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ABSTRACT

Coronavirus disease 2019 (COVID-19) has caused the public health crisis in the whole
world. Anti-androgens block severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) entry and protect against severe clinical COVID-19 outcomes. GT0918, a novel
androgen receptor antagonist, accelerated viral clearance and increased recovery rate in
outpatients by blocking SARS-CoV-2 infection though down-regulating ACE2 and
TMPRSS2 expression. Further clinical study showed that GT0918 reduced mortality
rate and shortened hospital stay in hospitalized COVID-19 patients. GT0918 also
exhibits protective efficacy in severe COVID-19 patient in critical care. However, the
mechanism of GT0918 treatment for severe COVID-19 disease is unknown. Here, we
found GT0918 decreased the expression and secretion of proinflammatory cytokines
through NF-«B signaling pathway. The acute lung injury induced by LPS or Poly(I:C)
was also attenuated in GT0918-treated mice, compared with vehicle control group.
Moreover, GT0918 elevated the NRF2 protein level but not mRNA transcription
activity. GT0918 induced proinflammatory cytokines downregulation was partially
dependent on NRF2. In conclusion, our data demonstrate that GT0918 reduced
cytokine release and suppressed inflammatory responses through inhibiting NF-kB
signaling and activating NRF2. GT0918 is not only effective for treatment of mild to
moderate COVID-19 patients, but also a potential therapeutic drug for severe COVID-
19 patients by reducing the risk of cytokine storm and acute respiratory distress

syndrome.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), emerged in late 2019 and became the
pandemic, which threatens human health and public safety. As of December 19, 2021,
over 273.3 million cases and 5.3 million deaths have been reported globally [1]. The
most common symptoms of COVID-19 are fever, dry cough and tiredness. Less
common symptoms include aches and pains, sore throat, diarrhea, conjunctivitis,
headache, loss of taste or smell. The majority of SARS-CoV-2 infected individuals
have a mild or moderate symptom and will recover in a valid time once infected.
However, up to 20% of COVID-19 patients developed dyspnea one week later, and
rapidly progressed to acute respiratory distress syndrome (ARDS), septic shock,
multiple organ failure and even death, especially elderly patients or those who have
preexisting health conditions [2]. SARS-CoV-2 recognizes angiotensin-converting
enzyme 2 (ACE2) to attach to cells of the host, especially respiratory-related epithelial
cells [3, 4]. SARS-CoV-2 infected cells appealed to attract immune cells into the lung,
the pathogenicity involves innate immunity, T and B cell immune response and viral-
neutralizing antibody response [5]. During the process, the expression of
proinflammatory cytokines (TNF-a, IL-6, and IL-1PB) was promoted [6]. IL-6,
particularly important among the numerous increased cytokines in serum, is correlated
with clinical adverse outcomes [3]. Cytokine release storm (CRS) is a common
characteristic in severe COVID-19 patients. Most of the severe COVID-19 patients
suffered from CRS-induced a series of side effects, such as severe lung injury and
ARDS [7, 8].

According to previous studies, males are more susceptible to COVID-19 than females
[9]. Compared to female, the mortality with COVID-19 was higher in males across age
groups [10]. Androgen-deprivation therapies (ADTs) may protect prostate cancer
patients from SARS-CoV-2 infections [11]. This predicted the role of sex hormones in
antivirus and immune response. The transmembrane protease, serine 2 (TMPRSS2)-

