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1
IMMUNOMODULATORY PROTEIN FOR
ALLEVIATION AND/OR TREATMENT OF
CORONAVIRUS DISEASES

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation Ser. No. 63/266,716, filed Jan. 12, 2022, the content
of which is incorporated herein by reference in its entirety.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
is submitted electronically in .xml format and is hereby
incorporated by reference in its entirety. The .xml copy,
created on Jan. 12, 2023, is named “G4590-
15600US_SeqListing_20230112.xm]1” and is 5 kilobytes in
size.

FIELD OF THE INVENTION

The present disclosure relates to the field of inhibition
and/or treatment of coronavirus (CoV) envelope protein-
induced inflammation. Particularly, the present disclosure
pertains to the use of an immunomodulatory protein from
Ganoderma in treating coronavirus diseases.

BACKGROUND OF THE INVENTION

The pandemic coronavirus disease 2019 (COVID-19) that
has swept the world since December 2019 is caused by the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2). It is well known that SARS-CoV-2 infection
depends on the interaction between a spike protein of
SARS-CoV-2 and an angiotensin-converting enzyme 2
(ACE2) of host cells [1]. Once human cells or tissues are
infected, SARS-CoV-2 will cause a series of reactions in the
body, including virus production, initiating immune
responses, and releasing many mediators to fight the infec-
tion. In clinical practice, severe COVID-19 induces systemic
hyper-inflammation, known as cytokine storm, causing
acute respiratory distress syndrome (ARDS), multiple organ
failure and even death [2, 3]. Specifically, increasing evi-
dence shows that COVID-19 induced ARDS in patients has
high mortality rates compared to patients without ARDS-
related symptoms [4, 5]. Therefore, an urgent clinical strat-
egy is to develop a means of alleviating the cytokine storm
in patients with COVID-19.

Cytokine storm is a clinical condition of uncontrolled
hyper-inflammation caused by activated immune cells
which overproduce various inflammatory cytokines [6].
Currently, many studies show that the high levels of pro-
inflammatory cytokines such as tumor necrosis factor
(TNF), interleukin (IL)-1, IL-6, IL-8 and I1.-12, and chemo-
kines such as interferon (INF) and monocyte chemoattrac-
tant protein-1 (MCP-1) create a cytokine storm in patients
with severe COVID-19, causing damage to multiple organs
or even death [2, 7, 8]. As such, blocking these inflammatory
mediators may be a strategy for treating the severe COVID-
19 patients.

Therefore, there is a need to develop a new therapeutic
strategy against coronavirus diseases.

SUMMARY OF THE INVENTION

The present disclosure is based in part on the therapeutic
measures of CoV diseases. It was surprisingly found that an
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2

immunomodulatory protein from Ganoderma can inhibit
coronavirus envelope protein-induced inflammation and
thus alleviate or treat coronavirus diseases such as Severe
Acute Respiratory Syndrome Coronavirus Type 2 (SARS-
CoV-2).

In one aspect, the present disclosure provides a method
for inhibiting coronavirus-induced inflammation in a sub-
ject, comprising administering an effective amount of Gano-
derma immunomodulatory protein, a recombinant thereof or
a fragment thereof to the subject. Alternatively, the present
disclosure provides Ganoderma immunomodulatory pro-
tein, a recombinant thereof or a fragment thereof for use in
a method for inhibiting coronavirus-induced inflammation
in a subject. In one embodiment, the method inhibits coro-
navirus-induced inflammation in macrophages and reduces
collagen in lung cells. In one embodiment, the inflammation
is induced by coronavirus protein. In a further embodiment,
the inflammation is induced by coronavirus envelope (E)
protein or coronavirus spike(S) protein.

In another aspect, the present disclosure provides a
method for alleviating and/or treating coronavirus diseases
in a subject, comprising administering a composition com-
prising an effective amount of Ganoderma immunomodu-
latory protein, a recombinant thereof or a fragment thereof
to the subject. Alternatively, the present disclosure provides
a composition comprising an effective amount of Gano-
derma immunomodulatory protein, a recombinant thereof or
a fragment thereof for use in a method for alleviating and/or
treating coronavirus diseases in a subject. In one embodi-
ment, the coronavirus diseases are alleviated and/or treated
via inhibition of coronavirus-induced inflammation and
reduction of collagen in lung cells. In one embodiment, the
inflammation is induced by coronavirus protein. In a further
embodiment, the inflammation is induced by coronavirus
envelope (E) protein or coronavirus spike(S) protein.

In one embodiment, the Ganoderma immunomodulatory
protein, a recombinant thereof or a fragment thereof is
administered at a dose of about 1 pg/kg to about 100 pg/kg,
preferably between about 1.5 pg/kg and about 90 ng/kg,
about 1.5 pg/kg and about 80 ng/kg, about 1.5 pug/kg and
about 70 pg/kg, about 1.5 pg/kg and about 60 pg/kg, about
1.5 pg/kg and about 50 pg/kg, about 1.5 ng/kg and about 40
ng/kg, about 1.5 pg/kg and about 30 pg/kg, about 1.5 pg/kg
and about 20 pg/kg, or about 1.5 pg/kg and about 10 pg/kg.
In one embodiment, the Ganoderma immunomodulatory
protein, a recombinant thereof or a fragment thereof is
administered at a dose selected from the group consisting of:
about 1.0 pg/kg, about 1.5 pg/kg, about 2.0 ng/kg, about 2.5
ng/kg, about 3.0 pg/kg, about 3.5 ng/kg, about 4.0 ng/kg,
about 4.5 ug/kg, about 5.0 ng/kg, about 5.5 pg/kg, about 6.0
ng/kg, about 6.5 pg/kg, about 7.0 ng/kg, about 7.5 ng/kg,
about 8.0 pug/kg, about 8.5 pug/kg, about 9.0 ng/kg, about 9.5
ng/kg, about 10 ng/kg, about 15 pg/kg, about 20 pug/kg, about
25 ng/kg, about 30 ng/kg, about 35 ug/kg, about 40 pg/kg,
about 45 ng/kg, about 50 pg/kg, about 55 pg/kg, about 60
ng/kg, about 65 ng/kg, about 70 ug/kg, about 75 pug/kg, about
80 ug/kg, about 85 ug/kg, about 90 pg/kg, about 95 ng/ke,
and about 100 ng/kg.

