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Abstract: Acute kidney injury (AKI), commonly occurring as complications of sepsis, cardiac surgery, and liver or kidney

transplantation, is a critical care syndrome. It is well known that lipopolysaccharide (LPS) shock is a common triggering

factor for AKI. This study is aimed to examine the effect of flavonoid compound hispidulin on LPS-induced AKI. For

this, renal tubular epithelial cell HK-2 was treated with LPS to establish an in vitro model of AKI. The effect of

hispidulin on HK-2 cell viability was examined using CCK-8 assay. Cell apoptosis was determined by TUNEL and flow

cytometry. Apoptosis marker proteins were determined by using western blot. The levels of pro-inflammatory cytokines

were determined by ELISA assay and qRT-PCR. The translocation of NF-κB was determined by western blot. The effect

of MyD88 on the cytoprotective activities of hispidulin was examined by overexpressing MyD88 in HK-2 cells. Our

results showed that hispidulin was not able to produce a cytotoxic effect on HK-2 cells at tested concentrations.

However, hispidulin could protect HK-2 cells from LPS-induced cell injury. Our results also showed that hispidulin was

able to attenuate LPS-induced HK-2 cell apoptosis. In addition, LPS led to an inflammatory response in HK-2 cells,

evidenced by NF-κB p65 activation as well as increased expression and release of inflammatory cytokine IL-6 and TNF-

α, which could be reversed by pretreatment with hispidulin. Overexpression MyD88 was found to significantly dampen

the cytoprotective activities of hispidulin against LPS insult. More importantly, MyD88 was identified as a direct target

of hsa-miR-203, and hispidulin was found to regulate the expression of MyD88 via upregulating hsa-miR-203. Our

results showed that hispidulin attenuates LPS-induced HK-2 damage via regulating hsa-miR-203/MyD88 axis.

Introduction

Acute kidney injury (AKI), featured by a rapid decrease in
renal function, has been considered as a critical care
syndrome (Kölling et al., 2018). AKI commonly occurs as
complications of sepsis, cardiac surgery, and liver or kidney
transplantation (Li et al., 2013). According to the statistics,
AKI accounts for almost half of death mortality in intensive
care unit (ICU) patients (Mccoy et al., 2019). It has been
established that the secondary outcome of systemic
infections, endotoxic (lipopolysaccharide, LPS) shock,
remains the most frequent trigger for AKI. Therefore, the
discovery of agents that can alleviate LPS-induced renal
injury is necessary (Mccoy et al., 2019).

As a class of non-coding RNA with a length of 21-25
nucleotides, microRNAs (miRNAs) have been found to
universally express in human tissues (Li et al., 2020). By
post-transcriptionally regulate gene expression by binding to
3’-untranslated regions (3’-UTR) of target mRNAs, miRNAs
play a key role in the pathogenesis of a variety of human
conditions (Zhang et al., 2019). Interestingly, a number of
miRNAs have been found to correlate with AKI. For
instance, miRNA-20a has been recently found to suppress
LPS-induced HK-2 cell injury (Zhang et al., 2020). MiR-188
has also been reported to augment contrast-induced acute
kidney injury in vivo and in vitro (Liu, 2019).

Since the past two decades, the nephroprotective effects
of flavonoid compounds have been noted. Ren et al. (2020)
have reported that flavonoid fisetin alleviates inflammatory
response in a murine model of septic AKI. Luteolin has also
been found to exhibit protective activities against LPS-
induced AKI in mice model (Xin et al., 2016). As a natural
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flavonoid, hispidulin has been identified as the active
ingredient in a few traditional Chinese medicines such as
Artemisia vestita and Arnica montana L. Hispidulin has
displayed a variety of pharmacological properties, including
anticancer, anti-fungal, anti-diabetic, immunosuppressive,
and neuroprotective activities (Thitilertdecha et al., 2019).
Moreover, a recent report has documented that hispidulin
suppressed mast cell-mediated allergic inflammation in vitro
and in vivo (Kim et al., 2019). However, the role of
hispidulin in LPS-induced cell injury has never been
explored. In this study, renal tubular epithelial cell HK-2 is
treated with LPS to establish an in vitro model of AKI. The
protective effect of hispidulin against LPS-induced cell
injury in HK-2 cells is explored, and the underlying
mechanisms are examined.