mediated cleavage of spike protein is necessary for SARS-CoV-2 virus to entry into
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cells [12]. A TMPRSS2 inhibitor could block the SARS-CoV-2 entry and might be an
option for COVID-19 patient treatment. Androgen receptor is the only known
TMPRSS?2 direct regulator. Previous study showed that the antiandrogen enzalutamide
downregulates TMPRSS2 expression and reduces cellular entry of SARS-CoV-2 in
human lung cells [13]. Dutasteride and spironolactone, the top candidates that modulate
AR signaling, were reported to reduce both ACE2 and TMPRSS2 levels in a dose-
dependent manner and decreased the entry of SARS-CoV-2 [14, 15]. In males with mild
COVID-19 symptoms, treatment with dutasteride reduces viral loading and
inflammatory responses [16]. These studies demonstrated that anti-androgens could
protect against severe clinical COVID-19 outcomes. GT0918, a second-generation
androgen receptor antagonist, showed ten times more potent to antagonize AR activity
than enzalutamide [17, 18]. In addition to directly inhibit AR activity, GT0918 has been
shown to decrease AR expression, which is not affected by bicalutamide or
enzalutamide treatment [18]. GT0918 decreased the expression of ACE2 and
TMPRSS2 dose-dependently [19]. Further clinical study showed that GT0918
significantly accelerates viral clearance and reduces time to clinical remission in
patients with mild to moderate COVID-19 patients versus placebo [20]. The
hospitalization rate was reduced by 91% in GT(0918 treated men compared to standard
of care [21]. Besides, GT0918 increased recovery rate, reduced mortality rate and
shortened hospital stay in hospitalized COVID-19 patients [22]. Meantime, GT0918
dramatically improved the immunologic, inflammatory, thrombotic and oxygen
markers in both females and males COVID-19 outpatients. In Day 1 and Day 7 after
SARS-CoV-2 infection, GT0918 reduced the numbers of neutrophils. Lymphocytes and
Eosinophils were higher in the GT0918 group. The levels of CRP (C-reactive protein),
D-dimer and Fibrinogen were also decreased in GT0918-treated group [23]. Since
GTO0918 is effective for treatment of mild to moderate COVID-19 patients. The patient
number needed high flow oxygen devices, invasive mechanical ventilation,
extracorporeal membrane oxygenation, vasopressors was also dramatically reduced in
GTO0918-treatment severe COVID-19 patients [5]. But the mechanism of GT0918 for

severe COVID-19 patient treatment remain to be explored.
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In the present study, we conducted lipopolysaccharide (LPS)-induced inflammation
injury to explore the protective mechanism of GT0918. Compared with the control
group, RNA sequencing (RNA-seq) showed the transcriptional signatures of GT0918
were enriched in immune response related signaling. GT0918 decreased the expression
and secretion of proinflammatory cytokines, attenuated the acute lung injury in mice.
Our data clarified the underlying mechanism of GT0918 regulation on immune

response and provides a therapeutic strategy for severe COVID-19 patients.

MATERIALS AND METHODS

Cell culture and reagents

RAW264.7, THP-1 and U937 cell lines were purchased from the American Type
Culture Collection (ATCC, United States). RAW264.7 cells were cultured in DMEM
medium (HyClone, SH30022.01) with 10% FBS (BI, 04-001-1ACS), 100 U/ml
penicillin and 100 pg/ml streptomycin at 37°C in a humidified 5% CO2, 95% air
atmosphere. THP-1 and U937 cells were cultured in RPMI-1640 (Meilunbio, MA0215)
complete medium. To acquire a macrophage-like phenotype, 200 ng/ml of PMA
(Sigma, P1585) was added for 48h. Human peripheral blood mononuclear cells
(hPBMCs) were purchased from ORICELLS (Shanghai, China) and cultured in RPMI-
1640 complete medium. GT0918 was synthesize by Kintor Pharmaceutical limited
(Suzhou, China). LPS (Sigma, L.2880) or Poly(I:C) (Sigma, P9582) was used for acute

lung injury induction.