In one embodiment, the inhibition of coronavirus-induced
inflammation includes reduction in the blood NO level
and/or in the level of at least one cytokine in blood and/or
the lung selected from the group consisting of: IL-6, TNF-a.,
and IL-12.

In one embodiment, the Ganoderma immunomodulatory
protein, a recombinant thereof or a fragment thereof
described herein is derived from Ganoderma lucidum,
Ganoderma  lucidum, Ganoderma tsugae, Ganoderma
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microsporum or Ganoderma sinensis. In a further embodi-
ment, the Ganoderma immunomodulatory protein, a recom-
binant thereof or a fragment thereof is derived from Gano-
derma microsporum.

In one embodiment, the Ganoderma immunomodulatory
protein or a recombinant thereof described herein comprises
an amino acid sequence of SEQ ID NO: 3. In one embodi-
ment, the recombinant of Garoderma immunomodulatory
protein comprises an amino acid sequence of SEQ ID NO:
4. In one embodiment, the fragment of Ganoderma immu-
nomodulatory protein comprises an amino acid sequence
selected from the group consisting of SEQ ID NOs: 1 to 2.

The sequences of SEQ ID NOs: 1 to 4 are listed as
follows.

(SEQ ID NO: 1)
LAWNVK

(SEQ ID NO: 2)
DLGVRPSYAV

(SEQ ID NO: 3)

MSDTALIFTLAWNVKQLAFDY TPNWGRGRPSSFIDTVTFPTVLTDKAYTY
RVVVSGKDLGVRPSYAVESDGSQKINFLEYNSGYGIADTNTIQVYVIDPD
TGNNFIVAQWN

(SEQ ID NO: 4)
EAEAEFMSDTALIFTLAWNVKQLAFDY TPNWGRGRPSSFIDTVTFPTVLT

DKAYTYRVVVSGKDLGVRPSYAVESDGSQKINFLEYNSGYGIADTNTIQV
YVIDPDTGNNFIVAQWNYLEQKLISEEDLNSAVDHHHHHH

In one embodiment, the Ganoderma immunomodulatory
protein described herein consists of or essentially consists of
an amino acid sequence selected from the group consisting
of SEQ ID NOs: 1-4.

In some embodiments of the disclosure, the CoV
described herein is alpha-CoV, beta-CoV, gamma-CoV, and
delta-CoV2. In some embodiments, the CoV described
herein includes, but is not limited to, SARS-CoV, MERS-
CoV or SARS-CoV-2.

In one embodiment of the disclosure, the subject is
vaccinated. In another embodiment, the subject is a severe
CoV subject. In a further embodiment, the subject is a severe
COVID-19 subject.

In one embodiment, the subject described herein has
clinical improvement.

In one embodiment, the method described herein can
shorten the time to recovery in subjects who were hospital-
ized with Covid-19, lower respiratory tract infection, and/or
reduce mortality. In another embodiment, the method
described herein can inhibit CoV-related (such as SARS-
CoV-2-related) cytokine storm and fibrosis.

In some embodiments of the disclosure, the subject is
administered one or more further therapeutic agents against
CoV. In one embodiment, the one or more additional thera-
peutic agents is administered prior to or after administering
the Ganoderma immunomodulatory protein, a recombinant
thereof or a fragment thereof or is co-administered with the
Ganoderma immunomodulatory protein, a recombinant
thereof or a fragment thereof. In one embodiment, the one or
more additional therapeutic agents is selected from the
group consisting of: remdesivir, galidesivir, favilavir/avifa-
vir, molnupiravir, AT-527, AT-301, BLD-2660, favipiravir,
camostat, SLV213, emtrictabine/tenofivir, clevudine, dalce-
trapib, boceprevir, ABX464, dexamethasone, hydrocorti-
sone, convalescent plasma, gelsolin (Rhu-p65N), regdanvi-
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mab (Regkirova), ravulizumab (Ultomiris), VIR-7831/VIR-
7832, BRII-196/BRII-198, COVI-AMG/COVI DROPS
(STI-2020), bamlanivimab (LY-CoV555), mavrilimab,
leronlimab (PRO140), AZD7442, lenzilumab, infliximab,
adalimumab, JS 016, STI-1499 (COVIGUARD), lanade-
lumab (Takhzyro), canakinumab (Ilaris), gimsilumab, otil-
imab, casirivimab/imdevimab (REGN-Cov2), MK-7110
(CD24Fc¢/SACCOVID), heparin, apixaban, tocilizumab
(Actemra), sarilumab (Kevzara), apilimod dimesylate,
DNL758, DC402234, PB1046, dapaglifozin, abivertinib,
ATR-002, bemcentinib, acalabrutinib, baricitinib, tofaci-
tinib, losmapimod, famotidine, ritonavir, niclosamide and
diminazene.

In some embodiments of the disclosure, the Ganoderma
immunomodulatory protein, a recombinant thereof or a
fragment thereof is administered orally or by nasal nebuli-
zation. In one embodiment, the Ganoderma immunomodu-
latory protein, a recombinant thereof or a fragment thereof
is administered by an inhaler to the respiratory tract for local
or systemic treatment of the coronavirus disease. In one
embodiment, the Ganoderma immunomodulatory protein, a
recombinant thereof or a fragment thereof is in the form of
aerosol with a size of 1 um to 10 um, preferably between 1.5
um and 9 um, between 2 pm and 8 pm, between 2.5 um and
7 um, or between 3 pm and 6 um. In one further embodi-
ment, the Ganoderma immunomodulatory protein, a recom-
binant thereof or a fragment thereof is in the form of aerosol
with a size of 3 um.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments are illustrated in referenced fig-
ures. It is intended that the embodiments and figures dis-
closed herein are to be considered illustrative rather than
restrictive.

