Medicinski
podmladak

ORIGINAL ARTICLE

Medical
Youth

THE ROLE OF JNK IN THE PROINFLAMMATORY ACTION OF THE

SARS-CoV-2 PROTEIN ORF3a

ULOGA JNK U PROINFLAMATORNOM DEJSTVU SARS-CoV-2

PROTEINA ORF3a

Lena Arandelovi¢', Milo§ Mandic¢?, Ljubica Vuci¢evi¢’, Maja Misirki¢ Marjanovi¢’, Vladimir Trajkovi¢!?

! Univerzitet u Beogradu, Medicinski fakultet, Beograd, Srbija

> Univerzitet u Beogradu, Medicinski fakultet, Institut za mikrobiologiju i imunologiju, Beograd, Srbija

* Univerzitet u Beogradu, Institut za biologka istrazivanja ,,Sinida Stankovic¢® - Institut od nacionalnog znacaja za
Republiku Srbiju, Beograd, Srbija

Correspondence: lenaarandelovic@gmail.com

Keywords:
COVID-19,
SARS-CoV-2,
proinflammatory
cytokines,
ORF3a, JNK

Abstract

Introduction: Coronavirus disease 2019 (COVID-19) is a contagious respiratory infection
caused by the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). A signi-
ficant contributor to the pathogenesis of COVID-19 is the SARS-CoV-2 regulatory protein
open reading frame 3a (ORF3a), which drives an excessive inflammatory response associated
with adverse clinical outcomes and mortality. Notably, c-Jun N-terminal kinase (JNK), a part
of the mitogen-activated protein kinase (MAPK) family, is essential in orchestrating the cellu-
lar innate and adaptive immune response initiated by diverse viral infections.

Aim: This study aims to elucidate the involvement of JNK in the proinflammatory response
induced by SARS-CoV-2 ORF3a in the H460 non-small cell lung cancer cell line, specifically
focusing on the expression of proinflammatory cytokines IL-1p and IL-8.

Material and methods: The H460 cell line was transfected with a DNA plasmid encoding the
SARS-CoV-2 ORF3a. Pharmacological inhibition of JNK in H460 cells was achieved using
JNK inhibitor SP600215. The expression of p-JNK and JNK was confirmed by immunoblo-
tting, while RT-qPCR was used to quantify IL-1p and IL-8 mRNA levels. Student’s t-test was
used for statistical analysis.

Results: H460 cells expressing SARS-CoV-2 ORF3a displayed a significant increase in JNK
phosphorylation and IL-1P and IL-8 mRNA levels, as verified by immunoblot analysis and
RT-qPCR respectively (p < 0.05). Subsequently, JNK inhibition in SARS-CoV-2 ORF3a
-expressing cells resulted in a significant reduction of IL-1P and IL-8 mRNA expression (p
< 0.05), thus confirming its involvement in the proinflammatory response elicited by SARS-
CoV-2 ORF3a.

Conclusion:The results of the study demonstrated that JNK plays a crucial role in the
expression of proinflammatory cytokines IL-1p and IL-8 triggered by SARS-CoV-2 ORF3a.
Therefore, targeted JNK inhibition holds promise for mitigating SARS-CoV-2 ORF3a-driven
inflammation and providing innovative treatment alternatives for severe COVID-19 cases.
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Sazetak

Uvod: Koronavirusna bolest 2019 (engl. Coronavirus disease 2019 - COVID-19) je res-
piratorno oboljenje izazvano SARS-CoV-2 virusom (engl. Severe acute respiratory syn-
drome coronavirus 2 - SARS-CoV-2), koje je odnelo milione Zivota za vreme pandemije
2020. godine i nastavlja da predstavlja znacajan izazov za globalno zdravlje ljudi. Protein
ORF3a (engl. Open Reading Frame 3a - ORF3a) SARS-CoV-2 identifikovan je kao jedan
od glavnih pokretaca prekomernog inflamatornog odgovora povezanog sa tezom Kkli-
nickom slikom i smrtnim ishodom usled COVID-19. c-Jun N-terminalna kinaza (engl.
c-Jun N-terminal kinase - JNK), ¢lan familije mitogenom aktiviranih protein kinaza (engl.
Mitogen-activated protein kinases - MAPK) igra klju¢nu ulogu u citokinskoj ekspresiji i
¢elijskom urodenom i ste¢enom inflamatornom odgovoru izazvanom razli¢itim virusnim
infekcijama.

