 66.7
Specificity 60.0 60.0 40.0 60.0
Criterion <7341.24 <7392.39 <7213.35 <7639.64
LPS
AUC 0.58 0.67 0.69 0.59
Standard Error 0.110 0.100 0.102 0.107
95% Confidence Interval 0.384-0.760 0.476-0.831 0.495-0.844 0.384-0.803
p-value 0.45 0.08 0.06 0.38
Sensitivity 57.1 80.0 733 66.7
Specificity 533 46.7 60.0 46.7
Criterion >564.54 >539.43 >583.76 >577.85
AUC: Area under the ROC Curve; LPS, lipopolysaccharide; BDNF, brain-derived neurotrophic factor
10001 10000
- 8001 — -I— T :Er 9000 ‘|’
€ £
> 2 T
£ 600 5, 8000+
3 400+ 3 7000 I J_
[
[ J_ 2
o a
- 200 J_ l 1] 6000
o T T T T T 5000 T T T T T
Control Epilepsy AD PD MS Control Epilepsy AD PD MS
Groups Groups

Figure 1. Distribution of LPS (ng/mL) ELISA levels by groups. Figure 2. Distribution of BDNF (pg/mL) ELISA levels

according to groups.

In addition, there was a statistically significant negative
correlation between BDNF and CRP levels (r=0.53, p=0.042) in
patients with PD.
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Figure 3. Receiver-operating characteristic (ROC) curves for the levels of BDNF and LPS.

Receiver Operating Characteristic (ROC)
Curve Analysis of LPS and BDNF Levels for
Differentiating Neurological Diseases

The levels of LPS and BDNF in epilepsy, AD, PD, and MS were
analyzed by ROC curve analysis to determine the strength of the
levels of LPS and BDNF in blood serum to differentiate distinct
neurological diseases (Figure 3, Table 4). According to the ROC
curves, the LPS levels had better sensitivity and specificity for
distinguishing PD from healthy controls (Table 4). LP$>583.76
pa/mL as the cut-off value, differentiated patients with PD
from healthy individuals (sensitivity 73.0%, specificity 60.0%).

However, BDNF did not yield an improvement to discriminate
in patients with neurological disorders and healthy individuals
(Table 4).

DISCUSSION

According to the reports, the global economic and social
burden of neurological diseases is increasing daily; one in
every three people is affected at some point in life, and deaths
due to neurological diseases have increased by 40% in the last
30 years (16, 17). Therefore, in the current study, we aimed
to determine the relationships between the levels of BDNF
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and LPS in blood plasma and biochemical findings regarding
neuroinflammation for the early diagnosis of neurological
diseases, including epilepsy, AD, PD, and MS.

In this context, LPS, which causes inflammation and metabolic
changes, was examined in selected neurological disorders,
and it was found that its levels were significantly increased,
especially in PD, rather than in other studied neurological
disorders. LPS causes a wide variety of metabolic changes
when its levels increase in the blood because of bacterial
infections or increased intestinal barrier permeability.
An increase in blood LPS triggers the production of pro-
inflammatory cytokines and initiates the inflammation process
(18). The increase in LPS levels in the blood also manifests
endotoxemia and increases the biomarkers of inflammation
and infection such as CRP (19). In PD, we observed an increase
in CRP levels parallel to an increase in LPS levels, which was
also observed in previous studies (20). This outcome was based
on the endotoxin hypothesis of PD, which proposes that LPS
endotoxins contribute to the pathogenesis of this disorder (21).

Furthermore, we also found a statistically significant positive
correlation between LPS and CRP levels in the epilepsy group.
In patients with epilepsy, the CRP levels were significantly lower
than the control levels. This can be related to the interaction of
complement systems with each other. Previous studies have
shown that dysregulation of the complement system may be
related to epileptogenesis in both animal models and human
studies (22). We also found a statistically significant negative
relationship between plasma BDNF levels and the CRP trend
in the PD group. It is emphasized in studies on PD that the
infiltration of peripheral lymphocytes and neutrophils into the
brain due to disruption of the integrity of the BBB or damage
to the ion transport system may disrupt brain homeostasis
and cause ROS production and neuroinflammation (23). The
negative correlation between BDNF and CRP levels, which we
found to be compatible with all of this literature, indicates that
systemic metabolic processes are effective in the pathogenesis
of PD and that biomarkers can be detected in serum and
plasma samples via metabolomic studies. Studies have shown
that CRP levels are high in patients with PD and have been
described as a biomarker, particularly in the early stages of
PD (24, 25). In addition, the negative relationship between
CRP levels and BDNF in our patients with PD was completely
consistent with the literature. Studies have shown that serum
BDNF levels are significantly reduced in patients undergoing
PD and in animal models (26, 27). The protective effects of
BDNF are achieved through the activation of the TrkB/MAPK/
ERK1/2/IP3K/Akt pathway. Activation of this pathway results
in a reduction of apoptosis, as well as neurotoxicity, because
molecules are released from apoptotic cells like nitric oxide
(NO) (28). PD exhibits elevated levels of oxidative stress,
increased NO production, and heightened apoptosis as well
(29, 30). In light of these data, the increase in CRP levels, which
is a parameter related to inflammation, and the decrease in
BDNF, which is a neuroprotective molecule, clearly indicate
neuroinflammation-related cell loss. For this reason, additional
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studies on a larger cohort in the future are warranted, and this
negative relationship, especially serum CRP levels, may be a
biomarker for the early stage of PD.

Another finding of our study was the statistically significant
negative correlation between LPS levels and LDH levels in the
AD group. The lactate shuttle is crucial in brain metabolism for
long-term memory processes (31). LDH is responsible for the
lactate-pyruvate cycle between neurons and glia in several
physiological processes, but its function is not fully known
(32). However, recent studies have shown that LDH is highly
effective against beta-amyloid accumulation and ageing,
which are components of neurodegeneration processes (33,
34). In a study conducted in rats, memory loss and learning
problems in avoidance behaviour were found when the lactate
mechanism in astrocytes was disrupted (35). In our study,
we found that the LDH parameter was negatively correlated
with LPS serum levels in patients with Alzheimer’s disease.
The statistically significant increase in LDH levels is consistent
with the general literature on neurodegeneration and LDH
(36, 37). Although additional studies and a larger cohort are
needed to confirm this result, the high LDH level we obtained
is associated with impaired energy metabolism in the brain, as
shown in many studies related to neurodegenerative diseases
and even depression (38-40).

According to the ROC analysis results, LPS levels demonstrated
notable sensitivity and specificity for distinguishing Parkinson’s
disease from healthy controls, with a determined cut-off value
of 583.76 pg/mL, achieving a sensitivity of 73.0% and specificity
of 60.0%. Conversely, BDNF did not exhibit significant
discriminatory power between patients with neurological
disorders and healthy subjects. These findings underscore the
potential of LPS as an endotoxin, in non-invasively discerning
PD characterized by neurodegeneration. We propose that
obtaining statistically significant results on BDNF levels could
be feasible with a larger cohort.

In our study, no statistically significant differences were found
between the serum LPS and BDNF levels and blood biochemical
parameters in the MS group. We believe that the drugs used by
patients may mask the statistical significance and affect blood
parameters. We also plan to examine MS, which is a highly
heterogeneous neurological disease, in a larger cohort with
additional validation in future experiments.

CONCLUSION

In conclusion, our study sheds light on theintricate relationships
between biomarkers and biochemical parameters in various
neurological diseases, including epilepsy, AD, PD, and MS.
We found significant associations between blood LPS, CRP,
BDNF, and LDH levels with different neurological conditions.
Specifically, our finding, supported by the positive correlation
between CRP and LPS levels, suggests that CRP is an indicator
of neurodegeneration in epilepsy. Additionally, although
the difference between the groups was not significant, LPS
levels were found to be higher in the PD group than in the
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control. Moreover, the negative correlation between BDNF
and CRP levels in PD patients underscores the importance of
neuroprotective mechanisms in combating inflammation-
associated cell loss. Additionally, the negative correlation
between LPS and LDH levels in AD patients with high LDH
levels suggests disrupted energy metabolism, a common
feature of neurodegenerative processes. Although our study
did not reveal significant differences in serum LPS and BDNF
levels among patients with MS, we recognize the need for
further investigation with larger cohorts to better understand
the complexities of this heterogeneous disease. Overall, our
findings suggest the potential utility of these biomarkers in
the early diagnosis and monitoring of neurological diseases,
offering avenues for future research aimed at improving
patient outcomes and developing therapeutic strategies.
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ABSTRACT

Objective: Polyphenols are of great interest in obesity prevention approaches. The aquaglyceroporin 7 (AQP7) channel is involved in the
transport of glycerol across cell membranes in adipose tissue. This study aimed to explore how lemon verbena (LV) polyphenols affect the
expression of the glycerol channels AQP7 and perilipin 1 (PLINT) in 3T3-L1 hypertrophic adipocytes.

Materials and Methods: Hypertrophic adipocyte cells (H) were treated with LV at two different doses of 200 pg/mL (H-LV200) and 400
ug/mL (H-LV400). In addition, 0.1 uM B3-AR agonist (CL316243) and 0.1 uM 3-AR antagonist (L7483337) were applied to the cells at both
doses. AQP7 and PLINT gene expressions were determined by real time-polymerase chain reaction (RT-PCR), and glycerol levels were
determined by enzyme-linked immunosorbent assay (ELISA).

Results: Hypertrophic adipocytes showed increased AQP7 and PLINT gene expression and glycerol content compared with the control
group. H-LV200 and CL316243 treatment together increased AQP7 gene expression, whereas H-LV400 and L7483337 treatment together
decreased AQP7 gene expression.

Conclusion: The data indicated that both doses of LV inhibited glycerol production by suppressing AQP7 and PLINT gene expression.
Approaches to regulate AQP7 gene expression in adipose tissue using plant-derived polyphonic compounds are considered a healthy and
innovative approach to combat and manage metabolic diseases, including obesity.

Keywords: Polyphenol, adipocyte, aquaglyceroporin, glycerol, obesity

INTRODUCTION derived polyphenols are increasingly being considered

viable alternatives to obesity (3-5). Numerous polyphenols
Obesity is a global public health problem that leads to  play an important role in the regulation of essential cellular
chronic diseases, such as diabetes, cardiovascular disease,  processes, including growth, differentiation, energy
and cancer (1). In obesity, adipose tissue homeostasis is  balance, and metabolic homeostasis. These compounds
disturbed, leading to the proliferation and enlargement of  contribute to metabolic health by modulating molecular
adipocytes (2). Currently, bioactive compounds derived from signalling pathways (6). Lemon verbena (LV) is a notable
natural foods are attracting considerable interest as potential  example of these polyphenols. One of its major constituents,
strategies to combat obesity. Among these compounds,  verbascoside, a phenylpropanoid, plays a crucial role in
polyphenols, which are abundant in fruits, vegetables, imparting the plants antioxidant and anti-inflammatory
cereals, and beverages, stand out. In fact, specific plant-  properties. Polyphenolic extracts from LV have been shown
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to suppress intracellular lipid accumulation, oxidative stress due
to high glucose levels, and inflammation in adipose tissue by
acting on various metabolic pathways. Research has potential
applications in the prevention and treatment of metabolic
diseases (7, 8).

LV extract has been reported to reduce high-glucose-
induced metabolic stress in hypertrophic adipocytes and
hyperlipidaemia mice through 5’-adenosine monophosphate-
activating protein kinase (AMPK)-dependent mechanisms
(11). LV has been shown to exert this effect by activating
adiponectin through a transcriptional peroxisome proliferation
activating receptor gamma (PPAR-y)-dependent mechanism
that correlates with AMPK activation. Through this pathway, LV
oxidation increases fatty acid oxidation, suppresses lipogenesis
in obesity, and alleviates obesity-related disorders (9).