FIGS. 1A and 1B show the effects of GMI on viability of
macrophages Raw264.7 (FIG. 1A) and MH-S cells (FIG.
1B). The values represented the means+SD. Non-significant
differences were shown (N.S.) compared with the control
group.

FIGS. 2A and 2B show the effects of SARS-CoV-2
subunits on stimulating inflammatory responses of macro-
phages. FIG. 2A shows the NO production in macrophages
determined by Griess assay after they were treated with
SARS-CoV-2-E or S (1 pg/mL) for 24 h. FIG. 2B the IL-6
secretion of macrophages determined by ELISA after they
were treated with SARS-CoV-2-E and S (1 ng/mL) for 24 h.
LPS (lipopolysaccharide; 100 ng/ml.) was the positive con-
trol. Each E or S-treated group was normalized against
control (LPS alone treatment) group. The data were repre-
sentative of three separate experiments and were presented
as the mean+SDs; the error bars indicated SD. Significant
differences were shown (*P<0.05 and *** P<0.001, com-
pared with the control/CTL group). Non-significant differ-
ences were shown (N.S.) compared with the control group.

FIGS. 3A-3D show the effects of SARS-CoV-2 subunits
on stimulating inflammatory responses of macrophages.
FIGS. 3A-3D respectively show the production of TNF-a
(FIG. 3A), IL-12 (FIG. 3B), IL-1p (FIG. 3C), and IFN-y
(FIG. 3D) in macrophages determined by ELISA after they
were treated with SARS-CoV-2-E and S (1 ng/mL) for 24 h.
LPS (lipopolysaccharide; 100 ng/ml.) was the positive con-
trol. Each E or S-treated group was normalized against the
control (LPS alone treatment) group. The data were repre-
sentative of three separate experiments and were presented
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as the mean+SDs; the error bars indicated SD. Significant
differences were shown (*** P<0.001, compared with the
control/PBS group).

FIG. 4A-4D show effects of GMI on inhibiting SARS-
CoV-2-E-induced inflammation of macrophages. FIG. 4A
shows the NO production in the macrophages that were
stimulated with SARS-CoV-2-E or S (1 pg/ml) in the
presence or absence of GMI (0.6 uM) for 24 h determined
by Griess assay. FIGS. 4B-4D respectively show the pro-
duction of 1IL-6 (FIG. 4B), TNF-a. (FIG. 4C), and IL-12
(FIG. 4D) in the macrophages that were stimulated with
SARS-CoV-2-E or S (1 pg/mL) in the presence or absence
of GMI (0.6 uM) for 24 h determined by ELISA. LPS
(lipopolysaccharide; 100 ng/ml) was the positive control.
Each GMI-treated group was normalized against the control
(LPS alone treatment) group. The data were representative
of three separate experiments and were presented as the
mean+SDs; the error bars indicated SD. Significant differ-
ences were shown (*** P<0.001, compared with the control
group).

FIGS. 5A-5D show effects of GMI on inhibiting SARS-
CoV-2-E-induced inflammation of macrophages in a con-
centration-dependent manner. FIG. 5A shows the NO pro-
duction in the macrophages that were stimulated with
SARS-CoV-2-E or S (1 pg/mL) in the presence or absence
of GMI (0-1.2 uM) for 24 h determined by Griess assay.
FIGS. 5B-5D respectively show the production of IL-6
(FIG. 5B), TNF-a (FIG. 5C), and IL-12 (FIG. 5D) in the
macrophages that were stimulated with SARS-CoV-2-E or S
(1 pg/mL) in the presence or absence of GMI (0-1.2 uM) for
24 h determined by ELISA. LPS (lipopolysaccharide; 100
ng/ml) was the positive control. Each GMI-treated group
was normalized against the control (LPS alone treatment)
group. The data were representative of three separate experi-
ments and were presented as the mean+SDs; the error bars
indicated SD. Significant differences were shown (*P<0.05
and *** P<0.001, compared with the control group).

FIGS. 6A and 6B show effects of GMI on inhibiting
SARS-CoV-2-E-induced iNOS and COX-2 in macrophages.
FIGS. 6A and 6B respectively show the expression of the
iNOS (FIG. 6A) protein and the COX-2 protein (FIG. 6B) in
macrophages that were treated with GMI (0.6 uM) for 3 h
followed by stimulation with SARS-CoV-2-E (1 pg/mL) for
another 24 h determined by Western blot in which Actin was
used as the internal control.

FIGS. 7A-7C show effects of GMI on viability of human
macrophages and the IL-6 production in human macro-
phages. FIG. 7A shows viability of PMA-induced THP-1
cells treated with GMI (0-1.2 uM) for 24 h determined by
MTT assay. FIG. 7B shows viability of PMA-induced
THP-1 cells treated with GMI (0-1.2 pM) and SARS-CoV-
2-E (1 pg/mL) for 24 h determined by MTT assay. FIG. 7C
shows the IL-6 production in PMA-induced THP-1 cells
treated with GMI (0-1.2 pM) and SARS-CoV-2-E (1 pg/mlL.)
for 24 h determined by ELISA. The data were representative
of three separate experiments and were presented as the
mean+SDs; the error bars indicated SD. Significant differ-
ences were shown (** P<0.01, compared with the control
group).

FIG. 8 shows the effect of GMI on collagen expression in
the lung fibroblast WI38-2RA and MRC-5 cells. The lung
fibroblast WI38-2RA and MRC-5 cells were treated with
GMI (0-0.6 uM) for 48 h. The collagen I (COLA1) expres-
sion was determined by Western blot.

FIGS. 9A-9C show effects of GMI on the 1L.-6 production
in vivo. FIG. 9A shows the scheme for mice receiving GMI
(100 pg/mL) in the presence or absence of SARS-CoV-2-E
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(20 pg/mL) by the inhalation method. FIGS. 9B and 9C
respectively show the IL-6 production in the lung tissue
(FIG. 9B) and the blood serum (FIG. 9C) after exposure to
GMI and/or SARS-CoV-2-E for 6 h or 24 h. The data were
representative of three separate experiments and were pre-
sented as the mean+SDs; the error bars indicated SD.
Significant differences were shown (*P<0.05, ** P<0.01,
and *** P<0.001, compared with the control group;
#P<0.05, and ## #P<0.001, compared with the SARS-CoV-2
individual treatment group).

