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Herbal melanin induces interleukin-1f secretion
and production by human THP-1 monocytes via
Toll-like receptor 2 and p38 MAPK activation
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Abstract. Herbal melanin (HM), extracted from Nigella sativa,
is known for its immunogenic properties through the modulation
of cytokine production via Toll-like receptor (TLR)4. TLRs play
a crucial role in the host defense through the regulation of innate
and adaptive immune responses. However, the potential effect
of HM on the production of interleukin-1§ (IL-1p), the main
immunoregulatory cytokine secreted by activated monocytes,
has not been reported. The present study aimed to investigate
the effects of HM on IL-1p secretion and production, detected
by enzyme-linked immunosorbent assay, western blotting and
mRNA expression monitored by reverse transcription-PCR, in
human monocytes and a monocytic cell line, THP-1. Signaling
pathways involved in the HM-induced IL-1f3 production was
investigated in the THP-1 cells. It was shown that HM upregulated
the IL-13 mRNA in the THP-1 cells and induced the secretion
of IL-1f in the monocytes and THP-1 cells, in a dose-dependent
manner, compared to the untreated cells. HM increased the
protein expression of IL-1f, TLR2, the main receptor for
IL-1B production, and activated p38 mitogen-activated protein
kinase (MAPK), a key mediator for stress-induced IL-1f3 gene
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expression. The blockade of the p38 MAPK pathway, with the
pharmacological inhibitor SB202190, and TLR2 receptor with a
neutralization antibody, resulted in the decrease of HM-induced
IL-1p production in THP-1 cells. The TLR4 receptor blockade
also decreased HM-induced IL-1p production, but to a lesser
extent than TLR2 blockade. In conclusion, the present study
demonstrated that HM stimulates IL-1 production in monocytes
and THP-1 cells, in a TLR2/p38 MAPK pathway-dependent
manner, suggesting promising immunoregulatory potentials of
HM against inflammatory-associated diseases.

Introduction

Melanins are dark-brown to black pigments found in animals,
plants and microorganisms (1,2). The presence of melanin
has been associated with various immune responses in
animals, plants and invertebrates (3-6). Nigella sativa L. is
an herbaceous plant, traditionally used in folk medicine in the
Middle East and South East Asia. Various research/clinical
groups studied the effect of the total extracts of Nigella sativa
on the immune system (7,8). Melanin extracted from the
seed coats of Nigella sativa have been chemically described
and characterized (9,10). Previously, a similarity was reported
between the biological effects of herbal melanin (HM) extract
and bacterial endotoxin-lipopolysaccharide (LPS) in modu-
lating the production of interleukin (IL)-6, tumor necrosis
factor (TNF)a and vascular endothelial growth factor (VEGF)
through Toll-like receptor (TLR)4 and nuclear factor (NF)-xB
activation, the main pathway for cytokine production (10-12).
As a potential alternative medicinal plant-based drug for the
treatment of inflammatory-associated diseases, the assess-
ment of the potential immunoregulatory effects of HM on the
production of major pro- and anti-inflammatory cytokines
such as IL-1p is required.
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IL-1, an important inflammatory and immunoregulatory
cytokine, is usually expressed by activated monocytes and
macrophages (13,14). IL-1 is composed of two distinct proteins,
IL-la.and IL-13 (14). IL-1f is a 35-kDa secreted protein induced
in response to a variety of stimuli including LPS, phorbol
myristate acetate and IL-1p itself (14,15). IL-1p possesses a
broad range of biological activities, such as the resolution of
inflammation through the induction of apoptosis in active
immune cells (16). The role of IL-1f varies greatly, depending
on the tissues and organs involved and the stage of inflamma-
tion (17). Elevated and decreased levels of IL-1§3 have been
implicated in various acute inflammatory-associated diseases,
such as bacterial meningitis and human immunodeficiency
virus type l-seropositive hemophiliacs (18,19).

