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Abstract— WIN 55212-2 is an endocannabinoids analogue that has been reported to have
anti-inflammatory and anti-fibrosis effects on different models. In this study, we investi-
gated the protective effects of WIN 55212-2 on paraquat (PQ)-induced poison on mice
especially on lung injury. Mice were administrated with different dose of PQ and thereafter
treated with 0.2 mg/kg or 1 mg/kg WIN 55212-2. The survival of mice was recorded dur-
ing 4 weeks of observation. Twenty-eight days after PQ treatment, the cell population and
inflammatory factors IL-6, IL-10, and TNF-a were measured in bronchoalveolar lavage
fluid (BALF). Pulmonary fibrosis was evaluated by Masson staining. Our results showed
that WIN 55212-2 treatment reduced PQ-induced mortality of mice in a dose dependent
manner. It decreased the number of inflammation-associated cells, as well as the level of
pro-inflammatory factors in BALF (P <0.05). WIN 55212-2 increased M2 cells in BALF
(P <0.05), improved the lung histology, reduced fibrosis formation, and decreased TGF-f,
o-SMA and PDGFRa expression. The protective effects of WIN 55212-2 on PQ-induced
lung injury and fibrosis were associated with an increase inM2 cells and increased expres-
sions of IL-10, CD163, and CD206, suggesting that polarization of M2 macrophages may
be involved in WIN 55212-2 protective effects on PQ-induced lung injury.
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pathogenesis of PQ toxicity to human lung goes through
two stages. During the early phase (or acute phage),
clinical manifestations include lung injury and acute
respiratory distress syndrome [3]. Death may occur dur-
ing this period, especially when PQ intake is excessive.
When surviving from the first stage, patients generally
show a period of improvement, but in most cases, this
is merely the prelude to the second stage, i.e., pulmo-
nary fibrosis after the acute phase. Extensive pulmonary
fibrosis results in dyspnea, cyanosis, and eventually
death from respiratory failure [4]. Preventing or inhi-
bition the fibrosis seems a promising strategy to reduce
pulmonary fibrosis-related death of PQ poisoning.
WIN 55212-2 is a cannabinoid receptor agonist
that acts on cannabinoid receptors, CBIR and CB2R
with K; values 62.3 and 3.3 nM respectively. It is
reported WIN 55212-2 could abrogate dermal fibrosis
in scleroderma bleomycin model paralleled by a strong
inhibition of TGFpB, CTGF, and PDGF-BB expression
[5] WIN 55212-2 also protects against oxidized LDL-
induced inflammatory response in murine macrophages
signaling though CB2 receptor [6]. There are many
other reports indicate endocannabinoids involve in the
progression of fibrosis of multiple organs, including
the liver [7-10], kidney [11, 12], heart [13], and skin
[14]. CB2 receptor is highly expressed on inflamma-
tory cells, such as B and T lymphocytes, macrophages,
neutrophils, and mast cells [15]. Recent works have
related it with immunosuppressive effects by modu-
lating lymphocyte cell activation and differentiation
[16]. The anti-inflammatory and protective proper-
ties of WIN 55212-2 may be used to control inflam-
mation and tissue damage during SARS-CoV-2 infec-
tion (COVID-19) in heart cells [17]. It is noteworthy
that cannabinoids have anti-inflammatory properties
and exert their biological effect mainly by interaction
with the cannabinoid receptors type 1 (CB1R) and/or
type 2 (CB2R), to both of which WIN 55212-2 has
high affinity[18, 19]. Also, high-cannabidiol (CBD)
Cannabis sativa extracts presented anti-inflammatory
properties in the epithelia pre-treated with TNF-a and
IFN-y [20]. Since PQ-induced pulmonary injury is a
pro-inflammatory process, could the consequences of
lung injury in a PQ-induced mouse model be affected
if CB2R is activated with WIN 55212-2? In this work,
we evaluated the protective role of WIN 55212-2 on
PQ-induced lung injury. Our observations suggest that
WIN 55212-2 inhibits PQ-induced lung fibrosis and
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regulates the polarization of M2 macrophages in mice.
This supports the therapeutic potential of targeting
CB2R system for PQ-induced pulmonary fibrosis.