Materials and Methods

Cell culture and treatments
HK-2 cells were purchased from the American Type Culture
Collection (ATCC). Dulbecco’s Modified Eagle Medium
(DMEM, Invitrogen, Carlsbad, CA) was used as a culture
medium. The DMEM medium was supplemented with
penicillin and streptomycin (Invitrogen) and 10% fetal bovine
serum (Hyclone, Logan, UT). Hispidulin was purchased from
Herbpurify Co. Ltd. (Chengdu, China).

Transfection
Hsa-miR-203 mimic, inhibitor, and the negative control (NC)
were synthesized by GenePharma Co. (Shanghai, China).
HK-2 cells were transfected with hsa-miR-203 mimic or
inhibitor using the Lipofectamine 3000 (Invitrogen,
Carlsbad, CA). The sequence of Myeloid differentiation
factor88 (MyD88) full-length cDNA was ligated into the
pEX-2 plasmid (GenePharma, Shanghai, China), referring to
MyD88 DNA. Cells were transfected with pEX-MyD88
through the Lipofectamine 3000 (Invitrogen, Carlsbad, CA).

Cell counting kit-8 (CCK-8) assay
Cell viability was assessed using a CCK-8 kit (Beyotime,
Shanghai, China) in accordance with the manufacturer’s
instructions. After treatment, absorbance was detected at
450 nm using a spectrophotometer (Tecan Group Ltd.,
Männedorf, Switzerland) to assess proliferation.

qRT-PCR (quantitative real-time polymerase chain reaction)
analysis
Total RNA was extracted from cells using Trizol reagent (Life
Technologies, USA). Thereafter, TaqMan Reverse Transcription
Reagents (Applied Biosystems, USA) were employed to reverse
transcription of total RNA into complementary DNA (cDNA).
The SYBR Green PCR Master Mix (Takara, Japan) was used
to quantify the expression levels of targeted genes at the
transcriptional level. The sequences of the primers for hsa-
miR-203 detection were designed and synthesized as follows:
forward primer 5’-AGTGGTTCTTGACAGTTCAACA-3’;
reverse primer 5’-GCTGTCAACGATACGCTACGTAACG-3’.
The sequences of the primers for MyD88 detection were
designed and synthesized as follows: forward primer
5’-CATACCCTTGGTCGCGCTTA-3’; reverse primer

5’-TCCGAGGGTTCAAGAACAGC-3’. The sequences of the
primers for IL-6 detection were designed and synthesized as
follows: forward primer 5’-TCCAAGACCAGGGTGGCTGG-
GAAG-3’; reverse primer 5’-TGCCATGTGGGGGTCCC-
GAA-3’. The sequences of the primers for IL-6 detection
were designed and synthesized as follows: forward
primer 5’-TTTGCTGGGGCTCATTCACT-3’; reverse primer
5’-GACTCGGCACTTAGCACTGT-3’. The 2-ΔΔCt method
was used to calculate fold changes between the experiment
group and the control group.

Western blotting analysis
The total protein of the cell lines was extracted using Radio-
Immunoprecipitation Assay (RIPA) buffer with added
Protease Inhibitor Cocktail (Cwbio, China), incubated on ice
for 30 min, followed by centrifugation for 15 min at
14000 × g. The nuclear protein was extracted according to
the standard protocols. The proteins were separated
SDS-PAGE (sodium dodecyl sulfate-polyacrylamide gel
electrophoresis) and then transferred onto Polyvinylidene
Fluoride (PVDF) membranes (Millipore, USA). Following
blockade with nonfat milk, the PVDF membranes were
incubated with specific primary antibodies. The membranes
were incubated with Horseradish Peroxidase (HRP)-coupled
secondary antibody (Abcam, Cambridge, MA) for 1 h at
room temperature before being revealed using enhanced
chemiluminescence reagent (Beyotime, Shanghai, China).