TLRs are a family of evolutionarily conserved recep-
tors with a crucial role in early host defense against
pathogens, through the regulation of both the innate and
adaptive immune responses. TLRs are capable of recognizing
pathogen-associated molecule patterns. Thirteen TLRs and
their respective ligands have been identified in mammals,
including TLR2, TLR4 and LPS, the main ligand (20-22). The
TLR signaling pathway plays a role in regulating cytokine
production, including the production of IL-1f (19), through
the activation of the NF-kB pathway (23,24) and the p38
mitogen-activated protein kinase (MAPK) pathway (25).

In the present study, the effect of HM on IL-1f secretion
and production was investigated in human monocytes and
THP-1 cells. The requirement of TLR4, TLR2 receptor and
the p38 MAPK pathway activation for HM-induced IL-1p
production was also demonstrated in THP-1 cells, after using
an anti-TLR neutralizing antibody and the p38 MAPK phar-
macological inhibitor, respectively.

Materials and methods

Herbal melanin preparation. The detailed extraction,
characterization and stock solution preparation for the
experimental use of the melanin from Nigella sativa L. seed
coats were conducted according to the methods previously
described (10).

Human monocyte isolation. Peripheral blood mononuclear
cells (PBMC) were obtained and cultured from blood collected
from healthy donors who voluntarily consented, as previously
described (11). Briefly, cells were separated by a Ficoll-Paque®
(GE Healthcare) density gradient centrifugation at 400 x g for
30 min at 4°C. The monocytes-enriched layer was collected,
plated for 2 h and non-adherent cells were removed with
PBS. The pure monocytes were positively selected by an
anti-CD14-coated microbead (MiniMACS separation column;
Milteny Biotec, Inc.) as previously described (11). The cells
were >95% viable, as assessed by the Trypan blue exclusion
method, and consisted of >90% monocytes, as determined by
a flow cytometry analysis. Flow cytometry (Coulter® Epics®
XL-MCL™ flow cytometer including System II™ software;
Beckman Coulter, Inc.) was based on CD14 and CD45 antigen
expression after cell incubation for 30 min at 4°C in PBS
containing 2% FBS (Gibco®; Thermo Fisher Scientific, Inc.)
with mouse monoclonal anti-CD14 (phycoerythrin-cyanin 5.5;
clone RMO52; IgG2a; cat. no. A70204; Beckman Coulter, Inc.)

and anti-CD45 (fluorescein-5-isothiocyanate; clone 30-F11;
IgG2b; cat. no. 103107; BioLegend, Inc.) antibodies (data not
shown).

Cell culture and treatment. The human monocytic cell
line THP-1 was obtained from the American Type Culture
Collection. Both the isolated human monocytes and THP-1
cells were maintained in suspension in complete medium,
composed of RPMI-1640 medium, supplemented with
10% fetal bovine serum (FBS) and 1% antibiotics (100 TU/ml
penicillin and 100 pg/ml streptomycin), provided by Gibco®
(Thermo Fisher Scientific, Inc.). The cells were maintained in
a 37°C humidified, 5% CO, incubator. The THP-1 cells and
human monocytes (1x10°%/ml) were separately treated with HM
(5, 10 and 50 pg/ml) and lipopolysaccharides (LPS; 10 pg/ml;
E. coli, 0.26:B6; Sigma-Aldrich; Merck KGaA). Untreated
THP-1 cells and monocytes were used as controls.

