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HIGHLIGHTS
e Selonsertib is an ASK-1 inhibitor.
e Selonsertib had a significantly anti-inflammatory effect like diclofenac sodium.

¢ Selonsertib has been shown to have a pro-inflammatory effect rather than an anti-inflammatory effect.

Abstract: Selonsertib (GS-4997), a serine/threonine kinase inhibitor, targets apoptosis signal-regulating
kinase 1 (ASK1) and is now in a phase lll clinical trial for the treatment of non-alcoholic steatohepatitis
(NASH). Inflammation is a defense against an effect that can damage the tissue or organ itself. Cytokines
are the agents that play a key role in acute inflammation and one of the most important cytokine proteins, IL-
1B. In this study, we investigated whether selonsertib and diclofenac sodium (positive control) could inhibit
IL-1B caused by two different LPS (Salmonella enterica serotype enteritidis and Escherichia coli 0111:B4)
stimulated on THP-1 cell line. As a result of the WST-1 assay, the inhibitory concentration of diclofenac
sodium at doses of ICso of 32.5 yM/mL and selonsertib was calculated to be 120 yM/mL. The immunological
responses of diclofenac sodium and selonsertib (IL-18) in different LPS-stimulated THP-1 cells were
assessed cytometrically: diclofenac sodium and Selonsertib were found to be effective in stimulation from E.
coli. The results showed that selonsertib had a significantly anti-inflammatory effect like diclofenac sodium.
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INTRODUCTION

Apoptosis Signal Regulatory Kinase 1 (ASK-1) was first identified by Ichjio and coauthors as one of the
mitogen-activated protein (MAPK) kinases [1]. The ASK-1 class belongs to the MAPK family [2]. These
proteins in the cytoplasm are important in transferring information from the cell membrane to the nucleus.
These cytoplasmic proteins can regulate their activities by transferring phosphate groups to the serine
(Sen/threonine (Thr) amino acids of other proteins in the cell. MAPK family; they constitute signal
transduction pathways that control processes associated with gene expression, cell division, apoptosis,
metabolism, and differentiation [3,4].

Selonsertib (GS-4997) is an inhibitor of ASK-1 with potential anti-inflammatory, antineoplastic and anti-
fibrotic activities [5]. Targets bind to the catalytic kinase domain of ASK-1, thereby preventing its
phosphorylation and activation. This prevents the phosphorylation of downstream kinases, similar c-Jun N-
terminal kinases (JNKs) and p38 mitogen-activated protein kinase (p38 MAPK) [6]. Inhibits phosphorylation
of downstream kinases such as JNKs and p38 MAPK. By precluding activation of ASK-1-dependent signal
transduction pathways, selonsertib inhibits the production of inflammatory cytokines, down-regulates the
expression of genes involved in fibrosis, suppresses excessive apoptosis, and inhibits cell proliferation [7].
Endotoxins, also called lipopolysaccharides (LPS), are external to Gram (-) bacteria is the main component
of the membrane. Endotoxins, monocytes and macrophages activation of the immune system, especially
the immune system, and therefore the immune response effect by increasing. Activated immune especially
TNF, interleukins, prostaglandins, colony stimulated from system cells oxidizing factors, platelet activating
factors, and mediators such as free radicals cause the release. TNF and IL-1 synergistically, increasing
inflammation they cause the majority of clinical findings to occur [8]. Aim of the study, which, we investigated
the proinflammatory/anti-inflammatory effects of selonsertib, which is an ASK-1 inhibitor, examined the
stimulated different LPS (Salmonella enterica serotype enteritidis and Escherichia coli 0111:B4) THP-1 cell-
induced inflammation cell culture model by WST-1, Flow cytometry and Real Time PCR.

MATERIAL AND METHODS

Cell Culture

THP-1 human monocyte (ATCC® TIB-202™) cell line was obtained from American Type Culture
Collection. The cells were grown in RPMI 1640 medium supplemented with 2 mM L-glutamine, 10% fetal
bovine serum and 1% penicillin-streptomycin and 2-mercaptoethanol to a final concentration of 0.05 mM at
a temperature of 37 °C in a humidified incubator with a 5% CO, atmosphere. Cells were counted by staining
with Trypan Blue dye on a Cedex-Roche counter and made ready for experiments after this stage.

Brazilian Archives of Biology and Technology. Vol.66: €23220053, 2023 www.scielo.br/babt



https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4

Ozkan, F.; et al. 3

LPS stimulation of THP-1 cell line

LPS from Salmonella enterica serotype enteritidis (Sigma, L4774, Germany), LPS from Escherichia coli
0111:B4 (Sigma, L4391, Germany) were used to stimulated the THP-1 cells.

