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apoptosis; Objective: This study aimed to investigate the functioning and mechanism of coptisine in acute
coptisine; lung injury (ALI).

inflammation; Methods: Murine Lung Epithelial 12 (MLE-12) cells were stimulated with lipopolysaccharide
lung injury; (LPS) to construct an in vitro pulmonary injury model to study the functioning of coptisine in
sepsis sepsis-induced ALI. The viability of MLE-12 cells was assessed by the cell counting kit-8 assay.

The cytokine release of tumor necrosis factor-a (TNF-a), interleukin 6 (IL-6), and IL-1p was
measured by enzyme-linked-immunosorbent serologic assay. The relative expression levels of
TNF-0, IL-6, and IL-13 mRNA were examined by reverse transcription-quantitative polymerase
chain reaction. The cell apoptosis of MLE-12 cells was determined by Annexin V/propidium
iodide staining and analyzed by flow cytometry. The expressions of apoptosis-related pro-
teins Bax and cleaved Caspase-3 were observed by Western blot analysis. The activation of
nuclear factor kappa B (NF-«xB) signaling pathway was discovered by the determination of
phospho-p65, p65, phospho-nuclear factor of kappa light polypeptide gene enhancer in B-cells
inhibitor alpha (IxBa), and IkBa through Western blot analysis.

Results: Coptisine treatment could significantly restore decrease in MLE-12 cell viability caused
by LPS stimulation. The release of TNF-«, IL-6, and IL-1B was significantly inhibited by coptis-
ine treatment. Coptisine treatment inhibited MLE-12 cell apoptosis induced by LPS, and also
inhibited the expression levels of Bax and cleaved Caspase-3. Coptisine treatment along with
LPS stimulation, significantly reduced the protein level of phospho-lkBa, increased the level of
lkBa, and reduced phospho-p65-p65 ratio.

Conclusion: These results indicated that coptisine attenuated sepsis lung injury by suppressing
lung epithelial cell inflammation and apoptosis through NF-xB pathway. Therefore, coptisine
may have potential to treat sepsis-induced ALI.
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Introduction

Sepsis is a severe and potentially life-threatening con-
dition caused by the body’s extreme response to infec-
tion. In turn, it can cause damage to different organ
systems.”? Acute lung injury (ALIl), including its more
severe form, acute respiratory distress syndrome (ARDS),
is a common and serious complication of sepsis, occurring
in approximately 40-60% of sepsis patients.®> The exact
mechanism being complex is not fully understood, but it is
widely accepted that an exaggerated systemic inflamma-
tory response to infection plays a key role in this process.
Studies have shown that the activation of various immune
cells and the release of inflammatory factors can result
in a significant imbalance between anti-inflammatory and
pro-inflammatory responses, which can further lead to ALI.*
During the progression of sepsis-induced ALI, the upregula-
tion of inflammation and apoptosis leads to the destruction
of alveolar epithelial cells and increased epithelial permea-
bility as well as the influx of subcrustal tissue fluid into the
alveolar cavity.>® It is reported that a persistent increase
in pro-inflammatory cytokines, such as tumor necrosis
factor-alpha (TNF-a) and interleukin-6 (IL-6), as well as
other mediators, can highly predict the mortality of ALI
patients.”® Thus, strategies for regulating inflammatory and
cell apoptosis pathways may provide new opportunities for
treating ALl caused by sepsis.

Nuclear factor kappa B (NF-xB) pathway plays a crucial
role in regulating immune response and inflammation by
inducing the secretion of pro-inflammatory cytokines and
inducible nitric oxide synthase (iNOS).”™ In response to
stimuli, such as cytokines, DNA damaging agents, bacte-
rial cell wall components, or viral proteins, NF-«B is acti-
vated to induce a large number of target genes involved
in cell growth, cell apoptosis, cell adhesion, and inflam-
mation."? Sepsis stimulates the activation of NF-«B,
which then enters the nucleus of the cell and initiates the
transcription of multiple pro-inflammatory genes, thus
promoting inflammation and leading to the development
of ALL®™ In contrast, when NF-xB is downregulated by
various methods, such as small interfering RNA (siRNA),
shionone (triterpenoid component), topotecan, ghrelin,
and monotropein, this inflammatory response is attenu-
ated,"*"® which results in a reduction of inflammation and
lung injury observed in sepsis, potentially contributing to
a lower mortality rate.”*'® Therefore, NF-xB is indeed a
critical factor that affects the development and progres-
sion of sepsis-induced ALI.