Cilj: Cilj ovog istrazivanja je bio da se ispita uloga JNK u ekspresiji gena za proinflamator-
ne citokine interleukin 1P (IL-1p) i interleukin 8 (IL-8) na humanoj celijskoj liniji nesit-
nocelijskog karcinoma plu¢a H460 koja eksprimira SARS-CoV-2 ORF3a.

Materijal i metode: Celijska linija H460 transfektovana je DNK plazmidom koji kodira
SARS-CoV-2 ORF3a. Aktivnost JNK u H460 celijama farmakoloski je inhibirana tretma-
nom SP600215. Nivo proteina JNK odreden je imunoblot metodom, a ekspresija proi-
nflamatornih citokina IL-1p i IL-8 analizirana je na nivou iRNK primenom metode re-
akcije lan¢anog umnozavanja sa detekcijom proizvoda u realnom vremenu (RT-qPCR).
Statisticka analiza je uradena Studentovim t-testom za nezavisne uzorke.

Rezultati: U H460 celijama transfektovanim plazmidom koji kodira SARS-CoV-2 ORF3a
je utvrden znacajan porast nivoa fosforilacije JNK primenom imunoblot metode (p <
0,05). Analiza RT-qPCR je pokazala povecane nivoe ekspresije iRNK za proinflamatorne
citokine IL-1f i IL-8 u transfektovanim celijama (p < 0,05). Naknadna inhibicija JNK je
znacajno smanjila ekspresiju iRNK za navedene citokine (p < 0,05), potvrdujuci ulogu

Kljucne reci: JNK u proinflamatornom dejstvu SARS-CoV-2 ORF3a.

COVID-19, Zakljucak: Rezultati ove studije su pokazali da JNK igra znacajnu ulogu u ekspresiji
SARS-CoV-2, proinflamatornih citokina IL-1p i IL-8, indukovanih SARS-CoV-2 proteinom ORF3a.
proinflamatorni Selektivnom inhibicijom JNK bi se moglo smanjiti potencijalno $tetno dejstvo prekomer-
citokini, ne inflamacije izazvane proinflamatornim citokinima IL-1f i IL-8 kod teskih slucajeva
ORF3a, JNK COVID-109.

Introduction Recently, the SARS-CoV-2 protein Open Reading

Frame 3a (ORF3a) has been established as one of the crucial

Coronavirus Disease 2019 (COVID-19) is a viral in-
fection caused by the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2), which typically manifests
as an asymptomatic or mild respiratory illness with non-
specific symptoms (1). In critical instances, the disease
can progress to pneumonia and acute respiratory distre-
ss syndrome (ARDS), a major contributor to mortality in
COVID-19 patients. ARDS is primarily induced by a syste-
mic increase in the production of proinflammatory cytoki-
nes, a phenomenon commonly known as a cytokine storm
(2,3). Cytokines, which are membrane-bound or secreted
glycoproteins, normally regulate numerous biological pro-
cesses, including inflammation and immune responses du-
ring viral infections. Inflammatory-promoting cytokines,
such as IL-1pB, IL-8 (CXCL8), TNF-q, and IL-6, function as
endogenous pyrogens and are essential for adequate activa-
tion, differentiation, and migration of immune cells to the
infection site. However, during a cytokine storm, the exces-
sive and dysregulated production of these proinflammatory
mediators can lead to a disproportionate inflammation that
subsequently becomes detrimental to the body, causing
tissue damage, and, in some cases, shock and death (3-5).

