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Lichens are a life form in which algae and fungi have a symbiotic relationship and have various biological activities, including anti-
inflammatory and antiproliferative activities. This is the first study to investigate the anti-inflammatory activity of a Phlebia sp.
fungal extract (PSE) isolated from Peltigera neopolydactyla in lipopolysaccharide- (LPS-) stimulated RAW 264.7 macrophage.
PSE reduced the production of the proinflammatory cytokine (tumor necrosis factor-α, interleukin-6, and interleukin-1β),
chemokine (granulocyte-macrophage colony-stimulating factor), nitric oxide, and prostaglandin E2 in the LPS-stimulated
RAW264.7 macrophages. Especially, PSE inhibits the phosphorylation of activator protein-1 (AP-1) signaling (c-Fos and c-Jun)
and their upstream mitogen-activated protein kinase kinases/mitogen-activated protein kinases (MKK/MAPKs: MKK4, MKK7,
and JNK) and finally reduced the production of the inflammatory cytokines. The inhibitory effects mainly act via suppressing
JNK-mediated AP-1 rather than the NF-κB pathway. Furthermore, PSE inhibited the production of final inflammatory effector
molecules involved in AP-1 signaling, including nitric oxide (NO) and prostaglandin E2 (PGE2). Here, we report that PSE has
the potential to be developed as an anti-inflammatory agent.

1. Introduction

Macrophages play a critical role in the immune system by
serving as the first line of defense against pathogens and
tumors and also link innate and adaptive immunity [1]. How-
ever, excessively activated macrophages release various
inflammatory mediators such as nitric oxide (NO) and cyto-
kines and prostaglandin E2 (PGE2) leading to uncontrolled
inflammation [2]. The aforementioned inflammatory factors
are regulated by several signaling pathways such as up
mitogen-activated protein kinase kinases/mitogen-activated
protein kinases (MKK/MAPKs), nuclear factor kappa B (NF-
κB), and activator protein-1 (AP-1) [3]. Abnormal phosphor-
ylation of inflammation factors induces destructive situations
and has been found to cause severe tissue damage, endotoxin
shock, and chronic inflammatory response, leading to a series
of diseases such as cancer [4, 5]. Therefore, inhibition of NF-
κB or AP-1 activation is considered an important strategy
for treatment of inflammatory diseases [3, 5].

Lichens are complex organisms composed of fungi and
photosynthetic partners (algae or cyanobacteria) [6]. Lichens
are characterized by their sensitivity to environmental
stresses, such as pollution and climatic changes [7].
Moreover, lichens have been used as food ingredients and
herbal tea in Japan and China [1]. Lichens produce second-
ary metabolites that have a variety of biological activities,
such as anti-inflammatory, antitumor, antioxidant, and
immune-suppressive activities [1, 8, 9]. Phlebia sp. is an
endolichenic fungi constituting the lichen, Peltigera neopoly-
dactyla, and belongs to the family Meruliaceae and the order
Polyporales [10].

There have been no reports of the anti-inflammatory
effects of Phlebia sp. extracts (PSE). Herein, we report that
PSE inhibits AP-1 signaling on the activated-macrophage
by regulating mitogen-activated protein kinase kinases
(MMK) and mitogen-activated protein kinases (MAPKs).
Effector molecules in downstream of AP-1 signaling, includ-
ing proinflammatory cytokines (TNF-α, IL-1β, IL-6, and
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GM-CSF), NO, and PGE2, are decreased by treatment of
PSE on LPS-stimulated RAW 264.7 cells. Based on our
results, we conclude that PSE can be used for the develop-
ment of material and functional products for anti-
inflammation.