Aquaporins (AQP) are channel proteins that enable the passage
of water and small molecules. In mammals, 13 forms have been
identified and classified into subgroups. Recently, the effects
of AQPs on adipose tissue homeostasis have been clarified,
providing a new perspective in this field. Research indicates
that AQPs could serve as targets for drug development aimed
at treating diseases related to adipose tissue function and/or
dysfunction (10-14). The function of AQP7, an aquaglyceroporin,
a subgroup of AQPs, primarily stems from its role in enabling
glycerol transport across cell membranes (15). Therefore, it plays
an important role in regulating glycerol transport from adipose
tissue to maintain lipid and energy balance. Under lipogenic
conditions of increased insulin stimulation, such as feeding,
AQP7 co-localises with the protein perilipin 1 (PLINT) at the lipid
droplet interface, and the movement of AQP7 to the plasma
membrane is inhibited by PLINT. Under lipolytic conditions, such
as fasting and exercise, when the energy demand increases,
triacylglycerol (TAG) in adipose tissue is hydrolysed, releasing
free fatty acids (FFA) and glycerol. Protein kinase A (PKA), which
is activated by signalling under these metabolic conditions,
weakens the association between AQP7 and PLINT. The
inhibitory effect of PLINT on AQP7 is removed. AQP7 translocates
to the plasma membrane to release glycerol into the circulation
(16). Glycerol is an important organic molecule in carbohydrate
and lipid metabolism because of its role in determining plasma
glucose levels (17-19). No studies have been identified in the
existing literature that investigate the impact of LV plant extract
on the expression of the glycerol channel AQP7 and associated
PLINT in 3T3-L1 cells. There are only a few studies on the effects
of plant-derived polyphenol applications on AQP7 and PLINT
gene expression (19, 20). Among these studies, no studies have
investigated the effects of LV therapy. In our study, we sought
to explore the effects of LV polyphenols on AQP7 and PLINT
expression in mature and hypertrophic adipocytes.

MATERIALS AND METHODS
Chemicals and Reagents

In order to investigate into the impact of LV polyphenols on
lipid and glucose metabolism, LV polyphenolic extract (27%
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verbascoside, dry weight) was kindly provided by Dr. Maria
Herranz-Lopez (University Miguel Hernandez, Elche, Spain)
(9). The LV aqueous extract contained iridoid glycosides (%
dry weight w/w; 2.5%), phenylpropanoid (w/w; 33.5%), and
flavonoids (w/w; 4.8%). The total w/w of these identified
compounds was 40.8%. Verbascoside comprises 27%
phenylpropanoids. LVs were freshly prepared before use and
filtered after thawing in cell culture medium. LV polyphenol
doses of 200 pg/mL (mature) and 400 pg/mL (hypertrophic
adipocytes) were selected and applied to the cells as previously
described (9, 21). Under conditions that promote fat breakdown,
sympathetic nerves become active, resulting in an increase in
catecholamine levels and stimulation of adrenergic receptors in
adipose tissue. The B3-AR receptor agonist CL316243 (CL; Cat.
No:138908-40-4, Cayman Chemical, Michigan, USA) was used
to stimulate fat breakdown in adipose tissue, while the B3-AR
antagonist L7483337 (L; Cat. No: 244192-94-7, Tocris Bioscience-
Bristol, UK) was used to obstruct its stimulation.

Cell Culture

The preadipocyte cell line 3T3-L1 (American Type Culture
Collection, Manassas, VA, USA, CL173™) were cultured in low-
glucose (1 g/L) DMEM supplemented with 10% calf serum, 100
g/mL streptomycin, and 100 U/mL penicillin, known as complete
medium. The cells were cultured in flasks, with the complete
medium being replaced every 2-3 days, and incubated at 37°Cin
a humidified atmosphere (5% CO,, 95% air).

Differentiation of the 3T3-L1 Cell Line

Differentiation of 3T3-L1 preadipocyte was performed
according to standard protocols (22). Initially, preadipocyte
were seeded in 6-well plates using complete medium and
cultured until they reached confluence. Next, differentiation
was induced by incubating with differentiation medium | (DMI),
which contains high-glucose DMEM (4.5 g/L) supplemented
with 10% FBS and adipogenic reagents such as 10 pg/mL
insulin, 1 uM DXMT, and 0.5 mM IBMX. This DMI was left for 48
h and then changed to differentiation medium Il (DMII), which
contains insulin and 10% FBS in high-glucose DMEM (4.5 g/L).
The DMII was changed every 2-3 days for 10-12 days, obtaining
mature adipocytes. After obtaining mature adipocytes, The
cells underwent 24-h treatment with LV (200 pg/mL, 400 pg/
mL), L (0,1 uM), CL (0.1 pM), LV (200 ug/mL)+L(0.1 puM), LV (400
pg/mL)+L (0.1 pM), LV (200 pg/mL)+CL (0.1 pM), and LV (400
pg/mL)+CL 0.1 pM). Before cell treatment, all extracts were
dissolved in either medium or DMSO-enhanced medium and
subsequently filtered for sterilisation.

Hypertrophic Adipocyte Model

Once the differentiation to mature adipocytes has occurred, the
hypertrophic state of adipocytes can be obtained to simulate
obesity-induced adipose tissue via prolonged incubation
under high-glucose conditions. To obtain hypertrophic
adipocytes from mature adipocytes, the cells were maintained
with DMII for at least an additional 7 days. Nearly 20 days




Experimed 2024; 14(2): 102-109

after incubation, a hypertrophic adipocyte model has been
observed. It is a well-established model of insulin resistance in
adipocytes exposed to metabolic stress (23). After obtaining
hypertrophic adipocytes, the cells were treated for 48 h with
LV (200 pg/mL, 400 pg/mL), L (0.1 uM), CL (0.1 pM), LV (200
ug/mL)+L (0.1 uM), LV (400 pg/mL)+L (0.1 uM), LV (200 ug/
mL)+L (0.1 uM), and LV (400 pg/mL)+CL (0.1 uM). Each extract
was dissolved in medium or DMSO-supplemented medium,
sterilised by filtration, and then administered to the cells. The
planned study groups are as follows;

1. Mature adipocytes without any treatment (control (K))
2. Untreated hypertrophic adipocyte (hypertrophic (H))

3. Hypertrophic adipocytes treated with LV 200 pg/mL alone
(H-LV200)

4. Hypertrophic adipocytes treated with LV 400 pg/mL alone
(H-LV400)

Hypertrophic adipocytes treated with CL alone (H-CL)
Hypertrophic adipocytes treated with L alone (H-L)

Hypertrophic adipocytes treated with a combination of
200 pg/mL LV and CL (H-LV200+CL)

8. Hypertrophic adipocytes treated with a combination of
400 pg/mL LV and CL (H-LV400+CL)

9. Hypertrophic adipocytes treated with 200 pg/mL
combination of LV and L (H-LV200+L)

10. Hypertrophic adipocytes treated with 400 pg/mL
combination of LV and L (H-LV400+L)

Cell Viability

To assess the percentage of viable 3T3-L1 cells, approximately
2x10*cells per well were seeded in a 96-well plate and treated
with the indicated agents. Different incubation protocols were
applied to cells, followed by incubation for 24 and 48 h. Cell
viability was assessed using the WST-8 Cell Proliferation Kit-8
(Elabscience), following the manufacturer’s instructions for
proliferation assays. WST-8 reagent was added to each well for
4 h. Upon completion of the assay, the absorbance for each
sample was recorded at 450 nm using a microplate reader
(BioTec-USA) (24).

Oil-Red-O Staining

To test the suitability of the cell culture model created in our
experiments was done in 2 stages. A staining kit (Oil-red-O
staining kit, K580-24, Biovision, USA) was used. Cells were
seeded in 6-well plates at a density of 100,000 cells/well, as
previously described. Following the steps described in the
adipocyte differentiation protocol, Oil red O staining was
performed at different stages of the cells, and intracellular lipid
accumulation was evaluated.

Total RNA Isolation and Gene Expression

Mature cells treated with LV, CL, and L for 24 h, along with
hypertrophic adipocytes treated for 48 h, were collected
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by centrifugation at 1,000 g for 10 min. The cell pellets were
lysed using 100 pL of cold lysis buffer. Following a 10-min
incubation on ice, the lysates were centrifuged at 14,000 g
for 1 min to separate the supernatants. After centrifugation,
the supernatants were decanted into fresh microcentrifuge
tubes. Mature and hypertrophic cells were harvested using
Trizol™ (Cat.N0:15596018, Ambion, Invitrogen, California,
USA). To determine AQP7 and PLINT gene expression in LV
polyphenol-treated cells, cells were removed from the flask
and centrifuged at 1500 rpm for 5 min. Following removal of
the medium, total RNA was extracted from the pellets using
Trizol™ (Cat.N0:15596018, Ambion, Invitrogen, California, USA)
reagent, according to the manufacturer’s instructions. The
quality and quantity of the isolated RNAs were assessed using
a Nanodrop ND-2000c (Thermo Scientific-USA). Subsequently,
MRNAs were converted into cDNA using a cDNA Reverse
Transcription kit (A.B.T.™ Laboratory Industry, Ankara, Turkiye).
cDNA-converted samples were stored at -20°C until used
in real time-polymerase chain reaction (RT-PCR) analyses.
The effects of LV administration to 3T3-L1 hypertrophic
adipocyte cells on AQP7 (F: 5'-TATGGTGCGAGAGTTTCTGG
-3, R: 5'-GCCTAGTGCACAATTGGTGA -3) and PLINT (F: 5'-
ACAGAGAATATGCCGCCAA-3; R: 5-GGCTGACTCCTTGTCTGGTG
-3') gene expressions were analyzed by RT-PCR. For
normalisation of the data obtained because of RT-PCR,
glyceraldehyde-3-phosphate-dehidrogenase  (GAPDH)  (F:
5'-CCTGCCAAGTATGACATCAA -3, R: 5- AGCCCAGGATGC
CCTTTAGT-3') reference gene was used for normalization.
We obtained the analysis results from three replicates and
normalized the data by calculating the 222 value.

Measurement by ELISA

Glycerol levels in cell medium collected and stored at -80°C
were measured using an enzyme-linked-immunosorbent assay
(ELISA) kit (BioVision Cat. No: K630-100, CA, USA) according to
the manufacturer’s instructions (Bio Tek Instruments, Inc, USA).

Statistical Analyses

Results are presented as mean * standard deviation. The
normality of data distribution was assessed using the Shapiro-
Wilk test. For comparisons between groups, the Kruskal-Wallis
Test and the Mann-Whitney U test were used. A value of p<0.05
was considered statistically significant. In this study, the SPSS
20.0 package was used for the statistical analysis of the data.

RESULTS

AQP7/PLINT Gene
Concentration in

Association  Between
Expression and Glycerol
Hypertrophic Adipocytes

A comparison was made between AQP7 and PLINT gene
expression and glycerol concentrations in hypertrophic and
non-hypertrophic (mature) control adipocytes. The results
indicated that AQP7 and PLINT gene expression was elevated in
hypertrophic adipocytes relative to the control group (Figure 1,
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2 and 3). Although the increase in AQP7 gene expression was
not statistically significant (p=0.704), the increase in PLINT gene
expression was statistically significant (p<0.001). The glycerol
concentration in the medium surrounding hypertrophic
adipocytes was significantly elevated compared with that in
the medium surrounding mature control group adipocytes (K;
11.77 £ 0.40 ng/mL vs H; 43.79 + 0.59 ng/mL, p=0.014; Figure
4). Therefore, we inferred that AQP7, which is modulated by
PLINT in hypertrophic adipocytes, acts as a mediator of glycerol
extrusion.