RNA-sequencing
RAW264.7 cells were pre-treated with 1uM or 3uM of GT0918 for 2h and then added

100ng/ml of LPS into the culture medium for another 16h. Cell pellets was collected
and isolated for total RNA. 1 pg total RNA with RIN value above 7 was used for
following library preparation. Next generation sequencing library preparations were
constructed according to the manufacturer’s protocol (NEBNext® Ultra™ RNA
Library Prep Kit for Illumina®). The sequences were processed and analyzed by

GENEWIZ (Suzhou, China).
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RNA extraction and real-time PCR

RAW264.7 cells (or PMA-THP-1, PMA-U937, hPBMCs) were pre-treated with
GT0918 for 2h and then added 100ng/ml of LPS into the culture medium for 16h. The
culture medium was collected, and the cells were immediately washed with ice-cold
PBS. Cell pellets was collected and isolated for total RNA with MiniBEST Universal
RNA Extraction Kit (Takara, #9767). Total RNA (1 pg) was reversed to cDNA with
PrimeScript™ RT reagent Kit (Takara, RR047Q), which was performed according to
the manufacturer’s instructions. Real-time quantitative reactions were set up in
triplicate in a 96-well plate, and each reaction contained 1 ul of cDNA and the SYBR
Green PCR mix (Takara, RR420A), to which gene-specific forward and reverse PCR
primers were added. The following primers were used: Human TNF-a sense: 5-
CTCTTCTGCCTGCTGCACTTTG -3, antisense: 5-
ATGGGCTACAGGCTTGTCACTC -3; and Human IL-6 sense: 5-
AGACAGCCACTCACCTCTTCAG -3, antisense: 5-
TTCTGCCAGTGCCTCTTTGCTG -3; Human IL-1B sense: 5-
CCACAGACCTTCCAGGAGAATG -3, antisense: 5-
GTGCAGTTCAGTGATCGTACAGG -3; human GAPDH sense: 5-
GTCTCCTCTGACTTCAACAGCG -3, antisense: 5-
ACCACCCTGTTGCTGTAGCCAA -3; human NRF2 sense: 5-
TCTGACTCCGGCATTTCACT -3, antisense: 5- GGCACTATCTAGCTCTTCCA -3;
Mouse TNF-o sense: 5- GGTGCCTATGTCTCAGCCTCTT -3, antisense: 5-
GCCATAGAACTGATGAGAGGGAG -3; and Mouse IL-6 sense: 5-
TACCACTTCACAAGTCGGAGGC -3, antisense: 5-
CTGCAAGTGCATCATCGTTGTTC -3; Mouse IL-1B sense: 5-
TGGACCTTCCAGGATGAGGACA -3, antisense: 5-
GTTCATCTCGGAGCCTGTAGTG -3; Mouse GAPDH sense: 5-
CATCACTGCCACCCAGAAGACTG -3, antisense: 5-
ATGCCAGTGAGCTTCCCGTTCAG -3; Mouse NRF2 sense: 5-
CAGCATAGAGCAGGACATGGAG -3, antisense: 5-
GAACAGCGGTAGTATCAGCCAG -3; The mRNA levels of the target genes were
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normalized to GAPDH. The data were analyzed using GraphPad Prism 5.

Immunoblotting

Cells were collected and total protein was extracted with RIPA lysis buffer (Beyotime,
P0013B) containing 1 X protease inhibitor mixture and 1 X PMSF. The proteins were
resolved on 10% SDS-polyacrylamide gels (GenScript, M00666) and transferred to
polyvinylidene fluoride membranes (Merck Millipore, ISEQ00010). The membranes
were blocked with 5% BSA in TBST for 1 hour. Proteins of interest were detected with
specific antibodies. The antibodies used for immunoblotting (IB): p-IkBa antibody
(CST, 2859s), IxBa antibody (CST, 4814s), p-p65 antibody (CST, 3033s), p65 antibody
(CST, 8242s), GAPDH antibody (ABclonal, AC033), NRF2 antibody (CST, 12721T),
NRF2 antibody (Abcam, ab62352). The blots were scanned using a AllianceQ9
Advance imaging system (UVETEC).

siRNA delivery and NRF2 knockdown

Prior to electroporation, 1x10° RAW264.7 cells in 100ul of EBEL buffer (Etta Biotech)
were mixed with si-RNAs. Electroporation was performed at 210 V according to the
manufacturer’s instructions (Etta Biotech, X-Porator H1). The sequences of siRNAs

targeting mouse NRF2  were as  follows: siRNA#l  sense:  5-

GCAGGACAUGGAUUUGAUUTT-3, antisense: 5-
AAUCAAAUCCAUGUCCUGCTT-3; siRNA#2 sense: 5-
GCAGGAGAGGUAAGAAUAATT-3, antisense: 5-

UUAUUCUUACCUCUCCUGCTT-3.