The luciferase reporter gene assay
The target gene of hsa-miR-203 was analyzed and predicted in
the online website (http://www.microrna.org). The MyD88
dual-luciferase reporter gene vector (pmiRRB-MYD88-
3’UTR) was constructed by GenePharma Co. (Shanghai,
China). HK-2 cells were co-transduced with hsa-miR-203
mimic, hsa-miR-203 inhibitor, or NC, respectively. 48 h
following transfection, the luciferase activity was detected
using a dual-luciferase reporter gene detection system
(Promega, Madison, WI).

Enzyme-linked immunosorbent assay (ELISA)
Samples from treated and non-treated HK-2 cells were
centrifuged, and supernatants were collected for quantification.
Tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) levels
were quantified by ELISA (R&D Systems, Minneapolis, MN)
according to the manufacturer’s instructions.

Tunel (terminal deoxynucleotidyl transferase-mediated dUTP-
biotin nick end Labeling assay)
Cell apoptosis rates were analyzed by using the TUNEL Cell
Apoptosis Assay Kit (Solarbio, Beijing, China) according to
the manufacturer’s protocol. Briefly, cells were double-
stained with TUNEL staining and 2-(4-amidinophenyl)-6-
indolecarbamidine dihydrochloride (DAPI) for 30 min, then
cells were washed with phosphate-buffered saline (PBS) for
3 times and resuspended in 500 μL PBS.

Cell apoptosis assay
Apoptosis was detected using Annexin V-fluoresceine
isothiocyanate (FITC) apoptosis kit (Cell Signaling
Technology, Danvers, MA). Briefly, the cells were digested
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using trypsin before stained in Annexin V-FITC and
propidium iodide (PI) for 30 min in the dark. Then, cell
apoptosis was detected using a flow cytometer (Thermo
Fisher Scientific, Waltham, MA).

Statistical analysis
Experiments were performed in triplicate and repeated three
times. All data are presented as the mean ± standard
deviation. The statistical software SPSS 20.0 was used for
data analysis, and relevant images were drawn by GraphPad
Prism Software (Version X, La Jolla, CA). Differences
between two groups were analyzed using an unpaired
Students’ t-test. Differences among multiple groups were
analyzed using one-way ANOVA. A P-value < 0.05 was
considered statistically significant.

Results

Hispidulin rescues HK-2 cells from LPS-induced injury
The chemical formula is presented in Fig. 1A. At first, we
examined whether hispidulin treatment affected the viability
of HK-2 cells. HK-2 cells were incubated with hispidulin at
2, 5, and 10 μM for 24 h, and the cell viability was assessed
via CCK-8 assay. As shown in Fig. 1B, hispidulin at 2, 5,
and 10 μM did not markedly change the cell viability of
HK-2 cells. Next, we examined whether hispidulin was able
to rescue HK-2 cells from LPS-caused cell injury. HK-2 cells
were treated with LPS at 2 μg/mL for 12 h, and our results
showed that the percentage of viable cells dropped to less than
50% (Fig. 1C). Then HK-2 cells were pretreated with
hispidulin at indicated concentrations for 24 h before
challenged with LPS at 2 μg/mL for 12 h. Hispidulin at 2 μM
failed to attenuate LPS-induced cell injury. In contrast,
hispidulin at 5 μM effectively increased the cell viability to
more than 75% (Fig. 1C). In the case of 10 μM, hispidulin
increased the cell viability to approximately 85% (Fig. 1C).
Next, we examined whether hispidulin treatment was able to
protect LPS-induce apoptosis in HK-2 cells. Apoptosis was
assessed firstly by TUNEL assay. As shown in Fig. 1D, LPS
treatment led to a marked increase in the TUNEL-positive
population. In contrast, pretreatment with hispidulin at 5 and
10 μM was able to significantly reduce the proportion of
TUNEL-positive cells. Cell apoptosis was also detected using
flow cytometry, which also showed that LPS increased cell
apoptosis to more than 15% (Fig. 1E). Hispidulin at 5 μM
effectively reduced the cell apoptosis to approximately 12%
(Fig. 1E). In the case of 10 μM, hispidulin further reduced cell
apoptosis to less than 10% (Fig. 1E). Activation of caspase-3 is
a hallmark of cell apoptosis. In our study, we found that LPS
treatment led to a significant increase in the level of cleaved
caspase-3 (Fig. 1F). In contrast, hispidulin at both 5 and 10
μM was able to reduce LPS-induced elevation of cleaved
caspase-3 level (Fig. 1F). It has been found that LPS was able
to regulate the expression of anti-apoptotic protein Bcl-2 and
pro-apoptotic protein Bax in HK-2 cells (Wang et al., 2018).
In agreement with these results, our results showed that LPS
downregulated Bcl-2 while upregulated Bax (Fig. 1F). In
contrast, our results showed that hispidulin was able to
markedly attenuate LPS-triggered caspase-3 cleavage, Bcl-2
downregulation, and Bax upregulation (Fig. 1F).