2. Materials and Methods

2.1. Sample Collection, Identification, and Extraction. Pelti-
gera neopolydactyla was collected from the coastal rocks of
southern Korea in 2018 and deposited at the Korean Lichen
and Allied Bioresource Center (KOLABIC) of the Korean
Lichen Research Institute (KoLRI), Sunchon National Uni-
versity, Korea. For the accurate classification of the fungal
part of the sample, the ribosomal DNA internal-
transcribed spacer region (ITS) was analyzed to confirm that
it was Phlebia sp. To obtain the ethyl acetate (EA) PSE, Phle-
bia sp. was cultured on malt extract agar. Then, three to four
fungal agar pieces were obtained and placed in 200mL of
malt and yeast extract broth (MY) and incubated for one
month with shaking at a 150 rpm at 15°C. After adding an
equivalent amount of EA to the culture for 2 h, the culture
was thoroughly mixed and filtered using 3M filter paper,
and the water/EA layer was separated. The EA layer
obtained through this process was evaporated using a vac-
uum rotary evaporator, and 5mL of EA was added to the
evaporated product. The product was subsequently soni-
cated, and the EA was evaporated in an oven. The product
was then stored as powder in samples vials.

2.2. Chemicals and Reagents. Fetal bovine serum (FBS) and
Roswell Park Memorial Institute 1640 medium (RPMI
1640) were purchased from Hyclone Laboratories (Hyclone,
South Logan, UT, USA). Dimethyl sulfoxide (DMSO), 2-
mercaptoehanol, and lipopolysaccharides (Escherichia coli
0111:B4) were purchased from Sigma-Aldrich (St. Louis,
MO, USA). The Cell Counting Kit-8 (CCK-8) was pur-
chased from Dojindo Laboratories (Dojindo, Kumamoto,
Japan). Purified hamster anti-mouse (TNF-α), purified rat
anti-mouse (IL-6, GM-CSF), biotin human anti-mouse
(TNF-α), and biotin rat anti-mouse (IL-6, GM-CSF) were
purchased from BD Biosciences (San Jose, CA, USA). The
IL-1β ELISA kit was acquired from Thermo Fisher (Rock-
ford, IL, USA). The PGE2 ELISA kit was purchased from
R&D Systems (Minneapolis, MN, USA).

2.3. Cell Culture. RAW 264.7 (murine macrophage cell line,
KCLB 40071) cell line was acquired from the Korean Cell
Line Bank (Seoul, South Korea). The cells were cultured in
RPMI 1640 supplemented with 10% fetal bovine serum,
100 units/mL penicillin, 100μg/mL streptomycin (Invitro-
gen, Carlsbad, CA, USA), and 2-mercaptoethanol (50μM),
in a humidified atmosphere at 37°C with 5% CO2.

2.4. Cytotoxicity Assay and NO Production. RAW 264.7 cells
(5 × 104 cells/well) were seeded in 96-well plates and incu-
bated overnight. The next day, each well was preincubated
with LPS (1μg/mL) for 1 h and treated with 1, 3, 10, 30,
and 50μg/mL of the PSE for 24 h at 5% CO2 and 37°C. Then,
the half of supernatant was removed from each well, and

CCK-8 (10μL) was added to the wells. The optical density
was measured at 450nm using a microplate reader (Versa
Max, Molecular Devices, Sunnyvale, CA). The supernatant
was used to measure the NO production, using the Griess
assay [1].

2.5. Cytokine Assay. RAW 264.7 cells (5 × 105 cells/well)
were seeded in 12-well plates and incubated overnight. The
next day, each well was preincubated with LPS (1μg/mL)
for 1 h and treated with 1, 3, 10, 30, and 50μg/mL PSE, for
24 h at 5% CO2 and 37°C. Cytokine concentrations were
determined by using ELISA.