Acute lung injury animal model

6~8 weeks BALB/C female mice were purchased from Beijing Vital River Laboratory
Animal Technology Co., Ltd. The model of acute lung injury (ALI) was established by
intranasal injection of 50pl of 4mg/ml LPS solution or 50 pL of 0.06% Poly(I:C)
solution in each BALB/C female mouse after anesthesia with 2 - 5% isoflurane. Mice
were intragastrically administered with GT0918 (20 mg/kg or 40 mg/kg) or the same
volume of 0.5% CMC-Na solution at 16h and 1h before LPS or Poly(I:C) induction and
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6h and 18h post induction. 24 h post induction, animals were sacrificed and
bronchoalveolar lavage fluid (BALF) was collected. Total cell number in BALF was
counted using a hemocytometer. BALF supernatant sample was transferred for TNF-a

and IL-6 detection. The lung tissues were fixed for HE staining and pathologic scoring.

ELISA
Cell supernatant or BALF was collected and diluted for detection with TNF-o ELISA

kit (Multisciences, EK282-01) or IL-6 ELISA kit (Multisciences, EK206-01) according
to the manufacturer’s protocol. The OD values were detected at 450nm and 570nm with

Synery H1 Hybid Reader (BioTek).

HE staining

Mice were sacrificed and the lung tissues were fixed with formalin. HE staining was
conducted by Servicebio (Wuhan, China). Sections were viewed under a bright-field
microscope and scored according to captured Images using a 3DHISTECH (Hungary).
Pathological analysis of lung injury in mice was carried out according to the following
criteria: alveolar hemorrhage, alveolar edema, infiltration of neutrophils, thickening of
alveolar wall; Score based on severity of lesion was subsequently categorized as

follows: 0: negative; 1: mild; 2: moderate; 3: severe; 4: extremely severe.

Statistical analysis

The data are presented as means + SD. Two-tailed unpaired Student’s t test was used to
compare two groups, and one-way ANOVA was used for multiple comparisons. The
GraphPad Prism 5 software program was used to analyze the data. All reported

differences were *p < 0.05, **p < 0.01, “p < 0.001 unless otherwise stated.

RESULTS

GT0918 reversed the LPS-induced inflammatory signature
To explore the protective mechanism of GT0918 in severe COVID-19 patient, we used

LPS-induced inflammation injury model to evaluate the regulation of GT0918 on
immune response. Compared with the LPS-induced group, RNA sequencing (RNA-seq)

showed the transcriptional signatures of GT0918 were enriched in immune response
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related signaling. We pretreated RAW264.7 cells with GT0918, then add LPS to the
mediums for overnight and conducted RNA sequencing. Transcriptome analysis was
performed to compare the genes expression with or without GT0918 treatment. The
LPS induction changed the gene expression profile markedly, GT0918 reversed most
of the differentially expressed genes (DEGs) induced by LPS (Figure 1A). While the
levels of 299 genes were notably downregulated, the expressions of 60 genes were
upregulated more than 2-folds in 3uM of GT0918 group (Figure 1B). KEGG (Kyoto
Encyclopedia of Genes and Genomes) enrichment showed the DEGs were related to
inflammatory-related disease, especially in virus infection, some of them were also

correlated with COVID-19 (Figure 1C). Immune-related signaling such as TNF
signaling pathway, JAK-STAT signaling pathway and NF-kB signaling pathway were

also enriched in GT0918 treatment group (Figure 1D). KEGG facilitates functional
pathway enrichment to determine the involved physiological activities of these DEGs.
A variety of immune-related pathway and inflammatory cytokines were involved
(Figure 1E). After GT0918 treatment, most of the proinflammatory cytokines were
reduced dose-dependently (Figure 1F). Continuous release of pro-inflammatory factors
might lead to CRS, a common syndrome in severe COVID-19 patients. GT0918
induced down-regulation of pro-inflammatory cytokines expression may keep COVID-

19 patients avoid of CRS.