drivers of the severe inflammatory response observed in
COVID-19 (6-8). It is one of the viral regulatory non-stru-
ctural proteins unique to SARS-CoV and SARS-CoV-2.
Although SARS-CoV and SARS-CoV-2 ORF3a share 73%
nucleotide sequence homology, SARS-CoV-2 ORF3a has a
unique 3D structure that determines its multifunctionality.
It is a transmembrane protein known to form homodimers
or tetramers, which are localized in the plasma membrane
and other cellular compartments, such as the endoplasmic
reticulum, the Golgi apparatus, endosomes, and lysoso-
mes. One ORF3a monomer consists of 275 amino acids,
with an estimated molecular mass of 31 kDa, and features
3 transmembrane domains (TM1 - TM3) (9). These tran-
smembrane regions are important for their ability to form
ion channels, which contribute to cellular dysfunction by
altering the ionic balance within host cells. This ion channel
activity has been implicated in modulating cellular proces-
ses such as apoptosis, autophagy, and the release of viral par-
ticles, all of which are critical to the viral replication cycle
(7,10-14). Through its interaction with host cell machinery,
ORF3a can modulate the hosts inflammatory response.
Recent studies have highlighted the critical role of ORF3a
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in immune response dysregulation during COVID-19,
emphasizing its ability to trigger a cytokine storm by activa-
ting key inflammatory pathways, including NF-kB and in-
flammasome signaling. The activation of NF-«kB induces the
transcription of proinflammatory cytokines such as IL-1f,
IL-6, and TNF-a (7,15). Simultaneously, ORF3a activates
inflammasomes, which are protein complexes responsible
for the cleavage and activation of proinflammatory cytoki-
nes, particularly IL-1p and IL-18 (7). This cascade leads to
the excessive release of these cytokines, driving a hyperin-
flammatory response that intensifies inflammation in the
lungs and other organs, contributing to the development of
ARDS and multiorgan failure in COVID-19 patients (6,7).

Another major cellular inflammatory pathway that
contributes to the antiviral immune response during infe-
ction is the c-Jun N-terminal kinase (JNK) pathway, also
referred to as the stress-activated protein kinase (SAPK)
(16). It is a member of the serine/threonine kinase family,
specifically the mitogen-activated protein kinases (MAPK).
It was initially recognized as the kinase that catalyzes the
phosphorylation of the c-Jun protein, which is a part of the
activator protein-1 (AP-1) transcriptional complex (17).
Since its discovery, it has been recognized as a crucial regu-
lator of a wide range of cellular functions and defense me-
chanisms, which include cell growth, differentiation, DNA
repair, and apoptosis. These processes suggest that JNK
plays a significant role in the regulation of various biologi-
cal and infectious diseases (18,19). There exist 3 isoforms
of JNK in mammals — JNK1, JNK2, and JNK3, all encoded
by distinct genes. Each gene undergoes alternative splicing,
producing a minimum of 10 isoforms with molecular mas-
ses ranging from 46 to 55 kDa. The expression of JNK1 and
JNK2 is ubiquitous, while JNK3 is primarily expressed in
neurons, testes, and the heart (20). Similar to other MAPK
family members, the activation of JNK goes through a cas-
cade of phosphorylation events mediated by upstream ki-
nases: MAPK kinases (MAPKK) and MAPK kinase kinases
(MAPKKK), respectively. These upstream kinases, in turn,
are activated by small GTPases of the Rho family, which res-
pond to diverse stress stimuli. These stimuli include various
endogenous and exogenous stressors, such as proinflamma-
tory cytokines, growth factors, environmental factors like
UV light, and pathogens, including viruses (21-24). Upon
activation, JNK phosphorylates different substrates at serine
and threonine residues, thereby modulating cellular trans-
criptional programs. Targeted solely by JNK, the phosp-
horylation of serine residues 63 and 73 on the N-terminal
domain of c-Jun is necessary for AP-1-mediated transcrip-
tion. Given the major influence of AP-1 on the expression
of cytokines and proinflammatory genes, JNK/c-Jun/AP-1
pathway activation likely represents the central mechanism
in the production of numerous proinflammatory mediators
in the body during viral infections (25, 26).