AQP7 mRNA expression level

Figure 1. Changes in AQP7 gene expression on application
of 200 and 400 ng/mL doses of LV, the B3-AR receptor
agonist-CL and the 33-AR receptor antagonist-L.

K, control; H, hypertrophic adipocyte; LV, lemon verbena;
CL, CL316243 (3-AR receptor agonist); L, L7483337 (33-AR

antagonist); **p<0.001; ***p<0.0001.
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Figure 2. Changes in PLINT gene expression on application
of 200 and 400 ng/mL doses of LV, the B3-AR receptor
agonist-CL and the 33-AR receptor antagonist-L.

K, control; H, hypertrophic adipocyte; LV, lemon verbena;
CL, CL316243 (3-AR receptor agonist); L, L7483337 (33-AR
antagonist); **p<0.0001.
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Application of LV at Different Concentrations

When LV polyphenol was administered to hypertrophic
adipocytes (H) at doses of 200 and 400 pg/mL, it resulted
in the inhibition of AQP7 gene expression compared with
hypertrophic adipocytes (H vs H-LV200 p<0.0001 and H vs
H-LV400 p=0.005, respectively; Figure 1). Although gene
expression of PLINT was significantly decreased at a dose of
200 pg/mL, there was no statistically significant difference at
both doses (H vs H-LV200 p=0.279 and H vs H-LV400 p=0.611,
respectively; Figure 2). The glycerol content in the medium
of LV-treated cells was decreased (H; 43.79 + 0.59 ng/mL vs
H-LV200; 32.05 + 1.59 ng/mL, p=0.009; H; 43.79 = 0.59 ng/
mL vs H-LV400; 36.83 + 0.73 ng/mL, p=0.009; Figure 4). These
findings indicate that both LV doses diminished glycerol efflux
by suppressing AQP7 and PLINT gene expression.

Administration of the 3-AR Receptor Agonist CL

The 33-AR receptor agonist CL, which is known to induce anti-
obesity effects, did not affect the gene expression of AQP7 and
PLINT when applied alone to hypertrophic cells. This was when
compared with the non-hypertrophic mature adipocyte control
(K), and the results were non-significant (For AQP7, K vs H-CL
p=0.846 and for PLINT, K vs H-CL p=0.272, respectively) (Figure
1 and 2). However, the amount of glycerol in the medium of
ClL-treated hypertrophic adipocytes was increased compared
with non-hypertrophic mature adipocytes and hypertrophic
control adipocytes. The increase observed in the hypertrophic
control group failed to reach statistical significance (K: 11.77 +
0.40 ng/mL vs H-CL: 62.81 + 3.63 ng/mL, p<0.0001; H: 43.79 +
0.59 ng/mL vs H-CL: 62.81 + 3.63 ng/mL, p=0.098; Figure 4).

H-CL

H-L
H-LV200+CL
H-LV400+CL
H-LV200+L
H-LV400+L

PLIN1 AQP7

Figure 3. Whole cell AQP7 and PLINT gene expression levels
in the groups are shown together.

K, control; H, hypertrophic adipocyte; LV, lemon verbena;
CL, CL316243 (33-AR receptor agonist); L, L7483337 (33-AR
antagonist); **p<0.001; ***p<0.0001.




Experimed 2024; 14(2): 102-109

80—
£ 604
o)
c *
3 40 *
e
[+/]
o
= 20
(O]
0'_. T T
o o N NV N N
% ® 4’19 4@ «(’ on\’ on ¥ QQ" QQ"
e R ¥ &
R o o RN
R

Figure 4. Change of glycerol content in the adipocytes
medium when 200 and 400 ng/ml doses of LV, the $3-AR
receptor agonist-CL and the 33-AR receptor antagonist-L.
K, control; H, hypertrophic adipocyte; LV, lemon verbeng;
CL, CL316243 (3-AR receptor agonist); L, L7483337 (33-AR
antagonist); *p<0.05; **p<0.001; ***p<0.0001.

When a 200 pg/mL dosage of LV and CL was applied to
hypertrophic adipocytes, an increase in AQP7 gene expression
was observed (p=0.005), but no changes in PLINT gene
expression were noted (p=0.999).

An analysis of glycerol content showed that both non-
hypertrophic mature adipocytes and hypertrophic adipocytes
exhibited increased glycerol content compared with the
controls. However, although there was an increase in glycerol
content in hypertrophic adipocytes compared with the
control, it did not reveal any statistical significance (K; 11.77
+ 0.40 ng/mL vs H-LV200+CL; 56.20 + 0.67 ng/mL, p<0.0001,
H; 43.79 + 0.59 ng/mL vs H-LV200 + CL; 56.20 £+ 0.67 ng/mL,
p=0.226). When 400 pg/mL dose of LV and CL was applied to
hypertrophic adipocytes, AQP7 and PLINT gene expressions
were significantly decreased compared with the non-
hypertrophic mature adipocyte control (p<0.0001, p<0.0001,
respectively) (Figure 1 and 2). When compared in terms of
glycerol concentration released in the media of the cells,
glycerol was found to be increased in the LV-treated groups
(K; 11.77 £ 0.40 ng/mL vs H-LV400 + CL; 46.35 = 0.45 ng/mL
p=0.005). When hypertrophic adipocytes were compared with
the control group, the glycerol content was similar (H; 43.79 +
0.59 ng/mL vs H-LV400 + CL; 46.35 + 0.45 ng/mL p=0.729; Figure
4). When CL was co-administered with 200 pg/mL dose of LV,
the amount of glycerol increased due to an increase in AQP7
gene expression. This indicates that CL has different effects on
AQP7 gene expression and glycerol output depending on the
LV application dose.

B3-AR Receptor Antagonist L and LV Application
at Different Concentrations

AQP7 and PLINT gene expression levels were assessed
following the administration of the B3-AR antagonist, L,
alone and in combination with two different concentrations
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of LV. L treatment decreased the gene expression of both
AQP7 and PLINT in hypertrophic adipocytes compared with
non-hypertrophic mature adipocytes. Notably, a statistically
significant decrease in AQP7 expression was observed
(p<0.0001) and PLINT gene expression was not significant
(p<0.079). Treatment with L and LV at a concentration of 200
pg/mL resulted in a noteworthy increase in the gene expression
of AQP7 and PLINT (p<0.0001 vs p<0.0001), in comparison to
treatment with L alone. Conversely, treatment with L and LV at
a concentration of 400 pg/mL led to a significant decrease in
AQP7 gene expression (p<0.0001; Figure 1). The experimental
conditions did not affect PLINT gene expression (p=0.991;
Figure 2). When comparing glycerol content, it was found that
the administration of L along with LV doses of 200 pg/mL and
400 pg/mL led to a significant increase in comparison with the
non-hypertrophic mature adipocyte control (K; 11.77 + 0.40
ng/mL vs H-LV200+L; 53.13 £ 4.27, p=0.001, K; 11.77 + 0.40 ng/
mL vs H-LV400+L; 51.08 + 0.99, p=0.002; Figure 4). These results
indicate that the application of the B3-AR antagonist L at a
concentration of 0.1 uM, did not exert the expected inhibitory
effect. The gene expressions of AQP7 and PLINT in all cell groups
are shown in Figure 3.

DISCUSSION

In vitro models, particularly preadipocyte cell lines such as 3T3-
L1 cells, are widely used to study the processes of adipocyte
proliferation, differentiation, adipokine secretion, and gene/
protein expression. Under high-glucose conditions, the 3T3-
L1 cell line undergoes hypertrophy and becomes insulin-
resistant. These cells have been extensively utilised to gain a
deeper understanding of the fundamental cellular processes
relating to obesity and associated disorders (3, 25). In vitro
experiments using the 3T3-L1 model have demonstrated that
phytochemicals, including polyphenols, induce adipose tissue
browning by reducing adipogenesis/lipogenesis or enhancing
lipolysis/SYA oxidation, thereby producing an anti-obesity
effect. This study was designed to assess the potential effects of
LV polyphenol on the expression of the AQP7 and PLINT genes
in response to molecules that simulate lipogenesis/lipolysis.
Despite the initial expectations, both doses of LV decreased
AQP7 and PLINT gene expression and reduced glycerol output.
However, administration of a low dose of LV in combination
with CL, which mimics $3-AR activation, led to an increase in
AQP7 and PLINT gene expressions, as well as glycerol levels
in the cell medium. These findings suggest that the expected
lipolytic effects of LV are mediated through 3-AR activation.

Polyphenols, renowned for their pharmacological properties,
are among the most extensively researched natural
compounds. A typical diet contains over 500 different
polyphenols. Although extracts simplify this variety into a
complex mixture, the relationship between this complexity
and human health remains unclear. Several recent studies
have suggested that polyphenols have a significant effect on
obesity, a condition that is becoming increasingly common.
Adipocyte hypertrophy impairs cellular functions, elevates
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reactive oxygen species (ROS) production, and contributes to
inflammation, thereby worsening obesity-related metabolic
disorders (26). Polyphenols found in LVs have been shown
to inhibit several damaging effects commonly associated
with obesity (9). LV polyphenols reduce lipid accumulation
in adipocytes, resulting in cellular ROS production (8). These
findings were validated in an animal model of diet-induced
obesity (9). The LV polyphenol doses used in our study were
determined based on the quantities described in the research
carried out by M. Herranz-Lopez et al. (9).

Accumulating evidence indicates that AQP7, a glycerol channel,
significantly influences glycerol availability in tissues where it
is expressed. A deficiency of AQP7 in adipose tissue is linked
to increased triglyceride (TG) accumulation and the onset of
obesity (15). In addition, AQP7 overexpression contributes to
insulin resistance in hypertrophic adipocytes (19, 27, 28). In our
study, the increased expression of AQP7 in hypertrophied 3T3-
L1 cells was consistent with the literature. While targeting AQP7
in anti-obesity treatment is being considered, several studies,
including those on other tissues in which AQP7 is expressed,
are needed.

In this study, the effects of LV polyphenol, which plays a role
in the regulation of lipolysis in 3T3-L1 hypertrophic cells, on
AQP7, PLIN1, and glycerol levels were evaluated. The regulatory
mechanism in humans and rodents is unknown. In addition,
the results would have benefited from the western blot
method. Further studies are necessary to explain interspecies
regulation.

PLINT serves as a protective barrier against lipid droplets in
adipocytes, shielding them from the effects of natural lipases,
including HSL. In addition, it inhibits the movement of AQP7 to
the plasma membrane in the presence of feeding. PLINT gene
expression is known to be high in obese human and animal
models (29). As reported in the literature, PLINT expression was
increased in the hypertrophied model.

