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Abstract. Nasopharyngeal carcinoma (NPC) is a common
disease with high prevalence worldwide, affecting hundreds of
thousands of patients every year. Although its progress can be
inhibited by concurrent chemoradiotherapy and platinum-based
agents, there is also a need for novel drugs to treat NPC. The
present study identified tanshinone IIA as a potent drug that
could suppress the proliferation of HK1 cells by enhancing
pyroptosis via regulation of the miR-125b/foxp3/caspase-1
signaling pathway. Firstly, the effects of tanshinone IIA on
HKT1 cells were assessed and it was confirmed that treatment
with tanshinone ITA significantly decreased the proliferation
of HK1 cells, with increased activity of caspase-3 and
caspase-9. Then, the pyroptosis levels after tanshinone ITA
administration were detected. The results showed that
tanshinone IIA enhanced pyroptosis in a dose-dependent
manner. Furthermore, the mechanism underlying the effects
of tanshinone ITA on HKI1 cells were explored. It was found
that transfection with a microRNA (miR)-125b agomir and
a small interfering RNA (si)-foxp3 plasmid reversed the
inhibitory effect induced by tanshinone ITA, accompanied by
an increase in reactive oxygen species levels and lactate dehy-
drogenase release, indicating a critical role of miR-125b/foxp3
signaling in pyroptosis in HK1 cells. In conclusion, the present
study demonstrates that tanshinone ITA enhances pyroptosis
and inhibits the proliferation of HK1 cells by modulating
miR-125b/foxp3/caspase-1/GSDMD signaling. It is the first
study to reveal the inhibitory effect of tanshinone ITA on HK1
cells and to demonstrate the critical role of miR-125b/foxp3
signaling in mediating these effects, providing robust evidence
for the treatment of NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is an epithelial carci-
noma arising from the nasopharynx epithelium (1) and is
characterized by a high prevalence, especially in south China,
southeastern Asia and Africa (2), affecting ~130,000 patients
worldwide in 2018 (3). A study identified environmental
factors, Epstein-Barr virus infection and genetic suscepti-
bility as risk factors for NPC (4). At present, the application
of radiotherapy and optimization of chemotherapy strategies
have greatly contributed to improvements in survival rates in
patients with NPC (3). However, these treatments have some
limitations, including complications and potential adverse
effects (5). Therefore, there is an urgent need to explore novel
drugs to treat NPC in clinic settings.

Tanshinone ITA is a major component of Salvia miltiorrhiz
and exhibits various physiological activities, including
anti-tumor, anti-inflammatory and antioxidant effects. In
a hypoxic microenvironment, tanshinone IIA was shown
to decrease hypoxia-inducible factor a expression and
suppress the secretion of vascular endothelial growth
factor and basic fibroblast growth factor by regulating the
b-catenin/TCF3/LEF]1 signaling pathway, leading to the inhi-
bition of proliferation, tube formation and metastasis of human
umbilical vein endothelial cells (6). In addition, tanshinone
ITA inhibited PI3K/Akt/FoxO1 signaling and alleviated
blast-induced inflammation and oxidative stress, leading to
improvement in lung blast injuries (7). Importantly, treatment
with tanshinone ITA significantly suppressed proliferation
and induced apoptosis in various cancer cell types, including
ovarian cancer (8), cervical cancer (9) and gastric cancer (10).
For instance, Tong et al (11) demonstrated that tanshinone ITA
could promote the expression of microRNA (miR)-145 and
enhance pyroptosis of HeLa cells, resulting in decreased
proliferation of these cells. Notably, tanshinone ITA could also
downregulate the expression of miR30b and initiate apoptosis
in HepG2 cells (12). These findings reveal a critical role of
miRs in mediating the effects of tanshinone IIA; this prompted
further exploration of their association.