Therefore, the objective of this study was to investi-
gate the role of JNK in the expression of proinflammatory
cytokines IL-1P and IL-8 stimulated by the SARS-CoV-2
ORF3a protein. Given that the lung epithelium is the pri-
mary site of SARS-CoV-2 infection, the non-small cell lung

cancer H460 cell line was employed as the model system for
this research.

Material and Methods

H460 Cell Culture and Treatments

The human non-small cell lung carcinoma cell line
(H460) was acquired from the American Type Culture
Collection. Cells were cultured in Petri dishes with diame-
ter of 10 cm (Sarstedt, Nimbrecht, Germany) at 37°C with
5% CO2, using RPMI 1640 medium (Roswell Park
Memorial Institute, Sigma Chemicals Co, USA) with
10mM HEPES buffer, supplemented with 2mM
L-glutamine, 10% fetal bovine serum, 1mM sodium
pyruvate, and 1% antibiotic/antimycotic mix (Capricorn
Scientific GmbH, Ebsdorf, Germany). In all experiments,
2 x 109 cells were cultured in a single well of 6-well plates
(Thermo Fisher Scientific, Waltham, MA, USA) in 2 ml of
complete RPMI 1640 medium and 5 h post-transfection,
cells were treated for 24 h with 20 uM of the JNK inhibitor,
SP600125 (SP) (Sigma-Aldrich, St. Louis, MO, USA).

Expression of SARS-CoV-2 ORF3a in H460 Cells

The expression of SARS-CoV-2 ORF3a was achie-
ved through the transfection of H460 cells with a plasmid
encoding ORF3a (#152159; Addgene, Cambridge, MA,
USA). The control plasmid (TWIST) was generated accor-
ding to a previously described protocol (27). The control
plasmid and the plasmid encoding ORF3a protein (2 ug
plasmid in 100uL transfection buffer) were introduced
into H460 cells by electroporation, using the SF Cell Line
4D-Nucleofector X Kit L and program EH-100 (Lonza,
Basel, Switzerland), following the instructions of the ma-
nufacturer. Post-transfection, 2 x 10° cells were seeded
in a single well of 6-well plates (Thermo Fisher Scientific,
Waltham, MA, USA) in 2 ml of complete RPMI 1640 me-
dium and incubated for 24 h. The protein expression of
ORF3a in H460 cells was confirmed by immunoblotting.

Immunoblotting

Immunoblotting was performed 24 hours after tre-
atment to analyze protein expression. Cells were lysed in
radio-immunoprecipitation assay buffer (R027, Sigma
Aldrich, St. Louis, MO, USA), supplemented with pro-
tease/phosphatase inhibitors (all obtained from Merck,
Darmstadt, Germany). Cell lysates were cooled on ice for
30 minutes before being centrifuged at 14,000 g for 15 mi-
nutes at 4°C and the supernatants were collected. Protein
concentration was measured using the BCA kit (#C2284-
25ML, #B9643-1L, Sigma Aldrich, St. Louis, MO, USA).
Equal amounts of protein were separated by sodium do-
decyl sulfate-polyacrylamide gel electrophoresis and tran-
sferred onto a nitrocellulose membrane (Bio-Rad, Hercules,
CA, USA). The primary antibodies used comprised rabbit
antibodies against phospho-JNK (#4668), INK (#9252),
ORF3a (#34340), and actin (#4967) (Cell Signaling
Technology, Cambridge, MA, USA). The secondary
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antibody used was anti-rabbit IgG conjugated with horse-
radish peroxidase (11-035-144; Jackson ImmunoResearch,
West Grove, PA, USA). Chemiluminescence was genera-
ted using a peroxidase substrate (GE Healthcare, Chicago,
IL, USA) and detected with a ChemiDoc system (Bio-Rad,
Hercules, CA, USA). The intensity of chemiluminescen-
ce was proportional to the amount of protein attached to
the nitrocellulose membrane. Densitometric analysis of
the protein bands was performed using ImageLab softwa-
re (Bio-Rad, Hercules, CA, USA). Phosphorylation levels
of JNK were presented relative to the total amount of JNK
and actin proteins. Signal intensity in ORF3a-transfected
cells was presented relative to the signal intensity in cells
transfected with the control TWIST plasmid.