B3-AR is acknowledged as a validated therapeutic target
for obesity and associated metabolic disorders (30, 31). CL, a
selective systemic $3-AR agonist, has been demonstrated to
stimulate UCP-1 expression in adipose tissue and exert anti-
obesity effects (32, 33). This study is the first to investigate
the effects of CL, a B3-AR agonist, and LV polyphenol, a 33-
AR antagonist, on the gene expressions of AQP7 and PLINT, as
well as glycerol levels and release, in hypertrophic adipocyte
cells and high glucose-induced insulin-resistant hypertrophic
adipocytes. CL, which mimics the B3-AR receptor agonist,
yielded different dose-dependent results when administered
with LV polyphenol. Coadministration of CL with a low dose of
LV polyphenol was found to be more effective in the formation
of lipolytic conditions. AQP7 gene expression is positively
regulated by fasting and PPARy agonists, (21, 36), whereas
factors such as nutrition, increased circulating insulin levels,
dexamethasone administration, and tumour necrosis factor-a
(TNF-a) suppress AQP7 gene expression (35). Administration
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of L, which mimics the activity of f3-AR antagonists, reduced
the expression of the AQP7 and PLINT genes in hypertrophic
adipocyte cells. Furthermore, coadministration of LV
polyphenol at a dose of 400 pg/mL suppressed AQP7 gene
expression. However, it led to an unexpected increase in the
glycerol content of the cell medium, and the cause of this
phenomenon remains unclear. This situation requires further
investigation for better clarification. The regulation of AQP7
gene expression and glycerol levels in adipose tissue could be
a key determinant of fat storage and overall glucose regulation
in the body (11, 14, 18).

Few studies have investigated polyphenol interactions
with AQP7 and PLINT. Apple polyphenols, a distinct group
of polyphenolic compounds, have been demonstrated to
inhibit adipose tissue formation in Wistar rats (36). and to
decrease triglyceride absorption by inhibiting pancreatic
lipase activity in both mice and humans (37). Furthermore, a
study on diet-induced obesity in Wistar rats demonstrated
that supplementation with apple polyphenols prevented
an increase in adipose tissue by inhibiting adipose tissue
hypertrophy (20). Apple polyphenol consumption resulted
in higher AQP7 expression in epididymal adipose tissue,
potentially clarifying the rise in glycerol release observed
through ex vivo lipolysis testing as well as the decrease in
adipose tissue volume observed in apple polyphenol-fed
rats (20). Similarly, the low-dose LV used in this study and (33-
AR activation together increased AQP7 gene expression and
glycerol content. These results indicate that the beneficial
effects of LV therapy are triggered by the activation of 33-AR
(with effects such as fasting, cold exposure, and exercise). The
Dietary polyphenols are potential therapeutic agents for the
management of obesity (38).

Additional studies are needed to pinpoint the specific
metabolites responsible for the anti-obesity properties of
LV extract, thereby aiding the development of polyphenolic
blends for potential therapeutic applications in obesity
management. Further analysis of the identified metabolites
could provide insights into their potential health benefits in
humans.

CONCLUSION

Although the mechanisms of action of polyphenols remain
unclear, their beneficial effects are not only mediated by their
antioxidant properties. AQP7 modulation in adipose tissue is a
potential innovative therapeutic approach. The identification
of AQP7 inhibitors or polyphenols, which are largely found
in plant-derived foods, represents a healthy and innovative
approach to the prevention and treatment of metabolic
diseases, including obesity. Further studies are required to
explain the mechanisms of action more clearly.
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ABSTRACT

Objective: Renal cell carcinoma (RCC) is considered as a major type of cancer of the kidney and is estimated to account for about 2-3% of
all malignancies in adults. DNA repair mechanisms play a crucial role in defending genomic integrity against DNA damage, and defects in
DNA repair mechanisms are associated with cancer susceptibility. The XRCC3 gene plays a pivotal role in the DNA repair system through
homologous recombination and chromosomal activity. Therefore, our research aimed to clarify whether XRCC3 Thr241Met polymorphism
affects the initiation and progression of RCC.

Materials and Methods: This study included 129 patients with RCC and 212 healthy individuals. The polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP) technique was employed to analyze XRCC3 Thr241Met gene polymorphism using SPSS 23
software to facilitate data analysis.

Results: Our results revealed no remarkable differences in the genotype and allele frequencies of the Thr241Met polymorphism of XRCC3
between the patient and control groups. However, a greater risk of RCC was reported for the variant (Met/Met) genotype of XRCC3 gene
polymorphism, particularly among smokers.

Conclusion: Although the XRCC3 Thr241Met polymorphism may not significantly influence RCC initiation and progression in a Turkish
population, smoking seems to amplify the risk associated with the (Met/Met) genotype of XRCC3 gene polymorphism.

Keywords: Renal cell carcinoma, XRCC3, polymorphism, Thr241Met, PCR-RFLP.

INTRODUCTION

Renal cell carcinoma (RCC), which originates from renal
epithelial cells, is the 16" most prevalent cancer, globally.
According to GLOBOCAN data, 431,519 new cases were
detected in 2020, constituting 2.2% of all malignancies (1, 2).

The etiology of RCC is multifactorial, with age, sex, obesity,
high blood pressure, exposure to harmful chemicals
at work, smoking, alcohol use, and their interactions
being significant contributors (3, 4). Genetic variations,
specifically single-nucleotide polymorphisms (SNPs), may
also influence RCCrisk. These DNA sequence variations may

alter gene functions involved in DNA repair. Certain SNPs
may be correlated with RCC risk modulation, treatment
responsiveness, and patient survival (5).

DNA damage repaired by DNA repair systems may
stem from a variety of factors, including environmental
factors, internal metabolic reactions, errors during DNA
replication, and random mutations. Disruption of DNA
integrity may modify gene function and potentially lead to
pathological conditions, including cancer (6). Among the
most harmful forms of DNA damage are double-stranded
DNA breaks (DSBs), which involve the cleavage of both
DNA strands. Cells utilize nonhomologous end-joining
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(NHEJ) and homologous recombination (HR) as the main repair
mechanisms for DSBs (7). These repair mechanisms involve
different proteins and enzymes that recognize, process, and
bring together destroyed ends of DNA strands.

The X-ray Repair Cross Complementing/3 (XRCC3) protein, a
component of the Rad51-related family—which consists of
XRCC2, XRCC3, RAD51B, RAD51C, and RAD51D—comprises
346 amino acids and participates in HR repair system (8).
The HR repair system that is critical for maintaining genomic
stability is a process that utilizes homologous DNA fragments
as a template to restore DSBs (9). XRCC3 collaborates with
RAD51C to form a complex known as CX3, and this complex
acts downstream of RAD51 recruitment. RAD51C also binds
RAD51B to join with RAD51D-XRCC2 dimer to form BCDX2
complex (10).

It has been indicated that XRCC3 Thr241Met (rs861539) gene
polymorphism in exon 7 of the XRCC3 DNA repair gene results
in a single nucleotide alteration from cytosine (C) to thymine
(T). The exchange of threonine with methionine at codon
241 may modify the role of XRCC3 and its cooperation with
other proteins (11). This polymorphism may alter the protein
structure and consequently the efficiency of DNA repair (12).
The inefficiency of HR repair mechanisms that leads to the
accumulation of mutations may contribute to carcinogenesis.
Studies have shown that XRCC3 gene polymorphism is linked
to a variety of cancers, such as leukemia (13), gastric (14), lung
(15), and colorectal cancer (16, 17). However, previous studies
showing the influence of XRCC3 Thr 241Met polymorphism on
RCC are limited. Therefore, in our study, we aimed to establish
the correlation between the XRCC3 DNA repair gene variants
and the initiation and clinicopathological factors of RCC in a
Turkish population.

MATERIALS AND METHODS
Study Participants

Our study included 129 individuals (65.1% male and 34.9%
female) diagnosed with RCC according to histopathological
findings. Patients underwent either radical or partial
nephrectomy at the Istanbul University, Istanbul Faculty of
Medicine, Department of Urology. Each participant provided
comprehensive information through a detailed questionnaire.

The control group was composed of individuals without
cancer and compared with the patient group according to sex,
age, body mass index (BMI), and smoking habits. There was
no cancer history in the families of both patient and control
groups. Classification of smoking status was based on a
threshold of 20 packs/year, with those exceeding 20 packs/year
was considered as smokers. On the other hand, individuals who
smoked less than one cigarette/day or less than one year along
their lifespan were considered as non-smokers. The staging of
tumors was indicated based on tumor node metastasis (TNM) of
the American Joint Committee on Cancer (AJCC), while tumor
grade was defined using the Fuhrman grading system. RCC
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patients were categorized into localized (I+Il) and advanced
(IlI4+1V) disease groups according to TNM staging. Based on the
Fuhrman system, patients were categorized into low (I+l) and
high (llI+1V) grades. Ethical consent for the study was granted
by Ethics Committee of Istanbul University, Faculty of Medicine,
with informed permission acquired from all patients with RCC.

Genotyping

In this study, blood specimens were obtained from all
participants, both patients with RCC and healthy controls,
using tubes with EDTA. DNA was then isolated from the
collected whole blood samples using the DNA extraction kit
(Roche Diagnostics, Mannheim, Germany) and preserved at
-20 °C for subsequent polymerase chain reaction (PCR) analysis.

Genotyping of the XRCC3 Thr 241Met (rs861539) polymorphism
was performed according to the PCR-restriction fragment length
polymorphism (RFLP) method. The PCR mix included 25 pL
reactions with 10 pmol of each primer, 0.2 mM of dNTPs, 2 mM of
MgCl,, 100 ng of genomic DNA, 10x PCR bufferat pH 8.8,and 1.25
U of Taq polymerase (MBI Fermentas). The PCR cycling condition
for XRCC3 was initial denaturation of 95°C for 5 min. followed by
30 cycles of denaturation at 84°C for 1 min, annealing at 58°C
for T min and elongation at 72°C for 1 min and finally 5 min at
72°C. The 456-bp product was digested with Hsp92 restriction
enzyme (Thermo Fisher Scientific), incubated overnight at 37°C
(18). Fragment patterns for XRCC3 Thr 241Met genotypes were
Thr/Thr (456 bp), Thr/Met (456 bp, 315 bp, 141bp), and Met/Met
(315bp, 141 bp). The digested products were subjected to gel
electrophoresis on a 2% agarose gel and were subsequently
stained with ethidium bromide to enable visualization under UV
illumination.

Statistical Analyses

The statistical analysis was conducted with SPSS 23 software
(SPSS-Inc, Chicago/ IL, USA). To assess mean differences
between controls and RCC patients, Mann-Withney U test was
utilized. The genotype distributions and allele frequencies
were compared using chi-square tests. Odds ratios (ORs)
and 95% confidence intervals (Cl) were determined using
logistic regression analysis. Verification of the Hardy-
Weinberg equilibrium (HWE) for genotype distributions was
accomplished using the chi-square test. The power of the study
was assessed using “NCSS-2000" software (NCSS-Inc, Kaysville,
UT, USA), aiming to define a size effect of 0.20 with two degrees
of freedom at an alpha level of 0.05 (a: 0.05), achieving a power
of 90%.

RESULTS

Table 1 represents clinical and demographic parameters of the
RCC patient and control groups. Any remarkable differences
were not detected between controls and patients with RCC
according to age, sex, BMI, and smoking status. Disease staging
showed that 65.2% of the RCC-patients were diagnosed at
low stage (I+1l), whereas 34.8% were at high stage (lll+IV).
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Table 1. Clinical and demographic parameters of the
controls and RCC patients.

Table 2. Genotype and allele frequencies of XRCC3 Thr241
Met gene polymorphism in controls and RCC patients.