MATERIALS AND METHODS

Animals and Treatments

Male C57BL/6 mice, 6—8 weeks old, weighing
22-25 g, were obtained from the Experiment Animal
Center of Kunming medical university and they were
housed in normal laboratory conditions at 22 +2 °C
with a 12 h light/12 h dark cycle. The mice had free
access to water and standard rodent chow. The study
was conducted in accordance with the Basic & Clinical
Pharmacology & Toxicology policy for experimental
and clinical studies [21]. All the animals were treated
humanely according to the guideline approved by the
Animal Experimentation Ethics Committee of the First
People’s Hospital of Yunnan Province.

Three groups of mice (45 mice per group) at dif-
ferent PQ doses (20 mg/kg, 30 mg/kg, and 45 mg/kg)
were further divided into nine subgroups according to
the administration of WIN 55212-2 (MedChemexpress
Co., China), namely the PQ20 (PQ 20 mg/kg) sub-
groups: [PQ20-WIN 55212-2 (WIN)-0] (the control,
n=15), PQ20-WIN 0.2 mg (n=15), and PQ20-WIN
1 mg (n=15); PQ30 (PQ 30 mg/kg) subgroups: PQ30-
WIN-O0 (the control, n=15), PQ30-WIN 0.2 mg (n=15),
and PQ30-WIN 1 mg (n=15); and PQ45 (PQ 45 mg/kg)
subgroups: PQ45-WIN 0 (the control, n=15), PQ45-
WIN 0.2 mg (n=15), and PQ45-WIN 1 mg. A single
dose of PQ was given trough intraperitoneal (i.p.) injec-
tion and following with WIN 55212-2 i.p. injection after
3 h and then every 2 days, for a total of 28 days of WIN
55212-2 treatment. The death of mice is recorded daily.
The dead mice were also dissected to observe the lung.
The left lung was taken for histological observation
and the remaining right lung for molecular detection.
After 28 days of PQ administrating, all of the mice were
anesthetized by injecting 10 mg/ml barbital sodium (i.p.,
80ug/g body weight). BALFs were collected from 10
mice by intratracheal instillation and draining of 0.5 ml
normal saline at 37 °C. The removed left and right lungs
were immediately frozen in liquid nitrogen and cryo-
preserved at —80 °C for later histological and molecular
index testing.
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Cell Component Analysis of BALFs

For HE staining, freshly collected BALFs were
centrifuged at 800 g for 10 min, the pellets were re-
suspended with 0.5 mL PBS (containing 1% BSA),
and then, 20 pl cell pellets were smeared on slide for
hematoxylin—eosin (HE) staining (Solarbio, China). The
total and differential leukocyte counts were determined
under X 400 magnification.

For immunofluorescence staining, the remaining
480 pl suspension of each sample was divided into two
tubes with equal volume, and one for F4/80 and CD206
double staining, the other for F4/80 and CCR7 double
staining. Add 5 pl primary antibody, anti-F4/80 antibody
[BMS] (ab16911) into each tube, mix well, and incubate
with cells for 15 min; cells were then washed with PBS
for three times by centrifugation. The pellets were sus-
pended with 200 pl secondary antibody solution (PBS
containing 1% BSA and 1 pl goat anti-Rat IgG H&L
(Alexa Fluor® 555)), incubated for 10 min, and washed
with PBS for three times; the result pellets were than
suspended with 200 pl 1% BSA-PBS containing 5 pl
anti-Mannose Receptor(CD206) antibody (ab64693) or
anti-CCR7 antibody[Y59] (ab32527) for double stain-
ing for 15 min; after washing three times with PBS, the
cells were staining with another secondary antibody, goat
anti-Rabbit IgG H&L (Alexa Fluor® 488) (ab150077) as
above. Cell pellets were suspended with 500 pl 1% BSA-
PBS, and analysis with FACSCalibur (BD Biosciences),
and the results were analyzed with FlowJo software
(TreeStar). Primary antibodies and secondary antibodies
used were purchased from Abcam Company (US).

Total Protein Analysis of BALFs
and Inflammatory Factor Level Determination

BALF total protein was assessed using Bradford
Protein Assay Kit (Tiangen, Beijing, China) following
the manufacturer’s protocols. Inflammatory factors TNF-
a, [L-6, and IL-10 levels in BALFs were determined by
enzyme-linked immune sorbent assay (ELISA) with
TNEF-a, IL-6, and IL-10 ELISA kits (Elabscience. Wuhan,
China).