Determination of Cytotoxicity by WST-1 Method

Since THP-1 cell is a suspended cell, WST-1 dye was used in the cytotoxicity test. The WST-1 (4- [3-
(4-lodophenyl) -2- (4-nitrophenyl) -2H-5-tetrazolio] -1, 3-benzene disulfonate)( (Roche, 11644807001,
Germany)) assay protocol is based on the cleavage of the tetrazolium salt to formazan by cellular
mitochondrial dehydrogenase. The amount of the dye generated by the activity of dehydrogenase is directly
proportional to the number of living cells. Selonsertib (Selleckchem, S8292, USA) and Diclofenac Sodium
(DFS-Anti-Drugs, 16090267, India) concentrations (1.56, 3.12, 6.25, 12.5, 25, 50, 100, 200, 400 uM) were
prepared. Diclofenac Sodium and Selonsertib concentrations, which were freshly prepared in culture
medium, were applied to the 11th wells as a chemical control group. Medium containing 0.1% DMSO was
applied to the cells in the control group (for Selonsertib). The plates were then allowed to incubate for 24
hours. At the end of the incubation periods, 20 uL of WST-1 reagent was added to the cells in each 96 well,
according to the instructions of the WST-1 kit (Catalog no: ab155902) procedure, and the cells were
incubated for 3 hours in the incubator, and at the end of the incubation, the absorbances were measured
using an Cytation 3 Cell Imaging Multi-Mode Reader at a wavelength of 420 nm. device, each group was
read as 7 wells. Experiments were run as 3 independent repetitions [9].

Determination of IL-18 Levels in Flow Cytometry

THP-1 cells were cultured in RPMI-1640 medium containing 10% fetal bovine serum and 1% penicillin-
streptomycin and 2-mercaptoethanol in a 5% CO; incubator at 37 °C. After the cells were allowed to
proliferate sufficiently, the cells were counted and seeded into 6-well plates, each with 1x10° cells in medium.
Cells stimulated with LPS (100 ng E. coli LPS and 10 ng S. enteritidis LPS) were incubated for 4 hours. Then
selonsertib and diclofenac sodium were added at the concentrations determined according to WST-1 results
(ICs0 values:120 uM/mL for selonsertib, 32 yM/mL for diclofenac Sodium) and incubated for 24 hours. In the
control group well the THP-1 cells contained only fresh medium. The first four wells were then left in the
plates for 4 hours of incubation for three different LPS stimulation analyses, and the other wells were left in
the incubator for 24 hours analysis. Cells were centrifuged at 1200 rpm for 5 minutes, then washed twice with
cold PBS (2000 pL in the first wash, 1000 pL in the second wash). 500 pL of cytofix/cytoperm was kept on
ice for 20 minutes. At the end of this period, it was centrifuged at 1200 rpm for 5 minutes and the pellet was
washed twice with 500 yuL perm wash. After the last washing by perm wash 10 L IL-13 Ab (Biolegend, USA)
was added on the cells pellet and incubated for 30 min at room temperature. At the end of the incubation
period, 1000 yuL perm wash was added to each tube and the tubes were then centrifuged. At the end of
centrifugation, the pellet was transferred to an eppendorf tube with 350 pL perm wash and analyzed using
flow cytometry (Accuri C6, BD) [10, 11].

IL-18 and ASK-1 mRNA gene expression by gRT-PCR analysis

Expression levels of IL-1B and ASK-1 genes on selonsertib THP-1 were performed by real-time PCR.
The method used by Engur and coauthors was applied [12].

RESULTS and DISCUSSION

Evaluation of Cytotoxic Effects of Diclofenac Sodium and Selonsertib in THP-1 Cells by WST-1
Method