Reverse Transcription Quantitative Polymerase Chain
Reaction (RT-qPCR)

RT-qPCR was used to measure gene expression for
proinflammatory cytokines IL-1P and IL-8, 24 h after tre-
atment. Reagent TRIZol was used for RNA extraction, whi-
le reverse transcription was achieved using reverse trans-
criptase and hexamer primers (all from Thermo Fisher
Scientific, Waltham, MA, USA), according to instructions
of the manufacturer. The RT-qPCR was carried out on
a Mastercycler Realplex2 system (Eppendorf, Hamburg,
Germany), using 96-well plates sealed with adhesive
tilm, TagMan probes/primers and TagMan PCR Master
Mix (all from Thermo Fisher Scientific, Waltham, MA,
USA). Both TagMan probes for human interleukins IL-1f
(Hs01555410_m1) and IL-8 (Hs00174103_m1) were used,
as well as probes for reference genes hypoxanthine-gua-

nine phosphoribosyltransferase 1 (HPRT1; Hs02800695_

ml), TATA-binding protein (TBP; Hs00427620_ml),
and 18S ribosomal RNA (RN18S; Hs03928985_g1). The
RT-qPCR program was set to 95°C for 1 minute of initial
denaturation, followed by 40 cycles of 15 seconds at 95°C

A)

TWIST ORF3a

pINK
| —
— —

JNK
ORF3a .
actin ——

and 1 minute at 60°C. To calculate ACt, the cycle threshold
(Ct) values of the interleukin target genes were normali-
zed by subtracting the geometric mean of the Ct values
of the reference genes RN18S, TBP, and HPRT1. Relative
gene expression was determined using the formula 2-ACt.
Results were presented as relative to the values in control
cells, which were arbitrarily set to 1.

Statistical Analysis

Students t-test was applied for statistical analysis on
an extremely small number of samples (n < 5), with a p-va-
lue < 0.05 considered statistically significant (28).

Results

SARS-CoV-2 ORF3a Activates JNK In H460 Cells

To investigate whether ORF3a activates JNK, phosp-
horylated JNK (pJNK) and total JNK (JNK) protein levels
were measured in H460 cells expressing SARS-CoV-2
ORF3a using the immunoblot method. Immunoblot
analysis demonstrated a significant increase in pJNK levels
in H460 cells expressing SARS-CoV-2 ORF3a compared
to control cells transfected with the TWIST plasmid (p <
0.05) (Figure 1).

Inhibition Of JNK Reduces The IL-1p And IL-8
Proinflammatory Cytokine Gene Expression In H460
Cells Transfected With SARS-CoV-2 ORF3a

To better understand the functional impacts of JNK
activation by ORF3a, a specific JNK inhibitor SP600215
was employed. As expected, immunoblot analysis confir-
med that treatment with SP600215 resulted in a significant
decline in pJNK levels in SARS-CoV-2 ORF3a expressing
cells compared to untreated cells (p < 0.05) (Figure 2).