DETAILED DESCRIPTION OF THE
INVENTION

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the invention, the preferred
methods and materials are now described. All publications
mentioned herein are incorporated for reference.

In this application, the use of the singular includes the
plural, the article “a” or “an” means “at least one,” and the
use of “or” means “and/or,” unless specifically stated oth-
erwise.

The term “preventing” or “prevention” is recognized in
the art, and when used in relation to a condition, it includes
administering an agent to reduce the frequency or severity of
or to delay the onset of symptoms of a medical condition in
a subject, relative to a subject which does not receive the
agent.

As interchangeably used herein, the terms “individual,”
“subject,” “host,” and “patient,” refer to a mammal, includ-
ing, but not limited to, murines (rats, mice), non-human
primates, humans, canines, felines, ungulates (e.g., equines,
bovines, ovines, porcines, caprines), etc.

As used herein, “treating” and “ameliorating” are used
interchangeably. These terms refer to an approach for
obtaining beneficial or desired results including, but not
limited to, therapeutic benefit and/or a prophylactic benefit.
Therapeutic benefit pertains to eradication or amelioration of
the underlying disorder being treated. Also, a therapeutic
benefit is achieved with the eradication or amelioration of
one or more of the physiological symptoms associated with
the underlying disorder such that an improvement is
observed in the patient, notwithstanding that the patient may
still be afflicted with the underlying disorder. “Treatment”
can also mean prolonging survival as compared to expected
survival if not receiving treatment. Those in need of treat-
ment include those already with the condition or disorder as
well as those prone to have the condition or disorder or those
in which the condition or disorder is to be prevented.

As used herein, “effective amount” means an amount of
an agent to be delivered (e.g., drug, therapeutic agent,
diagnostic agent, prophylactic agent, etc.) that is sufficient,
when administered to a subject suffering from or susceptible
to a disease, disorder, and/or condition, to treat, improve
symptoms of, diagnose, prevent, and/or delay the onset of
the disease, disorder, and/or condition.

As used herein, “subject” refers to either a human or
non-human animal.

The term “coronavirus” or “CoV” refers to any virus of
the coronavirus family, including, but not limited to, SARS-
CoV-2, MERS-CoV, and SARS-CoV. SARS-CoV-2 refers to
the newly-emerged coronavirus which is rapidly spreading
to other areas of the globe. It binds via the viral spike protein
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to the human host cell receptor angiotensin-converting
enzyme 2 (ACE2). The spike protein also binds to and is
cleaved by TMPRSS2, which activates the spike protein for
membrane fusion of the virus.

The term ““coronavirus infection” or “CoV infection,” as
used herein, refers to infection with a coronavirus such as
SARS-CoV-2, MERS-CoV, or SARS-CoV. The term
includes coronavirus respiratory tract infections, often in the
lower respiratory tract. Symptoms can include high fever,
dry cough, shortness of breath, pneumonia, gastro-intestinal
symptoms such as diarrhea, organ failure (kidney failure and
renal dysfunction), septic shock, and death in severe cases.

Currently, traditional anti-inflammatory drug glucocorti-
coid is commonly used to treat patients with SARS-CoV-2
infection because it can inhibit the NF-kB signals and
thereby reduce the production of inflammatory factors [9]. In
addition, using the cytokine or cytokine receptor antagonists
may offer clinical benefits. For example, IL.-1 signaling
blockade by canakinumab and anakinra improved respira-
tory function in COVID-19 patients with ARDS [10, 11].
Siltuximab, sarilumab and tocilizumab targeted on IL-6
signaling may reduce severity and mortality in severe
COVID-19 patients [12]. Etanercept blocks TNF-c. cassette
for reducing excessive cytokine release and hyperinflamma-
tion [13]. Moreover, blockade of cytokines-mediated down-
stream JAK/STAT signaling using baricitinib and ruxolitinib
may be a promising strategy for improving an inflammatory
condition in severe COVID-19 patients [14, 15]. However,
there are still no suitable drugs in clinical practice. Devel-
opment of a safe and effective drug to control SARS-CoV-
2-induced cytokine storm and balance the immune responses
in clinical practice is a quite an issue. Notably, repurposing
herb derivatives to reduce inflammatory molecules may be
used to improve the cytokine storm caused by SARS-CoV-2
[16].

The present disclosure surprisingly found that an immu-
nomodulatory protein from Ganoderma can inhibit corona-
virus-induced inflammation and thus alleviate or treat coro-
navirus diseases such as Severe Acute Respiratory
Syndrome Coronavirus Type 2 (SARS-CoV-2). Accord-
ingly, the present disclosure provides a method for inhibiting
coronavirus-induced inflammation in a subject, comprising
administering an effective amount of Ganoderma immuno-
modulatory protein, a recombinant thereof or a fragment
thereof to the subject. Also, the present disclosure provides
a method for alleviating and/or treating coronavirus diseases
in a subject, comprising administering to the subject a
composition comprising an effective amount of Ganoderma
immunomodulatory protein, a recombinant thereof or a
fragment thereof.

Fungal immunomodulatory proteins (FIPs) are a group of
proteins found in fungi, which are extensively studied for
their immunomodulatory activity, including activation of
immune cells, leading to immune-mediated anti-allergic,
anti-inflammatory, and anti-tumor effects. Ganoderma
immunomodulatory protein is one kind of FIP derived from
Ganoderma.

Since the first fungal protein was isolated from mushroom
Ganoderma lucidum mycelium in 1989 [17], many new
fungal proteins have been discovered. These identified fun-
gal proteins have highly conserved amino acid sequences
and structures, and have been proven to have the effect of
regulating immune cells, so they are called fungal immu-
nomodulatory proteins (FIPs) [18, 19]. Increasing evidence
shows that FIPs exhibit various pharmacological functions
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such as anti-inflammation and anti-tumor, so they are con-
sidered to have a high potential for development as novel
drugs [19].