In order to determine the ICso concentration of diclofenac sodium and selonsertib, first the THP-1 cells
were cultured in 96-well culture plates at 5x102 cells per well. Because the THP-1 cells are a suspended cell
line, the drugs were administered on the same day. The concentrations determined for diclofenac sodium
and selonsertib were between 1.56-400 uM/mL. After these concentrations had been added, the plates were
allowed to incubate for 24 hours. At the end of the period, WST-1 staining was allowed to determine the IC
50 concentration in diclofenac sodium and selonsertib THP-1 cells (20 pL) and they were allowed to incubate
for 3 hours. The values were transferred to Microsoft Excel and the ICsq level required by GraphPad Software
was calculated to find the concentrations in which the drugs were most effective. As a result of the experiment,
the concentration of diclofenac sodium determined as the ICso concentrations was 32.5 yM/mL. The inhibition
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concentration of selonsertib was calculated as 120 yM/mL (Figure 1). In a study conducted by Sima and
coauthors the concentration of inhibition was calculated as 47.04 pM/mL for diclofenac sodium [13]. In
another experiment using different cell lines, various concentrations of diclofenac sodium were determined
by WST-1 method. A concentration of 38 uM/mL constituted the determined ICso level and the lowest dose
was 2.7 yM/mL. Diclofenac sodium caused the proliferation of the used cell line [14]. In a study to investigate
the anti-cancer effect of diclofenac sodium on prostate cancer, the 1Cs of diclofenac sodium determined in
cytotoxicity experiments were calculated using two different inhibitors (LNCaP-Neo and LNCap-COX-2).
These were, respectively, 42.2 yM/mL and 91.6 yM/mL [15]. In a study on tendon cells the ICs, of diclofenac
sodium was a concentration of around 6.7 yM/mL [16]. A review of the literature on selonsertib, which is an
ASK-1 inhibitor, revealed no findings for a cytotoxicity test with the WST-1 method, but the non-alcoholic
effect of selonsertib was emphasized.

IL-1B levels by Flow Cytometry

When THP-1 cells were stimulated with 100 ng/mL E. coli LPS, the percentage of IL-13 was found to be
36.7%, and this value decreased to 1.7 after selonsertib administration. With the same method, the IL-1B in
THP-1 cells stimulated with 10 ng/mL of S. enteritidis LPS was 34.8%, whereas after selonsertib
administration it was detected at 2.0% using flow cytometry (Table 1 and Figure 2). In a study by Dudas and
coauthors cytokine levels in cervical cancer using different inflammatory drugs were measured with flow
cytometry, and there was a decrease in the IL-1(3 level [17]. In a study on the anti-inflammatory efficacy of
diclofenac sodium in endotoxemia-induced rats injected with LPS, diclofenac sodium was reported to inhibit
gastrointestinal toxicity for 3 days with the administration of daily doses. In the same study, it was reported
that diclofenac sodium inhibited the increase in TNF-a after LPS administration, potentiating serum IL-10
concentration, and decreased iINOS enzyme activity and plasma IL-13. Dogan and coauthors' study showed
that nimesulide and diclofenac sodium prevented the increase of TNF-a in rats [18]. These and other articles
support the results of the present study and explain the reduction of IL-1.

Evaluation of mMRNA Expression with Real Time PCR

For mRNA isolation, ICs inhibition concentrations of diclofenac sodium and selonsertib were applied to
THP-1 cells after LPS was given. After 4 hours of stimulation, RNA isolation of two different LPSs given to
THP-1 cells was performed. The amount of each RNA sample was determined on the nanodrop device and
100 ngRNA was used for cDNA synthesis. The obtained cDNAs were analyzed for PCR using a LightCycler
480.

Evaluation of IL-18 Results

The result of 4-hour LPS stimulation was compared to the control: E. coli LPS-administered THP-1 cells
had 71.2 fold the level of gene expression of IL-1B3, while S. enteritidis LPS stimulation had a 26.6 fold
increase. After incubation with diclofenac sodium for 24 hours, the level of gene expression of IL-13 in THP-
1 cells given E .coli LPS increased by 2.08 fold compared to the control. After incubation with selonsertib for
24 hours, the level of gene expression of IL-18 in THP-1 cells administered E. coli LPS increased 3.6-fold
and S. enteritidis LPS increased 7.3 fold compared to the control (Table 2). In terms of mRNA levels,
diclofenac sodium was found to lead to better inhibition of IL-18 gene expression than selonsertib. Selonsertib
has been shown to have a proinflammatory effect rather than the anti-inflammatory effect that diclofenac
sodium has.