B)

2.5 1

1.5 1

relative expression of pJNK

TWIST ORF3a

Figure 1. SARS-CoV-2 ORF3a induces JNK activation in H460 cells

Phosphorylated JNK (pJNK), total JNK (JNK), ORF3a and actin were detected in H460 cells transfected with the control TWIST plasmid or the

plasmid encoding SARS-CoV-2 ORF3a. A) Representative immunoblots from one of 3 different experiments are shown. B) Densitometric analysis

results of the blots are displayed as the mean + standard deviation of 3 different experiments. *p < 0.05 specifies a statistically significant difference
compared to cells transfected with the TWIST control plasmid
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Figure 2. Pharmacological inhibition of JNK in H460 cells transfected with SARS-CoV-2 ORF3a reduces JNK phosphorylation

All pJNK, JNK, and actin were detected in H460 cells transfected with the control TWIST plasmid or the plasmid encoding SARS-CoV-2 ORF3a

in the absence or presence of SP600125 (SP) using the immunoblot method. A) Representative immunoblots from one of 3 different experiments

are shown and B) Densitometric analysis results of the blots are displayed as the mean * standard deviation of 3 different experiments. *p < 0.05

specifies a statistically significant difference compared to cells transfected with the TWIST control plasmid, while #p < 0.05 specifies a statistically
significant difference compared to cells transfected with the plasmid encoding SARS-CoV-2 ORF3a
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#
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TWIST ORF3a

relative expression of IL-8 mRNA

Figure 3. Inhibition of JNK reduces IL-1p and IL-8 expression in H460 cells transfected with SARS-CoV-2 ORF3a

Quantitative representation of mRNA expression for the proinflammatory cytokine A) IL-1p and B) IL-8 in H460 cells transfected with the control

TWIST plasmid or the plasmid encoding SARS-CoV-2 ORF3a in the absence or presence of SP. Results are displayed as the mean + standard

deviation of triplicates from one experiment. *p < 0.05 specifies a statistically significant difference compared to cells transfected with the TWIST

control plasmid, while #p < 0.05 specifies a statistically significant difference compared to cells transfected with the plasmid encoding SARS-CoV-2
ORF3a

Concurrently, the expression of IL-1p and IL-8 cytokines
was measured using RT-qPCR. The analysis demonstrated
a substantial rise in mRNA levels of IL-1B and IL-8 in
H460 cells transfected with ORF3a compared to cells tran-
sfected with the TWIST plasmid (p < 0.05) (Figure 3).
Importantly, mRNA expression of these cytokines was si-
gnificantly reduced in SARS-CoV-2 ORF3a-transfected
cells treated with SP600215 compared to untreated con-
trols (p < 0.05) (Figure 3).

Discussion

The results of immunoblot analysis demonstrated
that ORF3a significantly upregulates JNK phosphorylation,
thereby activating the JNK signaling cascade in H460 cells.

These findings are consistent with previous studies showing
the crucial involvement of JNK in c-Jun/AP-1 inflammatory
pathway activation during viral infections (29-31). Previous
research has also indicated the function of JNK signaling
in modulating the inflammatory response to coronaviru-
ses such as SARS-CoV and MERS-CoV (32). Furthermore,
Kanzawa et al. (33) suggested that JNK is involved in signal
transduction initiated by the SARS-CoV ORF3a expressi-
on in HEK293T cells. However, there has been no prior
work on the effect of SARS-CoV-2 ORF3a on the activati-
on of the JNK signaling pathway. Therefore, this is the ini-
tial study that confirms SARS-CoV-2 ORF3a-dependent
activation of JNK in H460 cells.

