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Abstract: The aim was to investigate the therapeutic effects and molecular mechanisms of Houttuynia
cordata polysaccharide (HCP) on LPS-induced lung injury. Effects were analyzed by HE, TUNEL,
ELISA, MTT, and flow cytometry. Roles and mechanisms of HCP, miR-200b-3p, HMGB3, and JNK
were studied by RT-gPCR, Western Blot, transfection, and dual luciferase reporter gene. HCP treatment
effectively ameliorated LPS-induced lung injury in mice and TC-1 cells and was able to inhibit
inflammatory factors as well as apoptosis with an effect close to that of dexamethasone-positive control.
miR-200b-3p expression was down-regulated in LPS-induced lung injury and up-regulated by HCP
treatment, and miR-200b-3p inhibitors reduced the therapeutic effects of HCP. miR-200b-3p targeted and
negatively regulated HMGB3. HMGB3 was able to activate the JNK pathway to suppress the therapeutic
effects of HCP on lung cell injury.HCP attenuates LPS-induced lung injury by upregulating miR-200b-3p
to inhibit the HMGB3/INK pathway.

Keywords: Houttuynia cordata polysaccharide; LPS-induced lung injury; Pneumonia; miR-200b-3p;
HMGB3/INK pathway.

Resumen: El objetivo fue investigar los efectos terapéuticos y los mecanismos moleculares del
polisacarido de Houttuynia cordata (HCP) en la lesion pulmonar inducida por LPS. Los efectos se
analizaron mediante HE, TUNEL, ELISA, MTT y citometria de flujo. Los roles y mecanismos de HCP,
miR-200b-3p, HMGB3 y JNK se estudiaron mediante RT-gPCR, Western blot, transfeccién y ensayo de
doble reportero luciferasa. El tratamiento con HCP mejor6 eficazmente la lesiéon pulmonar inducida por
LPS en ratones y células TC-1, e inhibi6 factores inflamatorios asi como la apoptosis con un efecto
cercano al del control positivo con dexametasona. La expresion de miR-200b-3p se regul6 a la baja en la
lesion pulmonar inducida por LPS y se regulé al alza con el tratamiento de HCP, mientras que los
inhibidores de miR-200b-3p redujeron los efectos terapéuticos de HCP. miR-200b-3p se dirigi6 y reguld
negativamente a HMGB3. HMGB3 fue capaz de activar la via JNK para suprimir los efectos terapéuticos
de HCP en la lesion celular pulmonar. HCP atenua la lesion pulmonar inducida por LPS al regular al alza
miR-200b-3p para inhibir la via HMGB3/JNK.

Palabras clave: Polisacarido de Houttuynia cordata; Lesiéon pulmonar inducida por LPS; Neumonia;
miR-200b-3p; via HMGB3/INK
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INTRODUCTION

Pneumonia is a common infectious disease with high
morbidity and mortality in children (Wang et al.,
2021b). Pneumonia is usually treated with macrolide
antibiotics, fluoroquinolones, and tetracyclines
(Postma et al., 2015). Although drugs are now
available for the treatment of pneumonia in children,
however, antibiotic drugs have significant side effects
and are prone to drug resistance. Therefore, finding
effective treatments for pneumonia and reducing the
incidence of lung injury and other complications has
become a hot research topic.

Natural medicines with few side effects and
easy accessibility highlight significant advantages in
the treatment of pneumonia. Houttuynia cordata, an
herbal medicine for the treatment of bacterial and
viral pneumonia, contains a variety of compounds
with  antiviral, antifungal, detoxifying and
antibacterial properties (Cheng et al., 2014; Chun et
al., 2014; Lee et al., 2015; Cheng et al., 2019). The
plant has been used to treat diseases such as
pneumonia, lung abscess, dysentery, fever, colds and
mumps, and is known to enhance the immune barrier
of various organs (Liu et al., 2022; Zhou et al., 2022;
Ju et al., 2023). Houttuynia cordata polysaccharide
(HCP) is an active ingredient extracted from
Houttuynia cordata. The monosaccharide
composition is mainly xylose, fructose, arabinose and
galactose. HCP has a broad-spectrum antiviral effect
and has different degrees of inhibition on a variety of
viruses (Chen et al., 2019). It has been demonstrated
that HCP can attenuate LPS-induced inflammatory
lung injury, which is related to its inhibitory effect on
complement and macrophage overactivation (Xu et
al., 2015). Moreover, HCP has beneficial effects on
acute lung injury and endotoxic fever in rats
associated with anticomplementary activity (Lu et al.,
2018). In addition, HCP improves the severity of
pneumonia and intestinal injury in influenza virus-
infected mice (Zhu et al., 2018).