GT0918 decreased the proinflammatory cytokines expression through NF-kB
signaling

To verify the effect of GT0918 on the expression of proinflammatory cytokines, we

used monocyte/macrophage cell lines and human PBMCs (Peripheral Blood

Mononuclear Cells) to detect the changes of LPS-induced IL-6, TNF-a and IL-13

under GTO0918 treatment. In RAW264.7 and U937 cells, GT0918 reduced the

expression of IL-6, TNF-a and IL-13 dose-dependently (Figure 2A). In THP-1 cells,

GT0918 decreased the expression of IL-6 and TNF-a, IL-13 was slightly increased. In
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human PBMCs, GT0918 reduced the expression of IL-6, TNF-a dose-dependently. IL-

1 B was mild upregulated followed by significant inhibition with different

concentration of GT0918 treatment. The secretion of IL-6 and TNF-a was also inhibited
dose-dependently (Figure 2B). As we know, NF-kB signaling induces several pro-
inflammatory factors. We explored whether the downregulation of these
proinflammatory cytokines was through NF-«B signaling pathway. The data showed
GT0918 downregulated the activation of p65 by decreasing phosphorylation of IkBa,
and then inhibited the activation of NF-kB pathway in a dose-dependent manner,
suggesting GT0918 decreased the proinflammatory cytokines expression through NF-

kB signaling (Figure 2C).
GT0918 attenuated LPS-induced acute lung injury in vivo

We conducted in vivo studies to determine the effect of GT0918 on LPS-induced acute

lung injury. Our results demonstrated that LPS stimulation increased the total cell

number of BALF (Bronchoalveolar Lavage Fluid) . The cell type of BALF in LPS-

induced mouse model includes lymphocyte, neutrophil, monocyte/ macrophage and a
small number of other cell types. After GT0918 treatment, the total cell number of
BALF was lower more than three times than LPS group (Figure 3A). In a subset of
immune cells, lymphocyte was the most obviously declined (Figure 3B). Neutrophil
and monocyte/ macrophage were also reduced with GT0918 treatment, but there is no
statistical difference because of the variation in LPS group (Figure 3C&3D). ELISA
analysis of BALF showed the concentration of TNF-a and IL-6 were both reduced with
GTO0918 treatment (Figure 3E&3F). This result was consistent with GT0918 anti-
inflammatory response in vitro. HE staining demonstrated LPS induced the irregular
alveolar structure, more neutrophil infiltration and thickened alveolar septa of lung
injury in mice. GT0918 attenuated LPS-induced acute lung injury dose-dependently
(Figure 3G&3H).

GT0918 attenuated Poly(I:C)-induced acute lung injury
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Since SARS-CoV-2 is RNA virus, we tried to conducted Poly(I:C) -induced model to
mimic the acute lung injury of SARS-CoV-2 infection in vivo, which is a mismatched
double-stranded RNA. Poly(I:C) stimulation increased the immune cell number of
BALF, mainly neutrophil and monocyte, only a few lymphocytes were involved (Figure
4A). There was a trend of monocyte decrease with GT0918 treatment, but there is no
statistical difference because of the variation in Poly(I:C) group (Figure 4B). GT0918
extremely declined the number of neutrophils in BALF (Figure 4C). The concentration
of TNF-a and IL-6 were both decreased with GT0918 treatment (Figure 4D&4E). HE
staining showed Poly(I:C) induced more neutrophil infiltration in the lung tissue of
mice. 40mpk of GT0918 attenuated neutrophil infiltration. The thickened alveolar septa
induced by Poly(I:C) was also attenuated with GT0918 treatment (Figure 4F&4G). The
results demonstrated that GT0918 attenuated both LPS and Poly(I:C)-induced acute