The preparation of the Ganoderma immunomodulatory
protein or the recombinant or fragment thereof has been
described in U.S. Pat. No. 7,601,808. Particularly, the Gano-
derma immunomodulatory protein is referred to as GMI; the
recombinant of Ganoderma immunomodulatory protein is
referred to as reGMI; and the fragment of Garoderma
immunomodulatory protein is referred to as SEQ ID NOs: 2
and 3 in U.S. Pat. No. 7,601,808. Some studies have been
focusing on investigating the effects of GMI on anti-cancer
activity but not on immunomodulatory functions because
GMI suppresses tumor progression via induction of
autophagy [20, 21].

In one embodiment of the present disclosure, the Gano-
derma immunomodulatory protein or the recombinant or
fragment thereof (such as GMI) is used to inhibit corona-
virus envelope protein-induced inflammation, thus alleviat-
ing and/or treating coronavirus diseases in a subject. The
present disclosure firstly explores the anti-inflammatory
effects and potential mechanisms of Ganoderma immuno-
modulatory protein or the recombinant or fragment thereof
(such as GMI) in CoV diseases. Moreover, it is found that
SARS-CoV-2 envelop (E) protein but not spike(S) protein
dramatically induced an inflammatory process in macro-
phages Raw264.7 and MH-S cells. GMI shows a strong
inhibitory effect under SARS-CoV-2-E-induced pro-inflam-
matory mediators, including NO, TNF-a, IL-6, and 1L-12.
GMI reduces intracellular inflammatory molecules, such as
iNOS and COX-2. In addition, GMI reduces collagen in
lung cells. It is suggested that GMI can be employed as an
agent to alleviate SARS-CoV-2-induced cytokine storm and
fibrosis.

The immunomodulatory protein or a recombination
thereof of the invention can be administered to a patient
either alone or in pharmaceutical compositions where it is
mixed with suitable carriers and excipients. The immuno-
modulatory protein, recombination thereof or composition
of the invention can be administered parenterally, such as by
nasal nebulization, intravenous injection or infusion, intra-
peritoneal injection, subcutaneous injection, or intramuscu-
lar injection. The immunomodulatory protein, recombina-
tion thereof or composition can be administered orally
through appropriate formulation with carriers and excipients
to form tablets, pills, capsules, liquids, gels, syrups, slurries,
suspensions and the like. The immunomodulatory protein,
recombination thereof or composition can be administered
topically, such as by nasal nebulization. The immunomodu-
latory protein, recombination thereof or composition can be
administered by inhaler to the respiratory tract for local or
systemic treatment of CoV diseases.

The Ganoderma immunomodulatory protein, a recombi-
nant thereof or a fragment thereof is administered at a dose
of about 1 ng/kg to about 100 pg/kg. The dosage of the
immunomodulatory protein, recombination thereof or com-
position suitable for use according to the present invention
can be determined by those skilled in the art on the basis of
the disclosure herein. The medicament will contain an
effective dosage (depending upon the route of administration
and pharmacokinetics of the active agent) of suitable phar-
maceutical carriers and excipients suitable for the particular
route of administration of the formulation (i.e., oral, paren-
teral, topical or by inhalation). The immunomodulatory
protein or a recombination thereof is mixed into the phar-
maceutical composition by means of mixing, dissolving,
granulating, dragee-making, emulsifying, encapsulating,
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entrapping or lyophilizing processes. The pharmaceutical
compositions for parenteral administration include aqueous
solutions of the inventive polypeptide in water-soluble form.
Additionally, suspensions of the inventive polypeptide may
be prepared as oily injection suspensions. Suitable lipophilic
solvents or vehicles include fatty oils such as sesame oil, or
synthetic fatty acid esters, such as ethyl oleate or triglycer-
ides, or liposomes. Aqueous injection suspensions may
contain substances which increase the viscosity of the sus-
pension, such as sodium carboxymethyl cellulose, sorbitol,
or dextran. The suspension may optionally contain stabiliz-
ers or agents to increase the solubility of the complex or
combination to allow for more concentrated solutions.

The following examples are provided to aid those skilled
in the art in practicing the present disclosure.

EXAMPLE
Materials and Methods

Materials

GMI (with the amino acid sequence of SEQ ID NO: 4),
dissolved in sterilized PBS, was gifted from MycoMagic
Biotechnology Co., Ltd. (New Taipei, Taiwan). LPS (E. coli
055: B5) was purchased from Sigma-Aldrich. Phorbol
12-myristate 13-acetate (PMA; P-1039-1 MG) was pur-
chased from AGScientific. SARS-CoV-2-E (NBP2-90986)
was purchased from Novus Biologicals (CO, USA). SARS-
CoV-2-S(SPN-C52H9) were purchased from ACROBiosys-
tems (DE, USA).
Cell Lines

Raw264.7 (murine macrophages), MH-S(mouse alveolar
macrophages), WI-38 VA-13 subline 2RA (WI38-2RA; lung
fibroblast), MRC-5 (lung fibroblast), and THP-1 (human
monocyte) cells were purchased from the Bioresource Col-
lection and Research Center (BCRC, Hsinchu, Taiwan).
Raw264.7 cells were maintained in Dulbecco’s modified
Eagle’s medium (DMEM, GIBCO-Life Technologies)
supplemented with 5% heat-inactivated fetal bovine serum
(FBS. HyClone, Marlborough, MA), 100 units/mL of peni-
cillin/streptomycin (Biological Industries, Cromwell, CT),
and 3.7 g/L of NaHCO,. MH-S cells were maintained in
Roswell Park Memorial Institute (RPMI) 1640 medium
(GIBCO-Life Technologies) with 2 mM L-glutamine
adjusted to contain 1.5 g/ NaHCO;, 4.5 g/L glucose, 10
mM HEPES and 1.0 mM sodium pyruvate and supple-
mented with 10% heat-inactivated FBS. WI38-2RA and
MRC-5 cells were cultured in Eagle’s Minimum essential
medium (MEM, GIBCO-L.ife Technologies) with 10% FBS,
2 mM L-glutamine, 0.1 mM non-essential amino acids, and
1.0 mM sodium pyruvate and 1.5 g/L. of NaHCO;. THP-1
cells were maintained in Roswell Park Memorial Institute
(RPMI) 1640 medium (CORNING, 10-040-CV) with 2 mM
L-glutamine, 1X non-essential amino acid, 100 units/m
penicillin, 0.1 mg/mL streptomycin, and 1.0 mM sodium
pyruvate and supplemented with 10% heat-inactivated FBS.
All of the adherent cells were detached by incubation with
trypsin-EDTA (Invitrogen, Co., Carlsbad, CA). The cells
were cultured in a 5% CO, atmosphere at 37° C.
Cell Viability Assay