Coptisine, a major bioactive isoquinoline alkaloid
derived from medicinal plants, such as Coptis chinensis
(traditional Chinese medicine), has been found to exhibit
anti-inflammatory and antioxidant properties.’>?° Coptisine
attenuates inflammatory responses by inhibiting the pro-
duction of pro-inflammatory cytokines and blocking the
activation of NF-xB signaling pathway.?” Coptisine also
exhibits antioxidant functions by scavenging reactive oxy-
gen species (ROS), reducing oxidative stress, and modulat-
ing antioxidant enzymatic activities.? In xylene-induced
ear edema, acetic acid-induced vascular permeability,
and carrageenan-induced paw edema mouse models, the
coptisine free base exerted anti-inflammatory effects

by inhibiting NF-xB and mitogen-activated protein kinase
(MAPK) signaling pathways.? Coptisine significantly inhib-
ited NF-kB activation in human osteoarthritis (OA) chon-
drocytes, which further inhibited the IL-18-induced
inflammatory response.? However, the effect of coptisine
on sepsis-induced ALI remains unclear.

In this study, Murine Lung Epithelial 12 (MLE-12) cells,
stimulated with lipopolysaccharide (LPS), were used as an
in vitro pulmonary injury cell model to study the functions
of coptisine in sepsis-induced ALI. The effects of coptis-
ine on cell viability, cell inflammation, and cell apoptosis
induced by LPS were investigated. Furthermore, the effect
of coptisine on NF-xB signaling pathway was investigated
to reveal the underlying mechanism by which cell viability,
apoptosis, and inflammation were affected.

Materials and Methods
Cell models

MLE-12 (CRL-2110; ATCC, Rockville, MD, USA) cells were
cultured in Dulbecco's modified eagle medium (DMEM)/F12
medium (Code No. 11320033; Gibco) supplemented with
10% fetal bovine serum (FBS; Code No. 10099141C; Gibco)
at a cell density of 1x10° cells/mL. To generate pulmonary
injury cell model in vitro, MLE-12 cells were stimulated
with 1-ug/mL LPS (Code No. 00-4976-93; Invitrogen, CA,
USA) for 24 h. MLE-12 cells were grouped as follows: control
group (without LPS stimulation and coptisine treatment),
LPS group (with LPS stimulation, but without coptisine
treatment), and LPS + coptisine-treated group (with 2.5-,
5-, or 10-ug/mL coptisine treatment).

Cell viability by cell counting kit-8 (CCK-8) assay

MLE-12 cells were seeded into 96-well plates with 6000
cells per well. Cells were induced with 1-ug/mL LPS and
treated with 0-, 2.5-, 5-, or 10-ug/mL coptisine for 24 h.
Cell viability was measured by CCK-8 assay (Code No.
C0038; Beyotime, Shanghai, China) was conducted accord-
ing to manufacturer’s instructions.

Analysis of apoptosis by Annexin V/propidium
iodide (PI) staining

MLE-12 cells with different treatments were collected and
washed in PBS. The supernatant was removed by centrif-
ugation. The cells were counted and the cell density was
adjusted to 1x10° cells/mL. Cell apoptosis was determined
by Annexin V-FITC/PI staining performed according to man-
ufacturer’s instructions (Code No. V13242; Invitrogen). Cell
apoptosis was analyzed by flow cytometry (FAC) within 1
h. Lower-left quadrant (Annexin V- and PI-) represented
live healthy cells, lower-right quadrant (Annexin V+ and
Pl-) represented early apoptotic cells, upper-right quadrant
(Annexin V+ and PI+) represented late apoptotic or dead
cells, and upper-left quadrant (Annexin V- and Pl+) repre-
sented mechanically damaged cells or necrotic cells.



32

Huang J et al.

Determination of cytokine release by
enzyme-linked-immunosorbent serologic assay
(ELISA) kits

MLE-12 cells with different treatments were centrifugated
to collect culture supernatants for cytokine measure-
ment. ELISA kits for human TNF-a (Code No. 88-7346-22;
Invitrogen), IL-6 (Code No. 88-7066-22; Invitrogen), and
IL-18 (Code No. 88-7261-88; Invitrogen) were purchased
from Thermo Fisher (MA, USA).