MicroRNA (miRNA), as a kind of non-
coding RNA, plays a gene regulatory role by
recognizing the 3'untranslated region (3'UTR) of
target mMRNA (Ullah et al., 2014) and is involved in
cell proliferation, differentiation, and apoptosis
(Wang et al., 2020). Dysregulation of miRNAs has
been identified as a diagnostic biomarker of
pneumonia (Huang et al., 2017). miRNAs are
associated with apoptosis and inflammation in
alveolar epithelial cells (Li & Liu, 2020). For
instance, overexpressing miR-874-3p could alleviate

Houttuynia cordata polysaccharide in lung injury

LPS-induced apoptosis and inflammation in alveolar
epithelial cells (Yang et al., 2021).

High mobility group box (HMGB) proteins
are extracellular endogenous molecules released after
tissue injury (Taniguchi et al., 2018). High expression
of HMGB3 exacerbates LPS-induced inflammation
and apoptosis in human alveolar epithelial cells (Li et
al., 2023). Overexpressing HMGB3 promotes
apoptosis, inhibits cell viability, and activated
inflammation in LPS-injured lung cells (Sun et al.,
2021). Many studies have shown that HMGB is
associated with the JNK signaling pathway (Yu et al.,
2017; Wang et al., 2021a; Alaaeldin et al., 2023).
However, HMGB3 regulation of the JNK pathway
has rarely been studied.

Overall, the aim of this study was to
investigate the potential therapeutic effects and
molecular mechanisms of HCP on LPS-induced lung
injury in children’s pneumonia.

MATERIALS AND METHODS

Laboratory animals

Sixty male SPF-graded BALB/c mice (3-4 weeks old,
weighing 17-19 g) were purchased from Esebio
(Shanghai, China). Food and water were freely
available to all mice, and all mice were maintained at
constant temperatures and humidity. Animal
experiments were performed with the approval of the
Ethics Committee of the Shandong Provincial Third
Hospital.

Establishment and grouping of LPS pneumonia
mouse model

HCP (98% purity, Ci Yuan Biotechnology Co., LTD.
Shaanxi, China) was dissolved in 5%
carboxymethylcellulose sodium (CMC) solution and
administered by oral gavage. Dexamethasone (DEX)
was purchased from Sigma. The mice were randomly
divided into control, LPS, LPS + DEX, LPS + L-
HCP, and LPS + H-HCP groups, with 10 mice in each
group. Both control and LPS groups were gavaged
with 5% CMC for 21 consecutive days. HCP was
administrated by daily gavage for 21 days at 20
mg/kg and 100 mg/kg for the LPS + L-HCP and LPS
+ HCP groups. The LPS + DEX group was subjected
to a gavage of DEX solution at 100 mg/kg. On day
22, the control group received 100 pL normal saline,
and other groups received 100 pL of LPS (6 mg/kg)
by endotracheal instillation. Twenty-four hours after
the last dose, mice were executed by carbon dioxide
asphyxiation, and blood samples were collected by
cardiac puncture and centrifuged at 3000 x g for 10
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min to extract serum, which was stored at -80°C. A
sterile intravenous catheter was inserted into the
trachea, and BALF was collected by rinsing 3 times
with 1 mL normal saline and centrifuged at 1000 rpm
for 5 min. The collected supernatant was then stored
at -80°C for subsequent ELISA analysis. Lung tissues
from mice were collected and a portion of the lung
tissue was fixed in 4% paraformaldehyde for
histopathological  evaluation and  subsequent
experiments. The other portion of lung tissue was
quickly frozen in liquid nitrogen and stored at -80°C.

HE staining

Mouse lung tissue was fixed in 4% paraformaldehyde
for 24 h, embedded in paraffin, and made into 5 mm
cross-sectional  sections. Lung  sections  were
deparaffinized with xylene and then treated with
different concentrations of ethanol for 5 min. The
samples underwent staining using hematoxylin for 5
min, followed by a 1-min treatment with 5% acetic
acid, and then a 1-min staining with eosin. After a
dehydration process using 70%, 80%, 90%, and
100% ethanol for 10 s and xylene for one minute, the
samples were sealed using neutral gum and examined
under a Nikon microscope (Tokyo, Japan, ECLIPSE
90 ).