Recent research has focused on programmed cell death
in the treatment of tumors. A lytic and inflammatory type of
regulated cell death, pyroptosis requires membrane-damaging
gasdermin proteins and is characterized by swelling and
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lysis of cells and release of several pro-inflammatory factors,
including interleukin (IL)-18, IL-1f and caspase-3 (13).
Caspase-3 is one of the decisive markers of apoptosis, and is
positively associated with some inflammatory factors, such
as CD68, tumor necrosis factor o and IL-1b. Additionally,
Gasdermin D (GSDMD) is the pyroptotic substrate of
caspase-1 and belongs to the conserved gasdermin family.
The gasdermin-N domains in GSDMD bind to membrane
lipids and perforate the membrane, leading to the disruption of
osmotic potential and further causing cell swelling, with large
bubbles blowing from the plasma membrane (13). It has been
demonstrated that p53 directly enhances lipopolysaccharide
(LPS)-induced pyroptosis to markedly decrease tumor growth
in A549 cells, suggesting a critical role of p53 in inhibiting
tumor growth in patients (14). Notably, a series of studies
have focused on the anticancer effects of natural molecules,
including tanshinone ITA (11), omega-3 docosahexaenoic
acid (15) and paclitaxel (16). However, how tanshinone ITA
regulates pyroptosis in NPC cells remains elusive.

In the present study, the effects of tanshinone IIA on HK1
cells were detected and their apoptotic levels, including the
activity of intracellular caspase-3 and caspase-9, was assessed.
The expression of GSDMD and caspase-1 was also evaluated.
Furthermore, the role of miR-125b/foxp3 signaling in the
activity of tanshinone ITA was explored by transfecting cells
with a miR-125b agomir and small interfering RNA (si)-foxp3
plasmid.

Materials and methods

Cell culture and chemicals. Human NPC cell line HK1
was obtained from The Cell Bank of Type Culture
Collection of The Chinese Academy of Sciences. HK1
cells were seeded in DMEM (cat. no. C11995500BT;
Gibco; Thermo Fisher Scientific, Inc.) containing 10%
fetal bovine serum (cat. no. P30-3301; PAN-Biotech) and
1% penicillin-streptomycin (cat. no. 15140-122; Gibco;
Thermo Fisher Scientific, Inc.) in a water-saturated
atmosphere at 37°C. Tanshinone ITA (Fig. 1A) was procured
from Selleck Chemicals (cat. no. S2365). Dimethyl sulfoxide
(cat. no. 276855; Sigma-Aldrich; Merck KGaA) was used as a
negative control.

Cell transfection. The miR-125b agomir, si-foxp3 plasmid
(constructed in pEGFP-N2), and their negative controls
(pEGFP-N2) were obtained from Guangzhou RiboBio Co.,
Ltd. The plasmid was resuspended to a final concentration of
1 ug/ul. HK1 cells (1x109 cells/ml) were cultured in six-well
plates for 24 h. According to the manufacturer's instructions,
the plasmid and agomir were transfected using Lipofectamine®
2000 reagent (cat. no. 11668-027; Invitrogen; Thermo Fisher
Scientific, Inc.). After transfection for 72 h, cells were harvested
for further research.

MTT assay. HK1 cells (1x10° cells/well) were seeded and
cultured in six-well plates for 12 h. Then, the cells were
treated with different concentrations of tanshinone ITA for
0, 24, 48 and 72 h. MTT assays were performed using a
commercial kit according to the manufacturer's instructions
(cat. no. M1020; Beijing Solarbio Science & Technology Co.,

Ltd.). An enzyme-linked immunosorbent assay (ELISA) plate
reader was used to determinate the optical density at 490 nm.

Caspase-3 and caspase-9 activity assay. HK1 cells
(1x109 cells/well) were seeded in six-well plates. Then, total
protein was extracted from cells using a cell lysis buffer
(cat. no. R0020; Beijing Solarbio Science & Technology Co.,
Ltd.). The concentration of protein was detected with a BCA
protein assay kit (cat. no. P1511-1, Applygen Technologies, Inc.).
According to the manufacturer's instructions, the activity of
caspase-3 and caspase-9 was assessed with a Caspase3 Activity lit
(cat. no. BC3830; Beijing Solarbio Science & Technology
Co., Ltd.) and Caspase9 Activity kit (cat. no. BC3890, Beijing
Solarbio Science & Technology Co., Ltd.). A microplate reader
was used to determine the absorbance values at 405 nm. The
activity levels were expressed relative to the control group.