RNA extraction and reverse transcription (RT)-PCR. The
expression of /L-1 mRNA was assessed in the THP-1 cells,
in the presence or absence of either HM or LPS. After 3-h
incubation, the total RNA was extracted from the THP-1 cells
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific,
Inc.), following the manufacturer's instructions. The total
extract (2 ug) was transcribed into a single strand cDNA
in a reaction mixture (30 pl) containing 1X reaction buffer
(75 mM KCl1, 3 mM MgCl, and 50 mM Tris-HCI pH 8.3),
0.5 mM deoxynucleoside triphosphate mixture, 1.5 mM
oligo(dT)primer, 1 U RNasin and 10 U Moloney murine
leukemia virus reverse transcriptase (Clontech Laboratories,
Inc.), as described previously (10). Amplification of the IL-15
cDNA, along with the amplification of 5-actin cDNA (used
as a housekeeping gene), was performed on a ThermoHybrid
thermocycler (Thermo Fisher Scientific, Inc.) using Taq DNA
polymerase (Roche Molecular Diagnostics) and the following
PCR primers (Invitrogen; Thermo Fisher Scientific, Inc.): IL-15
sense, 5'-"AAACAGATGAAGTGCTCCTTCCAGG-3' and
antisense, 5S"TGGAGAACACCACTTGTTGCTCCA-3"; and
B-actin sense, 5'-ATCTGGCACCACACCTTCTACAATGAG
CTGCG-3' and antisense, 5'-CGTCATACTCCTGCTTGC
TGATCCACATCTGC-3". The PCR thermocycling conditions
for IL-18 cDNA amplification consisted if an initialization
step for 10 min at 95°C, followed by 30 cycles of denaturation
at 94°C for 30 sec, annealing at 65°C for 1 min and exten-
sion at 72°C for 2 min, while the PCR conditions for 5-actin
cDNA amplification consisted of an initialization step for
10 min at 95°C, followed by 40 cycles of denaturation at 94°C
for 45 sec, annealing at 61°C for 45 sec and extension at 72°C
for 2 min. The cDNA products were separated on 2% agarose
gel with electrophoresis, and visualized through ethidium
bromide staining.

Enzyme-linked immunosorbent assay (ELISA). The THP-1
cells and isolated monocytes (1x10%/ml) were treated with
different concentrations of HM or LPS at 10 ug/ml, for various
incubation times (1, 3, 6 and 24 h). The cell-free supernatants
were recovered through centrifugation at 10,000 x g for 10 min
at 4°C and stored at -20°C until assayed. Complete medium
was used as a negative control. The concentration of IL-1
was determined using an IL-1f ELISA kit (cat. no. HSLBOOD;
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R&D Systems, Inc.), following the manufacturer's instructions.
To verify that the HM did not interfere with the measurements,
an additional control was obtained by incubating 100 pg/ml
HM in complete medium for 24 h at 37°C. Of note, repeated
assays showed that the HM solution did not affect the cytokine
measurements (data not shown). The sensitivity of the assay
for IL-1p detection was >4 pg/ml.

Protein extraction and western blotting analysis. The THP-1
cells (1x10%/ml) were seeded in a 24-well plate (Nunc™), in
0.5 ml complete medium. The untreated cells (control) and
cells treated with 10 yg/ml of HM or LPS were incubated for
1, 6 and 24 h. After each incubation period, the medium was
discarded, and each well was rinsed with 500 y1 cold PBS. Then,
ice-cold NP40 lysis buffer (80 ul; Invitrogen; Thermo Fisher
Scientific, Inc.) were added to the wells and the plate was
kept on ice and shaken gently for 25 min. The proteins were
extracted from the fully lysed cells and protein concentration
was estimated using the fluorescence-based Qubit™ Protein
quantitation assay kit (Thermo Fisher Scientific, Inc.). The
cell lysate preparation, protein separation by 12% SDS-PAGE,
and the transfer of the separated proteins to polyvinylidene
difluoride (PVDF) membranes (EMD Millipore) were
performed as previously described (26). The PVDF membranes
(Thermo Fisher Scientific, Inc.) were stained with primary
antibodies diluted (1:1,000) in TBS-0.1% Tween-20 containing
1% BSA (Thermo Fisher Scientific, Inc.), overnight at 4°C on
a rotating shaker. The primary antibodies included mouse
monoclonal [T2.5] anti-TLR2 antibody (cat. no. ab16894),
rabbit polyclonal anti-TLR4 antibody (cat. no. ab13867), mouse
monoclonal [OTI3E1] anti-IL-18 antibody (cat. no. ab156791),
rabbit monoclonal anti-phospho-p38 (Y182) antibody
(cat. no. ab47363), mouse monoclonal [M138] anti-total-p38
antibody (cat. no. ab31828) and mouse monoclonal [6C5]
anti-GAPDH antibody (cat. no. ab8245), all from Abcam.
The primary antibodies were detected with an infrared
fluorescent IRDye® 680RD (red)-conjugated goat anti-rabbit
(cat. no. 926-68071) or IRDye® 800RD (green)-conjugated
goat anti-mouse secondary antibody (cat. no. 926-32210)
(both LI-COR Biosciences) diluted in TBS-0.1% Tween-20
containing 3% BSA (1:5,000) for 1 h at room temperature
with continuous shaking. After five additional washes in
TBS-0.1% Tween-20, the proteins were visualized using the
LI-COR Odyssey CLx Scanner (LI-COR Biosciences) and
analyzed using ImagelJ software v.1.46r (http://rsbweb.nih.
gov/ij/index.html).