Quantitative Real-time PCR

Thirty- to fifty-milligram cryopreserved lung tis-
sues were ground into powder in liquid nitrogen using an

RNase-free mortar. The lung tissues were then removed
into 1.5 mL PE tube and the total RNA was extract by
TRNzol-A 4+ Reagent (Tiangen, Beijing, China). Two-
microgram RNA was reverse transcribed to cDNA using
the FastQuant RT Kit (With gDNase) (Tiangen, Beijing,
China). TNF-a, IL-16, IL-10, CD163, CD06, TGF-b,
a-SMA, Fibronectin, collagen I, collagen III, PDGFRa,
and GAPDH mRNA levels were determined using the
SuperReal PreMix Plus (SYBR Green) kit (Tiangen, Bei-
jing, China) and the Rotor-Gene Q 2plex HRM platform
(Qiagene, DE). Gene expressions were calculated using
the 22-AACt method. The housekeeping gene GAPDH
was used as loading control.

Western Blot Analysis

Twenty-milligram lung tissue was lysed by 150 pl
RIPA Lysis Buffer (Beyotime,China) containing 1 mM
PMSF protease inhibitor (Beyotime,China). The con-
centration of protein in the lysate was determined by
BCA protein assay kit (Tiangen, Beijing, China). Mix
the protein lysate with SDS-PAGE sample loading buffer
(Beyotime, China) and degenerate the proteins at 95°C
for 10 min. Fifty-microgram proteins were separated
on 10% SDS—polyacrylamide gels and transferred onto
PVDF membranes. The membranes were blocked with
QuickBlock™ Blocking Buffer (Beyotime, China), and
incubated with primary antibodies overnight at 4°C (anti-
bodies were 1:1000 diluted with blocking buffer). Wash
the membranes with TBST buffer for 5 times, each time
last 5 min. Incubate the membranes with appropriate sec-
ondary antibody. Wash the unconjugated antibody with
TBST buffer for 5 times, each time last 5 min. Develop
the plots with the SuperSignal chemiluminescence rea-
gents (Pierce, US) and Tanon automatic chemilumines-
cence image analysis system (Tanon, Shanghai, China).
Primary antibodies used are as follows: anti-Mannose
Receptor (CD206) antibody (ab64693, Abcam, US);
Anti-CD163 antibody [EPR19518] (ab182422, Abcam,
US), anti-aSMA antibody(#14968,CST,US) anti-TGF-3
Antibody (#3711,CST,US), anti-collagen I antibody
(ab34710, Abcam, US), anti-Fibronectin antibody
(ab199056, Abcam, US), PDGF Receptor a antibody
(#3174, CST, US), and beta actin Monoclonal Antibody
(E-AB-20031, Elabscience, China). Secondary antibodies
used are as follows: goat Anti-Rabbit IgG H&L (HRP)
(ab6721, Abcam, US) and goat Anti-Mouse IgG-HRP
(E-AB-1001, Elabscience, China).



Masson Staining and Immunohistochemistry

Frozen lung tissues were sliced into 5 mm thick
sections with a Leica microtome. Sections were carefully
removed and spread onto the slide. Sections were stained
with Masson’s Trichrome Stain Kit (Solarbio, China) to
assess collagen fibers. For IL-10 and CD206 staining,
sections were blocked with normal goat serum for 30 min,
and then incubated with 1:100 diluted IL-10 antibody
(ab189392, Abcam, US) or 1:200 diluted CD206 anti-
body (ab64693, Abcam, US) at 4°C overnight. Sections
were washed with PBST. Incubate sections with HRP
conjugated secondary antibodies (1:1000 dilute with 1%
BSA-PBS) for 1 h at room temperature. Sections were
stained with DAB stain for 10 min, rinsed under running
tap water for 5 min, and counterstained with hematoxy-
lin. The slides were examined and photographed at X 200
magnifications use a light microscope.