Cells (5% 10” cells) were seeded into 12-well plates and
incubated for 12 h to analyze the cytotoxic effects of GMI.
Cells were stimulated with LPS (100 ng/ml), SARS-CoV-
2-E (1 pg/mL) or SARS-CoV-2-S(1 pg/mL) in the presence
or absence of different concentrations of GMI (0-1.2 pM) for
24 h. After incubation, the 3-(4,5-dimethylthiazole-2-y1)-2,
5-diphenyl tetrazolium bromide (MTT) dye was added to
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each well and incubated for 4 h. The cell viability was
measured as previously described [22].
NO Production Assay

Cells (1x10° cells/well in 96-well for 24 h incubation)
were stimulated with LPS (100 ng/mL), SARS-CoV-2-E (1
pg/mlL) or SARS-CoV-2-S(1 pg/mL) in the presence or
absence of GMI (0-1.2 uM) for 24 h simultaneously. Nitric
oxide (NO) production was measured by Griess assay as in
the previous study [23, 24]. Individual LPS-induced NO
production was designated as 100% for each experiment.
Enzyme-Linked Immunosorbent Assay (ELISA) for Cyto-
kines

Cells (5x10° cells in 24-well plates) were treated with
various concentrations of GMI (0-1.2 pM) and vehicle
(PBS) for 30 min, followed by LPS (100 ng/mL), SARS-
CoV-2-E (1 pg/mL) or SARS-CoV-2-8(1 pg/mL) for 24 h.
The levels of TNF-a, [1-6, [1.-8, [1.-12 and IFN-y in the
cultured medium of macrophages and lung epithelial cells
were measured using an ELISA kit (BioLegend, San Diego,
CA, USA) according to the manufacturer’s instructions. A
series of dilutions of various cytokines (ranging m 0 to 1000
pg/mL) were used as standard curves for each experiment.
Data were collected by detecting A450 nm and A550 nm
(reference absorbance) using a TECAN Sunrise™ ELISA
Reader (Tecan Group Ltd., Mannedorf, Switzerland). Indi-
vidual LPS-induced production of cytokines was designated
as 100% for each experiment.
Western Blot Assay

Cells (5x10° cells) were seeded in the 6-cm cell culture
dishes for 24 h. Cells then were treated with LPS (100
ng/mL) or SARS-CoV-2-E (1 pg/mL), followed by GMI (0,
0.3 and 0.6 pM) for 24 h. After the treatment, cells were
harvested and rinsed with cold PBS containing 1% Na,VO,
and lysed using the specific lysis buffer with protease
inhibitor [25]. The cell lysates were collected by centrifu-
gation for 13,000 xg for 10 min at 4° C. Cell lysates (30 pg)
were separated on 10% SDS-PAGE and the indicated mol-
ecules were detected by western blot analysis as in the
previous study [26]. Antibodies against COX-2, iNOS and
tubulin were purchased from Genetex.
Animal Model

The male C57BL/6 mice (6-8 weeks) were used for in
vivo study and purchased from National Laboratory Animal
Center (NLAC, Taipei, Taiwan). Mice were isolated for at
least 1 week before experimental manipulations and were
approved by NYCU Institutional Animal Care and Use
Committee (IACUC Approval NO: 1101212). GMI (100 pg)
and E protein (20 pg) were dissolved in physiologic saline
(1 mL). The mice were divided into 6 h and 24 h exposure
groups exposed with PBS, GMI (100 pg/mL), or E protein
(20 pg/mL) for 30 min. Nebulizer (Aerogen AG-AP1000,
Aerogen Ltd. Galway, Ireland) administered GMI and E
protein to the mouse at a flow rate of 0.25 ml/min. The mice
were gently putin a 2.8 L cage and exposed to the GMI and
E protein aerosol for 30 minutes. After exposure, the mice
were sacrificed and the lung tissues and serum were har-
vested and stored at —80° C. To calculate the deposited doses
of GMI, the following equation was used:

Deposited Dose (E) =
kg

L
Concentration (%) X Minute Volume (ﬁ) X IF X DF

Body Weight (kg) (361-
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The concentration of GMI in the air is 100 pug/2.8 L cage
volume and E protein in the air is 20 ug/2.8 L cage volume.
The respiratory minute volume was calculated as 0.021
L/min in mice. When there are no non-respirable particles in
the aerosol, the inhalable fraction (IF) is 1, the deposition
fraction (DF) is 0.055 which is related to the aperture of the
nebulizer (3 pm), and the average body weight of the mice
is 0.02 kg. The deposited doses of GMI for the 30 min
exposure were 61.875 pg/kg, and the deposited doses of E
protein for the 30 min exposure were 12.375 ug/kg.

On the other hand, the GMI dose for a human with a body
weight of 60 kg can be converted from the aforementioned
deposited dose for the mice with a body weight of 0.02 kg
by the following equation [36]:

GMI Dose (human) = GMI Deposited Dose (mice) X

(Body weight (human) )(H’)
Body weight (mice)

in which b refers to the allometric exponent for the allo-
metric approach to predicting a human dose from an avail-
able mouse dose. The commonly-used allometric exponent
b for predicting human drug doses is 0.67. Given the GMI
deposited dose of 61.875 pg/kg for mice, the GMI dose for
a human with a body weight of 60 kg is 4.406 ug/kg.
Statistical Analysis

All data are expressed as meantSD of more than three
times independent experiments. Statistical differences
between each experimental group were examined by t-test
analyses using GraphPad Prism8. Statistical significance
was set at *P<0.05.