TLR neutralization and p38 MAPK pathway blockade. To
investigate whether the HM-induced IL-1f production func-
tions through the TLR and p38 MAPK pathway, the cells
were treated with anti-TLR2 (cat. no. ab16894) and anti-TLR4
(cat. no. ab13867) antibodies (both Abcam), or the p38 MAPK
pharmacological inhibitor SB202190 (cat no. sc-222294;
Santa Cruz Biotechnology, Inc.) to neutralize the TLR recep-
tors and block the p38 MAPK pathway. Briefly, the THP-1 cells
(1x10%/ml) were seeded in complete medium in each well of a
24-well plate. The medium was renewed with 20 pg/ml mouse
monoclonal anti-TLR2 or polyclonal anti-TLR4 antibodies
(concentration fixed from pilot studies), and 20 pg/ml IgG, was
used as an isotype control or the medium was renewed with

EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1081, 2021 3

HM HM LPS

Control 5 10 10 (ug/ml)

Figure 1. Stimulatory effects of HM and LPS on IL-1f mRNA expression
in THP-1 cells. Representative electrophoresis gel showing the effects of
increasing concentrations of HM (5-10 yg/ml. along with LPS (10 pg/ml.
on the THP-1 cells, resulting in increased levels of IL-1f mRNA compared
with the untreated cells after 3 h of incubation. 3-actin mRNA was used as
an internal loading control. HM, herbal melanin; LPS, lipopolysaccharide;
IL-1B, interleukin-1{.

20 uM SB202190 or with DMSO, used as a negative control.
After 2 h of incubation, the cells were treated with either
10 ug/ml of HM or LPS for 1 h stimulation at 37°C, followed
by protein extraction for western blotting.

Statistical analysis. All the experimental data are expressed
as means + standard deviation (SD). A generalized linear
mixed model (GLMM) procedure from SAS system software
(version 9.2; SAS Institute Inc.) was used to compare the protein
expression level between and within each treatment at different
exposure times. Pairwise comparisons were performed using
Tukey's studentized range (HSD) post hoc test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Herbal melanin (HM) increases monocytic IL-1(3 gene
expression and secretion from THP-1 cells and isolated
human monocytes. IL-1p gene expression was monitored
by the mRNA expression level, analyzed by RT-PCR after
extraction of the total RNA from the cultured human THP-1
cells incubated with and without HM (5 and 10 pg/ml) and
LPS (10 ug/ml) for 3 h. As shown in Fig. 1, the untreated
THP-1 cells (the control) expressed very low levels of IL-1f3
mRNA, which was concomitantly induced in response to LPS
(10 pg/ml). The addition of different concentrations of HM
(5 and 10 pg/ml) increased the IL-1f mRNA expression level
in a dose-dependent manner compared with the basal level of
IL-1p mRNA expression detected in the untreated THP-1 cells
(Fig. 1). Using ELISA, very low levels of IL-1§ protein were
detected in the supernatant of the primary culture of untreated
monocytes, with a mean of 1.9 pg/ml (Fig. 2A). Both the LPS
(10 pg/ml) and HM (5 and 10 pg/ml) significantly enhanced
IL-1p secretion from the monocytes compared with the
primary culture of the untreated monocytes (Fig. 2A; P<0.01).
Using equal concentrations of HM and LPS (10 g/ml), the HM
was more effective in inducing the IL-1f secretion compared
with LPS (215.6 and 81.5 pg/ml, respectively; Fig. 2A). Fig. 2B
displays detectable amounts of the IL-1f protein in the super-
natants of the untreated THP-1 cells (24.5 pg/ml). Both the
LPS and HM significantly induced IL-1f secretion (reaching
~400 pg/ml) from the THP-1 cells, when tested at 10 yg/ml
(P<0.0001; Fig. 2B). The THP-1 cell treatment with 50 pg/ml
HM, resulted in the highest stimulatory effect on IL-1f secre-
tion, (mean, 6037.7 pg/ml; P<0.0001; Fig. 2B). At the incubation
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Figure 2. Effect of HM on IL-1f secretion by (A) human monocytes and (B) THP-1 cells. Bar graph shows IL-1f secretion evaluated in the supernatant
of isolated monocytes and cultured THP-1 cells using enzyme-linked immunosorbent assay kit after 3 h of incubation. The results are presented as the
mean = SD of three independent experiments. “P<0.01 and "*“P<0.0001 vs. control, the untreated cells. HM, herbal melanin; LPS, lipopolysaccharide;