Statistical Analysis

The quantitative data were analysis with IBM SPSS
software and showed as average + SD in column graphs
(error bars on histogram represent SD). The ImageJ soft-
ware was used for Masson and immunohistochemistry
(IHC) staining quantification. The differences between
two groups were analyzed by one-way ANOVA followed
by the Bonferroni T test. The differences in survival rate
were analyzed by chi-square test. Overall survival at
28 days in PQ-administrated mice was determined using
the Kaplan—Meier function and the significance of the
differences was evaluated by log-rank test; P <0.05 was
considered to be statistically significant.
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RESULTS

WIN 55212-2 Reduce PQ-Induced Mortality
of Mice

The result showed that PQ20 subgroups had almost
no effect on the mortality after 28 days. PQ30 and PQ45
subgroups showed 40% and 46.7% fatality, respectively.
In contrast, administration of WIN 55212-2 (i.p.) reverse
this situation, resulting in increased survival in both the
PQ30 and PQ45 subgroups. They have a significant effect
on mice survival status (Table 1, P <0.05). The overall
survival rate of mice was showed in Fig. 1A. Figure 1B
shows the survival rates of all mice administered PQ.
This indicated that WIN 55212-2 successfully improved
the survival rate of PQ-administrated mice (log-rank
P=0.005).

WIN 55212-2 Reduces PQ-Induced
Pro-inflammatory Cells and Increases M2
Macrophage Cells

BALFs collected from different groups were ana-
lyzed. Macrophages, neutrophils, and leukocytes were
identified by HE staining and microscopy. The total num-
ber of inflammatory-related cells and the number of each
inflammatory cell types were showed in Fig. 2A&B. The
total protein levels were showed in Fig. 2C. The results
showed that the total number of inflammation- associated
cells increased after PQ injection but lowered after WIN
55212-2 administration(P < 0.05). The total protein

Table 1 Chi-square Test of PQ and WIN 55212-2 with Status of Mice Survival

Cross-tabulation Value df Asymptotic
significance
(2-tailed)
PQ X status X frequency Person chi-square 16.593a 2 0.000
Likelihood ratio 19.09 2 0.000
Linear-by-linear association 16.374 1 0.000
N of valid cases 135
WIN 55212-2 X status X frequency Person chi-square 10.113a 2 0.006
Likelihood ratio 9.751 2 0.008
Linear-by-linear association 6.014 1 0.014
N of valid cases 135

a: 0 cells (0%) have expected count less than 5. The minimum expected count is 8.33
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Fig. 1 Survival rates of PQ-injected mice. A Survival rates of PQ-injected mice at 20 mg/kg, 30 mg/kg, and 45 mg/kg administrated with O mg/kg,
0.2 mg/kg, or 1 mg/kg WIN 55212-2 (each group, n=15). B Kaplan—Meier function for overall survival of WIN 55212-2 administered mice at dif-
ferent doses, followed up to 28 days after PQ treatment (three PQ dose combinations in this experiment and, n=45, *P <0.05).

levels showed the same trend with the total inflammatory
cells(P <0.05). Since macrophage activation was associ-
ated with inflammation response, different subtypes of
macrophages serve their respective inflammatory regu-
latory signaling pathways. Two well-known subtypes of
macrophage, M1 and M2, were analyzed by flow cytom-
etry analysis in this work. M1 macrophages were usually
related to pro-inflammation pathways, while M2 mac-
rophages serve inflammation suppressing pathway. The
percentages of F4/80+/CD206 + cells (M2 macrophages)
and F4/80+4/CCR7+ cells (M1 macrophages) in mice
BALFs were quantified by flow cytometry analysis. The
results showed that PQ-induced increase of macrophages
was mainly due to an increase in F4/804/CCR7+ M1
cells (P <0.05, Fig. 2D). When WIN 55212-2 was used,
there was an increase in the F4/80+/CD206 + M2 mac-
rophages and a decrease in M1 cells (P <0.05, Fig. 2D).
This indicated that WIN 55212-2 may influence inflam-
matory response by altering the polarization macrophages.