Example 1 Effects of GMI on Viability of
Macrophages Raw264.7 and MH-S Cells

GMI is a kind of fungal immunomodulatory protein. We
therefore hypothesized that GMI may play a pivotal role in
modulating SARS-CoV-2-induced cytokine storm. It is well
known that immune or epithelial cells could secret inflam-
matory factors after SARS-CoV-2 infection, consequently
causing tissue damage and cytokine storm [27]. To explore
the role of GMI on inflammation, we initially examined
whether GMI affects cell viability of macrophages. Macro-
phages Raw264.7 and MH-S cells were chosen to determine
the cytotoxic effect of GMI. MTT assay was performed to
analyze the cell survival of Raw264.7 and MH-S cells after
being treated with GMI for 24 h. As shown in FIGS. 1A-B,
we found that GMI did not affect cell viability of Raw264.7
and MH-S cells at 0.15-1.2 pM, suggesting that GMI had no
cytotoxicity for macrophages.

Example 2 Effects of SARS-CoV-2 Subunits on
Stimulating Inflammatory Responses of
Macrophages

Previously, some studies show that SARS-CoV-2 subunits
could induce inflammatory cytokines such as IL-6 and
TNF-o [28, 29]. We thus examined whether SARS-CoV-2
subunits (SARS-CoV-2-E and SARS-CoV-2-S) induced
inflammatory responses in RAW264.7 and MH-S cells.
Generally, macrophages release nitric oxide (NO) and cyto-
kines during LPS-stimulated acute inflammation [30].
Herein, LPS was used as the positive control. First, we
examined whether SARS-CoV-2-E and SARS-CoV-2-S
could induce NO in macrophages and found that SARS-
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CoV-2-E but not SARS-CoV-2-§ dramatically increased the
production of NO in a concentration-dependent manner
(FIG. 2A). Also, SARS-CoV-2-E significantly induced IL-6
levels in both macrophages RAW264.7 and MH-S cells
(FIG. 2B). In parallel, SARS-CoV-2-E could induce TNF-o
and IL-12 (FIGS. 3A-B), whereas I[L-10 and INF-y were not
induced by SARS-CoV-2-E and S (FIGS. 3C-D). These
findings suggest that SARS-CoV-2-E may play a pivotal role
in triggering the primary immune responses after SARS-
CoV-2 infection.

Example 3 Effects of GMI on Inhibiting
SARS-CoV-2-E-Induced Inflammation of
Macrophages

To examine anti-SARS-CoV-2-induced cytokines effect
of GMLI, envelope (E) and spike(S) proteins of SARS-CoV-2
were chosen to stimulate macrophages served as an in vitro
inflammatory system. As expected, GMI significantly abol-
ished SARS-CoV-2-E-induced NO production in Raw264.7
and MH-S cells (FIG. 4A). In parallel, the levels of pro-
inflammatory cytokines, including TNF-o, IL-6 and IL-12,
were measured in both macrophages RAW264.7 and MH-S
cells upon co-treatment of GMI and SARS-CoV-2-E. As
expected, we found that GMI dramatically downregulated
the secretion of SARS-CoV-2-E-induced the indicated cyto-
kines (FIGS. 4B-D). In particular, we found that SARS-
CoV-2-E exhibited the same effect on inducing inflamma-
tion of the two types of macrophages. However, GMI had a
stronger anti-inflammatory effect on alveolar macrophages
MH-S cells compared to Raw264.7 cells. In addition, as
shown in FIGS. 5A-5D, the anti-inflammatory effect of GMI
in a concentration-dependent manner (0.15 to 1.2 pM) was
also observed in both Raw264.7 and MH-S cells. These
findings suggest that GMI may have a better inhibitory effect
on the cytokine storm caused by SARS-CoV-2 infection in
Iung tissue.

Example 4 Effects of GMI on Inhibiting
SARS-CoV-2-E-Induced iNOS and COX-2 in
Macrophages

Similar to LPS, we found that SARS-CoV-2-E signifi-
cantly induced NO production, suggesting that SARS-CoV-
2-E may regulate intracellular molecules that mediate NO
synthesis. Evidence shows that LPS-induced high levels of
NO are mediated by inducible nitric oxide synthase (iNOS)
[31]. We therefore hypothesized that SARS-CoV-2-E could
up-regulate iNOS expression but GMI may abolish that of
SARS-CoV-2-E stimulation. As shown in FIG. 6A, we
found that GMI did not affect iNOS expression but dramati-
cally downregulated SARS-CoV-2-E-induced levels of
iNOS. Moreover, COX-2 is the enzyme largely responsible
for causing inflammation [32]. We found that SARS-CoV-
2-E significantly induced expression of COX-2; in contrast,
GMI downregulated COX-2 levels on macrophages stimu-
lated with SARS-CoV-2-E (FIG. 6B). These findings sug-
gested that GMI may be a potential agent for inhibition of
SARS-CoV-2-E-stimulated inflammation.

Example 5 Effects of GMI on Viability of Human
Macrophages and on Inhibiting
SARS-CoV-2-E-Induced Inflammation in Human
Macrophages

To examine whether GMI exhibits cytotoxic effects on
human macrophages, THP-1 cells, a type of human mono-
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cytes, were induced with phorbol 12-myristate 13-acetate
(PMA; 100 ng/mlL.) to become human macrophages, referred
hereafter as “PMA-induced THP-1 cells.” Likewise, as
shown in FIGS. 7A and 7B, GMI did not affect cell viability
of PMA-induced THP-1 cells, at 0.15-1.2 uM, either in the
presence or absence of SARS-Co-V-2 E (1 pg/ml), sug-
gesting that GMI had no cytotoxicity for human macro-
phages. Furthermore, as shown in FIG. 7C, the dose-re-
sponse relationship between GMI and the IL.-6 production in
human PMA-induced THP-1 cells was consistent with that
in mouse RAW264.7 and MH-S cells as demonstrated in the
aforementioned example. These findings suggested that
GMI may exhibit the same anti-inflammatory effect on
human macrophage as well.