The upregulation of IL-1p and IL-8 mRNA levels
in H460 cells by ORF3a, as revealed by RT-qPCR analysis,
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further underscores the significance of this accessory pro-
tein in driving inflammation. Firstly, IL-1P is an important
mediator of systemic inflammation and a known contri-
butor to the cytokine storm in critically ill COVID-19 pa-
tients (34-36). Similarly, IL-8 is important for neutrophil
migration to infection sites, contributing to tissue damage
and worsening respiratory complications (37). Prior rese-
arch has established that SARS-CoV-2 infection leads to
increased IL-8 and IL-1f expression in cells of respiratory
epithelium (38,39). The study conducted by Xu et al. (40)
showed that ORF3a increases IL-1p expression through
the inflammasome in a tumor cell culture of respiratory
epithelium (A549). Gowda et al. (41) reported that ORF3a
induces IL-8 and IL-1f expression in bronchial epithelial
cells (BEAS-2B) and tumor cell lines of respiratory epithe-
lium (A549, H1299). The results of our study align with
these findings, corroborating that ORF3a directly influen-
ces cytokine dysregulation in COVID-19.

To further investigate the functional impact of JNK
activation on cytokine expression induced by ORF3a,
SP600215 was employed - a specific JNK inhibitor. As
confirmed by immunoblot analysis, SP600215 effectively
suppressed JNK activity, and this inhibition was associa-
ted with a substantial reduction of IL-1p and IL-8 mRNA
levels in ORF3a-transfected H460 cells confirmed by RT-
qPCR analysis. Therefore, the results of the study demon-
strate that ORF3a robustly activates the JNK signaling
pathway in H460 cells, thereby driving the upregulation of
cytokines IL-8 and IL-1P. This JNK-mediated expression
of cytokines may be attributed to SARS-CoV-2 ORF3a-
induced endoplasmic reticulum stress and oxidative stress,
known triggers of JNK activation (42-44). Notably, JNK
could also promote the activation of other inflammatory
pathways induced by ORF3a, such as NLRP3 inflamma-
somes, which drive IL-8 and IL-1p upregulation (7,40, 45).
Given this intricate network of interactions, further rese-
arch is necessary to clarify the mechanisms by which JNK
and ORF3a interact.

Furthermore, these results suggest that pharmaco-
logical inhibition of JNK, using agents such as SP600215,
could provide a new potential treatment option to alleviate
hyperinflammation in COVID-19. As a chemical compo-
und, SP600215, with a structure of anthra[1,9-cd] pyra-
z0l-6-(2H)-one, was detected through high-throughput
screening of Celgene’s proprietary chemical library as a
selective inhibitor of JNK activity (46). It was originally
used as a tool compound to study the JNK pathway. The
study conducted by Han et al. (47) on the animal model of
arthritis was the first to reveal the potential of SP600125
in disease applications. Despite its usefulness in research,
SP600125 itself has not advanced significantly beyond re-
search settings into clinical trials. Concerns about off-tar-
get effects, toxicity, or other adverse reactions could be
factors in why SP600125 has not proceeded further. Given
our results, further investigation into the potential of JNK
inhibition for therapeutic purposes is necessary (48).

While the study focused on H460 cells, it would be
valuable to expand this research to other cell types relevant

to COVID-19 pathology, such as lung epithelial or immu-
ne cells, to better understand the broader implications of
JNK activation in different tissue environments. Moreover,
considering the complex cytokine landscape of COVID-19,
investigating the role of JNK in regulating other proin-
flammatory mediators could offer deeper insights into its
broader immunomodulatory function of ORF3a during
SARS-CoV-2 infection.

Conclusion

In conclusion, the research provides novel evidence
that the SARS-CoV-2 ORF3a protein upregulates the JNK
activity in H460 cells, thereby increasing the IL-8 and IL-
1B proinflammatory cytokines expression. The pharmaco-
logical inhibition of JNK significantly reduces this cytoki-
ne expression, highlighting the role of ORF3a in cytokine
dysregulation and JNK as a promising therapeutic target
for controlling inflammation in COVID-19. Further in-
vestigation into more selective JNK inhibitors and expan-
ding research into additional cytokines and cell types will
be crucial for advancing therapeutic approaches aimed at
mitigating inflammation and enhancing the clinical pro-
gnosis of COVID-19 patients.
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