Western blot analysis. This analysis was performed as
described in a previous study (16). Total protein of HK1
cells was extracted using RIPA lysis buffer (cat. no. R0020,
Beijing Solarbio Science & Technology Co., Ltd.) containing
1% protease inhibitor cocktail and phosphatase inhibitor. The
protein concentration of the lysate was detected with a BCA
Assay kit (cat. no. P1511-1, Applygen Technologies, Inc.).
Protein lysates were resolved by 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and then transferred to
polyvinylidene fluoride membranes (cat. no. IPVH00010;
EMD Millipore). The membranes were blocked with 5%
skimmed milk for 2 h, incubated with primary antibodies,
and then with horseradish peroxidase-conjugated secondary
antibodies. Proteins were visualized with an ECL western
blotting substrate (cat. no. 170-5060; Bio-Rad Laboratories,
Inc.) using a Bio-Rad System (Bio-Rad Laboratories, Inc.).
Actin served as a loading control. The primary antibodies were
diluted at 1:2,000 and the secondary antibodies were diluted
at 1:5,000. Antibodies against GSDMD (cat nos. ab210070 and
ab215203) and foxp3 (cat. no. ab215206) were obtained from
Abcam. The caspase-1 (cat. no. 3866T) antibody was obtained
from Cell Signaling Technology, Inc. The cleaved caspase-1
(cat. no. A0964) and actin (cat. no. AC026) antibodies were
purchased from ABclonal Biotech Co., Ltd. The secondary
antibodies were obtained from Biodragon.

Reverse transcription-quantitative PCR (RT-gPCR). This
assay was performed according to the manufacturer's
instructions. Briefly, total RNA was isolated from control
and treated cells using TRIzol reagent (cat. no. 15596-026;
Invitrogen; Thermo Fisher Scientific, Inc.). Then, a cDNA
synthesis kit (cat. no. 04896866001; Roche) and SYBR green
(TransGen Biotech Co., Ltd.) were used to determine the rela-
tive expression of target genes with the ABI-Quant Studio 5
system (Thermo Fisher Scientific, Inc.). The mRNA expres-
sion levels of the target genes were normalized to f-actin
expression. The relative mRNA expression was calculated
using 24¢4 (17,18). The primer pairs used in the present study
are listed in Table SI.

ELISA assays. HK1 cells (1x10° cells/well) were cultured in
24-well plates and treated with tanshinone ITA, miR-125b
agomir, or si-foxp3 plasmid. Levels of IL-1b and IL-18 were
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Figure 1. Tanshinone ITA inhibits the proliferation of HK1 cells by enhancing apoptosis. (A) Structure of tanshinone ITA. (B) Viability of HK1 cells after
tanshinone I1A treatment. (C and D) Relative activity of caspase-3 and caspase-9 in HK1 cells. “P<0.01; ““P<0.005. All experiments were repeated at least

three times.

measured using commercially available ELISA kits following
the manufacturer's instructions (cat. nos. ab214025 and
ab215539; Abcam). Experiments were repeated three times.

Statistical analysis. For statistical analyses, the results were
expressed as mean + SEM. Statistical significance was deter-
mined by two-tailed student's t-test or one-way analysis of
variance followed by Bonferroni analysis (for data meeting
homogeneity of variance) or Tamhane's T2 analysis (for data
demonstrating heteroscedasticity). P<0.05 was considered to
indicate a statistically significant difference. Statistical calcu-
lations were performed using the SPSS software (version 24.0;
IBM Corp.).