2.6. Western Blot Assay. RAW 264.7 cells were incubated
overnight in a 6-well plate at a density of 1 × 106 cells/well.
Then, PSE was added to the cells and incubated for 4 h or
18 h. The cells were washed once with cold phosphate-
buffered saline (PBS) on ice and lysed in radioimmunopreci-
pitation assay (RIPA) buffer containing a phosphatase and
protease inhibitor cocktail (Thermo, Rockford, IL, USA).
Proteins were obtained by centrifugation at 14,000 × g and
4°C for 20min. The concentration of the protein samples
was determined using a bicinchoninic acid (BCA) protein
assay kit (Thermo, Rockford, IL, USA). Protein samples
were separated using 4-12% bis-tris plus gels (Thermo,
Rockford, IL, USA) and transferred to nitrocellulose mem-
branes (Thermo, Rockford, IL, USA). The membranes were
incubated with blocking solution for 3 h and then incubated
overnight at 4°C with primary antibodies. The primary anti-
bodies included β-actin (1 : 2000, Thermo, Rockford, IL,
USA), inducible NO synthase (iNOS), cyclooxygenase-2
(COX-2), c-Jun, p-c-Jun, c-Fos, p-c-Fos, p38,p-p38, ERK,
p-ERK, JNK, p-JNK, MKK4, p-MKK4, MKK7, p-MKK7,
IκB, p-IκB, IKK, p-IKK, NF-κB (p65), and p-NF-κB (p-
p65). All primary antibodies for Western blot were pur-
chased from cell signaling technology except β-actin. The
membranes were washed with TBST (Thermo, Rockford,
IL, USA) and incubated with horseradish peroxidase-
(HRP-) conjugated secondary antibody (Thermo, Rockford,
IL, USA) for 3 h at room temperature with shaking. Mem-
branes were treated with an enhanced chemiluminescence
kit (Thermo, Rockford, IL, USA). Protein bands were cap-
tured using the ChemiDoc Imaging System (Bio-Rad, Her-
cules, CA, USA).

2.7. Immunofluorescence Staining. RAW 264.7 cells were cul-
tured 24h in a 96-well plate (165305, Thermo) at a density
of 5 × 104 cells/well. Cells were preincubated with LPS
(1μg/mL) for 1 h and treated with 50μg/mL PSE, for 24h
at 5% CO2 and 37°C. Briefly, cells were fixed and perme-
abilized using intracellular staining kit (130-093-142,
MACS). Cells were incubated with an anti-p65 primary anti-
body (3031, Cell signaling) at 4°C 30min, and plate were
washed twice with PBS and incubated with anti-rabbit IgG
Alexa488-conjugated secondary antibody (A11034, Invitro-
gen) which was added for 1 h. After washing with PBS and
staining with Hoechst 34580 (H21486, Thermo), cells were
imaged by fluorescent microscope (EVOS M7000, Thermo).

2 BioMed Research International



LPS (1 𝜇g/mL)
PSE (𝜇g/mL)

–
–

+
–

–
1

–
3

–
10

–
30

–
50

0

50

100
A A A A A A A

150

C
el

l v
ia

bi
lit

y 
(%

)

(a)

LPS (1 𝜇g/mL)
PSE (𝜇g/mL)

–
–

+
–

+
1

0

2
A

F
E E

D

C
B

4

N
itr

ite
 (𝜇

M
)

6

8

10

+
3

+
10

+
30

+
50

(b)

Figure 1: Confirmation of viability and NO inhibition effect of PSE in RAW264.7 macrophages. The cells were treated with different
concentration of PSE for 24H and the viability measured by cell counting kit-8 assay (a). The cells were pretreated with 1 μg/mL LPS for
1 h and subsequently treated with 1-50 μg/mL PSE for 24 h. The concentration of nitric oxide in the culture medium was measured by
using the Griess reaction (b). p value < 0.05 was considered statistically significant by Duncan’s test.
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Figure 2: Inhibitory effect of PSE extract on the production of cytokines and PGE2. Effect of PSE on the proinflammatory cytokines and
prostaglandin E2 (PGE2) produced by LPS-stimulated RAW 264.7 cells. The cells were pretreated 1μg/mL LPS for 1 h and treated with
1-50 μg/mL PSE for 24 h. The culture supernatant was measured by ELISA (a–e). p value < 0.05 was considered statistically significant by
Duncan’s test.
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2.8. Statistical Analysis. Data are presented as mean ±
standard deviation (SD). Statistical differences between
groups were analyzed using one-way analysis of variance
(ANOVA) followed by Duncan’s test using SPSS version
28 (Chicago, IL, USA). A value of p < 0:05 was considered
statistically significant.