lung injury in vivo.
GT0918 activated NRF2 signaling

By screening of more than 200 transcription factors, we found the DNA-binding
activity of NRF2 (NFE2L2) was enhanced with GT0918 treatment (data not shown).
NRF2 regulates antioxidant defense signaling and negatively regulates NF-xB
signaling [24]. Further analysis showed the protein level of NRF2 was gradually
increased with different dose of GT0918 treatment with or without LPS stimulation
(Figure 5A&5B). But the mRNA level of NRF2 was not changed within 3h or 18h
treatment of GT0918 in RAW264.7. At 10uM of GT0918, NRF2 mRNA level was
slightly downregulated (Figure 5C). In U937 cells, NRF2 mRNA level was also not
changed with different concentration of GT0918 treatment (Figure 5D). With NRF2
protein level increased, its target protein level of HO-1 was also increased (Figure SE).
These results showed that GT0918 was not only an androgen receptor antagonist, but

also participated in NRF2 protein regulation.

GT0918 induced proinflammatory cytokines downregulation was dependent on

NRF2
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Next, we synthesize siRNAs to specifically knockdown NRF2 and explore whether
GTO0918 induced proinflammatory cytokines downregulation was dependent on NRF2.
By electroporation of siRNAs into RAW264.7 cells, NRF2 mRNA and protein levels
were both downregulated (Figure 6A). The mRNA levels of IL-6, TNF-a and IL-153
were decreased with GT0918 treatment. Moreover, GT0918-induced IL-6, TNF-o and
IL-1B downregulation was reversed in NRF2 knockdown RAW264.7 cells (Figure
6B&6C&6D). Compared to control, the concentration of TNF-a and IL-6 were also
reversed in NRF2 knockdown RAW264.7 cells under GT0918 treatment (Figure
6E&6F). GT0918 decreased the proinflammatory cytokines levels through NF-xB
signaling. In NRF2 knockdown RAW264.7 cells, the downregulation of p65
phosphorylation was reversed with GT0918 treatment. These results demonstrated that

GTO0918 induced proinflammatory cytokines downregulation was dependent on NRF2.

DISCUSSION

COVID-19 is rapidly spreading all around the world. Global scientists have made great
progress in developing medicines and vaccines against COVID-19. Vaccines and
neutralizing antibodies have become powerful tools to control the epidemic, leading to
a slow increase in the number of SARS-CoV-2 infections. Unexpected emerging of
SARS-CoV-2 virus variants, which carrying multiple mutations on spike protein
binding domain, may be resistant to the existing treatments or vaccines. Oral drugs are
more important than monoclonal antibodies or vaccines for long-term control of
outbreaks. Compared with the monoclonal antibodies, oral drugs are easy to produce,
and convenient to use. Up to now, only Merck's Molnupiravir and Pfizer's Paxlovid
have been approved to treat people with mild-to-moderate COVID-19. Both drugs are
antiviral medications through inhibiting SARS-CoV-2 replication. ADT is associated
with decreased SARS-CoV-2 infection and severity of COVID-19 in men [25].
Previous reports showed GT0918, a novel androgen receptor antagonist, was effective
for accelerated viral clearance, increased recovery rate and reduced mortality rate of
COVID-19 patients [20-23]. In this study, we found GT0918 decreased the expression