Hispidulin alleviates HK-2 cells from LPS-induced
inflammatory response
Then the effect of hispidulin on LPS-induced response in
HK-2 cells was examined. As shown in Fig. 2A, the mRNA
level of IL-6 was increased by LPS treatment to more than
200% compared with control. The mRNA of TNF-α was
increased by LPS treatment to more than 500% compared
with control (Fig. 2A). Then HK-2 cells were pretreated
with hispidulin at indicated concentrations for 24 h before
challenged with LPS at 2 μg/mL for 12 h. Our results
showed that hispidulin at 5 and 10 μM was capable of
reducing the mRNA level of IL-6 and TNF-α in HK-2 cells
in a dose-dependent manner (Fig. 2A). Correspondingly,
our findings revealed that LPS was able to elevate the
protein expression of both IL-6 and TNF-α, which could be
reversed by pretreatment with hispidulin (Fig. 2B). The
levels of released cytokines in the supernatant were also
detected using ELISA assay. As shown in Fig. 2C, LPS
treatment increased the level of IL-6 in supernatant from
less than 30 pg/mL to about 200 pg/mL. In contrast,
hispidulin was capable of reducing LPS-induced elevation in
IL-6 release in a dose-dependent manner (Fig. 2C). LPS
treatment increased the level of TNF-α in the supernatant to
more than 50 pg/mL, while hispidulin at 5 and 10 μM
markedly reduced the level of TNF-α (Fig. 2C). Moreover,
our results showed that LPS promoted the translocation of
p65 into the nucleus, which was partially abrogated by
pretreatment of hispidulin (Fig. 2D). All these data pointed
out that hispidulin alleviates LPS-induced inflammatory
response in HK-2 cells.

Hispidulin protects HK-2 cells from LPS-induced cell injury in
MyD88-dependent manner
Next, we examine the involvement of MyD88 in the protective
effect of hispidulin against LPS-induced cell injury in HK-2
cells. HK-2 cells were pretreated with hispidulin at indicated
concentrations for 24 h before challenged with LPS at
2 μg/mL for 12 h. Consistent with previous studies, LPS
treatment led to a significant increase in the protein
expression of MyD88 (Fig. 3A). In contrast, pretreatment
with hispidulin was able to downregulate MyD88 in LPS-
treated HK-2 cells (Fig. 3A). Then MyD88 expression was
elevated by transfecting HK-2 cells with MyD88
overexpressing vector. 48 h post-transfection, HK-2 cells
were pretreated with hispidulin at indicated concentrations
for 24 h before challenged with LPS at 2 μg/mL for 12 h.
Our results showed that in HK-2 cells with ectopic MyD88
expression, pretreatment with hispidulin failed to rescue
LPS-induced cell injury (Fig. 3B). Pretreatment with
hispidulin reduced LPS-induced apoptosis to approximately
5%, which was totally abolished by ectopic MyD88
expression (Fig. 3C). MyD88 overexpression also completely
reversed the effect of hispidulin on LPS-induced caspase-3
activation, Bcl-2 downregulation, and Bax upregulation
(Fig. 3D). In addition, we found that the suppressing effect
of hispidulin on LPS-induced NF-κB p65 activation was also
markedly dampened by ectopic MyD88 expression
(Fig. 3D). Moreover, our MyD88 restored the levels of
released IL-6 and TNF-α in the supernatant (Fig. 3F). These
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data showed that the cytoprotective and anti-inflammatory
activities of hispidulin depended on its suppression of MyD88.