Results

Tanshinone IIA inhibits cell proliferation and enhances
apoptosis of HK1 cells. Previous studies have demonstrated the
anticancer effects of tanshinone IIA in cervical cancer (9,11).
In the present study, the effects of tanshinone ITA on HK1 cells
were assessed (Fig. 1A). The results showed that the prolif-
eration of HK1 cells was significantly inhibited following
tanshinone IIA treatment, in a dose- and time-dependent
manner. Compared with controls, HK1 cells treated with
tanshinone ITA for 72 h showed markedly decreased viability.
In addition, the inhibitory effect on HK1 cells was gradually
enhanced with increasing concentration of tanshinone ITA
(Fig. 1B). Moreover, the apoptotic levels of HK1 cells treated

with tanshinone IIA were detected. Caspase-3 and caspase-9
activity was notably increased compared with that of control
cells after treatment for 72 h (Fig. 1C and D), suggesting
enhanced apoptosis of HK1 cells. These results demonstrate
that tanshinone ITA upregulated the apoptotic levels of NPC
cells, leading to a decrease in cell proliferation.

Tanshinone IIA enhances pyroptotic level of HKI cells.
According to a previous study, HK1 was treated with 8 uM
tanshinone ITA for 72 h (11). Considering the potential effects
of tanshinone IIA on pyroptosis, it was assessed whether
administration of tanshinone IIA regulated pyroptosis in HK1
cells. As expected, the expression of caspase-1 and GSDMD
was significantly upregulated by treatment with tanshinone
ITA, according to the results of the RT-qPCR assay (Fig. 2A).
Protein levels of cleaved GSDMD and caspase-1 were also
increased (Fig. 2B and C), indicating enhanced pyroptosis of
HK1 cells after tanshinone IIA treatment. Moreover, intracel-
lular ROS levels and LDH release were assessed. Compared
with control cells, administration of tanshinone ITA elevated
ROS levels and promoted LDH release (Fig. 2D and E).
Pyroptosis enhances the secretion of inflammatory cytokines
such as IL-18 and IL-1f. Therefore, the levels of cleaved
IL-18 and IL-1p were further detected in HK1 cells treated
with tanshinone ITA by ELISA. The results showed that
the expression levels of IL-18 and IL-1f were markedly
increased (Fig. 2F), consistent with the results of a previous
study (11). Notably, tanshinone ITA exhibits the opposite effect
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Figure 2. Tanshinone ITA enhances pyroptosis of HK1 cells. (A) Reverse transcription-quantitative PCR analyses of the relative mRNA levels of caspase-1
and GSDMD in HK1 cells. Gene expression was normalized to the -actin mRNA level. (B and C) Representative western blot analysis and quantification of
cleaved caspase-1 and GSDMD in HK1 cells. Protein expression was normalized to -actin levels. (D) Relative ROS levels in HK1 cells after tanshinone IIA
treatment. (E) Relative levels of LDH release in HK1 cells after tanshinone ITA treatment. (F) Enzyme-linked immunosorbent assay of IL-1f and IL-18
in HK1 cells after tanshinone ITA treatment. "P<0.05; “P<0.01; “"P<0.001. All experiments were repeated at least three times. GSDMD, gasdermin D;

ROS, reactive oxygen species; LDH, lactate dehydrogenase; IL, interleukin.

on normal cells and tumor cells, which may attribute to the
different microenvironment. For example, tanshinone ITA
attenuates atherosclerosis by inhibiting NLR family pyrin
domain containing 3 (NLRP3) inflammasome activation in
macrophages (19), while the expression of IL-13 and IL18 was
inhibited in Hela cells after tanshinone II A treatment (11).
Briefly, tanshinone ITA enhanced pyroptosis in HK1 cells.