Determination of protein content by Western blot
analysis

Total proteins were extracted from MLE-12 cell pellets with
radioimmunoprecipitation assay (RIPA) lysis buffer (Code
No. P0013B; Beyotime). Total protein samples were sepa-
rated by electrophoresis through 8% sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (SDS-PAGE) gels.
Western blot analysis was performed according to standard
procedures. The primary antibodies and corresponding
dilution ratios used are as follows: B-actin (Code No. 84575,
1:1000; Cell Signaling Technology), Bax (Code No. 41162S,
1:1000; Cell Signaling Technology), cleaved Caspase-3
(Code No. 9661S, 1:1000; Cell Signaling Technology),
phospho-p65 (Code No. 3033S, 1:1000; Cell Signaling
Technology), p65 (Code No. 8242S, 1:1000; Cell Signaling
Technology), phospho-lkBa (Code No. 2859S, 1:1000; Cell
Signaling Technology), and IkBa (Code No. 4814S, 1:1000;
Cell Signaling Technology). Semi-quantitative analysis was
performed through image analysis software to evaluate the
relative levels of Bax, cleaved Caspase-3, phospho-p65,
p65, phospho-lkBa, and IkBa.

Determination of mRNA level by Quantitative
Polymerase Chain Reaction (qPCR) assay

MLE-12 cell pellets were collected and the total RNA was
extracted with the TRIzol RNA isolation reagents (Code
No. 15596026; Invitrogen). Total RNAs were used as tem-
plates for synthesis of complementary DNA (cDNA) with
the PrimeScript RT Master Mix (Code No. RR036A; Takara).
gPCR was conducted through TB Green® Fast qPCR Mix
(Code No. RR430A; Takara). Primers used for S-actin, TNF-
a, IL-6, and IL-1p are listed in Table 1.

Table 1 Primers used for B-actin, TNF-a, IL-6, and IL-1B.

5-CACCATTGGCAATGAGCGGTTC-3’
5-AGGTCTTTGCGGATGTCCACGT-3’
5-CTCTTCTGCCTGCTGCACTTTG-3'
5-ATGGGCTACAGGCTTGTCACTC-3'
5"-AGACAGCCACTCACCTCTTCAG-3'
5-TTCTGCCAGTGCCTCTTTGCTG-3’
5-CCACAGACCTTCCAGGAGAATG-3’
5-GTGCAGTTCAGTGATCGTACAGG-3'

B-actin forward
B-actin reverse
TNF-o forward
TNF-o reverse
IL-6 forward
IL-6 reverse
IL-1B forward
IL-1B reverse

Statistical analysis

Statistical analysis was performed by GraphPad Prism 9.4.1.
Mean values of two groups were compared using Student’s
t-test. ANOVA was used for comparing the mean values
of more than two groups. The flow cytometry data anal-
ysis was performed by FlowJo v10.8.1. Semi-quantitative
analysis of the Western blot assay results was performed
by ImageJ. Each point represented the mean of three
replicates.

Results
Effect of coptisine on cell viability

The inhibitory effect of coptisine on cell viability was
first investigated by CCK-8 assays. MLE-12 cells were used
as model cells in this study. As shown in Figure 1B, com-
pared to MLE-12 cells without coptisine treatment, no obvi-
ous cell viability reduction was observed in MLE-12 cells
treated with 2.5-, 5-, and 10-ug/mL coptisine. However,
after 20-ug/mL coptisine treatment, the cell viability was
significantly reduced. This could be due to the cytotoxic
effects of coptisine at high concentrations. According to
previous studies, if MLE-12 cells were stimulated with LPS,
it indeed affected cell viability, depending on the concen-
tration and duration of exposure to LPS.?>?¢ Figure 1C shows
that the viability of MLE-12 cells is reduced by almost half
after being treated with 1-ug/mL LPS for 24 h. Coptisine
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Figure 1 Effect of coptisine on cell viability. (A) The chemical

structure of coptisine. (B) The cell viability of MLE-12 cells
with 0-, 2.5-, 5-, 10-, and 20-ug/mL coptisine treatment for
24 h measured by CCK-8. (C) The cell viability of MLE-12 cells
simulated with 1-pg/mL LPS for 24 h with or without coptisine
treatment measured by CCK-8. **P < 0.01, compared to MLE-12
cells without coptisine treatment. ***P < 0.001, compared to
MLE-12 cells without LPS stimulation and coptisine treatment.
P < 0.05, compared to MLE-12 cells simulated with 1-ug/
mL LPS for 24 h but without coptisine treatment. #P < 0.01,
compared to MLE-12 cells simulated with 1-ug/mL LPS for 24 h
but without coptisine treatment.
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treatment could significantly restore decrease in MLE-12
cell viability caused by LPS stimulation, and a dose-depen-
dent effect was observed as well.