Parameters Controls Patients p Controls Patients P OR?
(n=212) (n=129) value n (%) n (%) value (95% Cl)
Age (years; mean £SD) 56.0+9.07 54.7+10.5 0.250 XRCC3 Thr241Met
BMI 48 27
+ + *
(kg/m? mean  SD) 27.2+256 27.7+4.46 0.178 Thr/Thr (22.6) (20.9) 1.00
68 (32.1)/ 45 (34.9)/ 117 59 0.99
%; F le /Mal ! Thr/M 981
Sex (%;Female/Male) /) 670)  saesa) 0% /Met 552 @57 O (051-1.92)
Smoking status 47 43 1.01
e, 65.4/34.6 55.8/44.2 0.077 Met/Met (22.2) (33.3) 0.777 (0.90-1.14)
Grade (n, %) Thr/Met+Met/ 164 102 0.604 0.98
| 7 (20.9) Met (77.4) (79) ’ (0.96-1.01)
! 7(44.2) Allel
I 1(24.0) ee
1Y 4(10.9)
Thr (52332) (;31 37) 1.00*
Stage (n, %) ; .
I 78 (60.5) 211 145 1.29
I 6 (4.7) Met @97 62 %192 (0.94-176)
11} 38 (29.5)
IV 7(5.3) °0dds ratios (OR) and 95% confidence intervals (Cl) adjusted for age, sex, BMI,
and smoking status
Histology (n, %) *Reference genotype. n: Number of subjects.
Clear cell 102 (79.1)
Papillary 11(8.5) such as grade and T stage among RCC patients. In our study,
Chromophobe 16 (12.4)

2p from Pearson’s x? test for categorical variables and Mann-Whitney U or

Student’s t-test for continuous variables. n: Number of subjects.

Moreover, 65.1% of the patients were classified as having a
low grade(l+ll) of the disease, whereas 34.9% had a high stage
(II+1V), indicating a predominance of low stage and low grade
diagnoses among RCC patients.

Table 2 includes the genotype and allele frequencies of Thr241
Met polymorphism of the XRCC3 gene in both controls and
patients with RCC. The comparative analysis revealed that
no significant differences were observed in the genotype
distributions and allele frequencies of Thr241Met polymorphism
of XRCC3 between controls and patients with RCC.

On the other hand, we assessed allele frequencies and genotype
distributions in relation to RCC susceptibility among smokers
versus non-smokers. According to our findings, carriers of Met/
Met genotypes exhibited a 2.22-fold increased risk (OR=2.22;
95%Cl=1.10-4.47; p=0.025) of having RCC compared with wild-
type (Thr/Thr) carriers among smokers. However, the variant (Met/
Met) genotype distribution was not observed to be high among
non-smokers (OR=0.99; 95%CI=0.60-1.63; p=0.970; Table 3).

In addition, we examined the impact of Thr241Met
polymorphism of XRCC3 on clinicopathological features,

we did not find any statistically significant association
between the clinicopathological characteristics of RCC and
this polymorphism, including T stage and grade among RCC
patients (Table 4).

DISCUSSION

RCC is more frequently observed in males than females, and it
is the predominant form of cancer affecting the urinary system,
with a mortality rate ranging from 30% to 40%. In addition,
chronic kidney disease, hypertension, smoking, and obesity are
risk factors for RCC occurrence (19).

Genetic defects in DNA repair mechanisms frequently lead to
an elevation in various types of cancer, including RCC. HR is
an essential repair process for maintaining genomic stability
against DSBs (14, 20). The Rad51 complex is known to exhibit
DNA-induced ATPase activity and binds to single-stranded
DNA. The presence of XRCC3 protein is essential for the
stimulation of Rad51 complex formation within cells (11). There
is a growing evidence that XRCC3 maintains genomic stability
and prevents the generation of tumorigenic mutations in the
HR repair pathway. The Thr241Met polymorphism is located
within the ATP-binding domain of the XRCC3 gene, which
is crucial for its function in DNA repair. The transition from
threonine to methionine at 241 position has been implicated
in reduced efficacy in repairing chromosomal aberrations
caused by X-rays, likely due to alterations in the structure of the
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Table 3. Genotype and allele frequencies of XRCC3 Thr 241Met polymorphism associated with smoking status.

Controls n (%) Patients n (%) p value OR?(95% Cl)

XRCC3 Thr(241)Met

Thr/Thr 32(23.2) 17 (23.6) 1.00*

Thr/Met 71 (51.1) 30 (41.7) 0.850 0.91 (0.38-2.22)

Met/Met 36 (25.9) 25 (34.5) 0.970 0.99 (0.60-1.63)
Non-smokers

Thr/Met+Met/Met 107 (77.0) 55 (76.2) 0.884 0.94 (0.41-2.13)

Allele

Thr 135 (48.5) 64 (44.4) 1.00*

Met 143 (51.4) 80 (55.5) 0.610 1.12(0.71-1.77)

XRCC3 Thr(241)Met

Thr/Thr 15 (20.5) 10(17.5) 1.00%

Thr/Met 47 (64.4) 29 (50.9) 0.711 1.22 (0.41-3.60)

Met/Met 11 (15.1) 18(31.6) 0.025 2.22(1.10-4.47)
Smokers

Thr/Met+Met/Met 58 (79.5) 47 (82.5) 0.498 1.41(0.51-3.86)

Allele

Thr 77 (54.7) 49 (42.9) 1.00*

Met 69 (47.6) 65 (57.0) 0.118 1.48 (0.90-2.42)

20dds ratios(OR) and 95% confidence intervals(Cl) adjusted for age, sex, and BMI; *:Reference genotype. n: Number of subjects.

XRCC3 protein (21). Therefore, it has been hypothesized that
the exchange generated by Thr241Met polymorphism in the
XRCC3 gene is related to disruption of the connectivity with
the Rad51 protein involved in DNA repair (22).

XRCC3 gene polymorphism has been the subject of global
investigation for its possible links to various cancers. Previous
research by Osawa et al. (15) highlighted the influence of XRCC3
gene polymorphism on long-term outcomes in patients with
lung cancer. A meta-analysis by Qin et al. (14) demonstrated
a significant elevation in gastric cancer susceptibility among
Asian populations due to XRCC3 gene polymorphism.
According to Xie et al. (13), the Thr241Met polymorphism
was found related to the incidence of leukemia in a Caucasian
population. Wang and Zhang (17) and Procopciuc and Osian
(16) reported that XRCC3 gene polymorphism may elevate
the occurrence of colorectal cancer. Based on these findings,
we presumed that XRCC3 gene polymorphism may also be
involved in the risk of RCC in a Turkish population. According
to our current knowledge, there exists no documented report
investigating Thr241Met polymorphism of XRCC3 and its
relationship with RCC susceptibility in a Turkish population.
However, based on our study findings, (Met/Met) and (Thr/
Met) genotypes of XRCC3 did not alter the risk of RCC. Our
study outcomes were similar to the results obtained by Loghin

et al. (23), who reported no relation of increased clear cell-
renal cell carcinoma with Met/Met genotype of XRCC3 gene
polymorphism in a Romanian population. In addition, Hirata et
al. (24) did not detect any correlation between heterozygous
(Thr/Met) genotype of XRCC3 gene polymorphism and RCC
risk.

It has been demonstrated that tobacco consumption, including
several harmful chemicals that modify DNA structure, may lead
to mutations (25). Therefore, tobacco usage may be a major
risk factor for various cancers, such as RCC. Many prior studies
have demonstrated a significant relationship between XRCC3
gene polymorphism and smoking, such as colorectal (16,
26), bladder (27), lung (14), and breast cancer (28). Similar to
previous studies, our results showed that the variant genotype
of the XRCC3 gene was significantly linked to an elevated risk
of RCC among smokers.

When stratified by disease stage and grade, the risk genotype
(Met/Met) did not affect tumor staging and grading among
patients with RCC. Our findings are in accordance with those
of Loghin et al. (23) who determined no relationship between
genotype distributions and clinicopathological factors of
CCRCC.
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Table 4. Genotype and allele frequencies of the Thr 241Met
polymorphism of XRCC3 according to disease grade and
stage.

Low High .
grade® grade® pvalue OR
% ClI
n (%) n (%) (95% CI)
XRCC3 Thr 241 Met
Thr/Thr 14 (16.7) 13 (28.9) 1.00*
Thr/Met 44(524) 15(33.3) 0.052 0.36
’ ’ ’ (0.14-0.95)
17 0.83
Met/Met 26 (31.1) (37.8) 0.479 (0.51-1.36)
1l\—/}l1ert/+Met/ 70(83.5) 32(71.1) 0.103 049
’ ’ ’ (0.20-1.16)
Met
Allele
Thr 72 (42.8) 41 (45.5) 1.00*
0.99
Met 96 (57.1) 49 (54.4) 0.677 (0.53-1.30)
L High
st:gv:‘ st;ge" p value OR®
0,
n (%) n (%) (95% Cl)
XRCC3 Thr 241 Met
Thr/Thr 17 (20.2) 10(22.2) 1.00*
Thr/Met 41(48.8) 18(40.0) 0.418 0.06
’ ’ ’ (0.21-1.90)
Met/Met 26 (31.0) 17 (37.8) 0.353 0.70
' ’ ’ (0.34-1.46)
Thr/ 063
Met+Met/ 67 (79.8) 35(77.8) 0.392 ’
(0.21-1.81)
Met
Allele
Thr 75(44.5) 38(42.2) 1.00*
Met 93 (55.3) 52(57.7) 0.708 110
’ ' ' (0.65-1.85)

2Low grade(l-Il); °High grade (llI-IV); ‘Low stage (I-1I); ¢High stage (llI-IV ) *Odds
ratios (OR) and 95% confidence intervals(Cl) adjusted for age, sex, BMI, and
smoking status.

*Reference genotype. n: Number of subjects.

Although the current study has some novel findings, not
evaluating the relationship between genotype distributions
of other SNPs of XRCC3 gene and RCC was a limitation of our
study. More SNPs of XRCC3 gene need to be studied in the
future.
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In conclusion, this study suggests no association between
increased risk of RCC and genetic variants of the XRCC3
gene. However, smoking habits may influence the interaction
between the variant genotype of XRCC3 gene polymorphism
and the risk of RCC in a Turkish population. It is crucial to
acknowledge that genetic polymorphisms may have different
effects across different ethnic groups, and their contributions
to cancer etiology are typically complex and multifactorial.
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ABSTRACT

Objective: Adipose tissue stores lipids necessary for the maintenance of nutritional homeostasis. It is also an endocrine organ that reacts
to changes in inflammation and energy status. Capsaicin, the principal bioactive compound in red pepper, has garnered significant
attention for its reported anti-obesity, anti-diabetic, anti-oxidant, and anti-inflammatory properties. In this study, we aimed to elucidate
the influence and most efficacious dose of capsaicin on the expression of lipid metabolism-related inflammatory proteins and the
inhibition of adipocyte cell differentiation.

Materials and Methods: Cell viability analysis was performed using CCK-8, cell differentiation was assessed using Oil Red O, and gene
expression levels of peroxisome proliferator-activated receptor gamma (PPARy), CCAAT/enhancer binding protein alpha (C/EBPa),
adiponectin, leptin, cyclooxygenase-2 (COX-2), interleukin-6 (IL-6), nuclear factor kappa B1 (NF-kB1), tumor necrosis factor-alpha (TNF-a),
sirtuin-1 (SIRT-1), transient receptor potential vanilloid receptor 1 (TRPV1), and uncoupling protein 2 (UCP2) were evaluated using
quantitative real time polymerase chain reaction (QRT-PCR). Statistical analyses were conducted using GraphPad Prism 5. One-way ANOVA
was performed to compare quantitative data between the groups.

Results: Capsaicin suppressed preadipocyte-to-adipocyte differentiation and mitigated the release of pro-inflammatory cytokines,
particularly at low concentrations. Capsaicin effectively suppressed adiponectin levels at all concentrations but decreased leptin levels
at lower concentrations (0.5 uM and 1 uM). Capsaicin stimulated the expressions of SIRT1 and TRPV-1 in adipocytes. According to our
findings, the most effective capsaicin dose for the regulation of SIRT1 and TRPV-1 expressions appears to be 20 pM.