Cell culture

The mouse alveolar epithelial cell line, TC-1, was
purchased from the American Type Culture
Collection (VA, USA) and cultured in DMEM
(Thermo Fisher, USA) with 10% FBS (Thermo
Fisher) and 100 pL/mL penicillin and streptomycin
(Beyotime, China) and placed at 37°C and 5% CO2.

Houttuynia cordata polysaccharide in lung injury

Cells were treated with 100 ng/mL LPS (Sigma,
USA) for 6 h to mimic lung injury in vitro. The cells
were grouped as follows: blank group (normal TC-1
cells), LPS group (100 ng/mL LPS-treated cells for 6
h), LPS + L-HCP group (cells in the LPS group were
treated with 10 ug/ml HCP for 48 h), LPS + H-HCP
group (cells in the LPS group were treated with 100
pg/ml HCP for 48 h).

Cell transfection

The coding sequence of the HMGB3 gene was cloned
into a pcDNA3.1 vector (Invitrogen, Thermo Fisher
Scientific). miR-200b-3p mimics, miR-200b-3p
inhibitors, and corresponding negative controls were
obtained from RiboBio (Guangzhou, China). Cells
were cultured to 80-90% confluence and then
transfected using Lipofectamine 3000 (Invitrogen).
miR-200b-3p or HMGB3 was determined by RT-
gPCR analysis.

RT-gPCR

Total RNA was isolated from TC-1 cells and lung
tissues using TRIzol reagent (Invitrogen). cDNA
synthesis was performed for miRNA by miRNA
reverse transcription kit (TakaRa). mRNA cDNA was
produced utilizing the PrimeScript RT kit (TaKaRa).
The RT-gPCR evaluation utilized the SYBR
PrimeScript RT-PCR kit (TaKaRa) alongside the ABI
7500 real-time fluorescence quantitative PCR system
(Agilent Technologies, USA). Either GAPDH or U6
served as the internal control. The comparative sum
was determined using the 2-AACt technique. Table
No. 1 displays the sequences of the primers.

Table No. 1
Primer sequences

Primers Forward primers 5'-3’ Reverse primers 5'-3’
miR-200b-3p TAATACTGCCTGGTAATGATGA GCAGGGTCCGAGGTATTC
HMGB3 (mice) TGGCTAAAGGTGACCCCAAG  CCAATGGAGATGCCAGGGTT
HMGB3 (human) TCCGCCCCAAGATCAAATCC GCTTTGCCGCCTTAGTGATG
GAPDH (mice) CATCAACGGGAAGCCCATC CTCGTGGTTCACACCCATC
GAPDH (human) CACCCACTCCTCCACCTTTG CCACCACCCTGTTGCTGTAG
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
ELISA MTT assay

Tumor necrosis factor-a (TNF-a), interleukin-6 (IL-
6), and interleukin-1 B (IL-1P) levels were assessed in
mouse serum, BALF, and cell culture supernatants
using ELISA kits (Abcam).

TC-1 cells underwent inoculation in 96-well plates (5
x 103 cells per well) over 48 h, with each well
receiving an addition of 20 uLL MTT (Sigma-Aldrich)
for 4 h at 37°C. For a duration of 10 min, 150 pL
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Dimethyl sulfoxide was combined, followed by
measuring its optical density at 490 nm using a
microplate reader (Bio-Rad, CA, USA)

Flow cytometry

The evaluation of apoptosis was conducted with the
Annexin V-FITC/PI kit (BD Biosciences, CA, USA).
Cell concentration was regulated to reach 1 x 106
cells per milliliter. The experiments utilized around
200 pL of a cell suspension, which was then
reconstituted in 300 pL of binding buffer.
Subsequently, the cells underwent staining using
FITC (5 pL) and PI (5 pL) for half an hour at 25°C in
darkness. The rate of apoptosis was measured using
the flow cytometry system (BD company, Cowley,
UK).