3. Results

3.1. Viability and NO Inhibition Effect of PSE in RAW264.7
Macrophages. Nitric oxide (NO) is a mediator and regulator
of the inflammatory response and has many biological func-
tions, including the elimination of bacteria and mediation of
cell signaling [11, 12]. First, we have checked the cytotoxicity
of PSE and the effect on NO production. Specifically, the
anti-inflammatory activity of PSE was investigated in LPS-
stimulated RAW 264.7 macrophages. The RAW 264.7 cells
were exposed to varying concentrations of PSE, and the cyto-
toxicity wasmeasured using CCK-8 after 24h (Figure 1(a)). As
shown in Figure 1(a), PSE has no cytotoxicity within treated
concentrations to RAW 264.7 macrophages. In addition, the
noncytotoxic PSE has an inhibitory effect on the NO produc-
tion from LPS-stimulated RAW 264.7 macrophages in
concentration-dependent manner (Figure 1(b)).

3.2. Inhibitory Effect of PSE on the Production of
Inflammatory Cytokines and PGE2. Inflammatory cytokines,
such as TNF-α, IL-6, and IL-1β, play an essential role in reg-

ulating inflammation [13]. GM-CSF regulates the phagocy-
tosis of microbial pathogens by the activation of
macrophages. Furthermore, GM-CSF induces differentiation
and recruitment of inflammatory cells from the bone mar-
row into peripheral tissue. The aforementioned cytokines
elicit an immune response and, simultaneously, uncon-
trolled immune response exacerbates inflammation, imply-
ing regulation of inflammatory cytokines is essentially
required for the control of inflammation [14]. To investigate
the levels of proinflammatory cytokines (TNF-α, IL-6, and
IL-1β), macrophages were stimulated with LPS and treated
with 1, 3, 10, 30, and 50μg/mL of PSE. As presented in
Figures 2(a)–2(c), the PSE treatment inhibited cytokine pro-
ductions in the LPS-stimulated RAW 264.7 macrophages.
Figure 2(d) shows a significant decrease in GM-CSF produc-
tion by treating PSE. Furthermore, the PSE treatment inhib-
ited the production of PGE2 in a concentration-dependent
manner as shown in Figure 2(e). The biosynthesis of
PGE2, which is regulated by COX-2, is increased signifi-
cantly in inflammatory tissues, where it contributes to the
occurrence of acute inflammation [12]. These results clearly
indicate that PSE anti-inflammatory effects by regulating
inflammatory cytokines and PGE2.

3.3. Inhibitory Effect of PSE on the Expression of iNOS and
COX-2. In the inflammatory reaction, NO secretion is regulated
by iNOS in macrophages, and the generated NO molecules
work as an inflammatory mediator in immunity [12]. COX-2
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Figure 3: Inhibitory effect of PSE on the expression of iNOS and COX-2. The cells were pretreated 1 μg/mL LPS for 1 h and treated with 10
and 50 μg/mL PSE for 17 h. Western blot analysis was performed to confirm the effect of PSE on the expression of proinflammatory proteins
(a). Ratios of iNOS (b) and COX-2 (c) are presented as the mean ± SD from three independent experiments. p value < 0.05 was considered
statistically significant by Duncan’s test.
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Figure 4: Effect of PSE on the activation of NF-κB signaling. The cells were pretreated 1 μg/mL LPS for 1 h and treated with 10 and 50μg/
mL PSE for 3 h. Expression of IKK, p-IKK, IκB, p-IκB, NF-κB, and p-NF-κB were determined by Western blot analysis (a). The ratios of IKK
(b), p-IKK (c), IκB (d), p-IκB (e), NF-κB (f), and p-NF-κB (g) are shown. The cells were pretreated 1 μg/mL LPS for 1 h and treated with
50μg/mL PSE for 24 h. The localization of phosphor-NF-κB (p-p65) and nuclei were determined by staining with anti-phospho-p65
(green) and Hoechst 34580 (blue) (h). Images were obtained by microscopy at 40x magnification. Data are presented as mean ± SD from
three independent experiments. p value < 0.05 was considered statistically significant by Duncan’s test.
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is another enzyme that plays a pivotal role in the mediation of
inflammation and catalyzes the rate-limiting step in prostaglan-
din (PG) biosynthesis [14]. To check the anti-inflammatory
mechanism of PSE, we conducted Western blotting to confirm
the expression of iNOS and COX-2. We observed a significant
increase in the expression of iNOS and COX-2 by treating
LPS on the RAW 264.7 macrophage, whereas the treatment of
PSE suppresses the expression of iNOS and COX-2 concentra-
tion dependently (Figures 3(a)–3(c)).