Tanshinone IIA enhances pyroptosis by regulating miR-125b.
In a previous study, Batool er al (17) demonstrated that
miR-125b acts as a tumor suppressor by regulating intrinsic
properties of testicular germ cell tumors. In the present study,
the association between miR-125b and the anticancer effects
of tanshinone ITA were explored. It was found that tanshi-
none ITA decreased miR-125b levels in a dose-dependent
manner. Compared with cells without treatment, administra-
tion of tanshinone ITA suppressed the expression level of
miR-125b (Fig. 3A). Subsequently, miR-125b agomir was
transfected into HK1 cells to explore the role of miR-125b in the
activity of tanshinone ITA. The expression of miR-125b
was significantly increased after agomir transfection (Fig. 3B).
The miR-125b agomir reversed the inhibitory effect of
tanshinone IIA on the proliferation of HK1 cells (Fig. 3C).
Furthermore, the effect of miR-125b on pyroptosis was assessed
after tanshinone ITA treatment. It was found that compared
with the control groups, the expression levels of cleaved
GSDMD and caspase-1 were significantly decreased after
transfection with the miR-125b agomir, according to the results
of RT-gPCR and western blotting (Fig. 3D and E). Moreover,
the results showed that overexpression of miR-125b decreased
the increase in reactive oxygen species (ROS) levels and LDH
release (Fig. 3F and G). Given that pyroptosis induces the secre-
tion of IL-18 and IL-1, the levels of cleaved IL-1{ and IL-18 in
HK1 cells were detected after transfection with the miR-125b

agomir. As expected, overexpressing mir-125b inhibited
the increase in protein levels of IL-1 and IL-18 induced by
tanshinone ITA treatment (Fig. 3H). These results indicate
that tanshinone ITA promotes pyroptosis in HK1 cells by
regulating miR-125b.

Tanshinone IIA facilitates pyroptosis by regulating the
miR-125b/foxp3 signaling pathway. It is well known that
miR-125b negatively regulates foxp3 and promotes autophagy in
thyroid cancer, thereby enhancing the efficacy of cisplatin (20).
In the present study, the expression of foxp3 in HK1 cells was
detected after tanshinone ITA treatment. Compared with controls,
HK1 cells treated with 8 M tanshinone IIA exhibited elevated
foxp3 expression (Fig. 4A and B). Then, HK1 cells were trans-
fected with the si-foxp3 plasmid. The expression of foxp3 was
remarkably downregulated after plasmid transfection (Fig. 4C).
The results showed that the anti-foxp3 plasmid was able to reverse
the inhibition of proliferation of HK1 cells after tanshinone ITA
treatment (Fig. 4D). Similarly, plasmid transfection induced a
decrease in cleaved GSDMD and caspase-1 expression compared
with cells treated with tanshinone I1A (Fig. 4E and F). Moreover,
transfection with the si-foxp3 plasmid led to decrease in intracel-
lular ROS levels and LDH release (Fig. 4G and H). Notably, the
expression of cleaved IL-18 and IL-1p was downregulated after
treatment of tanshinone ITA and si-foxp3 plasmid transfection
(Fig. 4]). Collectively, these results indicate that tanshinone ITA
enhances pyroptosis by regulating miR-125b/foxp3 signaling and
inhibits the proliferation of HK1 cells.

Discussion
NPC is characterized by a specific geographic distri-

bution, affecting >130,000 patients worldwide (3). At
present, a combination of concurrent chemoradiotherapy
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Figure 3. Role of miR-125b in the effects of tanshinone ITA on HK1 cells. (A) Expression of miR-125b in HK1 cells after tanshinone IIA treatment.
(B) Expression of miR-125b after transfection with miR-125b agomir. (C) Proliferation of HK1 cells after transfection with miR-125b agomir. (D) Reverse
transcription-quantitative PCR analyses of relative mRNA levels of GSDMD and caspase-1 in HK1 cells after transfection with miR-125b agomir. Gene
expression was normalized to f-actin mRNA level. (E) Representative western blot analysis of cleaved GSDMD and caspase-1 in HK1 cells after transfec-
tion with miR-125b agomir. Protein expression was normalized to -actin levels. (F) Analysis of ROS levels in HK1 cells after transfection with miR-125b
agomir. (G) Analysis of LDH release in HK1 cells after transfection with miR-125b agomir. (H) Enzyme-linked immunosorbent assay of IL-1$ and IL-18 in
HK1 cells after transfection with miR-125b agomir. "P<0.05; “P<0.01; ““P<0.001. All experiments were repeated at least three times. GSDMD, gasdermin D;
miR, microRNA; ROS, reactive oxygen species; LDH, lactate dehydrogenase; IL, interleukin.