Dual luciferase reporter gene assay

The Targetscan database
(http://www.targetscan.org) facilitated the
prediction of possible binding sequences for miR-
200b-3p with HMGB3 3'UTR. Subsequently,
mutations were integrated into possible binding
sequences utilizing a specialized mutagenesis Kit
(Stratagene, CA, USA). Both thewild-type (Wt) and
mutant (Mut) binding sequences of HMGB3 were
inserted into the pmirGLO vector (Promega, WI,
USA). Using Lipofectamine 3000 reagent (Life
Technologies), TC-1 cells underwent cotransfection
with either a luciferase reporter gene vector, miR-
200b-3p mimic, miR-200b-3p inhibitor, or their
respective negative control (GenePharma, Shanghai,
China). Post 48 h, the activity of luciferase was
examined through a dual luciferase reporter gene
assay system (Promega).

RIP

The EZ-Magna RIP kit (Millipore) was utilized to
conduct RIP assays. TC-1 cells underwent
transfection using mimic-NC or miR-200b-3p mimic
for a duration of 48 h, followed by lysis in a full RIP
lysis buffer. Then, 100 pL of cell extracts underwent
incubation with magnetic beads that included beads
linked to either human anti-Ago2 antibody (Abcam)
or mouse 1gG (Abcam). The immunoprecipitated
RNA underwent purification and was utilized in RT-
gPCR for detecting HMGB3 expression.

Western Blot
Total protein was collected using
radioimmunoprecipitation buffer (Beyotime).

Houttuynia cordata polysaccharide in lung injury

Proteins (30 pg) were separated by SDS-PAGE and
then transferred to a PVDF membrane. The
membrane was blocked and incubated with the
following  primary  antibodies:  anti-HMGB3
(#ab18256, Abcam), anti-JNK (#ab76125, Abcam),
anti-p-JNK (#4668, Cell Signaling Technology), anti-
p65 (#ab16502, Abcam), anti-p-p65 (#3033, Cell
Signaling Techmology), anti-Cleaved caspase 3
(#ab2302, Abcam) and anti-B-actin (#ab8227,
Abcam). After incubation with secondary goat anti-
rabbit 1gG H&L (#ab205718, Abcam) for 1 h, the
membrane was detected by ECL Kit (Thermo Fisher)
and quantified using Quantity One 4.6.2.

Statistical analysis

The data were presented as mean + standard deviation
from a minimum of three separate experiments. The
analysis was conducted using GraphPad Prism 8.0
software. The statistical evaluations utilized the
Student's t-test for comparing two groups, a one-way
variance analysis for multiple comparisons, followed
by Tukey's post hoc test. A p-value less than 0.05 was
deemed to hold statistical significance.

RESULTS

HCP attenuates LPS-induced lung tissue injury in
mice

We established an in vivo pneumonia model by
administering LPS intratracheally and evaluated the
therapeutic effect of HCP in LPS-induced lung injury.
LPS stimulation significantly increased inflammatory
cell infiltration and induced pulmonary edema. HCP
treatment  significantly  alleviated the above
pathological changes induced by LPS, and the effect
of HCP treatment was more pronounced at a higher
dose, close to that of the positive control DEX
(Figures No. 1, No. 2, No. 3). ELISA demonstrated
that LPS increased TNF-a, IL-6, and IL-1p in mouse
serum and BALF, whereas HCP treatment decreased
these inflammatory factors (Figures No. 4A and 4B).
Western Blot analyzed that HCP treatment
ameliorated the increase of apoptotic proteins cleaved
caspase-3 caused by LPS (Figure No. 5). The above
data prove that HCP has a therapeutic effect in the in
vivo pneumonia model, which can alleviate the
inflammatory pathology of lung tissue, reduce the
expression of inflammatory factors and cell
apoptosis, and at the same dose, HCP shows a
therapeutic effect very close to that of DEX.
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HCP attenuates LPS-induced lung tissue injury in mice
Control LPS

Figure No. 1
HE staining to observe the pathological damage of lung tissues

LPS+L-HCP

Figure No. 2
HE staining to observe the pathological damage of lung tissues

LPS+DEX

bl

Figure No. 3
HE staining to observe the pathological damage of lung tissues
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ELISA to detect the expression of inflammatory factors TNF-a, IL-6, and IL-1p in serum(A) and BALF(B) of
mice. Data are expressed as mean + SD (n=3). & vs. Control, p<0.05; # vs. LPS, p<0.05
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Figure No. 5
Western Blot to detect the expression of apoptotic protein cleaved caspase-3 in the lung tissues of mice.
Data are expressed as mean + SD (n=3). & vs. Control, p<0.05; # vs. LPS, p<0.05