Evaluation of ASK-1 Results

The 4-hour LPS stimulation results were compared to the control: in the THP-1 cells given E. coli LPS,
the level of gene expression of ASK-1 was 3.4 fold greater, and after S. enteritidis LPS stimulation a 0.5-fold
increase was observed. After incubation with diclofenac sodium for 24 hours, the level of gene expression of
ASK-1 in the THP-1 cells given E. coli LPS was 3.98 fold and 2.14 fold greater than the S. enteritidis LPS
control. After incubation with selonsertib for 24 hours, the level of gene expression of ASK-1 in the THP-1
cells given E. coli LPS decreased by 7 fold and S. enteritidis LPS increased by fold times compared to the
control. In terms of MRNA levels, it was found that selonsertib had better inhibition in terms of ASK-1 gene
expression compared to diclofenac sodium (Table 2). The use of selonsertib, which is reported to have been
used as an ASK-1 inhibitor in Phase Il drug research, is also supported by our experimental findings. Shah
and coauthors, in a study performed using MEAI instead of selonsertib and using diclofenac sodium as a
positive control, found that TNF-a, a proinflammatory cytokine was more effective at the gene level than other
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proinflammatory agents used [19]. In a study conducted by Joshi and coauthors these cytokines were found
to increase when using purified peptide sequences instead of non-steroidal agents to increase the IL-1f3 and
TNF-a cytokine levels in THP-1 cells stimulated with different LPSs [20]. In a study by Bonaterra and
coauthors the anti-inflammatory effects of an STW agent in LPS stimulated THP-1 cells were investigated,
and in the study, in which diclofenac sodium was used in the experiments, STW was observed to induce
cytokines such as IL-1 and TNF-a [21].

In a study by Glaser and coauthors, stimulation of a different cell line with 100 ng of E. coli LPS resulted
in a significant increase in IL-1B, TNF-a and IL-8 mRNA expression levels [22]. In a study by Fredriksson and
coauthors, the expression of various genes on fibroblast cells was measured in a co-culture assay using
genes such as IL-1B, IL-6, and COX-2. COX-2 and IL-6 expression levels were found, while IL-18 was
upregulated [16]. As demonstrated in this and other studies, IL-1f3 increased the level of mMRNA by producing
cytokines against stimulations in the body. Against different microbial origin LPS stimulation, especially in
flow cytometry, IL-1 measured as intracellular cytokine showed a significant inhibition of selonsertib.
However, this effect could not be seen in the gene expression study at the mRNA level. This is thought to be
the result of inadequate phosphorylation of intracellular cytokines at the gene level. Targets are attached to
the catalytic kinase domain of ASK-1, thus preventing phosphorylation and activation. This prevents of
phosphorylation of downstream kinases such as c-Jun N-terminal kinases (JNKs), and p38 mitogen-activated
protein kinase (p38 MAPK). This study, in which, we investigated the proinflammatory/anti-inflammatory
effects of selonsertib, which is an ASK-1 inhibitor, examined the stimulated different LPS THP-1 cell-induced
inflammation cell culture model.

Table 1. Effects of diclofenac sodium (ICso: 32.5 pM/mL) and selonsertib concentrations (ICso:
120 yM/mL) on IL-1B, % value in E. coli LPS and S. enteritidis LPS stimulated on THP-1 cells
using flow cytometry.

LPS IL-1B (-) % IL-1B (+) %
E. coli LPS 59.5 36.7
E. coli Selonsertib 73.0 1.7
S. enteritidis LPS 61.8 34.8
S. enteritidis Selonsertib 65.1 2.0
E. coli LPS 59.5 36.7
E. coli Diclofenac sodium 73.6 12.1
S. enteritidis LPS 61.8 34.8
S. enteritidis Diclofenac sodium 83.2 7.1

Table 2. Effects of diclofenac sodium and selonsertib concentrations on IL-13 and ASK-1 gene
expression fold levels on E. coli LPS and S. enteritidis LPS-stimulated THP-1 cells by Real Time
PCR (Reference gene: Aktin- B).

IL-18 ASK-1 AKTIN-B
THP-1 Control 1.000 1.000 Reference gene
E. coli LPS 71.26 3.496 Reference gene
S. enteritidis LPS 26.60 0.557 Reference gene
E.coli LPS+Diclofenac sodium 148.3 -7.47 Reference gene
S.enteritidis LPS+Diclofenac sodium 90.97 0.264 Reference gene
E.coli LPS+Selonsertib 257.1 0.493 Reference gene
S.enteritidis LPS+Selonsertib 195.7 1.985 Reference gene
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Figure 1. (a) The cells were treated with 1.5625-400 pM/mL concentrations of diclofenac sodium for 24 h and
percentage cell viability was determined from the WST-1 results. (b) The cells were treated with 1.5635-400 uM/mL
concentrations of selonsertib for 24 h and percentage cell viability was determined from WST-1 results. Results are
expressed as meanzstandard deviation (n=8) and the means of three independent experiments. *p<0.05, **p<0.01 and
***n<(0.001 were considered to be significant compared to the control (0.1 % DMSO) group.
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Figure 2. Effects of diclofenac sodium and selonsertib concentrations on IL-1f levels on E. coli LPS and S. enteritidis
LPS stimulated on THP-1 cells by flow cytometry (Accuri C6).
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