Effect of coptisine on cell inflammation induced by
LPS

Lipopolysaccharide interacts with immune receptors such
as toll-like receptor 4 (TLR4) on MLE-12 cells. As shown in
Figure 2A, treatment of MLE-12 cells with LPS induced a
cascade of inflammatory signals, resulting in the release of
various pro-inflammatory cytokines, such as TNF-a, IL-6,
and IL-18. The release of TNF-¢, IL-6, and IL-13 induced
by LPS was significantly inhibitedby coptisine treatment
(P < 0.001) in a dose-dependent manner. The mRNA lev-
els of TNF-«, IL-6, and IL-13 were also discovered by
reverse transcription-quantitative polymerase chain reac-
tion (RT-gPCR), and the results are shown in Figure 2B.
Consistent with the ELISA results, the mRNA levels of TNF-
a, IL-6, and IL-1p in MLE-12 cells were increased by nearly
five to nine times after stimulated by LPS. Coptisine treat-
ment downregulated the mRNA levels of TNF-«, IL-6, and
IL-1B8 induced by LPS. These results illustrated the inhibition
effects of coptisine on cell inflammation induced by LPS.

Effect of coptisine on cell apoptosis induced by
LPS

According to previous studies, a hyperactive immune
response or prolonged exposure to LPS could cause cel-
lular stress and induce apoptosis.?’ The MLE-12 cell apop-
tosis was detected by Annexin V/PI staining, as shown in
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Figure 3A. LPS significantly induced MLE-12 cell apoptosis
and the number of apoptotic cells was increased by 20%.
However, coptisine treatment inhibited MLE-12 cell apop-
tosis induced by LPS, and this suppression mainly occurred
in the late apoptotic or dead cells. Both Bax and cleaved
Caspase-3 are significant players in the process of cell
apoptosis. The protein level of apoptosis-related proteins
Bax and cleaved Caspase-3 were detected by Western blot
analysis to investigate the mechanism of coptisine on inhi-
bition of cell apoptosis. The results and semi-quantitative
analysis are shown in Figure 3B. LPS markedly induced Bax
expression and increased the amount of cleaved Caspase-3
(P < 0.001). This increase in Bax and cleaved Caspase-3 was
inhibited by coptisine treatment, suggesting an inhibitory
effect of coptisine on MLE-12 cell apoptosis induced by LPS.

Effect of coptisine on NF-«xB signaling pathway

Protein p65 and its inhibitor IkBa play a major role in
NF-«B signaling pathway. The amount of phospho-p65, p65,
phospho-IxBa, and IkBa were discovered by Western blot
analysis, and the results are shown in Figure 4. According
to semi-quantitative analysis, LPS stimulation caused more
than 10-fold increase in phospho-l1kBa, and approximately
nine-fold decrease in IxBa. This further increased phos-
pho-p65-p65 ratio, implying increased activation of the
NF-xB signaling pathway. Coptisine treatment along with
LPS stimulation, especially with 10-ug/mL coptisine, sig-
nificantly reduced the protein level of phospho-lxkBo and
increased the level of IxBa (P < 0.001); phospho-p65-p65
ratio was reduced. These results showed that coptis-
ine inhibited the NF-«xB signaling pathway in MLE-12 cells
induced by LPS.
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Figure 2 Effect of coptisine on cell inflammation induced by LPS. (A) TNF-a, IL-6, and IL-1B release discovered by ELISA.