Conclusion: Capsaicin’s effect on proteins regulating adipogenesis is not dose-related, but its inhibitory effect on adiposity-dependent
inflammation was more pronounced at low concentrations.

Keywords: Adipogenesis, capsaicin, cytokines, differentiation and inflammation

INTRODUCTION causes of obesity. Adipose tissue plays a crucial role in
controlling body weight, as it stores the lipids necessary for

One of the common health problems worldwide is the  maintenance of nutritional homeostasis. Additionally, it is

increasing prevalence of obesity and obesity-related  an endocrine organ that reacts to changes in inflammation

chronic conditions. The excessive storage of fat in  and energy status(1).

adipose tissue and increase in body weight are the main
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Red pepper (Chili pepper, Capsicum annuum L.) is a flavoring
spice used in food. It has been demonstrated that some of the
active components of red pepper have many physiological roles
(2). Capsaicin, the primary and extensively studied bioactive
component of red pepper, has been documented to possess
anti-obesity, anti-diabetic, anti-oxidant, and anti-inflammatory
properties (2, 3). Many epidemiological and animal studies
have shown that the anti-obesity effect of capsaicin is related
to its potential to stimulate the transient receptor potential
vanilloid receptor 1 (TRPV1) receptor. The mechanism by
which capsaicin affects TRPV1 is not fully understood, but
recent studies suggest that TRPV1 plays a significant role in
the regulation of body weight, glucose, and lipid metabolism
(4, 5). Zheng et al. have suggested that one of the potential
mechanisms exposing the anti-obesity effects of capsaicin is to
increase lipid oxidation and to inhibit adipogenesis (6). Studies
have reported that capsaicin induces the transformation of
white adipose tissue (WAT) into brown adipose tissue (BAT)
through sirtuin-1 (SIRT-1) dependent deacylation (7). A recent
study showed that capsaicin also has a receptor-independent
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effect, which can trigger nuclear factor kB (NF-kB) inactivation
and prevent inflammation associated with adipose tissue (8).

Adipogenesis is an essential metabolic pathway for the storage
of lipids in adipose tissue. Previous studies have suggested that
the reduction of preadipocyte differentiation, proliferation, and
lipogenesis could prevent obesity (9). Hsu et al. reported that
capsaicin suppresses the expression of adipogenesis-related
transcription factors such as peroxisome proliferator-activated
receptor gamma (PPAR-y) and CCAAT/enhancer binding protein
alpha (C/EBP-q). It was also shown that capsaicin controls the
protein expression of leptin and adiponectin, which are two
hormones primarily produced by adipose tissue (6, 9). Uncoupling
protein 2 (UCP2), a protein situated in the inner mitochondrial
membrane responsible for regulating lipid metabolism, was
found to be diminished both in the omental and subcutaneous
adipose tissues among obese individuals (10-12).

Adipose tissue and lipid storage represent an insidious source
of chronic low-grade inflammation (13, 14). Adipose tissue-
related inflammation facilitates adipogenesis (15). Capsaicin is

Table 1: List of primers used for gRT-PCR

Gene Name Gene bank # Primer Sequences bp
F: 5-AGGATGCAAGGGTTTCTTCCG-3'
PPARG NM_138712.5 R: 5'-CCGCCAACAGCTTCTCCTTC-3' 200
F: 5-CACCGCTCCAATGCCTACTG-3’
CEBPA NM_001285829.1 R: 5'-CTAAGGACAGGCGTGGAGGA-3’ 200
NFKB1 NM_003998.4 F: 5-ACTGCTGGACCCAAGGACAT-3 105

R: 5-CGCCTCTGTCATTCGTGCTT-3'

F: 5- AGAACTCACTGGGGCCTACA-3’
TNFA NM_000594.4 R: 5'- GCTCCGTGTCTCAAGGAAGT-3’ 177

F: 5'-CTTCTGCACCACTGTCATCG-3'
ucr2 NM_001381544.1 R: 5'-GTGACGAACATCACCACGTT-3’ 195

F: 5-ACCCTGTTTGTGGACAGCTA-3’
TRPVI NM_080704.4 R: 5-CAAGGCCAGGGAGAATACCA-3’ 129

SIRTI NM_012238.5 F: 5-TATGCTCGCCTTGCTGTAGA-3’ 132
R: 5-TGGCTGGAATTGTCCAGGAT-3’

cox2 NM_000963.4 F: 5-GCTTCCATTGACCAGAGCAG-3’ 159
R: 5'-CTCCACAGCATCGATGTCAC-3’

LEP F: 5-TGGAGAAGCTGATGCTTTGC-3'
NM_000230.3 R: 5-GGACCATTCAGAGGGTCACA-3’ 196

F: 5-GGATGTGAAGGTCAGCCTCT-3'
ATIACE NM_001177800.2 R: 5-TACACCTGGAGCCAGACTTG-3' 141

F: 5'-ACCCAGAAGACTGTGGATGG-3’
GAPDH NM_002046.7 R: 5-TCAGCTCAGGGATGACCTTG-3’ 124

PPARG: Peroxisome proliferator-activated receptor gamma, CEBPA: CCAAT/enhancer-binding protein, NFKB1: Nuclear factor-kappa B1, TNFA: Tumor necrosis
factor alpha, UCP2: Uncoupling protein 2, TRPV1: Transient receptor potential vanilloid receptor-1, SIRT1: Sirtuin 1, COX2: Cyclooxygenase-2, LEP: Leptin, ADIPOQ:
Adiponectin, GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.




Experimed 2024; 14(2): 116-125

an effective anti-inflammatory agent that helps to suppress the
inflammatory process by reducing the expression of some pro-
inflammatory proteins, such as tumor necrosis factor-alpha
(TNF-a) and cytokines (16). However, the capacity of capsaicin
to inhibit adipocyte differentiation and cellular inflammatory
status is not yet well understood.

The primary aim of this study was to explore the influence
of capsaicin on the expression of inflammatory markers
associated with lipid metabolism, and to identify the most
effective dosage.

MATERIALS AND METHODS
Cell Culture

Human preadipocyte cells (HPAd) from heart tissue were
acquired from Cell Applications (San Diego, USA) and cultured
in preadipocyte medium (Cell Applications, San Diego, USA) in
25 cm? tissue culture flasks from Corning (Charlotte, USA). The
flask was then incubated for 24 h and placed in an incubator
containing 5% CO, at 37°C (Sanyo, Osaka, Japan). In the
following day, microscopy examination revealed that the cells
had adhered to the flask and continued to proliferate in the
subsequent days. When the cells reached 70-80% confluence,
they were passaged according to the manufacturer’s protocol
(Cell Applications, San Diego, USA). The remaining procedures
followed the methodology outlined in the experiment by
Cetinalp et al. (17). On the 15" day, microscopy examination
(Leica, Wetzlar, Germany) revealed that the cells contained
granulated oil droplets and had successfully differentiated into
adipocyte cells. 0.5uM, 1uM, 10uM, 20uM, and 50puM doses of
capsaicin as 295% purity (Sigma, Taufkirchen, Germany) was
applied.
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Oil Red O Staining of Differentiated Adipocyte
Cells to Quantify Lipid Accumulation

The cells were differentiated using Oil Red O (Sigma, Taufkirchen
Germany) staining method. The remaining procedures followed
the methodology outlined in the experiment by Cetinalp et al.
17).

Cell Viability Analysis Using CCK-8

Cell viability analysis was performed using a CCK-8 Kit
(Abbkine, Georgia, USA). All groups were seeded with 15x103
cells per well in 6-well plates, transferred to a 96-well plate, and
incubated at 37°C with 5% CO, for 1 day to allow the cells to
attach to the plate. The following day, 10 pL of CCK-8 reagent
was pipetted into all wells, and the plate was incubated at 37°C
in an incubator containing 5% CO, for 3 h. After the incubation
period, the absorbance of the wells was measured at 450 nm
using a microplate reader (BioTek Instruments, Vermont, USA).
Experiments were repeated three times for each group, and
measurements were performed in triplicates.

Quantifying mRNA Expression in Cells Using
qRT-PCR

For mRNA expression quantification, total RNA was extracted
from the cells using RNAzol RT solution (MRC, Cincinnati, USA)
according to the manufacturer’s protocol. The concentrations
and purities of the RNA samples were evaluated using a
NanoDrop 2000 (Thermo Scientific, Massachusetts, USA). Prior
to reverse transcription, RNA concentrations were standardized.
Reverse transcription was performed using a Script cDNA
Synthesis Kit (Jena Bioscience, Jena, Germany) following the kit
protocol. The resulting cDNA was then amplified by quantitative
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Figure 1. Cell viability assay following stimulation with different doses of capsaicin. Cap: Capsaicin ; Adip: Adipocyte.
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mature adipocyte cells.

Figure 2. Differentiation of preadipocyte cells into mature adipocytes starting from day 0 and on day 15 and appearance of lipid
droplets stained with Oil Red O dye under light microscopy. A. Preadipocyte, B. Mature adipocyte cells and C. Oil Red O staining of

reverse transcription polymerase chain reaction (QRT-PCR) using
the gPCR GreenMaster with the UNG Kit (Jena Bioscience, Jena,
Germany). The remaining procedures followed the methodology
outlined in the experiment by Cetinalp et al. (17). The relative
mRNA transcript levels were calculated using the 224 method
and the relative expression of each gene was normalized to that
of the glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
housekeeping gene. Primers were sourced from LGC Standards
(Middlesex, UK), and all gRT-PCR analyses were performed in
triplicates. The primers used are detailed in Table 1.
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Figure 3. Comparison of the differentiation absorbance values
of preadipocyte, adipocytes, and different doses of capsaicin-
added adipocytes stained with Oil Red O dye. ***p<0.001; Cap:
Capsaicin; Adip: Adipocyte.

Statistical Analyses

The results were presented as means * standard deviation (SD).
Statistical analyses were conducted using GraphPad Prism 5
software (San Diego, USA). One-way ANOVA was performed to
compare quantitative data between the groups. If the ANOVA
results were significant, the Kruskal-Wallis Test was used to
compare means between groups. The statistical significance
level for all analyses was set at a significance level of p<0.05.

RESULTS

In this study, we investigated the molecular mechanisms
responsible for the inhibitory effects of various capsaicin doses
on differentiation. We used the CCK-8 assay to determine the
cytotoxic effect of capsaicin at different doses and found no
significant difference in cell viability (p=0.0620, Figure 1).

During this period, the morphology of the cells was examined
under a microscope, and differentiation was determined on
day 15. At the end of 15™ day, Oil Red O staining method was
appliedforlipid accumulationin preadipocytes, adipocytes,and
capsaicin-treated adipocytes (Figure 2). During differentiation,
there was a notable increase in lipid accumulation in untreated
adipocytes (p<0.001). Nevertheless, all capsaicin doses except
for 50 uM inhibited lipid accumulation, presenting statistically
significant differences compared with untreated adipocytes
(p<0.001, Figure 3).

The effect of capsaicin on the expression of C/
EBP-a and PPAR-y genes

C/EBP-a levels experienced a notable increase in adipocytes
during the differentiation process (p<0.001). However,
treatment of cells with different doses of capsaicin (ranging
from 0.5 to 50 uM) during differentiation resulted in reduced C/
EBP-a levels in comparison with adipocytes (p<0.001, Figure 4).
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Figure 4. Effects of capsaicin on the expression of PPAR-y (A) and C/EBP-a (B) during differentiation of preadipocyte to
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Figure 5. Effects of different doses of Capsaicin on adipokine gene expression. ***p<0.001, Cap: Capsaicin; Adip: Adipocyte.