of TNF-a, IL-6, and IL-1pB. These proinflammatory factors are quickly eliminated in
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mild-to-moderate patients, but their delayed and continued elevation can lead to
cytokine release storm (CRS). CRS induced a series of side effects, such as severe lung
injury and ARDS, is a common characteristic in severe COVID-19 patients. GT0918
decreased the levels of these proinflammatory cytokines dose-dependently, protected
against CRS-induced severe clinical COVID-19 outcomes. Further analysis indicated
GT0918 downregulated the activation of p65 by decreasing phosphorylation of IkBa,
and then inhibited the activation of NF-kB pathway in a dose-dependent manner,
suggesting GT0918 inhibited proinflammatory cytokines expression through NF-xB
signaling. LPS or Poly(I:C) induced acute lung injury was conducted to mimic the effect
of SARS-CoV-2 on the lung tissue in vivo. We found the immune cells in BALF were
declined in GT0918 treatment mice. The release of TNF-o and IL-6 was also
significantly decreased at 40mpk of GT0918. Inflammatory infiltration in injured lung

tissue was reduced and the destruction of alveolar structures was mild.

Moreover, by screening of more than 200 transcription factors, we found the DNA-
binding activity of NRF2 was enhanced with GT0918 treatment. GT0918 is not only
an androgen receptor antagonist and degrader, but also participated in the regulation of
NRF2. We found the protein level of NRF2 was gradually increased, but the mRNA
transcription levels were not changed within short or longer time treatment with
GTO0918. The results showed that GT0918 may prevent NRF2 degradation and
improved NRF2 stability. In basal conditions, KEAP1 (Kelch ECH associating protein
1) binds to NRF2 and promotes its degradation by the canonical ubiquitin-proteasome
pathway [26]. The accumulated NRF2 translocated into the nucleus and initiated the
target gene transcription via the antioxidant response element (ARE), such as HO-1.
NRF2 antioxidant gene expression pathway is suppressed in COVID-19 patients. NRF2
agonists 4-OI and DMF is broadly effective in limiting SARS-CoV-2 virus replication
and suppressing the proinflammatory responses [27]. GT0918 activated NRF2
mechanism predicted the involvement of the NRF2 antioxidant pathway in the
protection of SARS-CoV-2-induced immune response. When NRF2 was knocked

down, GTO0918 induced proinflammatory cytokines downregulation was partially
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reversed. This demonstrated that GT0918 regulated immune response was through NF-
kB pathway and NRF2 antioxidant pathway. Our data revealed the underlying
mechanism of GT0918 regulation on immune response. Thus, GT0918 is not only
effective for treatment of patients with mild to moderate COVID-19 disease, but also a

potential therapeutic drug for severe COVID-19 disease.
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FIGURE LEGENDS

Figure 1. LPS-induced inflammatory signature was reversed by GT0918. A.
Transcriptome sequencing of LPS-induced model pretreated with or without GT0918
in RAW264.7 cells. Gene expression profiles were performed with log10 (RPKM+1)
value, with high expression gene in red and low expression gene in blue. Color from
blue to red indicates higher gene expression. B. Summary of gene numbers that are
significantly upregulated or downregulated between groups. C. Kyoto encyclopedia of
genes and genomes (KEGG) enrichment of DEGs in human disease between LPS and
LPS+GT0918-3uM group. D. KEGG analysis of DEGs involved in environmental
information processing between LPS and LPS+GT0918-3uM group. E. KEGG analysis
facilitates functional pathway enrichment of DEGs. The size of the bubble means gene
number; the color depth means Q-value, and the rich factor means the gene number/the
total gene number in the y-axis item. F. Immune response related cytokines and
chemokines with significant changes between groups. Upregulated gene in red and

downregulated gene in blue, color from blue to red indicates higher fold change.

Figure 2. GT0918 decreased the expression and release of proinflammatory
cytokines and attenuated NF-kB signaling dose-dependently. A. The expression of

IL-6, TNF-a and IL-1P under different concentration of GTO0918 treatment in
RAW264.7, THP-1, U937 cells and hPBMCs. RAW264.7 cells (or PMA-THP-1, PMA-
U937, hPBMCs) were pre-treated with GT0918 for 2h and then added 100ng/ml of LPS
into the culture medium for 16h. B. The concentration of IL-6 and TNF-a in the
supernatant of RAW264.7 cells under GT0918 treatment. C. The eftfect of GT0918 on
NF-«kB signaling in RAW264.7 and U937 cells. RAW264.7 or PMA-U937 cells were
pre-treated with GT0918 for 2h and then added 100ng/ml of LPS into the culture

medium for 0.5h.