IL-1B, interleukin-1f.
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Figure 3. Effect of HM on IL-1p secretion by THP-1 cell line. Bar graph
shows the time course of IL-1p secretion detected in the supernatant of
cultured THP-1 cells using the enzyme-linked immunosorbent assay kit. The
results are presented as the mean + SD of three independent experiments.
Statistically significant difference (P<0.0001. was determined compared
with the control group. HM, herbal melanin; LPS, lipopolysaccharide;
IL-1p, interleukin-1f.

time points (1, 3, 6 and 24 h), both the HM and LPS increased
IL-1B secretion by the THP-1 cells in a time-dependent
manner compared with the untreated cells (Fig. 3). As previ-
ously observed, when using equal concentrations (10 pxg/ml),
the HM was as effective as the LPS in inducing IL-1p secre-
tion by the THP-1 cells, after 3 and even 6 h of incubation
(Fig. 3). After 24 h of THP-1 cell treatment, a decrease in
IL-1p secretion was detected in the supernatant of HM-treated
THP-1 cells compared with the quantity of IL-1f released by
the LPS-treated THP-1 cells (Fig. 3).

HM modulates IL-13, TLR4 and TLR2 protein expression
in THP-1 cells. Western blot analysis revealed that the IL-13
protein expression level in the untreated THP-1 cells fluctu-
ated over time (1, 6 and 24 h), with a peak expression after
6 h incubation compared with the IL-1 basal level detected
in the untreated cells after 1-h incubation (Fig. 4A). Both the

10 ug/ml HM and LPS significantly (P<0.01) increased IL-13
protein expression at the 6-h incubation with HM, and at
1-h incubation with LPS (Fig. 4B). No significant difference
in the IL-1p expression levels was detected in the HM- and
LPS-treated cells between 6 and 24 h of incubation (Fig. 4).

As the main receptor for HM (11), a time course of the
TLR4 protein expression was assessed in 10 gg/ml HM- and
LPS-treated THP-1 cells. In addition, as the TLR2 is mostly
involved in LPS-induced IL-13 production and secretion
by THP-1 cells (27), the time course of the TLR2 protein
expression was also monitored. In the untreated cells,
significant increases in the TLR4 and TLR2 protein expres-
sion were observed at 6 and 24 h od incubation compared to
the basal level of the TLR4 and TLR2 expression detected
in the untreated cells after 1 h incubation (Fig. 4; P<0.05).
The addition of HM induced a significant increase in TLR4
(2.2-fold; P<0.01) at all incubation times, and the TLR2
expression increased by 2.51-fold (P<0.01) at 6 h incubation,
followed by a decrease at 24 h incubation, reaching a level of
expression similar to the level detected in the HM-treated cells
after 1 h of incubation (Fig. 4). The THP-1 cell treatment with
LPS resulted in a higher increase in both the TLR4 (P<0.0001)
and TLR2 (P<0.001) expression levels by 2.41- and 2.52-folds
after 1-h incubation and by 3.3- and 4.5-fold after 6-24 h
incubation compared with the basal level of the TLR4 and
TLR2 protein expression detected in untreated cells, after 1 h
incubation, respectively (Fig. 4).