WIN 55212-2 Regulated Inflammatory Factors
TNF-a, IL-6, IL-10, CD206, and CD163
Expression

Expression of TNF-a and IL-6 is induced in many
acute injury-associated inflammatory response, while the
expression of IL-10, CD206, and CD163 was reported to

be associated with the activation of M2 macrophage and
to play a role in inflammation suppressing. In this work,
the expression of inflammatory factors TNF-a, IL-6, and
IL-10 in BALFs was analyzed by ELISA. The results
in Fig. 3 showed that PQ-induced TNF-a and IL-6 up
expression was attenuated by WIN 55212-2 (P <0.05),
while IL-10 expression was not changed by PQ but was
increased by WIN 55212-2 treatment. The Q-PCR results
of TNF-a, IL-6, and IL-10 in the right lung further veri-
fied this altered expression (Fig. 3B). More importantly,
WIN 55212-2 increased CD163 and CD206 expression
in the right lung at both the mRNA and protein levels
(Fig. 3C-D, P <0.05), indicating M2 macrophages were
activated.

WIN 55212-2 Reduced PQ-Induced Fibrosis
While Enhancing M2 Macrophage Maker Gene
Expression

In this work, the fibrosis-related factors and fibrosis
maker genes were analyzed. The expression of fibrosis-
related genes TGF-f, a-SMA, PDGFRa, Fibronec-
tin, and collagen I was suppressed by WIN 55212-2
(Fig. 4A-E, P <0.05), while collagen III expression
was not significantly altered by PQ or WIN 55212-2
administration in our results (Fig. 4C). Masson staining
of the left lung also showed a significant improvement
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Fig. 2 Analysis of inflammatory cells and protein levels in BALFs collected from control mice and mice injected with PQ with or without adminis-
tration of WIN 55212-2. A Typical figure of HE staining of BALFs cells. Black arrow, macrophage; green arrow, neutrophil; yellow arrow, leuko-
cyte. B The number of different inflammatory cell subtypes in BALFs. C Total protein levels of different groups. In C and B, *P <0.05 compared to
PQ30-WIN-0 group; #P <0.05 indicates significant difference compared to control group. D Analysis of M1 and M2 macrophages by cell surface
antigen labeling and flow cytometry assay. For all of the assays, dose of PQ was 30 mg/kg, n=5. * or # P <0.05 indicates a significant difference.

in PQ-induced fibrosis status. Also, WIN 55212-2

caused upregulation of IL-10 and CD206 expression,
and these changes were confirmed by immunohisto-

chemical results (Fig. 4C). This was further consistent

with the western blot and Q-PCR results.

DISCUSSIONS

PQ poisoning can cause damage to many organs,

mainly in the lungs. The lethality of its toxicity is mainly

caused by lung damage, with the main lesions being



Cannabinoid Analogue WIN 55212-2

>

2501

Inflammatory cytokines
leverls in BALF(pg/mL)
a 2 a 8
e s < 9

o
I

34
< E CD163 */#
z g’ =3 CD206
55
[
£98 4]
O =
T %
o9
w
0-
°® \‘\\\\ &
N \3
33 S
< o
(e
<

Fold change of mRNA
expression in lung

CD163 [N --

(D206 |Www e —

B-ACtin | s— — —

Fig. 3 Expression assay of inflammatory factors. A ELISA analysis of inflammatory cytokines levels in BALFs collected from control mice and
PQ injected mice with or without WIN 55212-2 administration. B Fold change in mRNA expression of TNF-a, IL-6, and IL-10 in lung tissues. C
Fold change of mRNA expression of CD163 and CD206 in lung tissues. D Western blot analysis of CD163 and CD206 in lung tissues. PQ dose was
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proliferative bronchiolitis and alveolitis. The morpho-
logical changes of the lungs after PQ poisoning depend
on the length of the life after ingestion. In the first week
after poisoning, type I and type II alveolar epithelial
cell swell, degenerate and necrosis, with pathologi-
cal changes such as pulmonary congestion, edema, and
increased lung weight characteristic of oxygen toxicity.
After 1 week of survival, alveolar exudates (including
alveolar epithelial debris, macrophages, erythrocytes,
and clear membranes), mononuclear infiltration, hem-
orrhage, and interstitial fibroblast proliferation, alveolar
interstitial thickening, extensive fibrosis, and cellular
lung and bronchiectasis were observed. Oxidative stress,
inflammation, and pulmonary fibrosis are for the cause
of lung injury. PQ poisoning can also cause renal tubular
necrosis, central lobule cell damage, necrosis, myocardi-
tis, pulmonary arterial thickening, and adrenal cortical
necrosis. The mechanism of PQ poisoning is relatively

clear, but the investigation related to the treatment of PQ
poison and prevention of PQ-induced injury to organs is
always insufficient.