3.4. Effect of the PSE on the NF-κB Signaling Pathway. Vari-
ous molecules in signal transduction pathways with compli-
cated networks affect inflammation. To investigate the effect
of PSE on the NF-κB signaling pathway, LPS-stimulated
RAW 264.7 macrophages were treated with PSE to analyze

the expression of inflammatory mediators by Western blots.
The results showed that PSE could not inhibit the levels of p-
IKK, p-IκB, and p-NF-κB induced by LPS (Figures 4(a)–4(f
)). In addition, immunofluorescence results showed that
50μg/mL of PSE did not inhibit the nuclear potential p-
NF-κB induced by LPS (Figure 4(h)). These results suggested
that PSE did not block the NF-κB signaling pathway.

3.5. Anti-Inflammatory Activity of the PSE through
Inhibition of AP-1 Pathway. AP-1 is a pivotal factor in the
regulation of inflammation by producing proinflammatory
mediators and cytokines such as iNOS, COX-2, IL-1β, and
IL-6 [15]. Phosphorylation of c-Jun, which is a member of
the AP-1 family, induces translation of gene, and produces
protein for TNF-α [16]. c-Fos is one of the most powerful
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Figure 5: Inhibitory effect of PSE on the activation of AP-1 signaling. The cells were pretreated 1 μg/mL LPS for 1 h and treated with 10 and
50μg/mL PSE for 3 h. Expression of c-Jun, p-c-Jun, c-Fos, and p-c-Fos were determined by Western blot analysis (a). The ratios of c-Jun (b),
p-c-Jun (c), c-Fos (d), and p-c-Fos (e) are shown. Data are presented as mean ± SD from three independent experiments. p value < 0.05 was
considered statistically significant by Duncan’s test.
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transcription factors in the immune system and belongs to the
Fos family. c-Fos binds to c-Jun to form active AP-1 and plays
a regulatory role in inflammation [17]. LPS-induced RAW
264.7 macrophages were treated with 10 and 50μg/mL of
PSE to confirm the effect on c-Jun and c-Fos, and their expres-
sions were measured by Western blot assay (Figure 5(a)).

Figures 5(b)–5(e) shows the quantitative analysis data with
Figure 5(a) for c-Jun and c-Fos after-treatment of the
RAW264.7 macrophages with PSE. These results clearly illus-
trate that treatment of the macrophages with PSE suppressed
the production of inflammatory proteins, which is phosphor-
ylation of c-Jun, c-Fos, and total c-Fos.
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Figure 6: Inhibitory Effect of PSE on the activation of MKK/MAPK signaling. Expression of MKK/MAPK signaling was determined by
Western blot analysis (a). The cells were pretreated 1 μg/mL LPS for 1 h and treated with 10 and 50 μg/mL PSE for 3 h (b–d). The cells
were pretreated 10 and 50μg/mL PSE for 30min and treated 1μg/mL LPS for 60min (e, f). Data are presented as mean ± SD from three
independent experiments. p value < 0.05 was considered statistically significant by Duncan’s test.
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3.6. Anti-Inflammatory Activity of the PSE on the MKK/
MAPK Pathway. Activated MAPKs phosphorylate several
transcription factors, such as c-Jun and c-Fos [18], and c-Jun
kinase (JNK), a member of MAPKs, is a key player in inflam-
mation as stress-activated protein kinase [19]. Numerous
reports, including increase of inflammatory cytokines produc-
tion by MAPKs (ERK, p38, and JNK), have demonstrated that
MAPKs are important targets for inflammation regulation
[19, 20]. We have first investigated the inhibitory effect of
the PSE on the phosphorylation of p38 and ERK, but it did
not affect it (Figures 6(b) and 6(c)). However, phosphorylation
of JNK was induced by LPS which was increased, but PSE
inhibits the phosphorylation of JNK concentration depen-
dently (Figure 6(d)). JNKs are activated through the sequential
activation of protein kinases containing two dual-specificity
MAP kinase kinases (MKK4 and MKK7) [21, 22]. We mea-
sured the effect of PSE on the phosphorylation of MKK4 and
MKK7 (Figures 6(e) and 6(f)), showing the phosphorylation
of MKK4 and MKK7 was reduced by PSE treatment. Taken
together, PSE inhibits phosphorylation of MKK4 and MKK7,
which results in blocking the production of inflammatory
cytokines and effector molecules via the decrease of phosphor-
ylation of JNK.