HCP attenuates LPS-induced lung cell injury in
vitro

An in vitro model for lung cell damage was created
using LPS-activated TC-1 cells to explore HCP's role
on lung cells. The ELISA findings indicated a notable
rise in inflammatory agents TNF-o, IL-6, and IL-1
in TC-1 cell supernatant due to LPS, with HCP
treatment markedly reducing these factors (Figure
No. 6). MTT experiments determined that LPS
stimulation decreased the cell viability of TC-1, and
cellular HCP treatment revealed that the cell viability
of TC-1 was restored in a dose-dependent manner

(Figure No. 7). Flow cytometry results showed that
HCP treatment was able to reverse the promotion of
apoptosis by LPS (Figures No. 8, No. 9. No. 10).
Western Blot results detected that LPS stimulation
elevated cleaved caspase-3 in TC-1 cells, whereas
HCP was able to down-regulate cleaved caspase-3
expression, and the down-regulation effect was more
pronounced at high concentrations of HCP (Figure
No. 11). In summary, HCP can improve LPS-induced
lung cell injury, significantly reduce inflammatory
indicators and apoptosis, and high-dose HCP shows
the same therapeutic effect as DEX.
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Bl LPS+DEX

IL-6  IL-1pB

Figure No. 6
ELISA to detect inflammatory factors TNF-a, IL-6, and IL-1p in cells. Data are expressed as mean + SD
(n=3). & vs. Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 7

MTT to detect the cell viability.
Data are expressed as mean + SD (n=3). & vs. Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 8

Flow cytometry to detect cell apoptosis.
Data are expressed as mean + SD (n=3). & vs. Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 9
Flow cytometry to detect cell apoptosis.
Data are expressed as mean + SD (n=3). & vs. Blank, p<0.05; # vs. LPS, p<0.05
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Flow cytometry to detect cell apoptosis.
Data are expressed as mean + SD (n=3). & vs. Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 11
Western Blot to detect cleaved caspase-3 expression
Data are expressed as mean + SD (n=3). & vs. Blank, p<0.05; # vs. LPS, p<0.05
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miR-200b-3p  knockdown  downregulates the
therapeutic effect of HCP on inflammatory injury in
lung cells

miR-200b-3p was detected in mouse lung tissues and
TC-1 cells using RT-gPCR. According to the results,
miR-200b-3p showed low expression levels in LPS-
induced injury in mouse lung tissues and TC-1 cells.
After HCP treatment, its expression was restored
(Figures No. 12A and No. 12B). TC-1 cells (LPS-
treated and 100 pg/mL HCP-treated) were transfected
with miR-200b-3p inhibitor, and the transfection
efficiency was confirmed by RT-gPCR (Figure No.
13). As measured, the down-regulation of TNF-a, IL-

>

Houttuynia cordata polysaccharide in lung injury

6, and IL-1p by HCP was reversed by knockdown of
miR-200b-3p (Figure No. 14). The therapeutic effect
of HCP on cell viability was reversed by knockdown
of miR-200b-3p (Figure No. 15). Flow cytometry
results also showed that the restorative effect of HCP
on LPS-induced apoptosis was reversed by
knockdown of miR-200b-3p (Figures No. 16, No. 17
and No. 18). The down-regulation of cleaved
caspase-3 by HCP was prevented by knockdown of
miR-200b-3p (Figure No. 19). These data suggest
that the therapeutic effect of HCP on LPS-induced
lung cell inflammation and apoptosis may be related
to the down-regulation of miR-200b-3p.