Our results revealed that WIN 55212-2 treatment
improved the survival of PQ-administrated mice. Cel-
lular component analysis of BALF showed that WIN
55212-2 reduced PQ-induced pro-inflammatory cells
but increased F4/80 4+ /CD206 + M2 macrophages. WIN
55212-2 attenuated PQ-induced expression of pro-
inflammatory factors IL-6 and TNF-a expression, but
increased IL-10 expression in lung tissues and BALF.
IL-10 is one of well researched inflammation regula-
tory factor. It inflammatory suppress function has been
revealed by many reports [22-26]. IL-10 is considered
to be a marker of M2 macrophage activation. In this
research, we found that not only IL-10 expression was
increased but also F4/80 4+/CD206 + M2 macrophages
were increased by WIN 55212-2 treatment. Another M2
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«Fig. 4 WIN 55212-2 reduced PQ-induced fibrosis and enhance IL-10
and CD206 expression. A-C Q-PCR analysis of TGF-b, a-SMA,
Fibronectin, PDGFRa, collagen I, and collagen III exp-ression in dif-
ferent groups of lung tissues. #P <0.05 compared to the PQ30-WIN-0
group; *P <0.05 compared to the control group indicates a significant
difference; D-E western blot analysis of TGF-b, a-SMA, Fibronectin,
Col-I, and PDGFRa expression in different groups of lung tissues;
F-I Masson staining and immunohistochemical staining of IL-10 and
CD 206 and their relative staining percentage analysis. Collagen fiber
was blue staining in Masson staining. IL-10 and CD 206 positive cells
were brown staining in IHC DBA development. For each sample, 5
different microscopic fields were quantified by the ImageJ software.
PQ dose is 30 mg/kg, n=35, *or #P <0.05 indicates a significant dif-
ference.

maker gene CD163 also upregulated by WIN 55212-2.
These findings indicated that WIN 55212-2 may initi-
ate a pro-/anti-inflammatory transfer regulatory process
associated with macrophage polarization.

The inhibitory effect of WIN 55212-2 on pulmo-
nary fibrosis was also evident in our results. Collagen
deposition, a-SMA, Fibronectin, PDGFRa, and TGF-b
expression were reduced by WIN 55212-2, but whether
this reduction is a consequence of anti-inflammatory
process or some other process relate to fibrogenesis
regulation is unclear. Endocannabinoids may behave as
pro- or anti-fibrogenic substances depending on their
interaction with CB1 or CB2 receptors, respectively.
CB2 receptor activation with CB2 agonist JWH-133
or WIN 55212-2 could prevent the pro-fibrotic effect
of bleomycin on the skin [27]. In a mouse model of
systemic sclerosis, CB2 agonist also counteracted the
pro-fibrotic effects of HOCI on skin and lung [28], and
inhibitions of CB2 receptor or CB2R knocking out had an
opposite effect in the same model. In contrast to CB2,
the overactivity of the cannabinoid CB1 receptor contrib-
utes to the pathogenesis of idiopathic pulmonary fibrosis
[29]. Cannabinoid CB1 receptor also mediates signaling in
the onset and progression of radiation-induced pulmonary
fibrosis (RIF) [30]. WIN 55212-2 is a nonselective CB1
and CB2 agonist, but has a greater affinity with CB2. Con-
sidering the contributions of CB2R to the regulation of
fibrosis in other studies, the antifibrotic effect of WIN
55212-2 in a model of PQ intoxication may be direct
and may be independent of the anti-inflammatory effect.