Hispidulin suppresses MyD88 via upregulating hsa-miR-203
The binding sites on the MyD88 sequence with hsa-miR-203
have been predicted by online software, and the mutant
sequence has been designed as displayed in Fig. 4A. Then
whether MyD88 was a direct target of hsa-miR-203 was
validated by luciferase activity assay. As shown in Fig. 4B,
hsa-miR-203 mimic significantly decreased the luciferase
activities of MyD88 wildtype, while did not markedly affect
the luciferase activities of MyD88 with mutant binding sites,
which supported that hsa-miR-203 modulate the expression
MyD88 by directly binding to its 3’UTR. Then HK-2 cells
were transfected with hsa-miR-203 mimic and hsa-miR-203
inhibitor to manipulate the expression of hsa-miR-203. Our
results showed that the hsa-miR-203 inhibitor successfully

reduced the expression of hsa-miR-203 to less than 40%
compared with controls (Fig. 4C). In contrast, hsa-miR-203
mimic effectively elevated the expression of hsa-miR-203 to
approximately 2.5-fold compared to that of control
(Fig. 4C). Then we examined the effect of hsa-miR-203
inhibitor and hsa-miR-203 mimic on protein expression
levels of MyD88. Our results showed that the hsa-miR-203
inhibitor increased the protein level of MyD88 to about
150% of control (Fig. 4D). In contrast, the hsa-miR-203
mimic was able to reduce the protein expression level of
MyD88 to less than 50% of control (Fig. 4D). Then the
effect of hispidulin on the hsa-miR-203 expression was
evaluated. Results from qRT-PCR showed that LPS
treatment led to a more than 50% reduction in the level of
hsa-miR-203 in HK-2 cells (Fig. 4E). Nevertheless,
pretreatment with hispidulin was able to reverse LPS-
induced decrease in hsa-miR-203 level (Fig. 4E).

FIGURE 1. Hispidulin rescued HK-2 from LPS-induced cell injury.
(A) The chemical structure of hispidulin was presented. (B) HK-2 cells were treated with hispidulin for 24 h at the indicated concentration, and
the cell viability was determined using CCK-8 assay. (C–E) HK-2 cells were pretreated with hispidulin at the indicated concentration for 24 h
and then stimulated with LPS at 2 μg/mL for 12 h. (C) The cell viability was determined by CCK-8 assay. (D) Cell apoptosis was assessed by
TUNEL assay. (E) Cell apoptosis was assessed by flow cytometry. (F) The expression levels of cleaved caspase-3, Bax, and Bcl-2 were assessed
by western blot. **P < 0.01.
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Furthermore, our results showed that the hsa-miR-203
inhibitor effectively restored the protein expression level of
MyD88 in HK-2 treated with hispidulin and LPS (Fig. 4F).
Collectively, this evidence pointed out that hispidulin
suppressed MyD88 by upregulating hsa-miR-203.