and platinum-based agents is the main clinical approach
used to treat NPC (21); however, this leads to side effects
including rhinosinusitis (22), dysphagia (23) and transient
granulocytopenia (24). Therefore, researchers aim to
identify novel natural molecules to inhibit cell prolif-
eration and tumor growth in NPC. In the present study,
tanshinone ITA was identified as a potential drug that
suppresses cell proliferation of HK1 cells and explored
its underlying mechanism. The results showed that the
modulation of miR-125b/foxp3/caspase-1 signaling by
tanshinone ITA enhances pyroptotic levels in HK1 cells.
Tanshinone ITA was also shown to enhance the inflammatory
level in HK1 cells, which is opposite to the effect on normal
cells. This phenomenon may attribute to the different micro-
environment in cells. For example, tanshinone ITA attenuates

atherosclerosis by inhibiting NLRP3 inflammasome acti-
vation in macrophages (19), while the expression of IL-1p
and IL18 was inhibited in HeLa cells after tanshinone II A
treatment (11). Briefly, the present study provides evidence to
support tanshinone ITA as a potent drug to treat NPC.
Foxp3 is a transcription factor belonging to the
forkhead-winged-helix family and is centrally involved
in the establishment and maintenance of the Treg cell
phenotype (25). In general, foxp3* Treg cells can secrete a
series of anti-inflammatory cytokines, express co-inhibitory
molecules, and modulate the activity of antigen-presenting
cells (26). Various studies have clarified a critical role of
foxp3 in the treatment of tumors including non-small-cell
lung cancer (NSCLC) (27), thyroid cancer (20) and breast
cancer (28). For instance, foxp3 overexpression significantly
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Figure 4. Role of foxp3 in the effects of tanshinone ITA on HKI cells. (A) RT-qPCR analysis of foxp3 in HK1 cells after tanshinone ITA treatment.
(B) Representative western blot analysis of foxp3 in HK1 cells after tanshinone IIA treatment. Protein expression was normalized to -actin levels.
(C) Expression level of foxp3 after si-foxp3 plasmid transfection. (D) Proliferation of HK1 cells after transfection with si-foxp3 plasmid. (E) RT-qPCR
analyses of relative mRNA levels of GSDMD and caspase-1 in HK1 cells after transfection with si-foxp3 plasmid. Gene expression was normalized to
B-actin mRNA levels. (F) Representative western blot analysis of cleaved GSDMD and caspase-1 in HK1 cells after transfection with si-foxp3 plasmid.
Protein expression was normalized to -actin levels. (G) Analysis of ROS levels in HK1 cells after transfection with si-foxp3 plasmid. (H) Analysis of LDH
release in HK1 cells after transfection with si-foxp3 plasmid. (I) Enzyme-linked immunosorbent assay of IL-18 and IL-18 in HK1 cells after transfection
with si-foxp3 plasmid. "P<0.05; “P<0.01; ““P<0.001. All experiments were repeated at least three times. GSDMD, gasdermin D; si, small interfering RNA;
RT-qPCR, reverse transcription-quantitative PCR; ROS, reactive oxygen species; IL, interleukin; LDH, lactate dehydrogenase.