Example 6 Effect of GMI on Expressions of
Collagen in Lung Fibroblast WI38-2RA and
MRC-5 Cells

Pulmonary fibrosis is a serious complication/outcome of
COVID-19 pneumonia [33]. It is well-known that the alveo-
lar epithelial cells and fibroblasts play key roles in the
initiation of fibrogenesis [34]. Moreover, collagen is a
specific extracellular matrix (ECM) component which con-
tributes to fibrosis [35]. We initially examined whether GMI
could mediate collagen expression in lung fibroblasts. As
shown in FIG. 8, we found that GMI dramatically reduced
levels of collagen I (COL1Al) in both WI38-2RA and
MRC-5 cells in a concentration-dependent manner.

Example 7 Effect of GMI on Inhibiting the
Cytokine Production in Blood and the Lung Tissue
In Vivo

To verify the in vivo anti-inflammatory effect of GMI, an
inhalation method was adopted in the mice model. The
scheme for the mice receiving GMI and the SARS-Co-V-2-E
protein by the inhalation method is shown in detail in FIG.
9A. In particular, the mice were exposed to the SARS-Co-
V-2-E protein (20 pg/ml.) aerosol generated by a nebulizer.
Thirty minutes after the exposure to the SARS-Co-V-2-E
protein, the GMI was administered to the mice at 100 ug/mlL
by exposing the mice to the GMI aerosol generated by the
nebulizer. The IL-6 production in the lung tissue and blood
was observed either 6 hours or 24 hours after the GMI
administration.

Referring to FIGS. 9B and 9C, the GMI administration
following the SARS-Co-V-2-E protein exposure signifi-
cantly reduced the IL.-6 production both in the lung tissue
(FIG. 9B) and the blood serum (FIG. 9C) of the mice.
However, GMI exhibited less inhibitory effect on the IL-6
production 24 hours after the GMI administration than 6
hours after the GMI administration. These findings sug-
gested that GMI may suppress the cytokine storm induced
by the SARS-Co-V-2-E protein.
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SEQUENCE LISTING

Sequence total quantity: 4

SEQ ID NO: 1 moltype = AA length = 6
FEATURE Location/Qualifiers
source 1..6
mol type = protein
organism = Ganoderma microsporum
SEQUENCE: 1
LAWNVK
SEQ ID NO: 2 moltype = AA length = 10
FEATURE Location/Qualifiers
source 1..10
mol type = protein
organism = Ganoderma microsporum

SEQUENCE: 2
DLGVRPSYAV

10
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-continued
SEQ ID NO: 3 moltype = AA length = 111
FEATURE Location/Qualifiers
source 1..111
mol type = protein
organism = Ganoderma microsporum

SEQUENCE: 3
MSDTALIFTL AWNVKQLAFD YTPNWGRGRP SSFIDTVTFP
VRPSYAVESD GSQKINFLEY NSGYGIADTN TIQVYVIDPD

SEQ ID NO: 4 moltype = AA length = 140
FEATURE Location/Qualifiers
source 1..140

mol type = protein

organism = Ganoderma microsporum

SEQUENCE: 4

EAEAEFMSDT ALIFTLAWNV KQLAFDYTPN WGRGRPSSFI
SGKDLGVRPS YAVESDGSQK INFLEYNSGY GIADTNTIQV
QKLISEEDLN SAVDHHHHHH

TVLTDKAYTY RVVVSGKDLG
TGNNFIVAQW N

DTVTFPTVLT DKAYTYRVVV
YVIDPDTGNN FIVAQWNYLE

60
111

60
120
140

What is claimed is:

1. A method for alleviating and/or treating a SARS-CoV-2
disease in a subject in need thereof, comprising administer-
ing an effective amount of Ganoderma immunomodulatory
protein to the subject in need thereof, wherein the Gano-
derma immunomodulatory protein comprises the amino acid
sequence of SEQ ID NO: 3.

2. The method of claim 1, wherein the Ganoderma
immunomodulatory protein is administered at a dose of 1
ng/kg to 100 pg/kg.

3. The method of claim 2, wherein the Ganoderma
immunomodulatory protein is administered at a dose of 2.0
ng/kg to 10 ng/kg.

4. The method of claim 1, wherein the Ganoderma
immunomodulatory protein comprises the amino acid
sequence of SEQ ID NO: 4.

5. The method of claim 1, wherein the subject is a severe
COVID-19 subject.

6. The method of claim 1, further comprising administer-
ing one or more additional therapeutic agents against coro-
navirus.

7. The method of claim 6, wherein the one or more
additional therapeutic agents is administered prior to or after
administering the Ganoderma immunomodulatory protein
or is co-administered with the Ganoderma immunomodu-
latory protein.

8. The method of claim 1, wherein the method shortens
the time to recovery in subjects who were hospitalized with
Covid-19, lowers respiratory tract infection, and/or reduces
mortality.
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9. The method of claim 1, wherein the method inhibits
SARS-CoV-2-related cytokine storm and fibrosis.

10. The method of claim 1, wherein the Ganoderma
immunomodulatory protein is administered orally or by
nasal nebulization.

11. The method of claim 10, wherein the Ganoderma
immunomodulatory protein is administered by an inhaler to
the respiratory tract for local or systemic treatment of the
SARS-CoV-2 coronavirus disease.

12. The method of claim 10, wherein the Ganoderma
immunomodulatory protein is in the form of aerosol with a
size of 1 um to 10 pm.

13. A method for inhibiting SARS-CoV-2-induced
inflammation in a subject in need thereof, comprising
administering an effective amount of Ganoderma immuno-
modulatory protein to the subject in need thereof, wherein
the Ganoderma immunomodulatory protein comprises the
amino acid sequence of SEQ ID NO: 3.

14. The method of claim 13, wherein the inhibition of the
SARS-CoV-2-induced inflammation comprises reduction in
the blood NO level and/or in the level of at least one
cytokine in blood and/or the lung selected from the group
consisting of: IL-6, TNF-c, and 1L-12.

15. The method of claim 13, wherein the method inhibits
SARS-CoV-2 envelope or spike protein-induced inflamma-
tion in macrophages and/or reduces collagen in lung cells.
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