Hispidulin exhibits cytoprotective activities via upregulating
hsa-miR-203
In the following experiments, we examined the role of hsa-
miR-203 in the cytoprotective activities of hispidulin against
LPS-induced cell injury. HK-2 cells were transfected with
hsa-miR-203 inhibitor and then treated with hispidulin for
24 h before challenge with LPS. Our results showed that the
protective effect of hispidulin against LPS-induced cell death
was almost completely lost in cells transfected with hsa-
miR-203 inhibitor (Fig. 5A). The antagonizing effect of
hispidulin against LPS-induced apoptosis was also
significantly abolished by the hsa-miR-203 inhibitor
(Fig. 5B). As expected, the hsa-miR-203 inhibitor restored
the protein levels of cleaved caspase-3 and Bax (Fig. 5C). In
contrast, the hsa-miR-203 inhibitor abolished the enhancing
effect of hispidulin in the expression of anti-apoptotic
protein Bcl-2 (Fig. 5C). Moreover, the hsa-miR-203
inhibitor restored the activity of NF-κB p65 in HK-2 cells
treated with both LPS and hispidulin (Fig. 5C). As a
consequence of the restoration of NF-κB activities, the
suppressing effect of hispidulin on the levels of released
cytokines was also abrogated by the hsa-miR-203 inhibitor
(Fig. 5D). Taken together, our results showed that hispidulin
attenuates LPS-induced HK-2 damage via regulating hsa-
miR-203/MyD88 Axis.

Discussion

AKI, featured by a sudden decline of renal function, increases
the chance of development of end-stage renal conditions and

also leads to unfavorable clinical outcomes, including death.
AKI is associated with a prolonged clinical course due to a
number of factors such as toxic or septic insults to the renal
parenchyma (Bihorac et al., 2013). The LPS insult, which is a
common cause of AKI, could result in renal failure and even
multi-organ damage. Therefore, the discovery of agents that
can alleviate LPS-induced renal injury is necessary (Jiang
et al., 2020). Hispidulin is a naturally occurring flavonoid
compound and possesses a variety of pharmacological
activities. Recently, it has been reported that hispidulin
suppressed mast cell-mediated allergic inflammation in vitro
and in vivo (Kim et al., 2019). In the present study, our
results showed that hispidulin attenuates LPS-induced HK-2
damage via regulating hsa-miR-203/MyD88 axis.

MyD88 has been identified as a key downstream adaptor
for most Toll-like regulators and IL-1 receptors (Zhu et al.,
2019). Upon stimulation by LPS, MyD88 is recruited to
activate its downstream inflammatory pathways (Zhu et al.,
2019). In HK-2 cells, it has been found that LPS-induced
MyD88 activation can promote the activation of NF-ĸB and
MAPK signaling pathways (Zeng et al., 2020). In fact, it has
been found targeting MyD88 provided protection against
LPS-induced inflammatory cell injury of HK-2 cells (Guo
et al., 2019). In our results, we also evidenced that LPS was
able to significantly elevate the expression of MyD88 and
activate NF-ĸB signaling, resulting in an inflammatory
response in HK-2 cells. Our results also showed that the
anti-inflammatory activities of hispidulin were associated
with the downregulation of MyD88. To further validate
whether MyD88 downregulation mediated the anti-
inflammatory reactions, HK-2 cells were transfected with
MyD88 overexpressing plasmid. We found that ectopic
MyD88 expression restored NF-ĸB activation and the levels
of released IL-6 and TNF-α in the supernatant, suggesting
that hispidulin protected against LPS-induced inflammatory
cell injury by downregulating MyD88.