Figure 3. GT0918 attenuated LPS-induced acute lung injury in vivo. A-D. The
effect of GT0918 on the immune cell numbers in BALF of LPS-induced mouse model.

Mice were intragastrically administered with GT0918 (20 mg/kg or 40 mg/kg) or the
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same volume of 0.5% CMC-Na solution at 16h and 1h before LPS induction and 6h
and 18h post induction. E. The concentration of TNF-a in the BALF of LPS-induced
mouse model. F. The concentration of IL-6 in the BALF of LPS-induced mouse model.
G. HE staining showed the effect of GT0918 on the LPS-induced lung injury. H. HE
scores based on severity of lesion was analyzed as follows: 0: negative; 1: mild; 2:

moderate; 3: severe; 4: very severe.

Figure 4. GT0918 attenuated Poly(I:C)-induced acute lung injury in vivo. A-C. The
effect of GT0918 on the immune cell numbers in BALF of Poly(I:C)-induced mouse
model. Mice were intragastrically administered with GT0918 (20 mg/kg or 40 mg/kg)
or the same volume of 0.5% CMC-Na solution at 16h and 1h before Poly(I:C) induction
and 6h and 18h post induction. D. The concentration of TNF-a in the BALF of
Poly(I:C)-induced mouse model. E. The concentration of IL-6 in the BALF of
Poly(I:C)-induced mouse model. F. HE staining showed the effect of GT0918 on the
Poly(I:C)-induced lung injury. G. HE scores of neutrophil infiltration and alveolar septa
thickness was analyzed as follows: 0: negative; 1: mild; 2: moderate; 3: severe; 4: very

severe.

Figure 5. GT0918 activated NRF2 signaling. A. The protein level of NRF2 with
different dose of GT0918 treatment under LPS stimulation. RAW264.7 or PMA-U937
cells were pre-treated with GT0918 for 2h and then added 100ng/ml of LPS into the
culture medium for 1h. B. The protein level of NRF2 with different dose of GT0918
treatment. RAW264.7 or PMA-THP-1 cells were treated with GT0918 for 3h. C. The
mRNA level of NRF2 with GT0918 treatment under LPS stimulation in RAW?264.7
cells. RAW264.7 cells were pre-treated with different dose GT0918 for 2h and then
added 100ng/ml of LPS into the culture medium for 1h or 16h. D. The mRNA level of
NRF2 with GT0918 treatment in U937 cells. PMA-U937 cells were pre-treated with
GT0918 for 2h and then added 100ng/ml of LPS into the culture medium for 16h. E.
The protein level of NRF2 and HO-1 with GT0918 treatment in U937 cells. PMA-U937

cells were treated with 10uM of GT0918 for the indicated time.
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Figure 6. GT0918 induced proinflammatory cytokines downregulation was
dependent on NRF2. A. The mRNA and protein levels of NRF2 in control or NRF2
knockdown RAW264.7 cells. B-D. The mRNA levels of IL-6 (B), TNF-a (C) and IL-
1B (D) in control or NRF2 knockdown RAW264.7 cells. After electrotransfected with
control or NRF2 si-RNAs for 24h, RAW264.7 cells were pre-treated with 3uM of
GT0918 for 2h and then added 100ng/ml of LPS into the culture medium for 16h. E&F.
The concentration of TNF-a (E)and IL-6 (F)in control or NRF2 knockdown RAW264.7
cell supernatants. G. The effect of GT0918 on NF-«B signaling in control or NRF2
knockdown RAW264.7 cells. After electrotransfected with control or NRF2 si-RNAs
for 24h, RAW264.7 cells were pre-treated with 3uM of GT0918 for 2h and then added

100ng/ml of LPS into the culture medium for 0.5h.
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