B

St S
(=] =]
= =
2 2
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= =
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@ 2]
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3 3
& 7
LR S8 &
e&x égg;g@@@
T NVRE
F&F
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Figure No. 12

RT-gPCR to detect miR-200b-3p in mouse lung tissues and TC-1 cells
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05

Ml LPS

M LPS+H-HCP

LPS+H-HCP
+inhibitor NC
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N w

miR-200b-3p
5

Relative expression of

0-

LPS+H-HCP
+miR-200b-3p inhibitor

T

Figure No. 13
RT-gPCR to detect miR-200b-3p in cells after transfection with miR-200b-3p inhibitor
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 14
ELISA to detect TNF-a, IL-6, IL-1p levels
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05

MW LPS
B LPS+H-HCP
LPS+H-HCP+inhibitor NC
[ LPS+H-I;ICP+miR-200b-3p inhibitor
*

100

T

o
<

&
<

Cell viability (%)
[ ] (=
=. (=]

Figure No. 15
MTT to detect cell viability
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 16

Flow cytometry to detect apoptosis
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Flow cytometry to detect apoptosis
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 18

Flow cytometry to detect apoptosis
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 19
Western Blot to detect cleaved caspase-3 in cells
Data are expressed as mean = SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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HMGB3 is a direct functional target of miR-200b-
3p

The downstream mMRNA of miR-200b-3p was
investigated using the Targetscan database. HMGB3
was selected as the predicted binding target and its
binding site with miR-200b-3p was predicted by
starbase database (Figure No. 20). Then, HMGB3
was found to be significantly highly expressed in
LPS-induced mouse lung tissues (Figures No. 21 and
No. 22) and TC-1 cells (Figures No. 23 and No. 24)
using RT-qPCR and Western Blot, and treatment with
HCP was able to reduce HMGB3 expression. The
existence of targeting between miR-150-5p and

Houttuynia cordata polysaccharide in lung injury

TRIM8 was further confirmed using a luciferase
reporter gene assay. Co-transfection of miR-200b-3p
mimics with WT-HMGB3 decreased the luciferase
activity of cells (Figure No. 25A). the RIP assay
showed that miR-200b-3p and TRIM8 were
significantly enriched when using Ago2 antibody
(Figure No. 25B). In addition, RT-qPCR and Western
Blot determined that miR-200b-3p inhibitor
upregulated HMGB3 expression, while miR-200b-3p
mimic was able to inhibit HMGB3 expression
(Figures No. 26 and No. 27). These results suggest
that miR-200b-3p can target HMGB3, and the two
are negatively regulated.

HMGB3: UUGAAGUUAAAUAAACAGUAUUA

hsa-miR-200b-3p: AGUAGUAAUGGUCC-GUCAUAAU

Figure No. 20
Targetscan predicts the binding site of HMGB3 to miR-200b-3p
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Figure No. 21
RT-gPCR and Western Blot to detect HMGB3 in mouse lung tissues
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 22
RT-gPCR and Western Blot to detect HMGB3 in mouse lung tissues
Data are expressed as mean = SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 23
RT-gPCR and Western Blot to detect HMGB3 in TC-1 cells
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 24
RT-gPCR and Western Blot to detect HMGB3 in TC-1 cells
Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 25
Dual luciferase reporter assay(A) and RIP(B) assay to verify the targeting relationship between miR-200b-3p
and HMGBS3. Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS, p<0.05
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Figure No. 26
RT-gPCR and Western Blot to detect the effects of miR-200b-3p mimics and miR-200b-3p inhibitors on
HMGB3 expression. Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS,

p<0.05
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Figure No. 27
RT-gPCR and Western Blot to detect the effects of miR-200b-3p mimics and miR-200b-3p inhibitors on
HMGB3 expression. Data are expressed as mean + SD (n=3). & vs. Control or Blank, p<0.05; # vs. LPS,
p<0.05
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Overexpression of HMGB3 suppresses the
therapeutic effect of miR-200b-3p upregulation on
LPS-induced lung cell injury

TC-1 cells were transfected with miR-200b-3p mimic
alone or miR-200b-3p mimic co-transfected with
HMGB3 overexpression vector pcDNA3.1-HMGB3.
RT-gPCR and Western Blot assays showed that
HMGB3 in TC-1 cells was significantly increased
after transfection with pcDNA3.1-HMGB3 (Figures
No. 28 and No. 29). miR-200b-3p overexpression

M LPS

Houttuynia cordata polysaccharide in lung injury

inhibited TNF-a, IL-1p, and IL-6, whereas
upregulating HMGB3 upregulated their levels (Figure
No. 30). The impact of miR-200b-3p overexpression
on cell viability (Figure No. 31) and apoptosis
(Figure No. 32, No. 33, No. 34 and No. 35) was
reversed by HMGB3 overexpression. In summary,
overexpression of HMGB3 can reverse the
therapeutic effect of miR-200b-3p up-regulation on
LPS-induced lung cell inflammation and apoptosis.