FIGURE 2. Hispidulin ameliorates LPS-induced inflammatory response in HK-2 cells. HK-2 cells were pretreated with hispidulin at the
indicated concentration for 24 h and then stimulated with LPS at 2 μg/mL for 12 h.
(A) The mRNA expression level of TNF-α and IL-6 was assessed by qRT-PCR. (B) The protein expression level of TNF-α and IL-6 was assessed
by western blot. (C) The levels of TNF-α and IL-6 in the supernatant were assessed by ELISA assay. (D) The protein expression levels of nuclear
p65 and cytoplasmic p65 were assessed by western blot. **P < 0.01.
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FIGURE 3. (continued)
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FIGURE 3. Hispidulin alleviates LPS-induced cell injury in HK-2 cells via downregulating MyD88.
(A) HK-2 cells were pretreated with hispidulin at the indicated concentration for 24 h and then stimulated with LPS at 2 μg/mL for 12 h. The
protein expression of MyD88 was assessed by western blot. (B–E) HK-2 cells were transfected with MyD88 overexpressing plasmid. 48 h post-
transfection, HK-2 cells were pretreated with hispidulin at the indicated concentration for 24 h and then stimulated with LPS at 2 μg/mL for
12 h. B. The cell viability was determined by the CCK-8 assay. (C) Cell apoptosis was assessed by flow cytometry. (D) The protein expression
levels of cleaved caspase-3, Bax, Bcl-2, nuclear p65, and cytoplasmic p65 were assessed by western blot. (E) The levels of TNF-α and IL-6 in the
supernatant were assessed by ELISA assay. **P < 0.01.

FIGURE 4. Hispidulin downregulates MyD88 via increasing the level of hsa-miR-203.
(A) Prediction of MyD88 as a target gene of hsa-miR-203. (B) The relative luciferase activities following transfection were examined using a
dual-luciferase reporter gene detection system. (C–D) HK-2 cells were transfected with hsa-miR-203 mimic or hsa-miR-203 inhibitor. (C) 48 h
post-transfection, the expression levels of hsa-miR-203 was assessed by qRT-PCR. (D) 48 h post-transfection, the protein expression levels of
MyD88 were assessed by western blot. (E) HK-2 cells were pretreated with hispidulin at the indicated concentration for 24 h and then
stimulated with LPS at 2 μg/mL for 12 h. The expression levels of hsa-miR-203 were assessed by qRT-PCR. (F) HK-2 cells were
transfected with an hsa-miR-203 inhibitor. 48 h post-transfection, HK-2 cells were pretreated with hispidulin at the indicated
concentration for 24 h and then stimulated with LPS at 2 μg/mL for 12 h. The protein expression levels were assessed by western blot.
**P < 0.01.
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MiRNAs play key roles in a variety of cellular activities,
including inflammatory responses (Li et al., 2020).
Moreover, a number of miRNAs have been found to directly
target MyD88 upon LPS stimulation, including miR-149,
hsa-miR-203, miR-214 (Cui et al., 2019; Zheng et al., 2019).
Hsa-miR-203 is reported to be involved in the regulation of
inflammatory responses in ischemia (Chen et al., 2017).
Hsa-miR-203 was also involved in regulating LPS-induced
inflammation in macrophage RAW264.7 cells (Wei et al.,
2013). In this study, we focused on the role of hsa-miR-203
in the cytoprotective activities of hispidulin. The data in the
present study validated that MyD88 is a direct target gene of
hsa-miR-203. Meanwhile, our results showed that hispidulin
was able to increase the level of hsa-miR-203 in LPS-treated
HK-2 cells. Hsa-miR-203 inhibitor effectively restored the
protein expression level of MyD88 in HK-2 treated with
hispidulin and LPS. All these pieces of evidence pointed out
that hispidulin downregulated MyD88 by increasing the
expression of hsa-miR-203. More importantly, the
cytoprotective and anti-inflammatory activities of hispidulin
against LPS insult almost completely diminished in HK-2
cells when hsa-miR-203 was knockdown. Our results
showed that hispidulin attenuates LPS-induced HK-2
damage via regulating hsa-miR-203/MyD88 axis.

Conclusions

This present study showed that hispidulin is able to alleviate
LPS-triggered inflammatory cell damage in HK-2 cells, as
demonstrated by an increased proportion of viable cells, a
decreased proportion of apoptotic cells, and a reduction in
production and release of inflammatory cytokines IL-6 and
TNF-α. We also explored the relevant molecular
mechanisms were also explored, which showed that
hispidulin exhibited its cytoprotective activities by targeting
the hsa-miR-203/MyD88 axis. These findings highlighted
the cytoprotective action of hispidulin in HK-2 cells, which
may provide a preclinical basis for further study.
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