HM induces the phosphorylation of p38 MAPK in THP-1
cells. Different studies reported that the activation of the TLR4
and TLR2 by LPS activates the MAPK signaling pathways,
including the p38 MAPK, which subsequently results in IL-1
production (28,29). Over the time (1, 6 and 24 h), the LPS
and HM similarly increased the protein expression levels of
phospho-p38 in THP-1 cells with a peak p38 phosphorylation
level reached at 6-h incubation compared with the basal
phopsho-p38 expression level detected in untreated cells after
1-h incubation (Fig. 5).
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Figure 4. Effect of HM on TLR2, TLR4 and IL-1p protein expression. Representative western blot analysis (A) showing the effect of HM and LPS (10 yg ml.
on TLR2 protein expression in THP-1 cells after various incubation time points (1, 6 and 24 h. compared with the untreated cells, the control group. The bar
graph (B) shows the relative protein expression levels of TLR2 calculated as a ratio of GAPDH expression (the loading control). The results are presented
as the mean = SD of three independent experiments. “P<0.05, “P<0.01 and “"P<0.001 vs. control at 1 h. HM, herbal melanin; TLR, Toll-like receptor;

LPS, lipopolysaccharide; IL-1f, interleukin-1f.
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Figure 5. Effect of HM on the phosphorylation of p38 MAPK. Representative western blotting. (A) showing the effect of HM and LPS (10 yg/ml. on p38 MAPK
phosphorylation in THP-1 cells after 1-, 6- and 24-h stimulation compared with the untreated cells. The bar graph. (B) shows the relative protein expression

levels of p-p38 calculated as a ratio of total p38 expression (the loading control).

The results are presented as the mean + SD of three independent experiments.

P-values signify a statistically significant difference compared with the control group. HM, herbal melanin; LPS, lipopolysaccharide; IL-1p, interleukin-1f3;

p-, phosphorylated.

HM mainly requires TLR2 and p38 MAPK pathway activation
SforIL-1Bproduction. Todemonstrate therequirementofthe TLR2,
TLR4 and p38 MAPK pathway in HM-induced IL-1f production,
specific inhibitors, anti-TLR?2, anti-TLR4 neutralizing antibodies
and p38 MAPK pharmacological inhibitor SB202190, were
added to the cells before cell exposure to 10 xg/ml HM or LPS for
1-h treatment. Optimization of the respective concentrations of
the anti-TLR2, anti-TLR4 antibodies and SB202190 p38 MAPK
pharmacological inhibitor, were based on preliminary studies
(data not shown). The blockade of the p38 MAPK pathway
resulted in a quasi-disappearance of the p38 phosphorylation,
detected in the untreated and HM-treated cells, and a slight
phosphorylation was still detected in the LPS-treated THP-1
cells (Fig. 6A). The TLR4 receptor blockade did not completely
inhibit the HM- and LPS-induced p38 phosphorylation (Fig. 6A).
In terms of the impact of the TLR2/4 and p38 MAPK pathway
blockade on the HM-induced IL-1{ production, both the TLR2
receptor neutralization and SB202190 pharmacological inhibitor
highly suppressed the HM stimulatory effect on the IL-1p

protein expression and, to a lesser extent, the LPS stimulatory
effect (Fig. 6B and C). However, the TLR4 receptor blockade had
a minor effect on the HM-induced IL-1f expression in THP-1
cells (Fig. 6B).