B LPS+miR-200b-3p mimic
LPS+miR-200b-3p mimic
+pcDNA3.1
LPS+miR-200b-3p mimic
+pcDNA3.1-HMGB3

1.57
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=
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e
<

Relative mRNA expression
of HMGB3

Figure No. 28
RT-gPCR and Western Blot to detect HMGB3 in TC-1 cells after transfection with pcDNA3.1-HMGB3
Data are expressed as mean + SD (n=3). *p<0.05

¢ & & mvLps
é\é‘ & & M LPS+miR-200b-3p mimic
N Q,Q(;b"’ LPS+miR-200b-3p mimic
g & S +pcDNA3.1
FH S e
A N g LPS+miR-200b-3p mimic
S SO o = +pcDNA3.1-HMGB3
ST &
¢ LIS i o1s
VN K TR - * *
i | — —
nvces D S - e EO 10
<=
& T
3«5 0.5
carot (D @D - - &
< 0.0
&
Figure No. 29

RT-gPCR and Western Blot to detect HMGB3 in TC-1 cells after transfection with pcDNA3.1-HMGB3
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 30
ELISA to detect TNF-a, IL-1f, and IL-6
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 31
MTT to detect cell viability
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 32

Flow cytometry to detect apoptosis
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 33

Flow cytometry to detect apoptosis
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 34
Flow cytometry to detect apoptosis
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 35
Western Blot to detect cleaved caspase-3 in TC-1 cells expression
Data are expressed as mean + SD (n=3). *p<0.05

HMGB3 overexpression attenuates the therapeutic
effect of HCP on lung cell injury by promoting JNK
pathway activation

To further investigate whether the downstream JNK
signaling pathway regulated by HMGB3 has an
impact on the therapeutic effect of HCP on lung cell
injury, LPS and 100 pg/mL HCP were applied to TC-
1 cells and transfected with pcDNA3.1-HMGB3 to
overexpress HMGB3. RT-gPCR and Western Blot
assays showed that HMGB3 was significantly up-
regulated in TC-1 cells after transfection with
pcDNA3.1-HMGB3 (Figures No. 36 and No. 37).
Meanwhile, Western Blot results also showed
significant up-regulation of p-JNK and p-p65,

H LPS

indicating that JNK signaling was activated (Figure
No. 38), but these effects were suppressed after HCP
treatment. ELISA results showed that HCP was able
to reduce TNF-a, IL-1B, and IL-6, whereas after
overexpression of HMGB3 upregulated these three
inflammatory factors (Figure No. 39). MTT
experiments showed that the impact of HCP on TC-1
cell viability (Figure No. 40) and apoptosis (Figures
No. 41, No. 42, No. 43 and No. 44) was reversed by
overexpression of HMGB3. In  summary,
overexpression of HMGB3 attenuates the therapeutic
effect of HCP on inflammation and apoptosis of lung
cells by promoting the activation of JNK signaling
pathway.
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Figure No. 36
RT-gPCR and Western Blot to detect HMGB3 in the cells
Data are expressed as mean = SD (n=3). *p<0.05

Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas / 807



Liu et al. Houttuynia cordata polysaccharide in lung injury

MW LPS
B LPS+H-HCP
% LPS+H-HCP
R +pcDNA3.1
c? Qﬁ\ LPS+H-HCP
~2~ > Q( = +peDNA3.1-HMGB3
w > 2
& e e S5 5 .
& 3 z2 15
& £ g *
O xQ XQ B e B,
v AR
1.0
HMGB3 - - s gg
b3
E-% 0‘5— o o2
»
carpn (D @D £
-
%

Figure No. 37
RT-gPCR and Western Blot to detect HMGB3 in the cells
Data are expressed as mean = SD (n=3). *p<0.05
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Figure No. 38
Western Blot to detect p-JNK and p-p65 in TC-1 cells
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 39
ELISA to detect TNF-a, IL- 1p and IL-6
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 40
MTT detection of cell viability in TC-1
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 41

Flow cytometry detection of apoptosis in TC-1
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 42

Flow cytometry detection of apoptosis in TC-1
Data are expressed as mean + SD (n=3). *p<0.05
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Flow cytometry detection of apoptosis in TC-1
Data are expressed as mean + SD (n=3). *p<0.05
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Figure No. 44
Western Blot detection of cleaved caspase-3 expression in TC-1 cells
Data are expressed as mean + SD (n=3). *p<0.05