(B) The relative mRNA levels of TNF-a, IL-6, and IL-18 discovered by RT-qPCR. ***P < 0.001, compared to MLE-12 cells without
LPS stimulation and coptisine treatment. *P < 0.05, compared to MLE-12 cells simulated with 1-ug/mL LPS for 24 h but without
coptisine treatment. #P < 0.01, compared to MLE-12 cells simulated with 1-ug/mL LPS for 24 h but without coptisine treatment.
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Figure 3 Effect of coptisine on cell apoptosis induced by LPS. (A) Flow cytometry analysis of MLE-12 cell apoptosis by Annexin
V-FITC/PI staining. Lower-left quadrant (Annexin V- and PI-) represents live healthy cells; lower-right quadrant (Annexin V+ and
Pl-) represents early apoptotic cells; upper-right quadrant (Annexin V+ and Pl+) represents late apoptotic or dead cells; and upper-
left quadrant (Annexin V- and Pl+) represents mechanically damaged cells or necrotic cells. (B) The expression of Bax and cleaved
Caspase-3 was detected by Western blot analysis. B-actin was selected as a reference protein. Semi-quantitative analysis of Bax
and cleaved Caspase-3 expression was calculated through image analysis software.
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Figure 4 Effect of coptisine on NF-«B signaling pathway. The
amount of phospho-p65, p65, phospho-lkBa, and IkBa was
discovered by Western blot analysis. B-actin was selected as a
reference protein. Semi-quantitative analysis of phospho-p65,
p65, phospho-lkBa, and IxBo. was calculated through image
analysis software.

Discussion

Acute lung injury is a common but severe complication of
sepsis. There are several challenges in managing sepsis-in-
duced AL, including diagnosis, timeliness of intervention,
lack of specific treatments, cytokine storms, and manage-
ment of septic shock.?? Addressing challenges in managing
sepsis-induced ALl requires continued research for under-
standing the pathophysiology of the disease, improving
early detection methods, developing targeted therapies,
and implementing effective post-hospital care for survi-
vors. Coptisine has been found to exhibit anti-inflammatory
and antioxidant properties in many diseases.'”? However,
the present study is the first to investigate the functioning
and mechanism of coptisine in sepsis-induced ALI.

Stimulation of MLE-12 cells with LPS basically mimics
a bacterial infection, triggering various inflammatory and
immune responses.? Thus, LPS-stimulated MLE-12 cells
were used as an in vitro pulmonary injury cell model to
study the functions of coptisine in sepsis-induced ALI.
Our results demonstrated that LPS stimulation induced an
inflammatory response in MLE-12 cells, leading to inflam-
matory cytokine production, cellular survival, and NF-xB
signaling pathway activation.
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The NF-kB signaling pathway is a significant player in
ALI, and plays a crucial role in orchestrating inflammation
and immune responses. Study also suggested that therapeu-
tically targeting the NF-xB pathway could help to reduce
inflammation and tissue injury in sepsis-induced ALI.3° A
major part of the NF-xB pathway involves protein p65 and
its inhibitor 1kBa. Results of the present study indicated
that coptisine treatment inhibited the phosphorylation
of IkBa in LPS-stimulated MLE-12 cells, thus reducing the
release of NF-xB subunits. This reduction in phospho-IxBa
further inhibited the phosphorylation of p65 and reduced
its transcriptional activity. Owing to the inhibition of NF-xB
pathway by coptisine, the expression of genes that partici-
pated in inflammatory and immune responses, cell prolifer-
ation, and apoptosis, among other physiological processes,
was downregulated. This was supported by the results
that coptisine treatment restored decrease in MLE-12 cell
viability caused by LPS stimulation, and inhibited MLE-12
cell inflammation and cell apoptosis induced by LPS. All
these in vitro cell model results demonstrated that coptis-
ine might be able to suppress the excessive inflammatory
response and ameliorate lung injury associated with sepsis
by inhibiting the activation or functioning of NF-«B path-
way. However, the central role of NF-«xB in normal immune
functioning means that systematic inhibition could have
adverse reactions.

The present study had some limitations. This study
predominantly used in vitro (cell model) research models.
More in vivo (animal) research or clinical trials are required
to understand functions and potential therapeutic applica-
tions of coptisine in sepsis-induced ALI.

Conclusion

In summary, coptisine attenuated sepsis lung injury by
suppressing lung epithelial cell inflammation and apop-
tosis through NF-xB pathway. Therefore, coptisine could
have the potential for being a drug to treat sepsis-induced
ALI. Moreover, coptisine could be combined with exercise
training, which is one of the rehabilitation strategies hav-
ing anti-inflammatory effects with a good strategy for sep-
sis-induced lung injury.3"32
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