PQ-induced lung injury is a ROS response pro-
cess. As an electron acceptor, PQ induces numerous
ROS upon entry into the cell [31]. High levels of ROS
disrupt cell function, induce apoptosis, and cause tis-
sue damage through the induction of oxidative stress
[31, 32]. The mitogen-activated protein kinase (MAPK)

pathway, which regulates cell apoptosis, is vulnerable to
ROS attack. High levels of ROS and activation of MAPK
signaling pathways are important causes of PQ-induced
lung injury [32-34]. Modulation of ROS production and
AMPK activation has been described as therapeutic strat-
egy to ameliorate PQ poisoning. Although the mechanism
is not clearly defended, there are increasing evidences
confirm cannabinoid regulates ROS and MAPK signal-
ing pathway. It was reported that WIN 55212-2 could
reduce oxLDL-induced TNF-alpha and ROS levels in
RAW264.7 mouse macrophages through inhibition of
MAPK (ERK1/2) signaling and NF-kappa B activity
[6], while the effects of WIN 55212-2 were attenuated
by the selective CB2 receptor antagonist AM630 [6].
WIN 55212-2 reduces ROS formation in cortical neuron
cultures treated with FeCl, [35] and protects against I/R
damage by decreasing inflammation and oxidative stress
[36, 37]. There are also conflicting results from I/R dam-
age researches that did not observe a ROS clearance effect
of CB2 agonist which may related to the time-points at
which evaluations were performed [38, 39]. PQ-induced
oxidative stress and early inflammatory response are
responsible for the early phase (or acute phage) of lung
injury. Though we did not detect these indexes in this
stage, it is possible that WIN 55212-2 plays roles at an
earlier stage (on day 7 or 14) before fibrosis onset.

In this work, we observed the recruitment of M2 mac-
rophages and the upregulation of IL.-10 in PQ-poisoning lung
after WIN 55212—2 administration, but whether the accu-
mulation of M2 macrophages is responsible for the reduc-
tion of pulmonary fibrosis is need to be further addressed.
Immunoregulatory M2 macrophage and IL-10 have also been
reported to have pro-fibrosis activities when loss control in
many other researches [40, 41]. IL-10 is a biomarker of M2
macrophages, but it is also released by other cell types such
as dendritic cells when treated with a pro-tolerogenic aller-
gens [42], eosinophils that derived from hypereosinophilic
syndrome patients [43], neutrophils during the initial phase
of immune priming [44], and B cells in human diseases such
as multiple sclerosis, osteoarthritis, and bullous pemphigoid
[45]. IL-10 is also produced by CD8+T cells, TH1, TH2,
and TH17 and regulatory T cells and has distinct functions
in immune response [46]. These types of immune cells may
have involved in the WIN 55212-2 anti-fibrosis effects con-
sidering the ubiquitous expression of cannabinoid receptors
on the surface of immune cells. Although WIN 55212-2 has
a greater affinity with CB2 than CB1, the nonselective activa-
tion of both CB2 and CB2 indicates CB1 may be involved
in the anti- inflammatory/fibrosis effects of WIN 55212-2.



Angelina et al. demonstrated that WIN 55212-2 exerts anti-
inflammatory effects by generating tolerogenic dendritic cells
and Tregs, and this was not depend on CB2R but on the acti-
vation of CB1R and other cannabinoid ligand targets such as
PPAR« [47]. In this work, we observed the protective effects
of WIN 55212-2 on PQ-induced lung damage and fibrosis,
but how M2 macrophage balances from immunosuppression/
pro-fibrosis activities and whether dendritic cells and Tregs
contribute to WIN 55212-2’s anti-inflammatory effects at
different PQ poisoning stage were unclear and need further
addressing.

Another shortcoming of this paper is that the test
period is only 28 days, and the effects of WIN 55212-2
on early phase (or acute phase) of lung injury charac-
terized by clinical acute respiratory distress syndrome
(human) cannot be evaluated. Indexes including M2 mac-
rophage polarization, inflammatory factors IL-6, IL-10,
and TNF-a, which are closely related to the development
of pulmonary fibrosis, may have changed in day 7-14 in
mice with PQ administration.

CONCLUSION

The protective effects of WIN 55212-2 on PQ-
induced lung damage and fibrosis were linked with an
increase in M2 cells and higher expressions of IL-10,
CD163, and CD206, indicating that M2 macrophages
may be involved in WIN 55212-2 protective effects on
PQ-induced lung injury. This paper demonstrates that the
use of WIN 55212-2 may reduce the formation of pul-
monary fibrosis, and whether this effect would also be
beneficial in the treatment of COVID-19 or improve the
prognosis of COVID-19 deserves further investigation.
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