DISCUSSION
Pneumonia is widespread in children, and its high
incidence and recurrence rate can lead to a variety of
serious complications and poor prognosis (Masarweh
et al., 2021). The current treatment of pneumonia is
antiviral, antibacterial and symptomatic supportive
therapy (Rogozinski et al., 2017). However, the
continuous use of antibiotics leads to increased
resistance of pathogenic bacteria, making the disease
difficult to cure. And excessive inflammatory
response can damage the respiratory tract in children.
Therefore, it is important to identify the underlying
pathogenesis of pneumonia in children and to develop
new therapeutic strategies to inhibit its progression.
LPS from Gram-negative bacteria is a potent
inflammatory endotoxin that has been associated with
many inflammatory lung diseases, stimulates the
immune function of the respiratory system, and
induces acute and chronic inflammatory responses,
leading to pathological changes such as lung injury,
emphysema, and airway remodeling, and affecting
the development of lungs in children (Bian et al.,
2022). In the study of Du et al. (2012), the volatile
extract of Houttuynia cordata could repair rapid
pulmonary fibrosis by up-regulating IFN-y and
inhibiting TGF-B1/Smad pathway. Therefore, the
present study investigated the therapeutic effect of
HCP in models of LPS-induced lung injury and
evaluated its molecular mechanisms. This research
led to the successful creation of an in vivo mouse
pneumonia model utilizing LPS. Concurrently, a
laboratory-based cell model was developed utilizing
TC-1 cells stimulated by LPS. In this study, HCP
reduced lung damage caused by LPS in a manner
dependent on the dosage, by preventing damage to

lung tissues, reducing inflammation, and preventing
apoptosis. DEX was also chosen as a positive drug in
this study, and its ameliorative effect on pneumonia
injury in mice was similar to that of the HCP high-
dose group, suggesting that HCP has a favorable
ameliorative effect on LPS-induced pneumonia.
Dysregulation of miRNA expression exists in
the pathogenesis of pneumonia. mMiRNAs have been
shown to serve as potential diagnostic markers for
pneumonia (Huang et al., 2019) and are involved in
the pathological process of pneumonia (Liu et al.,
2020). miR-200b-3p, a member of the miR-200
family, is involved in a variety of biological events,
such as angiogenesis, cell migration, organ fibrosis
and regulation of inflammatory cytokine secretion
(Cao et al., 2018; Ladak et al., 2019). Duan et al.
found that miR-200b-3p regulated LPS-induced
inflammation in human non-small cell lung cancer
cell line A549 cells (Duan et al., 2021). In this study,
miR-200b-3p expression was down-regulated in LPS-
induced pneumonia, but administration of HCP
treatment was able to up-regulate its expression level
in lung tissues and cells. In addition, knockdown of
miR-200b-3p inhibited the therapeutic effects of HCP
on lung injury in terms of decreasing cell viability
and promoting cell inflammation and apoptosis.
miRNAs regulate their downstream target
genes by binding to the 3'UTR and are involved in
cell proliferation, migration, apoptosis, as well as in
intrinsic immunity, inflammation, and infection.
HMGB3 is a multifunctional protein and is a key
downstream target of a variety of miRNAs. HMGB3
accelerates NSCLC cell viability, colony formation
and reduced apoptosis (Song et al., 2019). miR-128-
3p could target and regulate HMGB3 in acute lung
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injury in septic rats (Sun et al., 2021). miR-424-5p
has a binding site for HMGB3 and is involved in
LPS-induced inflammation and apoptosis in human
alveolar epithelial cells (Li et al., 2023). In this study,
HMGB3 was highly expressed in tissues and cells
with LPS-induced pneumonia and activated the JNK
pathway, but its expression was reduced upon HCP
treatment. In addition, miR-200b-3p targeted and
inhibited HMGB3, and overexpression of HMGB3
suppressed the protective effects of HCP treatment
and miR-200b-3p on LPS-injured lung cells.
However, further studies on the role of HCP in
clinical practice and detailed physiological
mechanisms are still needed.

In summary, HCP was able to reduce
inflammatory infiltration and pathological changes in
mouse lung tissues, decrease inflammation and
apoptosis in lung tissues, and decrease inflammatory
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