4. Discussion

Inflammation occurs by fighting for the eradication of
invading bacteria. Toll-like receptor 4 (TLR4) belongs to
the TLR family of receptors that induce a proinflamma-
tion response to pathogens like LPS [23]. Activation of
TLR4 and CD14 receptors plays a critical role in the
induction of inflammatory processes. Stimulating TLR4

induces activating various adaptor proteins, such as
TIRAP and MyD88, and consecutively induces activation
of NF-κB and AP-1, leading to the transcription of
inflammatory genes [24]. Excessive inflammation exacer-
bates pathological symptoms in various diseases including
asthma, diabetes mellitus, inflammatory bowel disease,
obesity, and sepsis [25]. Therefore, it is important to reg-
ulate inflammation for understanding inflammatory dis-
eases and developing medications, and one of potential
strategies for regulation of inflammation is to inhibit the
signaling pathways of transcription factors such as NF-
κB and AP-1 [26].

Lichen is a symbiotic cyanobiont, photobiont, and
mycobiont [27]. Lichen extracts have the ability for antiox-
idant, antiviral, antitumor, and anti-inflammatory activities
under experimental conditions [28]. Endolichenic fungi are
ubiquitous in the environment and have been investigated
for their antimicrobial, antineuroinflammatory, and anti-
cancer effects [29–32].

We have investigated the anti-inflammatory effects of
PSE by using LPS-activated macrophages to confirm phe-
notypic changes and intracellular signal transduction.
Inflammation is regulated by expression levels of iNOS
and COX-2 and produces large amounts of the inflamma-
tory effector molecules, NO, PGE2, and cytokines [33].
Increased inflammatory cytokines make synergic effects
exacerbate inflammation. TNF-α is critical for the syner-
gistic induction of NO synthesis in macrophages. In addi-
tion, IL-1β and IL-6 are believed to be endogenous
mediators of LPS-induced fever [7, 33], GM-CSF also
upregulates the expression of TLR2, TLR4, and CD14
[14]. Here, we confirmed that PSE significantly inhibited
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Figure 7: Schematic representation of the anti-inflammatory effects of Phlebia sp. extract in RAW 264.7 macrophages.
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the production of inflammatory cytokines including TNF-
α, IL-1β, IL-6, and GM-CSF. However, PSE did not inhibit
the phosphorylation of IκB by stimulating LPS and subse-
quently did induce the phosphorylation and translocation
of NF-κB.

Interestingly, we observed the activated macrophages by
LPS induce increased phosphorylation of MAPK family pro-
teins whereas PSE inhibits MAPKs, particularly JNK, and
upstream pathway, MMK4/7. Reduced MAPK signaling
leads to downregulation of the AP-1 pathway by the
decrease of phosphorylated c-Jun and c-Fos. Resultingly,
inflammatory effector molecules NO and PGE2 correlate
with expression patterns of the signaling pathways in com-
pany with reduced inflammatory cytokine levels (Figure 7).
Based on these results, PSE can be a candidate for specific
inflammation regulators by inhibiting particular intracellu-
lar pathways of inflammation.

5. Conclusion

PSE inhibits the production of NO, PGE2, and proinflam-
mation cytokines, such as TNF-α, IL-6, IL-1β, and GM-
CSF in LPS-stimulated macrophages by downregulating
expression of iNOS and COX-2. Those phenomena are
affected by inhibitory effects of PSE at the phosphorylation
of MKK4/7, JNK, and AP-1 pathways. Collectively, these
results demonstrate that PSE has therapeutic potential and
can be developed into a novel anti-inflammatory agent.
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