Discussion

The immunogenic properties of the HM extract from
Nigella sativa seeds have been reported, based on the
production and secretion of pro-inflammatory cytokines, such
as IL-6, TNF-a and VEGF, due to TLR4 activation and the
NF-«B signaling pathway (10-12). However, no study reported
the immunoregulatory potential of HM through the pro- and
anti-inflammatory cytokine IL-1f produced by human mono-
cytes and macrophages. In the current study, the effect of HM
was tested on the monocytic cell line THP-1, with isolated
human monocytes from healthy donors. The immunoregulatory
potential of HM was tested in parallel with LPS, used as
a bacterial stimulatory agent, based on the level of IL-1$
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Figure 6. Impact of TLR2, TLR4 receptor neutralization and of the p38 MAPK pathway pharmacological inhibitor SB202190 on HM-induced p38 phos-
phorylation and IL-1f protein expression. Representative western blot analysis showing the impact of p38 MAPK pharmacological inhibitor SB202190 and
TLR4 blockade using anti-TLR4 Ab on HM and LPS-induced. (A) p38 MAPK phosphorylation and (B) IL-1f expression in THP-1 cells after 1-h stimulation
compared with the untreated cells, the control. (C) Representative western blotting showing the impact of TLR2 blockade using anti-TLR2 Ab on HM and
LPS-induced p38 MAPK phosphorylation and IL-1§ expression in the THP-1 cells after 1-h stimulation compared with the untreated cells, the control. The
bar graphs show the relative protein expression levels of (A and C) p-p38 and (B and C) IL-1f calculated as a ratio of either total p38 expression or GAPDH
(the loading controls). The results are presented as the mean + SD of three separate experiments. “P<0.05, “P<0.01, ““P<0.001 and ***P<0.0001 vs. control.
TLR, Toll-like receptor; HM, herbal melanin; C, control; LPS, lipopolysaccharide; IL-1p, interleukin-1f; Ab, antibody; p-, phosphorylated.

production and secretion from the primary culture of human induced the secretion of IL-1f from isolated monocytes and
monocytes and THP-1 cells. It was demonstrated that the HM  cultured THP-1 cells compared with the untreated cells. In
upregulated the IL-1f gene expression in the THP-1 cells, and  addition, HM increased the protein expression of IL-1f3, TLR2
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but not TLR4, and enhanced p38 M APK phosphorylation in the
THP-1 cells. The blockade of the p38 MAPK pathway and the
TLR2 receptor decreased the HM-induced IL-13 upregulation
in the THP-1 cells. The TLR4 receptor blockade also decreased
HM-induced IL-1p expression, but to a lesser extent than the
TLR2 blockade. In conclusion, it was demonstrated that the
HM mainly induces IL-1p production by the monocytic cell
line THP-1,1in a TLR2/p38 MAPK pathway-dependent manner.
These findings suggest the potential immunoregulation of the
HM through the IL-1{ is possibly of interest for the treatment
of inflammatory-related diseases.

The present study was conducted in vitro, using the
human monocytic cell line THP-1 and isolated monocytes, as
they represent the main source of cytokines including IL-1f.
The IL-1B gene is tightly regulated by positive and negative
regulatory elements in monocytes and macrophages (30). LPS is
the best-characterized stimulant that triggers IL-1[} transcription
and its release (31,32). Consequently, in the present study with
the HM, LPS was used as a positive stimulant for promoting
IL-1p production in human monocytes and monocytic THP-1
cells (33,34). Using a RT-PCR, ELISA and western blotting, it
was found that HM increased the IL-18 mRNA expression level,
secretion, and production of the protein by the THP-1 cells and
isolated monocytes. The effects of Nigella sativa total extracts
or melanins, other than Nigella sativa melanin on IL-1{ produc-
tion were independently studied by various groups. Haq et al (7)
reported that the whole Nigella sativa protein extract, containing
a number of proteins ranging from 94 Da to 10 kDa, induced
IL-1p in PBMC. However, literature associated with the effect
of melanin on IL-1f production are contradictory. Pugh et al (6)
demonstrated that Echinacea melanin increased the production
of IL-1f in THP-1 cells, but Mohagheghpour et al (35) reported
an inhibitory effect of the synthetic melanin on IL-1f3 production.
The present results regarding LPS/IL-1f production by the THP-1
cells supported the results of Jablonska and Marcinczyk (27),
indicating that LPS increased IL-1p production in THP-1 cells
through TLR2 activation.