Similarly, there was a significant increase in PPAR-y expression
in adipocytes during differentiation compared to preadipocyte.
However, treatment with different concentrations of capsaicin
(0.5-50 pM) during differentiation resulted in decreased PPAR-y
levels compared with adipocytes (p<0.001, Figure 4).

Impact of Capsaicin on Adipokine Gene
Expression

Adiponectin levels exhibited a decrease in all capsaicin
groups compared with adipocytes (p<0.001). However, no
dose-dependent pattern was observed for the reduction of

adiponectin levels (Figure 5).
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Figure 6. Effects of different doses of Capsaicin treatment to proinflammatory cytokines levels.

Leptin levels were significantly decreased in lower doses of
capsaicin (0.5uM and 1uM) capsaicin-treated adipocytes and
significantly increased in higher doses of capsaicin (10uM, 20uM,
and 50pM) capsaicin-treated adipocytes in comparison with
adipocytes (p<0.001, Figure 5).

Impact of Capsaicin on Proinflammatory
Cytokines

In comparison with control adipocytes, COX-2 levels were
significantly reduced in all adipocytes treated with capsaicin
(p<0.001). Additionally, IL-6 gene expression levels were
significantly decreased in all capsaicin-treated adipocytes
except for the 50uM group when compared to untreated
adipocytes (p<0.001). TNF-a levels were significantly increased
in the capsaicin 20 and capsaicin 50 groups compared with
untreated adipocytes (p<0.001) and significantly decreased in
the capsaicin 0.5 group (p<0.05, Figure 6).

NF-kB1 levels were significantly decreased in lower doses of
capsaicin (0.5pM and 1uM) capsaicin-treated adipocytes and
significantly increased in the highest dose of capsaicin (50uM)

capsaicin-treated adipocytes, in comparison with untreated
adipocytes (p<0.001, Figure 6).

Impact of Capsaicin on TRPV-1, UCP-2, and SIRT-
1 Expression

Except for capsaicin 20, significant decreases in TRPV-1 levels
were observed in all capsaicin groups compared with untreated
adipocytes (p<0.001). Conversely, in the capsaicin 20 group,
TRPV-1 levels significantly increased (p<0.001, Figure 7).

Additionally, UCP-2 levels exhibited significant decreases in
all capsaicin groups (p<0.001). Similarly, SIRT-1 levels were
decreased significantly in all Capsaicin groups, except for
capsaicin 20, when compared with untreated adipocytes
(p<0.001). Notably, SIRT-1 levels were significantly increased in
the capsaicin 20 group (p<0.001, Figure 7).
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Figure 7. Effects of different doses of capsaicin treatment on TRPV-1, UCP-2, and SIRT-1 gene expression levels. **p<0.01;

DISCUSSION

It is well known that weight loss is very effective in reducing
the complications of obesity-related disorders. For this
purpose, many studies have focused on the investigation of
food supplements that suppress body fat storage. Recent
studies have shown that many natural food components have
beneficial effects on weight loss and can prevent obesity (18,
19). One of them, capsaicin, was reported to be effective in
reducing body weight and fat storage in vivo and suppressing
adipogenesis in vitro (9, 20-22).

As adipose tissue is an active source of inflammation,
illumination of the effect of capsaicin on adipocyte
differentiation is of great importance. In this study, we
demonstrated that adipocyte differentiation and adipose
tissue-related inflammatory protein expression were
suppressed by dose-dependent capsaicin supplementation.

The main role of adipose tissue is to store fat for energy
uptake (23). There are two types of adipose tissue: the first is
WAT which stores lipids and oxidizes them when energy is
required. The second type is BAT, which is rich in mitochondria
and burns lipids to generate heat by activating TRPV1 (23).
Capsaicin induces TRPV1-mediated Ca?* influx and reduces
adipogenesis and obesity. Zhang et al. reported that long-term
feeding with capsaicin prevented fat storage in WAT, whereas
TRPV1 null-mice feeding with a high-fat diet + capsaicin was
not effective on adipogenesis and obesity (21). Baskaran et
al. demonstrated that capsaicin stimulates SIRT1-dependent
deacetylation of PPARy and induces BAT activation (23). It has
been reported that capsaicin has generated WAT browning by
inducing SIRT-dependent deacetylation by TRPV1 activation
(7). Our results are consistent with those of previous studies.
Capsaicin has stimulated the protein expressions of SIRT1 and
TRPV-1 in adipocytes. According to our findings, the most
effective capsaicin dosage for the regulation of SIRT1 and
TRPV-1 expressions seems to be 20 pM.
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The transcription factors PPARy and C/EBP-a are known key
proteins in the regulation of adipogenic differentiation (24).
Ibrahim et al. have shown that capsaicin significantly reduced
the mRNA expression of PPARy and C/EBP-a (25). A recent study
has reported that capsaicin decreased the PPARy, C/EBP-q, and
leptin expression and inhibited preadipocyte differentiation
(9). In this study, capsaicin supplementation suppressed PPARYy,
C/EBP-a, and leptin expression. According to our findings,
capsaicin appears to effectively reduce PPARy and C/EBP-a
expressions at lower and higher concentrations.

Leptin expressions were found to be decreased at 0.5 uM and
1 UM capsaicin concentrations in this study. The decreased
expression of leptin in a dose-dependent manner by capsaicin
is a remarkable finding for its anti-lipogenic ability, especially
at lower doses of capsaicin. The upper doses (10, 20, and 50
pM) have seemed to stimulate leptin expression and induce an
inflammatory response. According to our findings, capsaicin
reduced adiponectin expression. Babbota et al. reported that
adiponectin secretion remained unchanged in adipocytes
supplemented with capsaicin (16). Recent studies have
reported contradictory results regarding adiponectin secretion.
Several studies have reported its pro-inflammatory effects
(26, 27), while others have supported its anti-inflammatory
effects (28, 29). In this study, adiponectin seems to act as a pro-
inflammatory mediator, and its expression was decreased with
capsaicin supplementation.

Another important point is to focus on the response of NF-kB, a
major transcription factor in inflammation, to capsaicin during
adipocyte differentiation. Kang et al. have shown that capsaicin
inhibits NF-kB activation in adipocytes (8). In the present study,
NF-kB expression and inflammatory adipokines, such as IL-6
and TNF-a reduced by capsaicin supplementation. Consistent
with these results, cyclooxygenase-2 (COX-2), which is an
inflammatory marker, was significantly decreased in a dose-
independent manner. NF-kB and IL-6 seem to be sensitive to
lower doses of capsaicin, but TNF-a expression was reduced by
0.5 UM capsaicin, whereas the opposite effect was observed
at 20 and 50 uM doses. Our findings are consistent with those
by Baboota et al.(16). The inhibitory effect of capsaicin on the
inflammatory state appears to be effective at lower capsaicin
doses (0.5-1 uM).

UCP2, which controls energy expenditure, is highly expressed in
human white adipose tissue (30). UCP2 is a mitochondrial proton
transporter that influences thermogenesis and is related to lipid
accumulation (31). Oliveira et al. have shown that UCP2 gene
expression is decreased in patients with obesity (32). Heinitz et
al. reported significant downregulation of UCP2 in the skeletal
muscle of patients with obesity (33). In contrast, Vidal-Puig et al.
detected that UCP2 expression was not altered in the adipose
tissues of obese and lean individuals (34). According to our current
knowledge, there is a single recent study that has evaluated the
association between UCP2 and capsaicin in patients with obesity.
Lee et al. reported that UCP2 expression was increased with 0.1, 1,
and 10 uM capsaicin doses in cultured adipocyte cells (35). They
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have informed that UCP2 is related to mitochondrial antioxidant
mechanisms and controls reactive oxygen species (ROS)
production (35, 36). In another study, Ding et al. demonstrated
that UCP2 ameliorated mitochondrial dysfunction by reducing
the inflammatory state and oxidative stress in an experimental
acute kidney injury model. UCP2 decreased cytokine release and
inhibited NF-kB activation (37). In previous studies, UCP2 was
shown to reduce adipogenesis and regulate genes related to
lipid metabolism (9, 35). It has been reported to exert anti-obesity
effects by activating the TRPV1 receptor. However, a previous study
has shown that its anti-inflammatory effect was independent of
TRPV1 (8). In the present study, in contrast to the results reported
by Lee et al., UCP2 expression was decreased in the presence of
capsaicin. The regulation of UCP2 expression with capsaicin is
still not completely understood. According to the findings of our
study, the regulatory anti-inflammatory mechanism of capsaicin
may be completely independent of its adipogenesis-regulating
mechanism.

These findings indicate that capsaicin exerts an inhibitory
influence on adipocyte differentiation. This finding is
consistent with that of a previous study that reported the anti-
inflammatory effect of capsaicin through NF-kB inactivation
(8). However, the inhibitory effects of capsaicin on cytokine
secretion and UCP2 expression appear to be more complex
and involve different pathways. According to our study, it
has been concluded that although the effect of capsaicin on
proteins regulating adipogenesis is not dose-related, however,
its inhibitory effect on adiposity-dependent inflammation was
more pronounced at low doses. We would like to point out that
this study also has some limitations. One important point is that
protein expression levels cannot be determined. Furthermore,
we could not measure triglyceride levels, which is another
indicator of lipid levels, along with oil red o staining. However,
this study is important because it is the first to investigate the
effects of capsaicin on human adipocyte cells.
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ABSTRACT

Objective: Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s disease (CD), presents ongoing challenges in
terms of diagnosis and management. With increasing treatment options, reliable markers for assessing treatment response have become
crucial. This study explored the potential of apelin, a peptide hormone implicated in inflammation, as a biomarker for monitoring disease
activity in patients with IBD undergoing colonoscopy.

Materials and Methods: The study included 91 patients who were followed up for IBD. Apelin levels were measured in serum, and the
site of involvement was simultaneously examined by colonoscopy. Alternations of apelin levels depending on the location of involvement
was also considered.

Results: Despite the widespread presence of apelin in the gastrointestinal system (GIS), our findings did not reveal significant differences
in apelin levels among patients with varying colonoscopic involvement (p=0.73).

Conclusion: Although apelin has potential as a biomarker of gastrointestinal inflammation in IBD, its precise role and clinical applicability
necessitate comprehensive studies involving larger patient populations. Future research on apelin and IBD could refine its utility in disease
monitoring and enhance its diagnostic significance.

Keywords: Inflammatory bowel disease, apelin, Crohn's disease, ulcerative colitis

INTRODUCTION systemic diseases with many extra intestinal symptoms.
Factors such as genetic, environmental, and host immune
Inflammatory bowel disease (IBD) has two chronic forms.  responses are believed to be responsible for the etiology
Ulcerative colitis (UC) is a chronic inflammatory bowel  of these conditions. IBD has a complex diagnosis, which is
disease characterized by remissions and exacerbations  based on clinical, endoscopic, and histological features (1, 2).
that involve the colonic mucosa without leaving intact
tissue through various extensions from the rectum to the ~ The treatment of both diseases is based on
proximal. Crohn's disease (CD), in turn, affects the entire ~ immunosuppressive  therapy. In  recent  years,
digestive tract from the mouth to the anus in a segmental ~ immunomodulatory therapies have been at the forefront.
and transmural manner, and it also presents with remissions ~ The increasing availability of new treatment options
and exacerbations; however, it should be known that both ~ reduces morbidity among these patients. Alongside the
conditions are not specific to the digestive tract, but are  expansion of treatment choices, numerous immunological
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markers used in monitoring have become crucial. The
desirability of a noninvasive method for assessing treatment
response is highly valuable (3).