induced cell proliferation, migration and invasion by regulating
the Wnt/b-catenin signaling pathway in NSCLC cells, which
led to the identification of foxp3 as a co-activator that could
facilitate tumor growth and metastasis in NSCLC. However, a
study showed that foxp3 acted as a critical suppressor of breast
cancer by interacting with Gal-1 (29). Therefore, the precise role
of foxp3 in the progress of tumor is still elusive. Notably, studies
have shown a positive association of foxp3 with IL-1f (30) and
IL-18 (31), which prompted us to explore whether foxp3 was
involved in the regulation of pyroptosis. In the present study,
it was found that tanshinone ITA upregulated foxp3 expres-
sion in HK1 cells. Furthermore, si-foxp3 was transfected into
HK1 cells to precisely assess the role of foxp3 on the effect of

tanshinone ITA. As expected, plasmid transfection of si-foxp3
reversed the inhibitory effects of tanshinone ITA on HK1 cells,
including an increase in cell proliferation, a decrease in intra-
cellular ROS levels, and a decrease in LDH release. Notably,
si-foxp3 inhibited pyroptosis of HK1 cells following treatment
with tanshinone IIA, indicating an important role of foxp3 in
mediating the protective effects of tanshinone ITA. In future,
the role of foxp3 in the progress of NPC will be further explored
from the aspect of epigenetics, in order to identify other novel
molecules to treat NPC in the clinic.

miRs are a class of non-coding RNA that have been
shown to have key roles in cell physiology, including in
cell differentiation, proliferation and survival (32). miRs
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can bind to complementary target mRNAs and induce
inhibition or degradation of the mRNA (33). It has been
well demonstrated that miRs are potential targets in the
treatment of cancer. In several types of cancer, the expres-
sion of certain miRs is markedly associated with poor
patient outcomes (34). For example, Jin er al (35) reported
that miR15a/16 targeted and inhibited the components of
the transforming growth factor-p signaling pathway in
the LNCaP cell line; this finding provided potential drug
targets for the treatment of prostate cancer. In addition,
Hong et al (36) found abnormally high levels of miR-663b
in colorectal cancer, and a miR-663b inhibitor exerted an
inhibitory effect on the proliferation of colorectal cancer
cells by regulating the TNK1/Ras/Raf signaling pathway. In
addition to the finding that foxp3 overexpression suppresses
the proliferation of tumor cells, it has been shown that
miR-125b can directly interact with foxp3 by binding to its
3'-untranlsated region and inhibit its expression, leading to
increased autophagy and enhanced efficacy of cisplatin in
thyroid cancer (20). Moreover, researchers have identified a
series of natural molecules that can depress tumor growth
by downregulating the expression of miR-125b, including
ganoderma lucidum polysaccharides (37), camptothecin (38)
and silibinin (39). Thus, the role of miR-125b on the effect
of tanshinone ITA in HK1 cells was explored. Firstly, it was
found that tanshinone ITA downregulated the expression of
miR-125b in HK1 cells. Furthermore, transfection with the
miR-125b agomir reversed the increase in pyroptosis of HK1
cells induced by tanshinone ITA, with increased expression
of GSDMD and caspase-1, elevation of ROS levels and LDH
release, and upregulation of IL-18 and IL-1f, suggesting
that miR-125b/foxp3 signaling was closely involved in
mediating the effect of tanshinone IIA. In addition, the
role of the miR-125b/foxp3 signaling pathway in apoptosis
was investigated after tanshinone IIA administration. The
results showed that transfection with the miR-125b agomir
or si-foxp3 plasmid reversed the effects of tanshinone ITA on
HK1 cells (data not shown), demonstrating miR-125b/foxp3
signaling as a potential novel drug target for the treatment
of NPC.

In conclusion, tanshinone ITA was identified as a novel
molecule that could inhibit cell proliferation of HK1 cells
by regulating miR-125b/foxp3/caspase-1/GSDMD signaling.
Tanshinone ITA treatment elevated the pyroptotic levels in
HKI cells. However, transfection withs miR-125b agomir and
si-foxp3 plasmids reversed the protective effects of tanshi-
none ITA. To our knowledge, this is the first study to assess the
effects of tanshinone ITA on the expression of miR-125b and
to explore the critical role of miR-125b/foxp3 signaling in the
regulation of pyroptosis in HK1 cells. In future, the effects of
tanshinone IIA on NPC will be explored in vivo, providing a
potential approach to treat NPC in the clinic.
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