Due to the important role of TLR2 in IL-1f production in
monocytes and THP-1 cells, the protein expression levels of
TLR2 and TLR4, described as the main receptor for HM, were
monitored. The addition of 10 yg/ml HM or LPS increased the
TLR2 receptor, but no change in the TLR4 protein expression
was observed in the THP-1 cells. Literature demonstrated
that a high concentration of LPS upregulated both TLR4 and
TLR2 in macrophages, through the activation of the NF-kB
pathway (36,37). In addition, it was recently reported that a high
concentration of HM upregulated the TLR4 gene and protein
expression in THP-1 cells (38). Using an anti-inflammatory
peptide, such as the vasoactive intestinal peptide, LPS tested
at 100 ng/ml increased the TLR2 gene expression in THP-1 cells
after the stimulation of the NF-«xB and activator protein (AP) 1
transcription factors (39). After reporting that HM induces the
NF-kB pathway activation in THP-1 cells, an assessment of the
NF-xB and AP1 transcription factors could confirm the TLR2
gene upregulation in HM-treated THP-1 cells.

In addition to the NF-kB pathway and the MAPK activated
members stimulated by LPS, the p38 MAPK is primarily involved
in LPS-induced IL-1f production in THP-1 cells (25.40). In the
present study, it was reported that both HM and LPS enhanced
p38 MAPK phosphorylation in the THP-1 cells. Zheng et al (25)
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reported the important role of the p38 MAPK in IL-1f transcrip-
tion by acting through the C/EBP/NFIL-6 transcription factors.
A blockade of the p38 MAPK pathway in the HM-treated THP-1
cells could result in the decrease in IL-1p gene expression, and
the inactivation of C/EBP/NFIL-6 transcription factors.

To expose the key role of the TLR2, TLR4 and the p38
MAPK pathway in HM-induced IL-1f production, respective
receptors were neutralized with antibodies, and the p38 MAPK
was blocked with a specific pharmacological inhibitor. It was
shown that the blockade of the p38 MAPK pathway and the
TLR2 receptor decreased HM-induced IL-1p production in
THP-1 cells. The TLR4 receptor blockade also decreased the
HM-induced IL-1f expression, but to a lesser extent compared
with the TLR2 blockade. The detection of the IL-1f protein
following the TLR4 receptor blockade could be attributed to the
partial inhibitory effect observed on the HM- and LPS-induced
p38 MAPK phosphorylation and to the IL-1{ protein secreted via
TLR2 activation. The blockade of the TLR2 or TLR4 receptor
resulted in the inhibition of the p38 MAPK phosphorylation,
confirming subsequent shared downstream signaling pathways,
such as the IL-1 receptor associated kinase (IRAK)/tumor
necrosis factor receptor-associated factor 6/transforming growth
factor B-activated kinase, reported in the literature (41,42).

In conclusion, the present study provides evidence that
HM induces IL-1p production by human monocytes and
THP-1 cells expressing TLR2 and TLR4. Furthermore, HM
upregulates TLR2 and TLR4, and activates the p38 MAPK
pathway. TLR2 blockade completely inhibited HM-induced
IL-1p production, and the TLR4 blockade had a partially
inhibitory effect. Overall, it is proposed that HM has effi-
ciently induced IL-1p production, primarily via the activation
of the TLR2/p38 MAPK signaling pathway. Future identifica-
tion of the signaling molecules involved in the observed HM
stimulatory effect of IL-1f production in monocytes, may
assist in the development of novel therapeutics to enhance
or downregulate the IL-1p signaling pathways in response to
infections and other inflammatory-associated diseases.
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