In this context, biochemical markers have become increasingly
popular in recent years. One pertinent marker is apelin, whose
levels increase during inflammation and can be measured
using a simple blood test. Apelin is a peptide hormone recently
added to the adipokine family that is released from adipose
tissue. It was first isolated from bovine gastric juice (4). Apelin
and apelin receptor ligands have been identified in many
tissues throughout the body. It is primarily present in the
human body’s gastric epithelium and myocardial tissue (5).
Most studies on apelin focused on the cardiovascular system.
This is because apelin is present in the entire endothelium,
including arteries, veins, and small vessels. It has increased
nitric oxide release and to have positive inotropic effects on
the heart (6).

Apelin also plays an active role in the gastrointestinal system
(GIS). Apelin receptors are commonly found in the GIS (gastric
enterochromaffin, pancreatic, colonic epithelial cells, gastric
fundus, duodenum, and ileum). It stimulates cholecystokinin
secretion in the intestinal tract and increases gastric cell
proliferation. In addition, it blocks histamine release from
enterochromaffin cells of the stomach and causes less acid
release from parietal cells (7, 8). It exerts an inhibitory effect on
dose-dependent gastric emptying and intestinal transit.

Furthermore, examining the gastrointestinal effects of
apelin led to the discovery of its effects on food intake.
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Centrally administered apelin decreased food intake, whereas
intravenous apelin administration did not affect food intake.
However, studies on this subject should be more consistent.
This distinction has led to the thought that individual
differences may be related to apelin (9).

The widespread presence of apelin in the GIS prompted us to
consider whether its expression undergoes alterations during
chronic inflammation. This study examined apelin levels
in the peripheral blood of patients with IBD who exhibited
segmental or total active disease during colonoscopy. We
hypothesized that individuals with widespread colonoscopic
disease might exhibit higher levels of apelin than those with
borderline disease. Consequently, we assessed changes in the
inflammatory involvement in this disease, which often requires
frequent colonoscopy monitoring.

MATERIALS AND METHODS

The Code of Ethics of the World Medical Association
(Declaration of Helsinki) was used for the experiments
involving human subjects. All procedures were performed in
compliance with relevant laws and institutional guidelines.
The Non-Drug Clinical Research Ethics Committee of Haseki
Training and Research Hospital obtained the study’s ethical
approval (date: 05.04.2017, IRB number: 476).

The study included patients diagnosed with IBD who were
followed up at the Gastroenterology Clinic of Training and
Research Hospital after obtaining written informed consent.
Patients younger than 65 years who were diagnosed with IBD
endoscopically and histopathologically were included in the

Patients diagnosed with inflammatory bowel disease

Exclusion criteria

v

Inclusion criteria

-Patients younger than 65 years
old

-Diagnosed with IBD
endoscopically and

histopathologically.

}

-Chronic kidney disecase
-Diabetes mellitus
-Chronic liver discase
-Chronie Obstructive
pulmonary disease
-Rheumatological diseases
-Malignancy

-Serum apelin levels were measured simultancously with colonoscopy in all patients (n:91).
-The patients were divided into 6 groups according to their colonoscopic involvement sites.

! \

Isolated
rectal (n: 16)

Pancolitis
(n: 20)

Rectosigmoid
(n: 18)

Left colonic
(n: 13)

Terminal Others (n: 8)

ileum (n: 16)

Figure 1. Patient flow chart. IBD, Inflammatory bowel disease.
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study. Patients were divided into six groups according to their
colonoscopic involvement sites (Figure 1).

The exclusion criteria were the presence of chronic kidney
disease, diabetes mellitus, chronic liver disease, chronic
obstructive pulmonary disease, rheumatologic diseases, and
malignancies.

Biochemical Analysis

Samples were collected from venous blood and placed into gel
tubes for apelin analysis. Within half an hour, the samples were
centrifuged at 1000xg for 10 min and stored at -80°C. Serum
apelin levels were detected using the Immulite 200 device
(SIEMENS) with the CLIA (chemiluminescence immunoassay)
method in all study patients. The site of involvement was
demonstrated macroscopically and histopathologically by
colonoscopy.

Statistical Analyses

The Statistical Package for the Social Sciences (SPSS) 15
statistical software (SPSS Inc, Chicago, IL, USA) for windows
was used. Descriptive statistics were expressed as numbers
and percentages for categorical variables, whereas the mean,
standard deviation, and median were used for numerical
variables. When the average distribution assumptions were
unmet, a Kruskal-Wallis test was used to compare numerical
variables between multiple groups. The alpha level of statistical
significance was set as p<0.05.

RESULTS

The total number of patients with IBD was 91, consisting of
67 patients with UC and 24 patients with CD. The patients
diagnosed with UC included 37 females and 30 males.
Patients diagnosed with CD included 11 females and 13
males. The mean ages of patients with UC and CD were 38
and 31 years, respectively. The disease duration ranged from
4 to 22 years among patients with UC and from 1 to 13 years
among patients with CD. The distribution of patients with
inflammatory bowel disease by site of involvement was
examined. Accordingly, 20 patients had pancolitis, 18 had
recto-sigmoid arthritis, 16 had isolated rectal arthritis, 16 had
terminal ileal arthritis, 13 had left colonic and 8 with others
involvement (1 with transverse colonic, 2 with right colonic, 4
with caecal, and 1 with perianal).

Apelin’s levels were analyzed by gender in IBD patients. The
values were 1457.4 £ 1021.7 pg/mL in male patients and 1765.4
+ 1320.6 pg/mL in female patients. There were no significant
differences in apelin levels between genders (p=0.323).

The apelin levels were compared with inflammatory markers
routinely used during the follow-up of IBD. No significant
association was found between C-reactive protein (CRP),
sedimentation, hemoglobin, white blood cell (WBC), and
apelin levels (Table 1).
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Table 1. Comparison of apelin levels with other inflammatory
markers and hemoglobin levels in patients with inflammatory
bowel disease.

Apelin Level (pg/mL)

rho p-value
CRP -0.132 0.231
Sedimentation -0.085 0.440
Hemoglobin 0.036 0.745
Hematocrit -0.012 0.917
WBC -0.014 0.896

CRP, C-reactive protein; WBC, white blood cell.

Table 2. Comparison of apelin levels in inflammatory bowel
disease according to site of involvement.

Site of Apelin level (pg/mL)
Involvement " Mean SD Median
Terminal lleum 16 15226 10929 1154.0
Left Colon 13 1461.9 1238.7 841.7
Rectum 16 16455 1338.8 1012.0
Rectosigmoid 18 1661.8 11349  1231.2
Pancolitis 20 184341 1276.0 1560.0
Others 8 94326  312.0 920.0

There were no significant differences in apelin levels between groups

(p=0.730). n, number of samples; SD, Standard deviation.

This study compared the apelin levels of patients with IBD
according to the site of involvement. Apelin levels did not
differ significantly between patients divided into six group
involvement sites on colonoscopy (p=0.730; Table 2).

DISCUSSION

Several inflammatory markers and biomarkers have been
examined during follow-up of patients with IBD. Although some
markers have contributed to assess the presence or absence of
inflammation, most have been included in treatment follow-up.
Especially fecal calprotectin, which has recently come into use,
provides valuable information as a non-invasive inflammatory
marker. In this regard, a study by Mosli et al. demonstrated that it
was quite significant to examine fecal calprotectin in diagnosing
patients with IBD (10, 11). Today, fecal calprotectin can also be used
to identify new cases with suspected diagnosis. In addition, it can
be examined regularly in patients diagnosed and followed up and
provides beneficial results in remission activation (12). However,
fecal calprotectin does not register elevated levels in diseases
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characterized by ileal involvement. In other words, although it
serves as a marker applicable to IBD with colonic involvement, the
disease may be active in cases of ileal involvement. At the same
time, fecal calprotectin levels remained within the normal range.
Similar to apelin, fecal calprotectin cannot predict the extent of
segmental involvement in colonic disease.

Apelin levels increase during inflammation and may elevate
secondary responses arising from this inflammation. Lu
et al. demonstrated a significant elevation in apelin levels
in secondary cardiac hypertrophy induced by stress (13).
Consistently, increased levels of angiotensin 2 were found
in cardiac hypertrophy. This observation suggests the
potential utility of apelin as a cardiac marker in the context
of cardiac hypertrophy. Topuz et al. also demonstrated
elevated apelin levels associated with cardiac stress, including
cardiomyopathies (14).

The most compelling findings in cardiovascular studies are
from data on patients with myocardial ischemia. Tycinska et al.
observed elevated apelin levels in non-ST elevation myocardial
infarction. Furthermore, the authors noted a significant
association between high apelin levels and mortality within
the first six months (15).

Apelin tends to increase even in chronic, slowly progressing
inflammatory processes. Zarei et al. identified elevated levels
of apelin and demonstrated that the levels of apelin released
from adipose tissue are not influenced by dietary anti-oxidant
levels (16).

Continuous inflammation followed by fibrosis during healing
may contribute to elevated apelin levels. Kocer et al. observed
elevated levels of apelin in renal interstitial fibrosis (17).
Moreover, similar to our study, the authors demonstrated that
this elevation was unrelated to CRP.

Experimental studies have shown a relationship between
serum apelin levels and inflammatory bowel disease. These
studies have shown that apelin levels are associated with
trans mucosal inflammation of the colonic epithelium,
stenosis, fibrosis, and mucosal healing. Song Han et al. (18)
have also provided an essential guide for GIS. IBD-related
studies include experimental investigations conducted by
Song Han and colleagues. Experimentally inducing colitis and
inflammatory bowel syndrome, the authors found elevated
levels of apelin. In this study, experimental colitis was induced,
and it was observed that exogenously administered apelin
increased colonic proliferation (19-21). Additionally, it was
noted that this marker released from the colonic epithelium
could regulate epithelial proliferation. Consequently, the
authors suggested that apelin plays a role in multiple stages
of colonic differentiation. This proposition implies that apelin
levels may vary among colon segments during inflammation.

A recent study by Mantaka et al. (22) compared the serum
apelin levels in healthy individuals and patients diagnosed
with IBD and found that the apelin level was significantly
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higher in patients diagnosed with IBD (p=0.012). The serum
apelin level was found to be similar to that in our study. In
this study, no distinction was made according to the location
of involvement. However, no significant difference was found
in the distinction according to the severity of endoscopic
involvement (moderate-severe). The presence of a control
group in the study by Mantaka et al. is an advantage of the
study. The inclusion and exclusion criteria of patients, as well as
the small sample size, are similar to those in our study. Mantaka
et al. stated that the small number of patients was due to the
COVID-19 pandemic (22).

In our study, we identified active sites of disease involvement
using colonoscopy. During the same period, we investigated
whether peripheral blood apelin levels differed according to
the location of involvement. As anticipated, patients with active
colonic involvement exhibited higher apelin levels. Although
numerically higher in patients with pancolitis, no statistically
significant elevation could be established, potentially due to
our study’s limited number of patients and samples. The lower
incidence of pancolitis might be attributed to the presence of
severe clinical symptoms and declining participation in the
study. The most important limitation of this study is the small
number of patients.

In conclusion, although apelin has been shown to be
significant in various inflammatory conditions, its specific role
in IBD remains complex and warrants further investigation.
Prospective studies with a larger patient population focusing
on apelin and IBD could provide more comprehensive insights
into its potential as a biomarker for disease activity.
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Table 1. Limitations for each manuscript type

Type of manuscript Word limit Abstract word limit  Reference limit Table limit Figure limit
Original Article 3500 200 (Structured) 30 6 7 or total of 15 images
Review Article 5000 200 50 6 10 or total of 20 images
Case Report 1000 200 15 No tables 10 or total of 20 images
Letter to the Editor 500 No abstract 5 No tables No media
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